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Problems of the Heat

(Future World Problems / Authentic Problems):

1.

A Scientific Investigation on a problem related to environmental science

Identify a problem related to environmental science. Suggest in your proposal how
to tackle the problem. The suggestion(s) in your proposal should be practical, cost-
effective, scientific, evidence-based and creative. Please also suggest a title for

your investigation(s).

Marine Pollution in Hong Kong

Marine pollution in Hong Kong has long been raising concerns among citizens.
The Hong Kong Government strives to protect its environment from any marine

pollution problems.

Suggest in your proposal how to tackle marine pollution problems in Hong Kong.
The suggestion(s) in your proposal should be practical, cost-effective, scientific,

evidence-based and creative. Please also suggest a title for your investigation(s).

Others

Describe a science-related future world problem or real-life problem in which your

school team has interest.

Suggest in your proposal how to tackle the problem. The focus of the proposal
should focus on scientific and technological aspects. The suggestion(s) in your
proposal should be practical, cost-effective, scientific, evidence-based and

creative. Please also suggest a title for your investigation(s).

2023/240000000 (0000 |60



/J\é%ﬂ:




I EEE

$.L

. Hé._ Z_,ﬁ;

L =3
——

Bk
via

y ._'-

EAEFEFT o

(e

r/?%(f > #5 N

~ ],"3'3 ;ﬂ\ljvg ~ 7}_—}_—%‘. ~ _%‘:_)rﬁ:'l“-gi- ~ Fﬁ gé‘é\éﬁ

mﬁ%%ﬁ~%mﬁ%ﬁ

2023/240 000000 (0000 (80

T



0

:

T HEERNR
B a2 2 hae i ’ﬁiﬂﬂ&ipﬁ%‘mmﬂﬁ% 2 % 5K (mm)[l] ° iT
EALE BALM AR R AR AL ST AR AR kehd #1ﬁ¢wwﬁ » o

gx¢\@fmﬁ§)uﬁ 3%%%1@mﬁ4\£4%~#ﬁﬂﬁﬂﬁﬂ)W%ﬂﬁ
E[2]e A E o AR 5 1400 F e enpc % s 2 2,3]

%EWPA”V&&QW#'&&QWMQ YT E PR DRy

"ﬁf’”,;} v LB A ETE A Y pIR £ @ G\"‘% e (B4R 3T) ¢ @ % i g,
i Iiumjﬁﬁﬂw@ﬁﬁwﬁﬁ" it iEd R HPRGS A fER N o

ARGt X3 2 E Y TR R A S PP R R R s B
35% - oy ® £ FiE 227 FORMERE» B F[6] o JIF AR PBFE A gL
P o WEE TR EEE S RSN SHE fRE BE TR APL
ZIE I A AT SR o ) A

¥ e “%ﬁﬁJﬂﬁw’ﬁiﬁ%%#gaﬁwwpﬂjﬂ%moﬁﬁﬁ4%*1
ERBS . BRI N B Y A FREFMATEAHRT DTS

B s A E S g%%%"o 7R > B oA N"iﬁ'i)spfﬂm/;ﬂitxir‘a ‘4%‘((1’«‘}1:17;4,%1?%&
W X EHPE T SR A B TE S B 0§ R T e 7]

3«\

MG ePfFid>

3

7K RIE R S E T F 5 S R R E oK ¢ i R [8] o @ % i 1B g P itT(Reverse
Osmosis » T fi£ RO)R &t idZ & -k ¥ el W o R > e fi= 20 FEY - it §
PR ~RAZRR TS TR - TS AR Qg - TR T o N RRE (S D
PR RE S 2 ARETE R gonk o

2023/240 000000 (0000 (90



Ero
MK B A T E R T BTN R ERE Mkt B AL e
R R R YR PR R LS RERER R R N

i3 g ¥

AN R VPRI RS R A F YR L BRI ARG L i
SEB O TE LG RRSHE R B B EITE S AR KA T AR T M
AL e B PR R

LAY EBTES (T 5 AL URSE 0 AP RS 1 RO SRR
RSB RIT R e o R lac B - BERBFHLERTA G | - Lok
R ﬁi‘? Rl S S Ki“f’l‘l‘—f@fﬁsi—h° 1‘3;}7‘;’»@ b ¥ - Tﬁﬁ_-‘ﬁﬁ'}i{.\ﬁj ZLE_@L@J@:QW”
KRS BB R - IR lC 0 BIRMER - Tk B o

Leaves

Nodules

B la. RO i i 2 & de k2 4 [0]

Roughness features

T

Bl 1b. RO i /g 4 o & o1 & BI[10]

Polyamide ~ 0.05—-0.3 um

Polysulfone ~ 20—50 pm

Bl 1c. /& "%5F & 4 RO & i+ 4 BI[11]

2023/240 000000 (0000 (100



-

FE L AR SIS T2 AT R

B APRHBEINHALE G R p’f# Wt owofeke o A D 5 /{\‘3{;11‘
SRS A ER o mﬁ,ﬁ‘:f}‘{*i& T4 > %ﬁj@”,&'*j\%’ LN b skenp
& o
B cnl R

1.

Bl 2a. — B = Bl A% B 2b. T Rt sk N R

T gk ot A 2 e R REF - 7 Be = fg (polyethylene
terephthalate » THPET) &8 5[12] 0 FletAiE* PET v § 5% m,ﬁjpiqwi’ o
PR B RAg <P AT 0L 28 ER 2 B2 RAIAREBREL[L] > 5T RFH
- R OTWEF o 2% REIEER AP UE - X )P PET B k279
B o 4 %W -E_0.55mm(30 P )= 0.15mm(100 P ) PET % % o

B 3a. 3 0.55mm(30 P )§= 0.15mm(100 Bl 3b. 3 0.55mm(30 p )f= 0.15mm(100
FOPET % % ch i (T &) BPET # 3 chik (% 5)

2023/240 000000 (0000 MO0



Yo 49T 0 - iRk S R IRE R IRT § BIRINA T R 0 E
sk g m AR S R

. FE———
g
l -
A TS
\ y
- -
A
S
—++
N nY
B /LN

&5
IR

g] 4 /}%&:u ,; ¢"-47T" I‘i @[13]

FH1AEE 2%

S L S A v YL

FEPh D AR S 0 0 fRH T 2 @it vk (iR)iiacR o 4
Prer— b LB pd R (EEE ~ BRI E | TR dka (TR o

7
E’Bi. R BERETAREARIN v e kYFFHHEC o
Foo g RS OR (S8R S B #F) ) B )% BB 0 E T Pl
i o 8cm it E o
3. #15 0.55mm e PET # 9428 » 250mL -k » X5 i5 » @i B ? o * 47 {418
s ek o

B 5b. 11 % e 4L B F

2023/240 000000 0000 (120



) 5C. & & & 7 i R P B 5d. = BiEpdr FL il 4 S

4L .
5

s P

meEE(Q) 29.8 177.8 303.8 352.6

Rk EFROR | iAcR AR AR EARS AR FiT
BT FEL |7 7 e R

21w fél/fyf*"‘i'm*”* 31‘5//%1 %

224

KR v BB R e % B S it 905 0§ > 0 S E R g P T %
o ﬂtL B SR RS B EL RS S A AR B E AT 0 ] B
EEP S ESAL HAFD R T2 B § LS ARITLIRTS

2023/240 000000 0000 130




S EITHRAR T35 < > ijg 0.55mm e PET ¥ % d3x i
FE D R NFE T SN R R 0.55mm ch PET # ¥k e Eaka o

A T
AR S BRI bk R G ki
SRk € R AFTRY L hd g 0 TR LR 2 RIS gt 0 T S ik
Pp b A anEL o G RART R F Ryl o Fpt AP R-PET %

g Fom o0 RS g §] ~ -;7? ko R PET 9k k' @ S * £ e

E
A
#H 3
1. FE BRE 4 T2 MR @ # LT 15em -
2.§1w&%ﬂ&@*Wﬁ’um%@#ﬁ%ﬁro
3. BMPpeni AR EIERE 260 FRUEALKRS T RIBSH
B %4 4 12cm o
#-1 5. 0.55mm e PET # % 5] » Jpa o
feor 150mL ok o A1 I Ac(c EREER)E R -
R e A S0 R A 0 EZRBPRER o
ERBBHELE > BN ARERDPET E BB EE -

N o o s

B 6a. r2 5k N R iR

B 6C. F 'k hgt 3y Ak & 50°C Yo'y ¥ B 6d. ok 7 o gy

2023/240 000000 (0000 (140



E 5
APEE* T UTABFPONTE R DR M T HREE

N
¥
AR LT ERERESER T AR ES R RRLE - B £ E

;2. ﬁ/ﬁé Ty = = 7 g SO Y REE ~ 4o r e B £ £ x 100%
—(4‘:)\?‘1,{%‘5(1 BEE - ‘9_@//%:»— 4‘7‘&3’38’]}?—":;&_)_ for e B E £ x 100%
- tmme |[f-teme |[fzismg | FiERCo
TRREE()
2 £ £(9) 41.64 33.33 33.50
R EEsE | 41.67 33.35 33.50
£(9)
7 iBip s ok | 0.03 0.02 0 0.05
9 E(g)

% 2. 58 ek Bk 1w 0.55mm Ao % e Sk ok
ﬁ_i‘.{0.0Sg » @ F B PF4e ~ 0.55mm s v
55mm e % i g 0.55mm B E W ekt &
ST MBAREL AN > Wik 0.15mm 41 PET # 9 kil

o p oo RS RN E T 3R S8k 0.15mm ch PET B e kil 0 b pEL T 0L
PR BT B A PET 9 e kil 2 A Y] o

*55'?=

H B AET S AP 0 52002 0.15mm 4 0.55mm 7 PET 3 % ] » iR o
e
¥o LEmEW | Yo LEmW | ¥z LAm® | BRI
TRREE(9)
i £ £ (g) 36.95 36.49 28.83
MR EFLE |33.98 36.52 28.83
£(9
¥ ik e | 0.03 0.03 0 0.06

£REE(0)

F 3 5 AR 1w 0.15mm pc e Bk Bicdy

2023/240 000000 0000 (150



BB 0 F BT 0.15mm e R
Bend ¥ 4190 T g o ¥ i ig 0.949 10.15mm pk

o~ HFLRARRSE

2

BFET =

g o i

*ﬁgﬁﬂgﬁwﬁﬁ¢450%mn%T

150mL7]< ’ Jlf ?f 3}9‘»5 Qf—-(*‘ ﬂ)i,i‘é‘ﬂ)ﬁ“ik,)a”y

E

R

L
F’
P
EX

- =t 4c »~ 1 5 0.55mm PET # %% 2 150mL -k

s 0.55mm PET ¥ %345 ek it 27 i g =% Bcenhd %

M B P4 ~ 0.15mm s
—5/}% Tie » 94% o

& ¥ Rz SR ﬁﬁ//% Isz;g?

240 0 #1150 0.55mm sh PET # % 5 ig) »

/EL\- v FRS 4

hu
I BRSO ERTHR IS

%o SR

5= LRI

5 i g S
TRREL(0)

2 E E(9) 36.48 41.68 33.43

B EE st |36.52 41.70 33.48

£ (9)

7Bk S e | 0.04 0.02 0.05 0.11

%€ E(0)

% 4.

24

% = =4 »~ 15 0.55mmPET #

2y R b Y a2
SN BRI

P %%k % 150mL -k

Wi % - = 1 5 0.55mm A W e 5 Bchk

5 - LR

5o S

7 iR S
TRREE(0)

2 £ 2 () 36.04 37.51 36.25

e FE € |36.08 37.55 36.26

£ (9)

7 hs e | 0.04 0.04 0.01 0.09

#3E £ (0)

25 B ARRCER S - = 15 0.55mm #cH e %k Bicdy

2023/240 000000 0000 (160




% = =4~ 17 0.55mm PET #

P45 % 150mL -k

- Lega

E s L o1

*}
Jit
N
&
Ay

5
F*

D RoYat) e

(=X

TR E(0)
% £ £(q) 33.69 40.77 36.55
mirES € |3371 40.79 36.58
£(9)
7k [0.02 0.02 0.03 0.07
e E(g)
06, SN RRISE RS 2 % 1% 0.55mm e ey s B
I T HA W& 0.15mm PET % 5345 choi iy 2 i i = Beehbd 4
F %P “ﬁ%%ﬁ%ﬁ»ﬁ@?%aOBWﬂ%T P v ts o T §
4R %?é‘

BT =R &SRR 0 B %15 0.15mm 5 PET ?f“‘“’/#a ]~ RS FR S e
150mL -k > FA1* I (e ERELR)EPRF - I TR ERT RIS
=T o©
R o
% -S4 1% 0.15mm PET # %45 2 150mL -k
o fRmE | ¥ Lems | vz LEms | FEkReak
TREELE(9)
%% £(9) 28.84 33.35 36.96
miREFEE |28.92 33.39 37.03
2(9)
5 @RS i | 0.08 0.04 0.07 0.19

P £ £ (0)

% 7.

SR BB % - % 15 0.15mm AR e s Bchk

2023/240 000000 0000 170




2

¥ - e~ 15 0.15mmPET # %3k 2 150mL -k
Yo tEBE | Yo tERmE | Sz iamd | 7ERSk
PR A E F(0)
2 £(0) 34.45 36.46 36.42
R EEGE | 3460 36.53 3653
£(9)
TR s |05 0.07 0.11 0.33
3¢ £(g)

208 SN h i - = L% 0.15mm AR g i

% = =4 » 15 0.15mm PET # #3 2 150mL -k

FoLEmE |y tARE | vz LAEE | 7RSIk

2 f

g

FRRE ()
© 34.83 o

R EFEE 34.90

37.09 37.05
£ (9)

7R | 0.07 0.07 0.09 0.23
3 E £ (0)

100 BN BIBSERS = % 1 0.15mm AT g % ik

2023/240 000000 (0000 180




Gl

) fe(E)dhe & A 47

RypB 70305 S BFR o - > WIS ALITLRCHEIR 0.55mm 2 0.15mm PET #°
Wk ey HOig o 7‘5'3”‘ 90% 12 F o H = o SR N RSB el < TR B i g o

BN Bk T R T ok (1T M +150mL-k ) e iy

96%
.o 95%
¥
48
"® 04%

93%

0.55 0.15
He® e o) (mm)

Bl 7. 48 Bk S B ok (1g A 9 +150mL -k ) vk it

(2 )fe(3 )enie & 2 47

E%m#i%&ﬁ*%’§¥@ﬁiﬁﬁﬁ’ﬁﬁ“4»g? 2 3 4 P
kS 0 @ & =R ,%Eg-ﬁétlybm,{%igﬂ‘}n’”Lruﬁ'\lfe BT A B AaNEEE RS
E’f”ﬁté}? v 3t ﬂ@?/ﬁ"‘{ﬂb °

A
2z,

N3 AT AT R RE R
= - S d BRI B E R+ AT~ e B E B (lg)

DA R BT R RE R
—%4 ? L_-/ﬁ&l\» E /?HIEL’S 53}~§§4i§ - ?3‘5;,&‘» rﬂ,{*{ /g“‘v fé:

=k

2023/240 000000 (0000 (190



(z)

4‘1)‘ 1;1.»

g 2
150mL -k

0.55mm PET

Sl |RAR T AR T BRI ROE Y | 5 S |4 i
BB RER(@Q) [RELLE() EERS ()

1 [1 0.11 0.89 89%

%22 (189 0.09 18 95%

%3 2.8 0.07 2.73 98%

% 10, 55 BiRSEBIR= = 15 0.55mm PET 2 %4 2 150mL -k 1§ 5 it

()

'4E)‘ 1;u

£ 2
150mL -k

0.15mm PET

= #c BART RS | T BRSO | R MR T
SMEPREE |(RER( LWL L)
(9)

y1=x [ 0.19 0.81 81%

¥ 2= |1.81 0.33 1.48 82%

¥ 3= [2.48 0.23 2.25 91%

F 11 SN RSB = = 15 0.15mm PET # %4 2 150mL -k 75 2 #icdg

2023/240 000000 0000 200




H#-2 10’ff'z< 11 mﬁi::}jifﬂég] 8% » |F54 = BB o

$ - 0 08 % IRITHER 0.55mm e 0.15mm PET % ¥4 cimii; 38 2_80%4 ¢ 7

%= > Bz =iBk 0.55mm A 0.15mm PET # %}k chif 42§ ¥ » & X 4 A RIR BRI
* PR VR e g AT A Fgﬁ JRES- I g S S AR SR AR R R

%= 0 fz =ti#Eig 0.55mm - 0.15mm PET # ¥4 i fed ¢ > g FBp=<BAR 5 R
SRt ARB o KEF AR RAARYT LT ERRELE(DN 254
A)fed H BRI BRE R (21 250 F )G 2 0 RFL B FHAF D FR
SERILL JPRL D) ST

S8 B KR 0.55mm2 0.15mm PET 3 s crsias 2284
= Beenld
100%
95%
.
8 90%
)
85%
80%
£1= 2= % 3%
m 0.55mm
2 2 ) oy N
v » 15 PET# %45 2 150mL-k = 0.15mm

Bl 8. i N % 0.56mm 2 0.15mm PET ¥ % s crsiac 4% [

2023/240 000000 0000 (210



BAED T 0 SN RIF LR E /K Y 0.55mm e 0.15mm PET % %45 chd 4R
Fooofed b5 R R B X ARk, s ) BB R S i R P A ,a T RF- Tenid
BB AERG Ak AL T A sl el § - TAERF Y o B T# L -
BiaCEp== ZMEY > iRl THRDORE  EP T RST L RRET § R
L ATRT R o de > B ERSNRRA - £ F 0 BART - AT A
Ao T E % G p S S MRIGEE B MREA SN RIS I FERR RIS R
A R &=L el A

N

L2 FIEE

IS F PR PV S I S S PR N E A S S LE SR
R REE S ERPREHER T L2 AR BB PR

2. P FIF ISR R NS ARERE AT Ik RSN RDEID ] R
T - o HREDFRARSEENAL R 2R BB E R T
l]‘i o

AR B RIFS MEGK PR R 2 RITNA L - 4R 0 T g BRI

B £FREET NG FL

4. FHHF G ﬁ%&m&;‘ﬁtﬁxmﬁi FfEAT R G P R ATELAR D] SN R
Fom R AT ARSI AN RBE A 5 AR R E B g (T ¥ o

5. HRprU4] A=xF % 5 2 150mL 2 250mL - Llfﬁ KR A SR ET A A

S

J;I@/?'J;ézﬁtm@,@*iﬁb s LAy S

6. PFERFFU4]d AT F?F"’pm’“r'l% cF B r‘%i@f'?ff?%’f!ﬁl
Mg T iaE 2 Jf?xvﬁ?i LR EEET G }3 éﬁ—i‘

7. BEPRERDDE DL LPIRETME R R I ED RIFE N g N
MHR-PET # % e @ »jpgs e o a“r'?‘“ F B E S R AR T 2
e o

8. BRMHE B2 1 d NPHERES L APREYHHPR Bl &2

ot 2 FHR)E AR PET %9«
ko FEEisend B EPET 98 & o

N
|l

pin}
:_‘x
;ﬁ
(%ﬁ"f
¥
pin}
N

;4 PET %54

2023/240 000000 |0000 220



BE

.’7’1‘% R

%%J,

e g EERAY b

¢

7‘ /j ﬁg‘ ’ MTI'Z

FR B 3

H

= A &L

g
A
» N
1\/3? e

fé_i‘;@ )y Wem L,va,
2 l};"—l‘/:" }f\ ‘p/}%&iéﬂ » —E
AL RS

/{

J‘?J/‘“/J—/"«Jf"ﬁ ) %

TR AR P v R
Ao FRRAFAIFE g0
A

MLl h LR BLE ek g«‘ B chip A EIR A B o

#* ?“ PR T2 JR

T B SRR

ﬁx I /)ﬁ.u )“E:ﬂfr';fﬂ FLE § gt o

~

%EEF-VLPEI/»G—JJO

2023/240 000000 0000 230

S Rl Eih ok o fLR 3

» JEm ;I"ﬂ‘ﬂl] P\’:'//%&'L’—&im—@ﬁ& ST R //%&:u._

IR E R



\\\?{y
)

=

10.

11.

12.

13.

AR R AR Sop

https://www.edcity.hk/hg/zh-
hant/content/%E8%AA%8D%E8%AD%98%E6%B5%B7%E6%B4%8B%ES%BEY%AE
%E5%A1%91%E8%86%A0%E7%9A%84%E 7%A6%8DY%ES%AE%B3

ESL L ES iR S
https://www.indigowaters.org/microplastic-primary-school-zh

e s L EL STy

https://www.nytimes.com/wirecutter/blog/reduce-laundry-microfiber-pollution/

P e BE S
https://www.britannica.com/technology/microplastic

B e 5 4 p
https://pubs.rsc.org/en/content/articlentml/2019/na/c8na00210j

i 2 PR AR I eiE G 3
https://www.greenpeace.org/hongkong/issues/health/update/4769/%E5%BEY%AEY%ES%A
1%91%E8%86%A0%E6%98%AF%E 7%94%9A%E9%BA%BCYEF%BCY%IF%E4%B
D%A0%E 7%9F%A5%E 9%81%93%E 6%88%91%E5%80%91%E8%BA%ABY%E7%A9
%BF%E7%9A%84%E8%A1%A3%E6%9C%8DY%E6%ADY%A3%ES%ICHAB%EE%B1
%A1%E6%9F%93%E6%B5%B7/

F R f» 8 z"fz;{ R M 4 e 8 rTJJ'FL”F‘,' KE‘
https://pubmed.ncbi.nim.nih.gov/31476765/

2EERBEMRLA €

PREG R ZHABIRB AEIRE i b & B eank irie B
https://www.legco.gov.hk/yr2023/chinese/panels/ea/papers/ea20231215cb1-1107-3-c.pdf
RO il /g "% m ek R #5 B B~ p

https://pubmed.ncbi.nim.nih.gov/30660795/

RO i i "rehd & fekE & 7 & BB~ p

https://www.semanticscholar.org/paper/Transport-through-composite-membranes%2C-
part-2%3A-of-Ramon-Hoek/cf0d1b5a75¢90610f9ab4a32472c8b6a24 1550ff

WA & K RO i g oo & RIB A
https://www.researchgate.net/publ|cat|0n/285287849_Membrane_TechnoIogy_for_Water

_Microfiltration_Ultrafiltration_Nanofiltration_and_Reverse_Osmosis

G PR A A R RN - p
https://www.sciencedirect.com/science/article/pii/S2405844021012081
ARC I N
https://www.sciencedirect.com/topics/engineering/permeate-stream

2023/240 000000 0000 240


https://www.indigowaters.org/microplastic-primary-school-zh
https://www.nytimes.com/wirecutter/blog/reduce-laundry-microfiber-pollution/
https://www.britannica.com/technology/microplastic
https://pubs.rsc.org/en/content/articlehtml/2019/na/c8na00210j
https://pubmed.ncbi.nlm.nih.gov/31476765/
https://www.semanticscholar.org/paper/Transport-through-composite-membranes%2C-part-2%3A-of-Ramon-Hoek/cf0d1b5a75c90610f9ab4a32472c8b6a241550ff
https://www.semanticscholar.org/paper/Transport-through-composite-membranes%2C-part-2%3A-of-Ramon-Hoek/cf0d1b5a75c90610f9ab4a32472c8b6a241550ff
https://www.researchgate.net/publication/285287849_Membrane_Technology_for_Water_Microfiltration_Ultrafiltration_Nanofiltration_and_Reverse_Osmosis
https://www.researchgate.net/publication/285287849_Membrane_Technology_for_Water_Microfiltration_Ultrafiltration_Nanofiltration_and_Reverse_Osmosis
https://www.sciencedirect.com/science/article/pii/S2405844021012081
https://www.sciencedirect.com/topics/engineering/permeate-stream

B (GRRAE)Ek - /NEE

(Tl
°@° S LEEAN BN

@ === =] -~ -, kN S— 8
7 HE#IE T FRMNEE T

BB £ YEEER, save the ocean now!

tEEZAN U EEN, SEARNZAN, MR LR EER
BESE XA, RET. AR, BRIE. R&EE

2023/240 000000 0000 250



B &%

e 1 1 TP 3

S i< Y = . R 5
1) BB AR R IR e 5
V2L 3 o =3P 5
s Lz 2T Ol 5
) BB B B T B et 6
2) R SR B B IR B R I e, 6
A) A B R B B T B oottt e, 6
b) A AT B AR IB IR AT oo 7

< = < 9

L2 B = TR 9

CTR Lk =94 2 1= SRR 10

AN 51 R ST 20, 0 b~ 11

MR a7 S 12
T 1Y ] 2 SR 12
2 B B ettt 13

G J=E:1 N C= 312 ) PO 13
(@ N-00y 5 K@t & =0 E- = ) ST 13
G I Y- 10 2 T T T TR 14
(FB) THIKBETT (BIKMED oo 14
(G TR =ha w0 3 =3 2 OO RORRRRRRRRRRN 15
AN 2 X 45 TSSO 15

AN =57 E T - T 16
L BB B L I R oot 16
I B =1 SRRSO 19
I T B R B B e, 23
IV T 7 B B B et 27
AV = a3 < SO ROPRURRPRS 30
VIR % oy 5 USRS 31

= o 2 S 34

o S = =TT 35

o i < R 36

2

2023/240 000000 0000 260



o 3 RS 37

—. B
TR RS E4A22 BB, EE R ARE AR ENEEEE
B FASHE, —RUEBBBRESSE, TS EHENE, BRBRE RN

MIREERBAXERE, —REBEABFIRIVNWFEREFTRIMEN;
ALEFEBRERAIRERMYN, EARYEE ZEBFTERE, BMFEHE
—RHEEBHERAR, BREBFERTE,

SHESATBAMRETIIREBE, REREENHRTEN HeR2EE
M EREYHHEXRERN. RTERRXKEHERSY, EEREE. D
I 1% TEXRERABETHEELRG. HREREIZESEREB170E
NHWER, BEKBEEREKY, A EFERRER. AR REEHRMLIER
REEEXRATRE, REVERRRAEHERWK, EKER—EESHE, A
DHMAERMEREER, BORE,

BRIERLCEEMEYRRER, TEFRZHE (PVA) IR RELE
PLA) W&, EMAEMMERT, sTEbAK. ZSLHMEYVE, 78, —#&
FEAEIFERMIRET, TRATHRAIEYERE, SN T ERRHERE
B, SERRE. K7 RERAHFEER, TUEMHIEFRISREHTUE
—HRIELSBKPEESZ D ROEYMRAZEE, MAERER,

ERMERALESERE, BT LF REBME (Starch  Blends) &4
SYEREBRE, AEHENZE, EBBNRUMAFER AR, EINHIEMTE;
HEREHEMARABMEIREME, RE EMEHAFNAENRARYH
HIEEMEARER, BMALREE, HIINERE. BE. MBEE. ERF, 8
HESHEEEREBMSE,

HPBRAF ARY . ABRNNERSMENEYREER, M5k

. REE. MEEEN. KL, BfZaeh FEREHGYERR, EX
RIMEAER, AREE—7 A,

2023/240000000 0000 (270



= HERE

1) BRI 2RE
a) EBRMER

REXBEMHERBERTHESR BBRR—BLUSH FEAKYMEAETE
ORI, EEMNIERBERERRK, AREURMIBERESD, AL
ke,

REEFMESMERC2HSENESR EB—ERKRERSHHIER
AlaE, MM AR R Rt A LUR R Mt Re S E AR I E
AREBE-EHERMMERMNEEN.

b) AHMHHER

EHMHZERSARITRZN LS MHERMM R,
EELEYEFRESRIIE, T HARUEEHMITE R, &. F5E,
AHRMEATLUERRAM, IMA# . BE. FEF, haJLZ AT &/, INE
B. 3B ilaE,
HIEBBHABMHATIERBRHMKRAREFILERE,
UTZBRBHEERMH:

o A AHREBRRERNEMBZz—. BHIhEHILEYE, NELE
ItEY), BRZENARE, EERALEYRIERZEPE)IRA
BPP)EEREBBIBEBEKS

o RAR RARMZBRBAENEERMF ., RARB IR el LUEBE
ILtBREEILAZH. ZHREEZRANEERZHPE)FERR,

o ER HMARRFAERERMERBEMN, BERLLEAEEHMIZENG
Bl —LeBBA A, EERTMEEYBE LUK ARNBINRERIE, 2
REBRAEZIEPS)EFHIR,

From Crude Oil e ]
to Plastics
Diesel and heating eil 70% | | Others 10%
i g . A
— | iy a _an
. r ht -
= i —_— hg"_ﬂhm _R
] (" 8 ®'®
i L

Bow mabarich for chamicsls 7%

2023/240 000000 0000 280



c) REYNE

,m:.%mEE:.‘F%*EH:HEME’J““?LL LEREEEMARBEKS FIEE
H. EREEBEBARS BELRIBGERS FHRAERKZEITH,

FEHEHEMERETRE ZREESMEKERE,
REMTEI L7 :ébﬁj(’kﬁ
o RAK
359"‘?%3 ’-‘rﬁmﬁrﬁ’\ﬁﬁiﬁqﬂﬂﬁg’éé%, migEr. RAZBINELE,
BEREREY.,
‘é‘ﬁt,«m%EAIAE‘ZE’J,«m% MRZIE, BRBINREZE,

/J

B % B
/FJ\ /F,{J —+ Initiator
_\__

[: Monomer

<y

;}'\f
Xxx

v

Polymer

2) YRl AR BRI 2RI
a) £MRIRMREBNER

EMAREBEE—ERLUH B AR PMMEY S fE. EE N E{EAIRE
FHRAMENEBMH, HEERNER, £Y o8B EEESREE
RORTREARTE, I B HIRE & A SSE8/N,

EYRISREREEERAATEYRENMY, NEY. E0E. @ERF F
HEMER EEMHAIUAEREMRE®RET, ISR, BENMEYR
FET, #MEM I BRBOKMZELHRFERAME.

|
%%E%Tﬁﬁ@ﬁﬂ%ﬁ*ﬁ

D F Py Ry

2023/240 000000 0000 290



b) 4 ¥l % 28 BB B 41 44

AREBURXGMEABRMELAEM, MAFRGENH K. BEEMEGRCE
ER.MBEE. &R XE).

i) X
FERD BB, BN —1EZHE, 28X E(C6H1005)n, BNl H AEHE
B (BN A2 BB (BB . BB 2 —EREE AR EER
&Y, BEERBM S FEESASTEESHER., XEEMEE XM
BEHEE, EERYETERNEREDTE RNER, S @B, X
BRI F04(580%, EHEEN R $91520%,

CHon CHZOH CHon H OH HO

! ) 9]
o | o | Fo = f
OH OH % OH ) Hol o om
OH 0o [ o I OH HH (;w
HOL . 0
OH OH 300-600 OH OHM
HDD""

E 2k X SRR

BRI 4E A R B 1E A

BRI EEAZRBOKEREREEEMIEER, RREERIEIEEE L B HE
BN RE AN, MARBEUERBHEREY, XS BRI n Al
R FERIR RN, UERBN S FRIMNSRTK, HF2 Ko FREASD
, REHRENE, RMEAER.

iy AB#H
EEUEYER. BANELE, MEBEREAEM, ABEEANREY. &Y

bk MBI, EESRAER AR BB RIERE, ABHME
- BX A
KRS, Collagen Gelatin

= AR
F acid/base hydrolysis & -
) |solution
< - - - heat
\'\'\'\
L& - - s

cool heat
(<=35 °C) (>=~35 °C)

/S
Te (&S L!J gel

|

2023/240 000000 (0000 (300



iy HiM
ItE2LEAR=E, 2K AC3H803, EEMAERIFIHKMAEEREE, kK
MR, RNMEARSEER, RIBMOFMOF2HENZER, FREYH
B SRR, FEERNENTRREBEEEERZHE,

H O/Y\OH

OH
iv) HBE8
FER D 2/KF3-5%HEEEE(CH:COOH), BEfIpHE — & E2E3 LA,

B A R FFEUE R pH ERRFERERE. AMEAEYAIREER D, 6
EREYAIRBREBNAREY, BNERES,

O
H3C) J\OH

v) REBR.MEEE. FER
EEAS ZMAESR (cellulose) B—AMILEY, HIES2K%(C6H1005)n,
EHEBEXTESEREEARMNSE, EM2EYHREMNTERS, BT
EYEERENZRIE, RNEEEYAIRRER S, BmEY ez
BrREME T,

OH

OH
] Q HO ot
HO 0 e}
OH

OH

vi) EERR
F E i 5 2 HxELES (Calcium carbonate), 2 —fE{E&1¥, 2K ACaCO3,
Ee— TSNS R IRERNEYZz— hEFZEYERNERK. B
BRMERFHNTERS . REREEEHESNEE, ANEEEYIERELE
Broh, sEi8 Ay [FiEBBEE,

2023/240000000 0000 310



=.BEEXEHM

BRI, EBHEREEM AR AR 2R IEE T R E A6
Ao

1. FIABBRABY, MABREER. MBEE. &R, XE)RREYR
FRERE,

2. AFRMAFRRERH B R BEEIEMEEEBFEMRE,

3. BIMATRIEERAIEYIZAZ LB RIRFN B, MIEAE . BhoKiE. [RAZaE
N,

4. ERFRERY . ARV MEeREE LD AE BB RTREE,

. &E%

o FIAEY. ABUMMEGREEMANEMIRAZER, HiEERERN
PBEREFREN S, ERAMNMHERAEAT AR ERER, FTUTRESHBME
MR

o MM EERIE, MALYRRERR, LEREBSHBEMRHRN
P2 fe, RERINGRENE .

o MAHM, AILURSEMRMRERBNKIE BEEERERAKS,
MABEBRREREEMEEERBANKE,

o NMAEER HHEBERTHSEABKEERY, RELEMIZMREE
BRI EAEE N H MRS EA(17.8°C) R EL(290°C)ER LK =, FEEXRELR
= BB ZEE N .

2023/240 000000 0000 1320



h.ERMHEAER

HERHH HERAL
kY | %RBE |BEL |BF  |BBER |BE |Es
i P
mEY |ER  (®k  |BR  (mn |Esy [EFH
TR
B |RE (B8R |(EE  |EFF |Zms B
% B3R
SR (MIUEE | REHE |BiE | BEUE | HRE
30
K waB (RO KRB | E
& RN
RiE1 | BERMHTIAR

2023/240 000000 0000 (330




N, AR BE KRG IE

7 FF WA RLOBT £ e 1 4
o B i I R ) T AT

TR I 2 Yy o B A0
FB IR 77 i S B R
FEIAE T ik

—

U R B

—

WELRZE Wy T B i TE R

S —

R 8 Re i {7
(Rl 4

—

2 & AT B
FOET 65 B A ¥y T B AR
B

Yes

v

4. BEEZE

Al #y 15, =4 105,
A 10t FIfg 1 27,
il L

1 Bt
WERL, RTEWE, UIUEEE, SRR
(0%, 0.5%, LO%, 155, 2.0%, 2.55%)

2. el

=] N
(0.05% 7+, 0.10 7}, 0.15% 7, 0.205 7}, 0.255 7, 0.30

271, 0352 7}, 0.40 H, 0452 7}, 0.502 7}, 0.552 1)

B L IR AR R 3 A T e
e dioE A

!

G A BT R A R

T b i R

A e () TR A2 1

& A1

LA
vl
i Ak

it #4
RO
A

. IRRERIEE

2023/240 000000 |0000 1340



. BiEsEt RTER

1. RIFEYIRRBRBLER
(—) #{REER

4.

1. BER RAAEBIERIECHNRER,
2.
3. MEMME  ARMBREIHR BERMR,

RER EBARKRHREHZEREBER,

MNEE | EH2ER B MRS (Starbuck)EJZ'He’é J& (K BRE)o

(Z) HEEYRMBER

. B1gEM . 1B BMBAENRFIES,

MA10mIK, EBHEHEGREE,

MARRERERIHA(0-5mL), BEE(0-5mL), EBINREILEEY, FH
HEEEM,

ﬂﬂ)\Tﬂfﬁiﬂ’]ﬁﬂ?(O 2.59), I@mMA BRI E X

BREESY HESYHNEEHEL, FA70-90° Cﬂﬂﬁngzﬁﬂﬁ TERR
HLEREDR, AEEESMER, FHLRMIRK,

A HEHEKMESYRAE 2R EERE, RRBFERET,

R DR B SENE, E40°CH R E 3 /N, (AR 2 B E1E, AT
RAEWEZ, B LUTEHEGEE, TARSIEEBEKARERR, 2
B EEER, )

 RRR - FHESYSA. BER, BN EBAREERERE,

11

2023/240 000000 0000 1350



2. EERIER

(=) EER N (KERSN)

1.
2.

3.

o~

B B iR (1x4om) B0 2B B R K,

F AR MABIRARIELE R FRESRE, FRZAE I mmIRERE, U AEE
EEEBEPER,

HER IR R ARG, E BB AR BB EAR,

BRI —inEE N EEREE S, £RASEEHER N EaI0E IR S — ik,
FEHERENEZNEEBER, EEBBEETENES(AT).

(Z)B5H (R R fmEEEN)

1.

B A iR (1x4em)BO 2B BB AR K,

2. FIR4REMABRRIEER FREDME, PRBHImmiSRE, LUhERBRERE

w

AEEBEDER, BRIFMREME SRARERR,
RAFEZRRM—in, KIRIFEKEESARMOIEHRRM,
R NEHER — i, EXEBBEAHE, SEEXEREE,

12

2023/240000000 0000 360



(=) mEEEN

B AR (1x2cm) RO BB B RR K,

TEEMREE

FERMNEEF HELERTREBER, ARREERL,
HEBEARES BEEMAEL,

{5 A FE NN EARR AR 2077 £2

ki EBRERNEE L,

ok wh=

(%) fif 7K 8e 73 (BroK %)

B ik (2xdom )R BB RB AR K,

EERANEIRES,

REAMEEBEA, IASOMIKERE SR,

155 iE%k, EERANKKREE, HEEEA LR,

BN =

13

2023/240000000 (0000 370



()L fEREN

HY B iR (2x4cm) B 2B IR K,

EEERANERES,

EET0RMELERERERH,
BERARAZERIZETRERSREE,
BUINHEERANER, STEESEREBEAME S LR,

o wN =

(FN) BKDfEEE S
. AR (2x4cm)BIBERK,
EERANERES,
1% B 48 7K &L BY H BT AT EROK o
E120mLE KB EE M,
LY e R EBINEABEENA,
#E%Tﬁ&&%ﬁ%ﬁ%#ﬁﬁifmﬁiﬁ, BN EEEUA1500, EEINEEKREH EE
BeiER,
Efaf s &) o = ¥ N (G S o i = R

DOAWN

™

14

2023/240 000000 |0000 380



/\ E% !f‘i%& n-.I-nFH]

| BEHAER
RI&2: R EHAENAINREBRENZE

B | R (57) R (A7)
pezlicd
0 2.32
0.5 2.85
- 1.0 3.32
R 15 3.96
2.0 422
2.5 531
0 041
0.5 0.63
HEE R 1.0 1.35
i 1.5 1.74
2.0 2.96
. 2.5 1.86
N=/ R 7AN Z/@
TR P R 0 344
0.5 11.13
MR | pos
2.0 3.74
2.5 1.10
0 1.53
0.5 2.35
I 1.0 3.28
IR 15 451
2.0 5.36
2.5 6.29

2023/240 000000 |0000 1390



EIERA EHE YA R R ERRENTZE
® R A WEME W WBE & FEE
12

10

F5RE (A7)

00 0.5 10 15 2.0 25
EERINE (32)
MmALEmEEE R NGB BB EERE, EEMAKLSMBEHERTSEER

ERKXTERE, BRIELLSY, EMMBIEER(GRE R B, I )& AT LINSR 28
BREEMRE, AR, BRMUMAHEBHERSE,

RIE3: MR EREY RIS BBBRENZE

VAN (140 . ==

AR | bt (871) PRBE (BT

5 132

| 2.70

: 5 3.66

- 3 5.27

1 6.58

JRILMEZN 1] 2 T

AT 0 .38

| 1.21

) 5 1.26

" 0.89

X 0.78

16
2023/240 000000 (0000 (400



MO EHEYRI S RERRENEZE

® Hh A B

10

FHRE (2 FT)

HHOE (ZH)

MARHAILGRERBMEEN D (RERRN)KIBERM, E2MASERM
SREBNEENN(RERN)EM TR,

FA&4: T B RO SR 5 L

HRIBRRA LI FREE (AT
PR AR 0.00
AR 0.00
VAR 0.26

P i b ARSI, TRAM AR A A ) e g S R Y- 2 o A L

2023/240 000000 (0000 (410




1. BRI ISR

RI&S: RN EHENAINTREBE INEE

R R o3 R VB IR JBFERAD B (50) SEYE) I h A
(1-180°)
0 112
05 156
o 1.0 165
S 1.5 143
2.0 119
25 81
0 88
0.5 47
o R e o >
2.0 33
. 25 32
N=IINAN ?%
0.5 122
g e w0
2.0 76
25 47
0 63
0.5 119
B 1. 141
U 1 (5) 180
2.0 180
25 180

2023/240 000000 0000 (420

18



200 ‘
150

100 |

FigEEEE (°)

50‘
0

B EYEN IS REBENNRE
® KEX HERE W YCEE & RER

0.0

0.5 1.0 1.5 2.0 25

EERAE (32)

RIBULBERER MARXREXRERREAEVEREBNEXESRAE
(REE) ; MALEMBEERLZER(0.59F19)R Al LURFAEBHEZEE, H
EMAEZREGEROEBHERE,

RIG6: MR EREYDANREBE NNEE

A=Wy w] oy R
B

MEHD & (ZZT1) S35 e A8 B (1-180°)

57

147
173
180
180
180

i

43
27
10
17
13
10

1 e

N b WD~ Ok W — O

19
2023/240 000000 |0000 430



ML EHEN AL HREREHNES

® HH = g
200
— O O
o 150
i
® 100
H
e
" 50
B
0
0 1 2 3 4 5
HHEAE (BFH)

RIBL LR, RMB|MABS B RREAF IR £ E B RBRE N
(ENEBIRE NEREEE), fARMA BB SRV EYIRRFEERBE A, il
152 a5 {3 A LL K - H MBI E A 501,

FHET: i B R EIEEE B

B ERA AR5 JeE b £ BE (1-180°)
PrfEAT 180
i AR 180
B 47

2023/240 000000 (0000 (440



mE LEAZEEME N

BN ReriE W B2TRE W Zapgs

180
160
~ 140
S
120
i
& 100
# 80
[
60
B 40
20

i EEAER

HitEmE ELERNER, MEFENEYIEERELERIEE A (BNEiEEE K
ZHE) ERE, SEERFTEARTREE,

2023/240 000000 0000 (450



1. it 2GR FE R

B3 #tE80°CR, SREHREMIRME B R4 HIE100°CR, SREREMEEE
B B

B A5 #IE120°CHk, SREREYMIERZE ER6: HIE140°CR, SREREYRELE
BiFR Bl

22
2023/240 000000 0000 |460



FR1&8: EIER{D & ¥t A4 YRl 53 AR BB RZ i 2L AE N B9

B2 488
o

S,

1

I

Wy i

SR

80

100

140

YRR = ()
0 HerE | PRED KR | EER-E BE |BER—B BE
| 0s [ FETE PR RS PR
=1 1.0 B o 15 B B B o 1
= 15 [ EerE P P FeRE
Xl oo T rers PR RS PR
25 [ EerE PR RS PR
0 PR HE B EER—B BE |BER—B ME
g| 0.5 [ BerE PR RS PR
&l 10 [ BErE PR RS PR
=l 15 [ mers PR RS PR
| 2.0 EES B {1 BA (A 1 3t Bl —BE, ME
s 05 [ BmErE PR RS PR
R 0 | BarE | hEm kR |RhESH kR |EBR- BE
05 [ BErE PR RS PR
Wm0 [ mErE e e e
Y 15 [ EErE PR RS PR
B [ maE R RS RS
05 [ BmErE PR RS PR
0 HerE | BRED kR | EER-E, BE |E0R—B BE
| os [ mErE PR RS PR
K10 B (o i 2 o B B (o 1
s [ Eere Ho o RS
" 0 T EerE PR RS PR
05 [ BmErE PR RS PR
23

2023/240 000000 0000 470




B A7 EEEEFEMEE R, BE)NEYMREERETE L ERNEBER

B A8 HIE80°CR, AREMHM(HiH. BE)R B9 BIE100°CR, FRIMH(H B, BER)M
AYREERERHE L ERNERBER AYREERERHE L ERNERBER

B A 10:88£120°Cik, ARIMH(H B, BE) BER11:8E140°CK, FEMM(HHE. BE)
MEYRREBETE LERMNERIER MAEYRREBETE LERMNERIER

24
2023/240 000000 (0000 (480



RIGO: M B4R & B A4 YRl 53 A2 B R T 2L AE D B9

2 480

=i
E(C)
AEkeEys | MOEMD & 80 100 120 140
B (ZT)

0 |EEGEE | —HoBEEEHE | —SoEERHE | —HoEBRE

1Bk JNEE, KBk N, 1Bk IE, a1k
1 BEEEE | —HoBEEHE | KN—FERH | XHoEBRE

FE1E R, KBk IR INE, 181k R, KBk
2 BEEEE | —HoBEAR | KN—FERHN | XHoEBRE

T FMIBE1E N, KBk IRINE, 181k N, Bk
3 EBERYE | —HoEemh | KN—FERMH | Ko EREKA

kAt iz, taik IR IR, 181k iz, 181k
4 BEREE | —HoEaRk | KN—FERH | Ko ERERK

S e R, HaE SRR, JEE R, fae
5 BEegE |-GG | —SoBEERE | —HoERRA

FMEie E, a1k MiE, w1k g, K&k

0 P8 {0, B B8 {0, B EERgE BEagE

1 P8 {0, B B8 {0, B EERgE BEagE

- 2 P8 {0, B B8 {0, B EERgE BEagE

W 3 TEere | Bers BREE HEEE

4 P8 {0, B B8 {0~ B EERgE BEagE

5 P8 {0, B B8 {0~ B EERgE BEagE

MAH R EY A EARERMHAERERE, REATRERIRAH HERRIE
(17.8°C), A BERge iR F+ A MR AR BB ROTH BRI

FAE10: i 5 AL R T 2veE 1

YRIBRRAS WBE(C)
80 100 120 140
PREEHT TR R £ 7 A TR R £ 7 A B/ BEEHAAE | EEREHL
TS Tk, B oA 5 Tk, B oA s RN, EARE | N, e

&r
=
b

Tk, R

BRBAME/D, 5 o i

fE/N, BRI

W/, PR R

2023/240 000000 (0000 (490

25




V. i 7K

AR

K& B EHEMRAI S RERBTKEHNEE

£ JEFERAD B (O7) IR A& EEGT) S EEME (%)
Al oy SR &)
0 0.36 0.74 105.56
0.5 1.14 2.01 76.32
o 1.0 1.22 2.11 72.95
L 1.66 2.52 51.81
2.0 1.84 2.56 39.13
2.5 2.10 2.78 32.38
0 0.38 0.71 86.84
0.5 0.48 0.35 -27.08
R 1.0 0.72 0.31 -56.94
ANE 1.5 1.31 1.47 12.21
2.0 1.84 0.78 -57.61
S 2.5 2.47 1.59 -35.63
L 0 0.35 0.52 48.57
0.5 0.49 0.74 51.02
gk 1.0 0.52 0.88 69.23
i 1.5 0.54 0.86 59.26
2.0 0.45 0.77 71.11
2.5 0.51 0.90 73.08
0 0.28 0.61 117.86
0.5 0.56 1.03 83.93
IRHE 1.0 0.98 1.53 56.12
i 1.5 1.55 1.83 18.14
2.0 1.95 2.24 14.87
2.5 2.61 2.80 7.28
26

2023/240 000000 0000 [500




BIER 40 B 1 4 M AT 5 AR B BT K B 1 B B2
® £ER HERE W EEE €& REKE
150

100

50

—

EHEELE (%)

-50

-100
0.0 0.5 1.0 1.5 2.0 25

BERAE ()

TERET, BRTMBEE 25, AR A KB eRER e iR A A Y Bs A2 BB R Uk Uk K
.

B

I

RIE12: MR E B LY R 57 A7 BBt KAE DR

MR fE | BEEMG B A E & () A& E R ()
. L AN \/i; ISR )

g (Z7) Y5 B B E (%)

0 0.31 0.68 119.35

1 0.34 0.55 61.76

H 2 0.28 0.46 64.29

il 3 0.37 0.52 40.54

4 0.35 0.47 34.29

N 5 0.26 0.31 19.23

Tk A

R 0 0.29 0.64 120.69

1 0.25 0.53 112.00

=| 2 0.31 0.61 96.77

I 3 0.28 0.49 75.00

4 0.33 0.57 72.73

5 0.27 0.42 55.56
27

2023/240 000000 0000 |510




125

100

~l
(&)}

T E BRI (%)

N
[&)]

M EHEY R SR ERNKEDNESE

® Hihm A BE

o

2 3

HHERE (52)

R EBRBMETUZRMAES H 0Kk B EEEE SR D £ Y%A BRI
Wk, nsRBRBRIRGKIE,

FI&13: i L AR EY R 2 EE B KENDHEZE
A LR RABRCD | g w4
PrEERT 1.0 1.0 0
i c s 1.0 1.0 0
BB 1.0 1.0 0

2023/240 000000 0000 [5320

28




V. Lo fERIEEE R
K14 BRI EREYRAINHREBEREL D RERNEE

HE (D)
S N\AGT EXa VAN =
EUTRER | ERHE (7) R (19/3) R (20/3) &= R(21/3)
0 0.4 0.4 0.4
0.5 0.4 0.4 0.5
- 1.0 0.4 0.5 0.5
R 15 0.4 0.6 0.3
2.0 0.4 0.3 0.4
2.5 0.4 0.8 0.5
0 0.4 0.3 0.3
0.5 0.4 0.7 0.7
IS 1.0 0.4 0.7 0.7
s 1.5 0.4 0.9 0.9
2.0 0.4 0.7 0.7
- 2.5 0.4 0.8 0.8
R 0 0.4 0.4 03
0.5 0.4 0.6 0.6
ik 1.0 0.4 0.4 0.5
ey 1.5 0.4 0.5 0.5
2.0 0.4 0.6 0.5
2.5 0.4 0.4 0.5
0 0.4 0.4 0.5
0.5 0.4 0.3 0.3
REE 1.0 0.4 0.4 0.3
s 1.5 0.4 0.6 0.7
2.0 0.4 0.6 0.8
2.5 0.4 0.7 0.8

RA&REEGR AUBBARGRE MEBESRNAIRERAFEHFEL
ABBRE BUENS LAIUEIMABSRNEBRSHNEYIRRBRER, £
AF-_HEERBEREX,

e a

29
2023/240 000000 0000 1530




VI Bk fRAIEER

[EFRRENEE S
(0-35 FE %A - ; 3-67 fEERA - ;
6-9%> SEHERR - 912/\ﬁﬁ$F‘EJ 12-1550 88RERH: ;150 88D
BAERRE: X )
FIE15: B EH B KO BAEY A L REBHNEE
AW RO RYE | R ER D B Rk £ B f&fERE
B (%) (F)
0 0:43
0.5 2:43
BE| 1.0 3:29
| 15 4:16
2.0 10:14
2.5 >15:00 X
0 0:45
Z | 0.5 2:43
| 1.0 5:47
& | 1.5 6:10
| 2.0 3:03
. 2.5 0:36
Ll 0 0:46
0.5 2:39
e 1.0 6:20
|15 5:00
2.0 3:32
2.5 2:29
0 0:40
pe 0.5 4:20
a | 1.0 5:36
E% 15 7:33
120 12:28
2.5 >15:00 X
30

2023/240 000000 0000 340



BER NS EBKDBEY O nEEBNEE

@ ==K HERE m MBEE @ FEE
16:00
2 12:00
.
=
o 8:00
HE
RY: 4:00
o
0:00
0.0 05 1.0 15 20 25

BIER 1D E (52)

R L ERER, FIVMA T L nmkE F1 E 7 HE AT LLBA B IRE B 7K o B 7 e el
, ERMAREEREZRASEINEKS #EFRE,

A Y v [ R 28 IR BT R I 14 B fi% B R L 8% PR
Gt FR 3 min 29 sec
WP 4 min 20 sec
REE L 6 min 24 sec
HiH 7 min 20 sec
RERE 9 min 23 sec

31
2023/240000000 (0000 (350



RIE16: MB N ERBKIBEVAHBREBNEE

AW ] 5 R MEHY & (ZTT) [ % B R [ fEEEh
s (%)
2:00
3:19
5:56
3:26
>15:00
14:10
1:26
0:40
4:20
5:36
7:33
12:28

i

A e

APLPON-_20O0IRAWOWN-O0

MR ELHBKIBREYAIHFEERBNZE
® il A GE

1000
750
)
N
o 500
Ht
Rt
oHTY
g 250
0
0 1 2 3 4 5

MHOE (ZH)

32
2023/240 000000 0000 360



RIFLUEEH, FIMMAKS H B R OSBRI EYIRRAR 28 B 13K o R A% 3 ok
18, FRESEEYRIREER, MAZFBERTERKPEEZHRRERIT,

RIE17: AR EER R E R EY R 7 iR R B rOfR & 5Tk

A Y RT B AR 2B IR RO BT ER S 15 ¢ £ e Pl STk
Gt AR AT 3 min 29 sec
UILERG 4 min 20 sec
SREE R 6 min 24 sec
Hid 7 min 20 sec
FREERE 9 min 23 sec

TRtEM S, RS MR R Ay, P & S A el R AR B

N ERKES

1. —REEBES MBERFEELEYRAZER
MALEMLEAREA T AV R R EBEREARIZN, fUMESR
MEFHER A B ZBH, BNRBRRE, A UERERARERLEYE
FREERE, RAMARSZEERKEGEL,

2. BYBR ZREREVRAFZER
POAZESERE RN T A Y o] R AR B B R BR A KIRIE A0, AR LUMBEE R
RFHRATUE SRR, ME, ENRINELRIT, 28, MRERXRE
HIEE, RERMEEMLK EENBRFIRER,

3. ATENZELRBREE MBrEEMRAZER
A0 A MNEA B 505 A Y R R A7 2 B RO RE S MR8 A0, AR LAMEN 2R

33
2023/240000000 |0000 (370



BZEWHETENES, MATESZBER, AMURESELANZEERE
B

~ O

4. BEYREIR  HimEYIFEEE

MALEH MEEATEDAIRREEBHZHREKRRZM, FUBEY
REFEMFHR AT LT EE R, 28, R NEAFELEEMEY
ARREERRAYY MAERFBEZRKR HR ATUFEEEGHES
BMREIR.

+. REI R E

%31'315&??%5@5@*5%'43, FEZEH, SLEHATrEEEHMNERER
, 4540

— . il 7 2 1 I PR

o RERF  HREMEZENRLER VWEESRSIESHF, AL
MEEELESANERFETHIER, EEMEHEERVERE. B
E.MEFENTEERREBF—, FTUERZEYMERBEA, BlEZHEE
MESA, EMMYEFENARRE,

o HEAMUBRBREMENRE EEXMAIRIEBRMNELZEY, A
ERE-LETeENEEE HHNMEERS EF—LEBEER/L &
B E R ERRE,

o AYBREELR— HEEERED, AFERAFZRR, GERRBE
EA—, flan.ERTAEHS, FLERaekadBZRE SERAR
BMREMEZEERERETRE, AL ELERIERES,

o AIERE

o EEMHEMNERE BMRF1g2EYBRBHOME, ANREMNE
TR, TEEMRNESFRE,

o BEERE ERLI,EAGD, ARt EEEER, EEEH
ABRBREMEAEL MEEREETRRE,

o WAAR FERNARP, BMATREERER, SHERH
RRE,

RESRER, HMNLEFRHEITEEATZAH,
BERGLEME RMEERER—Eh S EZMER MEMBH. EE
M BIRRIRER, hEFE/VDEE—BL, BRElFEE

34
2023/240 000000 0000 380



=, BIR. AAF0EFE Z R

o BFIRF @ HPURBARMIESRINITE, FlanF TR EYIEAEE
BrEmAE, 2AERENIESRS HAERABEMNEAR, ERR
B, AIRERDTEERE,

o ANANFMFFERSE  HMEEMNEMRBER xR E B BUNFT 68
oA, BRBE|MFMER, EEIFEBEANERNEE+HE
= MAESHERMER, RMPEAETREBEA, ARAIHER
BRAMSERE,

IMBRHMEUREELMHE BET - REANGINEEE2ERER.

+—. 1%

REmMS, EREBRAMUABARERHE EABFREETLUES
WER AEMEPTEHRT SRERAEENR AR MAEREDREESR
B REBFRENERE,

HFARTHNATARBEER. MM ENEMREERBIRIE., K

B . MEEeN. BhKIE. REERNFHRE REMABERBEVREBRER
&R ZEARSRIE. HIIN - EREBUBIETRE, BMRMNTHREINEK
MEEEN . BH, 1T HeERpIEMIEAE BB f26e N th BARA LLIg INRS ST,
itk FAFIFEEEZMABF R EMIEAEERE,

SEFEREEBRIUIREET . MM+ HEBERR —EMABFHREEEYF
R, ERUBEY 2, BIEEEENSE AR —2R5. RE
ZELZMUEERERESRIR A, BREEEMIFEAEER, save the ocean

now !

35
2023/240 000000 0000 390



+Z.B8EFEH

1.

How It's Made (2024), Truth About Plastic.Ex B
https://truthaboutplastic.wordpress.com/how-its-made/

. BB IR (2024). BB EHE 2 RABRMBERBRMAMER BB

https://dafeng360.com/silicone12kfsf/

ZHEE (2012). HIH/TEC/DOS B PHBV/E X BBz ZERA R
HEMA R ESFE 2 HE.

B =& KE (2020). A=E (Glycerol) | £ £ Online.FX &
https://highscope.ch.ntu.edu.tw/wordpress/?p=4657

FIES. (2003). YA NBEMAEREEELZIER. LEERXHE
A, (44), 20-22.

EER, & TR, (2010). FINBEE$ E K ERH/PHBY BB A B4
MREMIBEEZEE. SER2ER, 11(3), 269-283.

B, IR, & HER. (2011). FMEREH B# PHBY BREEF
FIEEE R EM D RECEE BB EEE, 12(5), 472-496.

36
2023/240 000000 0000 (600


https://truthaboutplastic.wordpress.com/how-its-made/
https://dafeng360.com/silicone12kfsf/
https://highscope.ch.ntu.edu.tw/wordpress/?p=4657

FTEEENESES

BRI

RE=PElER/ NS
SERA L RBIE - RIS - MEZE - R - PR
TREEHN - FREK - B

HATE

‘Hﬂ
Mﬁl

2023/240000000 |0000 610

FE



—. FrESEENE R
PRITERRY

SO bR B AORAYRN > L BR W o AL sy s s R AEI Ry #EK - A
AR AR AR LI ZE - DL REFR/KEEE RISHRE - MFELLEBIE D ESE
sORAUCAEEE - s R s A LIRAEIH &K - EE B ER/KZ MR - 8 E it
JiE ARSI R T IR ARHYIRERIIESS » Fr ARRPISGT—(E3E - P2y o] DUt
Huks S ALK > (eI AR FHTEAE -

(B8R 2RE yahoo #i)

LRI
PRI

st —(EEEE - HOFRRRy o] DAER S E s 35 A ISR AKEKRT > 17 B REEHEE &R
st N A2 a7 -

EREPhER
ﬁ%%ﬁﬁ*hﬁ> <?4 HEK
2B h T T
*___HE\\ \\M“"--——h- \Mx"‘-——b
S tmATEE |
N/

]EEEII

2023/240 000000 0000 620



BUEMRL B

BREM ARV RLE Y microzbit ~ (ARG ZERAR ~ THORERGIE - DK lego FEAH
B

>
_\1_4

BB

RE BT o A £ 3R IR E%TEELLi%%@Z§E%£T§x7K/% FHR KA S
Eﬁé%ﬂ’]%ﬁ RIE/K B2 - HEATE MRS - EKEERREES
100% > FARKMFITHIR/KAI BEELLHZE - %[‘é%%%&iit {el ik f& RN K Ry A
g - JKEFE T

WAl
1. FAM 5 A micro:bit H BY4RESAE =0A0 138882 IRCHIE O FE R B 2 EFE IR -

2. 4wt - ﬁﬁﬁ?ﬁ%&ﬁiiﬁ?/ﬁf ECHIRHYRIE - MRCEr R B - s E S AT
GmUSH LU NERA AT © LIRS 50%HHF > K 2. s Bl EHE =K% -

== Microsoft | ) micro:bit I JavaScript v

<': Neopixel -
N EEERR
O EE
mz (EEE 2 v miEEEAese) >- @) =
3 E
A ﬁl}% play melody nID.DIUID at tempo QLN (bpm) until done
fo R AESA B re (RARA) + % (@
= 5 == @ =
A 1 10dy @l B [ B B -t + ECED (bpm) til do
3 i? play y P p
M EE =8l
|m B2 aEEA Bt es(RaEA) ~ = @)
A @
© sl
eee o
= F5

3. WEFEl A R R R

@ G\ IR R FE s
@ G\ IR T R A [F] KSR SR

@ I [EIREE HIRAG Ry BT H A s 8 IR JRHI R IR A R
@ SRR VIR KME ~ BE )

2023/240 000000 0000 [630



=~ HIBP B R EER
1 HER - 5 P R R P e A ] R 38
=178

TEAR[EIR NG B TRCEA [E] = B A 7K Az
(lem, 2cm, 3cm) » IR RUHIEIUN &

A HEVE SR EGE - [EIi SR A
PR TS NP ER I -

BEERGER 8%
FRAEER CERAL 7))

KA wwme | FAREEEERE | DRRET
Iecm 0.38s 478s 4 .88s
2cm 0.23s 4.66s 4.84
3cm 0.14s 4.49g 4.64s

A NE] S A 7K - 5 e e TR Y el e A B
5.5
5
45
a
35
3
2.5
2
15
1
0.5
0
S TS LB (7)) TR B i e 2 1 () B IERESE TR (7))
e ] ) = O 3cm
&ham:

KA AR BRI L © I TR+ KR - B AR » I e
% -

2023/240 000000 |0000 |640



2.5 1 598 A P IRCHU B AE A [ K S RSP R

=178

BN FERY R RENE T R) @ BlEE TR R A E KR 2 THIRIERCR -

FRIC 30 DL BRIV &
Eo

R R R TE KA HhalE A

FZR g R BN RS RO
EOTERT - TEAKS 55
[ BHIERT T ABEIE TR -

R TUR/KZ B 7Y 3R RO
7 EJTERITT - BRI
BRI RHIZE R 7 LB AERR
7K e

18 FUSE AR B IR S R
MR T EHITT > BT A
Hf i DA B TR A o

AR Jo OB REEE T TR R
P EITERTT > B R
R DL B e | o

=il R 3RS BUHRERON BT

2023/240 000000 0000 1650




EERGE R AT

EHER R B {alik B R R A PristReE T~
HZR izl ezl cZ=]
DS 8 MIREHE H H
18 ezl ezl cZ=]
Gz izl ezl cZ=]
=Dl ezl SH A
&iEm:

HAEWK ARSI EESRIREI T > B GER %R -

3. A FI R E B RS R B H RS
HEa TR

ZEEBNRE/K IR - LR R ER EREHK IR bt - B IR
ECHIREA [F) 3 RS T BRSSO -

2023/240 000000 (0000 [e60



EERGE R AT

ELf] K+ LA EfR S EREE AR | PERTE T
(Fh) (Fh) (Fh)
1:1 | 150mL 7K+150mL 7> 0.15s 4.71s 5.01s
2:1 | 200mL 7K+100mL FH/> 0.15s 4.14s 4,995
3:1 225mL 7K+75mL 5> 0.18s 4.78s 5.31s

(7K -+ D) - B R RS ISR Y RS S8 )

I
=

REEHE {Elf G i R A PR T

e 150M 7K +150mMUfH ) e 200m L7 +100mM U et 2 25m 7K +75mUH ;D

ot’]] K& EHREE ER SRR AR | URERDE T
(F) (F) ()
1:1 | 150mL 7K+150mL 4f7/b 0.05s 4.568 4.94s
2:1 | 200mL 7K+100mL 45> 0.03s 4.65s 5.30s
3:1 | 225mL 7K+75mL 4570 0.01s 4.70s 5.46s

(ZK+4) /D) - $28 TR FEE IR IR P TRl S8R

1 2 3

@ 150mMLA+150mLL) ] e 200mLA K +100mMLE] ;T emtem 225 ML +75mLL)

2023/240 000000 |0000 |670




EEp1 KM SERE (B | FEIRBREREEAE | PRARPET
(F) (F)
1:1 | 150mL 7K+150mL JJg 0.01s 4.58s 5.01s
2:1 | 200mL 7K+100mL J& 0.01s 4.36s 4.95s
3:1 225mL 7K+75mL JE 0.01s 4.69s 4.87s

(7K+7J5) L B 7 RS MR A IR S8R

5.5
4.5
3.5
2.5
15
0.5

1 2 3

@ 150ML7K+150MLE  ==@==200mL7K+100mMLE  ==@==225mL7K+75mLJE

&ham:

%

IR SRS - K Yy E RS AR - B SR B SR R © SZ > ZKAREE B
b M Gy AR > SRER RO -

4. B RERI R AR B K T ~ BRE M)
BRI 2

LI R IR AR SR - I PVC - & NS el R
BRI » Y BRI A/ INATJELRE - ek

2. $ETEAB(THIZ 500mL ~ 1500 mL ~ 2500mL)EIZKEAK  E
ta > DIAHFERF ISR FYIRE L - ‘

3. HE IR K ST BIRHIRREN /2 A 2R -

2023/240000000 (0000 |680



EERGE R AT

W YEFE PVC b
Yt
500mL 7K AREE:
iR BENRER RE®L REEL BHiRBNRE
BIRE
BE BE BE Py =
1500mL 7K iRAE:
ioan -] 1 BREBL RMEETE BIRBHITRER
BIRE
BE BE BE Py =
2500mL 7K SRAE:
TRy R ~ R GESL 7@ RABRY IR
HEH&BERR%E 3 i
\ - ‘l \
BIRE M
BE Mg NcZ=] R
&

AR R BRI A ZENR - FTAGEE02/K > ARERK  BERAREEZA AT LIFH K - B4
Bk DURGRIETG 8K - Y18 PVC m[LADG/K - (HEFIRCRHKTEEE S - Nt
SEEHIKIE R BRI MR = > B AF R BT R e RV -

2023/240 000000 (0000 (690



o, R TT SRAYA R
SR

N RESHNEREE S TEREE, - T AREEREEAE ) A
L THHERTE T ) SEEE, RATE SR FrER R - KRR
| R R S5 Y BRI -

B > R R
‘wm>> KT e 7 R P L
> ERAREZ T NEBERE o EESAGERIE -

PRI BAPIRA R/ N5 B R RS Y BEIUAL . > BT BAESA IHIR AT 5K AL - LB 78
REAEZ/KALINZERT - BRI R AN /RER » A /KUMBKEEE SRR - (e
AR BIESSIEFELE - S5O eSS LT ARENIRETE T - LAY TR - RA
HKER G HEREREE - DIELACIZEZREIRS -

BAFEAGE 3D FTEI o R SRR - (234U E
IRFfElE R - 1 HLATRE(E FAYPPRIATR ] - Fr Al
i lego FRARBMEREIY > LUK 53 ARt

£ - BEARMNYIR A B R e - e
ARSI (BB KEAw) - IIHE
HEAA EPEAIN I - S EYIE - 55N
BAERTAYIRIEY T 5 g A /K IR memE - H
1& R 157 3 e B i 2 ] 1 PR A 6578 R (o FH LAt
PIRHE IR EE -

PRIECZAN > EHREHE R RS TR RZE A (R
5o SH EEEHE RS TR R e o R
NAERBERFE D AME LA - T Bt & w5 % L85 -

2023/240 000000 0000 700



. 25EF
1. SCHERR(Q023) = ( Bl R R R s A B B AORSE E)
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3. Microsoft MakeCode(2022) ° { T3FRE)
https://makecode.microbit.org/projects/soil-moisture

4 STEAM ZEEE44(2021-2023) - ({EIiREZE)
https://steam.oxxostudio.tw/category/microbit/sensor/servo.html

5. BHEQ019) o ([HALiEAE)
https://www.dsd.gov.hk/TC/Flood Prevention/Flood Prevention Strategy/Flood Protection Stand
ards/index.html

6. Autodesk, Inc(2024) , 3D printing
https://www.tinkercad.com/
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The 17th Hong Kong Budding Scientists Award
Interview with a local scientist

™ & &+

Father of Fiber Optics

Diocesan Boys’ School (Primary Division)

Student contestants:  Chan Harold Connor (5J), Woo Hong Ching (5S),
Lai Yau Chai (6D), Cheng Ching Kiu (6M)

Teacher advisors: Ms. Ingrid Wong, Ms. Salina Lui

Scientist: Prof. Chau Sze Yiu
Assistant Professor,
Department of
Information Engineering,
CUHK

Research area: Network Security, Protocol Implementations, Embedded System

Security, Crypto. Engineering, Formal Verification
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Was Professor Chau Born to “Hack the Hacker”?

Since his early childhood, Professor Chau has displayed an extraordinary fascination for
Mathematics and computer studies. His curiosity and determination led him to excel in
these topics, earning him various awards and achievements. This early passion laid the

foundation for his future endeavors in the field.

During his secondary school years, Professor Chau actively engaged in extracurricular
activities related to computer studies. Notably, he joined the DBS OI (Olympiad in
Informatics) team, where he tackled complex programming challenges with like-minded
individuals. Additionally, he frequently hosted informal programming contests with
students from other schools, fostering a competitive spirit and further sharpening his

programming skills.

Professor Chau also delved into the intriguing world of hacking by that time. Throughout
his mischievous days, he and his peers engaged in harmless attempts to "hack" one
another's systems, driven by a sense of playful exploration. He once even attempted to
hack his beloved Biology teacher! However, his intentions were not malicious; rather, he
secured the teacher's email address. These events made him realize the fragility of
information security barriers and sparked his curiosity to further research: “How can we

do better, help the people around us, and assist people from different social classes?”

When the time came for Prof. Chau to select a topic for his graduate studies, he faced a
significant dilemma. Despite his love for Computer Science as a whole, he ultimately
opted to specialize in Network Security. This choice allowed him to become a White Hat
Hacker, dedicated to safeguarding digital systems and protecting against unauthorized

intruders.

Danger Lurking in the Virtual and Real Worlds

In Prof. Chau and his team's research, they discovered that it was fairly easy to steal

usernames and passwords when logging into a company’s intranet in the modern world.
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They would do daily analysis on code used by companies to identify and fix their

cybersecurity vulnerabilities.

Prof. Chau consistently emphasized the grave consequences of cybersecurity incidents on
society. For instance, a single breach in the public water supply network system could
result in the destruction of a water pump that serves thousands of households, or the
contamination of water with sodium hydroxide levels exceeding the safe limit by over 100
times. Similarly, a ransomware attack on a power company could bring about a city-wide
blackout lasting half a day. The theft of data from a major institution, which stores vast
amounts of information, could lead to the commodification of hundreds of gigabytes of
personal data with extreme prices. Successful cybersecurity breaches have the potential

to indiscriminately trample on people's privacy and, in extreme cases, even endanger lives.

The Sweet and Sour of Professor Chau

At the beginning of the interview, Prof. Chau shared his motto with us: "Only people with

determination and patience will succeed."

According to Professor Chau, “The code online is not something you write, which means
you have to spend a lot of time guessing and trying. This process takes a lot of time and
tests your patience.” He further emphasizes that lacking sufficient patience can put you
at a disadvantage compared to hackers, who may possess more patience than you do. As
a result, the team often immerses themselves in experiments, sacrificing sleep and meals
to delve deeper into their research. However, despite Prof. Chau's dedicated research

efforts, there is no guarantee of reaping benefits.

During his time as a PhD student, Prof. Chau had to identify vulnerabilities in the Android
app for Amazon Music. Specifically, he aimed to address the issue where hackers could
decrypt and illegally copy songs for free. Despite months of experimenting with various
approaches, he was unsuccessful. Nevertheless, Prof. Chau refused to give up. One day,
while waiting for his flight to New York for a meeting, he decided to utilize the spare time

and boredom to try out another method on his laptop. To his astonishment, he achieved
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a breakthrough! Overwhelmed with joy, he couldn't contain his excitement and jumped

with glee.

Prof. Chau told us the above story not to share about the moment of triumph, but rather
the underlying message of determination and patience. He wanted to convey the
importance of persisting in the face of challenges and dedicating oneself to the process.
Despite encountering multiple setbacks in his journey, he remained unwavering in his
commitment and succeeded in his task at the end. Sometimes, despite one’s
determination and patience, success may not be guaranteed, but without them, success

will definitely be unattainable.

Our Reflection of the Interview

Throughout the course of this interview, we have gained a wealth of knowledge on
cybersecurity and blockchain technology gl T

and pertaining to the subject of white hat | ‘
hacking. While listening to Prof Chau
recount his journey in white hat hacking,
it seems like a resemble of the classic
movie Catch Me If You Can, that the
protagonist, a cunning criminal, adeptly

assumed multiple identities, including

those of a doctor, a lawyer, and even a co-

pilot at a major airline. As Prof Chau mentioned, hackers employ similar techniques to
deceive unsuspecting people into clicking malicious links or downloading harmful files.
These cyber criminals might pose as bankers, government employees, or even the
esteemed principal of a local university, luring their victims into a false sense of security
with enticing offers that appear too good to be true. It really does serve as a stark reminder
that in today’s digital landscape, skepticism and constant vigilance are paramount to

safeguarding ourselves in the face of ever-evolving threats online.
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During the interview, Professor Chau made a thought-provoking statement, stating that
“real-life cases were never as simple and straightforward as textbook examples.” It
emphasized the complexities that often arise in practical situations. It served as a
reminder that real-life scenarios demand a deeper understanding and a flexible approach,
requiring individuals to navigate through uncertainty and adapt to the ever-evolving
challenges. This reminder reinforced the importance of critical thinking, problem-solving
skills, and the ability to think beyond the confines of theoretical knowledge.
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[2] %3 R+ 4% Grapid g B eanigd )
https://www.edcity.hk/hq/zh-
hant/content/%E8%AA%8D%E8%AD%98%E6%B5%B7%E6%B4%3BY%ES5%BE%

AE%ES%A1%91%E8%86%A0%E7%9A%84%E7%A6%8DUESWNAE%B3

[3] Your Laundry Sheds Harmful Microfibers. Here’s What You Can Do About It.

https://www.nytimes.com/wirecutter/blog/reduce-laundry-microfiber-pollution/

[4] What Is a Reverse Osmosis System and How Does It Work?

https://www.freshwatersystems.com/blogs/blog/what-is-reverse-osmosis
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Abstract

With the rapid demand of the fast fashion industry, fueled by the convenience
of online consumption, the use of synthetic dyes has been steadily increasing
not only in the textile industry, but also in paper production, food technology
and hair colorings. Amidst the overwhelming amount of synthetic dyes
produced per year, most of which are disposed through wastewater, substantial
environmental pollution is created, putting the public’s health at significant
risk. However, due to the diverse chemical structure and stability of these dyes,
traditional technologies used to treat and decolorize them in wastewater are
largely ineffective, and current methods are often environmentally harmful
and unsustainable. Thus, we have looked into the various factors that
contribute to maximizing the effectiveness of more sustainable materials,
specifically sodium alginate from marine brown algae, in absorbing synthetic
dyes through our scientific investigation.
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1. Introduction

Synthetic dyes, such as methylene blue (MB), are potentially carcinogenic, toxic and environmentally
unfriendly, decreasing water transparency and reducing oxygen in water when discharged. However,
due to its low cost and easy adherence to fabric, it is popular among manufacturers.

Sodium alginate (NaC¢H70g) is a polysaccharide present in the

cell wall of seawater brown algae. Due to its biodegradable nature
and relatively low cost, along with its presence of anionic
groups (carboxylate), it is suitable for absorbing cationic groups

of waste.

® s ion W/ Gol matrix w Hovement of water molecule.

Fig. 1: Graphical formation
of alginate-based hydrogel beads!

2. Scientific principles

2.1 Formation of alginate-based hydrogel beads from sodium alginate

Sodium alginate has a linear structure consisting of repeating
I . | - monosaccharide units (CO2'Na'), with free hydroxyl and
o N gomat carboxyl groups distributed along a polymer chain backbone.

Fig. 2: Molecular structure of sodium alginate!”’

During the cross-linking of alginate hydrogels, the i ) ——
sodium ions of the alginate aqueous solution finds | . 08
divalent cations such as Ca**, Zn** or Fe?", interacting — o0
with carboxylic acids on the macromer backbone to o poas
cross-link polymer chains®l. This forms a three- —— okl 3
dimensional alginate-based bead, which has a OO/QQQ W) o\{ii_% OO
diffusion barrier allowing molecules of a certain s

size threshold passage. Fig. 3: Schematic representation of

fabrication of alginate-based hydrogels'¥

1

[1] Voo, W.-P., Ooi, C.-W., Islam, A., Tey, B.-T., & Chan, E.-S. (2016, January 2). Graphical representation of calcium alginate hydrogel beads with high stiffness and
extended dissolution behaviour. European Polymer Journal. https://www.sciencedirect.com/science/article/abs/pii/S0014305715301087

[2] The Royal Society of Chemistry. Structure of sodium alginate. Inspirational chemistry: Cross-linking polymers — alginate worms.
https://edu.rsc.org/download?ac=15046

[3] Malektaj, H., Drozdov, A. D., & deClaville Christiansen, J. Mechanical Properties of Alginate Hydrogels Cross-Linked with Multivalent Cations. Polymers.
https:/pubmed.ncbi.nlm.nih.gov/37514402/

[4] Mustafa, K. Schematic representation of fabrication of alginate-based hydrogels. ResearchGate. https://www.researchgate.net/figure/Schematic-representation-of-
fabrication-of-alginate-based-hydrogels _fig2 326213831
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These porous polymeric networks can adjust itself

j$\l\ &r %l\ &r % &r %J\ with external stimulus, maintaining their chemical

COONa COONa COONa COONa . . .
structure when infiltrated with high amounts of

0 eoo- %~ co0-

water.

2NaCgH,0¢ + Ca Cl, = 2NaCl + C45 Hys CaO1y

Fig. 4: Structure of a cross-linked alginate hydrogel network!”!

2.2 Dye absorption characteristics of alginate-based hydrogel beads

The hydrogel formulation is a negatively charged gel network since alginate is an anionic
polysaccharide, allowing hydrogel beads to predominantly absorb cationic dyes through ionic
attraction.

When beads are submerged into dye solution, swelling occurs. The porous structure of beads
provides a route for dye molecules to diffuse into them. With attractive electrostatic interactions
and positive molecular sieving, certain dyes can be encapsulated with higher ease within the
hydrogel matrix.

2

[5] Lu, H., Britten, N., Venkatraman, P., & Butler, J. Crosslinking of sodium alginate with calcium chloride - Natural Antimicrobial Nano Composite Fibres Manufactured
from a Combination of Alginate and Oregano Essential Oil. Nanomaterials; ResearchGate. https://www.researchgate.net/figure/Crosslinking-of-sodium-alginate-with-

calcium-chloride fig3 353930285
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3. Experiment details

Objective: Making alginate-based hydrogel beads and immersing them in dye solution to test their
absorption capabilities and behaviour.

3.1 Making alginate-based hydrogel beads
1. 2g of sodium alginate (SA) powder is dissolved in 100g of deionized water under heating.
2. At room temperature, without stirring, 2 wt% alginate solution is added dropwise to a
polyvalent cationic solution CaCl, to prepare alginate-based hydrogel beads.
3. 20g of alginate-based hydrogel beads are fully immersed in 40mL of dye solution.
4. Mixtures are transferred to a hot-plate stirrer and set to stir inside a fume cupboard.
5. Results are recorded on a 1-hour, 3-hour or 12-hour basis.

3.2 Test on the influence of cross-linking agents
6. lg,2g,4g, 10g and 20g of calcium chloride powder are each dissolved in 100mL of deionized
water.
7. A polyvalent cationic solution CaCl; is prepared at different concentrations
(1 wt%, 2 wt% 4 wt%, 10 wt% and 20 wt% respectively).

3.3 Preparation of alginate-based hydrogel beads of varied
surface areas

8. 2 wt% alginate solution (Section 3.1) is prepared.

9. 2 wt% alginate solution is added with pipette droppers to a 4
wt% polyvalent cationic solution CaClz to prepare alginate-
based hydrogel beads with smaller total surface area.

10. 2 wt% alginate solution is added with micropipettes to a 4
wt% polyvalent cationic solution CaCl: to prepare alginate-
based hydrogel beads with larger total surface area.

Fig. 5: Performing step 10

3
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3.4 Test on the performance of alginate-based composites. preparation of a sodium alginate
(SA) / iron (Fe)-based composite solution
11. An iron-based mixture (containing iron powder, activated carbon and calcium chloride)
is ground using a pestle and mortar.
12. 2g and 4g of the iron-based mixture are measured and immediately added to the prepared
2 wt% alginate solutions (Section 3.1) respectively to minimize the oxidation of iron.
13. Sodium alginate / iron-based composite solutions at SA:Fe ratios of 1:1 and 1:2 are
prepared.
14. The solutions are added dropwise into a polyvalent cationic solution CaCl; to prepare
alginate-based hydrogel beads.

3.5 Removal of cationic and anionic dyes: preparation of a cationic methylene blue (MB) and
anionic methyl orange (MQO) solution
15. 10mL of a MB and MO of 0.1% concentration is diluted in 200mL of deionised water
(concentration 0.0048% per solution).
16. Light absorption of the MB and MO solutions are measured using a colorimeter.

4
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4. Results and analysis

4.1 Standard absorption performance and influence of cross-linking agents of alginate-based
hydrogel beads (Section 3.1)

Table 1: Light absorbency based on solution

Solution Light absorbency
Deionised water 0.00
Methylene blue solution 1.93

Table 2: Light absorbency based on presence of stirring

Presence of stirring Light absorbency Difference in light absorbency
Stirred 0.08 -1.85
Unstirred 0.77 -1.16

Summary on dye absorption capabilities:
Alginate-based hydrogel beads absorb notable amounts of MB dye from MB solution, decreasing
the presence of dye and increasing water’s decolorization.

5
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4.2 Test on the influence of cross-linking agents (Section 3.2)

Table 1: Light absorbency based on solution

Solution Light absorbency
Deionised water 0.00
Methylene blue solution 1.93

Table 3: Light absorbency based on concentration of CaCl: solution

Concentration Light absorbency Difference in light absorbency
of CaClz
solution After 1 hour After 3 hours After 1 hour After 3 hours
1 wt% CaCl, 0.18 0.15 -1.75 -1.78
2 wt% CaCl, 0.14 0.07 -1.79 -1.86
4 wt% CaClz 0.18 0.04 -1.75 -1.89
10 wt% CaClz / 0.05 / -1.88
20 wt% CaCl / 0.08 / -1.85

Influence of varied concentrations of CaClz solution
on hydrogel absorbency

0.16
0.14
0.12
0.10
0.08 0.08

0.06

0.04

0.02

Light absorbency after 3 hours

0.00
1 wt% CaCl2 2 wt% CaCl2 4 wt% CaCl2 10 wt% CaCl2 20 wt% CaCl2

Concentration of CaClz solution

Fig. 6: Influence of varied concentrations of CaCl; solution on hydrogel absorbency
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Summary on the influence of different concentrations in cross-linking agents:

The lowest and highest concentrations of CaCl, during cross-linking have adverse effects on the
absorption capacity of alginate-based hydrogel beads, suggesting that highly cross-linked
structures, or vice versa, adversely impact the mechanical properties of hydrogels due to changes
in the formation of the hydrogel matrix.

Furthermore, there are higher levels of fragmentation observed for beads cross-linked in higher
concentrations of CaCly, suggesting that cross-linking agents affect the durability of the hydrogel
structure. This is further discussed in Section 5.

-

Fig 7: 4 wt% CaCl; after 3 hours | Fig 8: 20 wt% CaCl; after 3 hours

Small fragments of alginate can be observed to have broken off of hydrogel beads in the 20 wt% CaCl; solution,
which are absent in the 4 wt% CaCl; solution.

7
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4.3 Test on the influence of varied bead surface area (Section 3.3)

Table 1: Light absorbency based on solution

Solution Light absorbency
Deionised water 0.00
Methylene blue solution 1.93

Table 4: Light absorbency based on the diameter of alginate-based hydrogel (SA) beads

Diameter of Light absorbency Difference in light absorbency
SA beads
31.6 mm 0.05 -1.88
(pipette dropper)
0.16 mm 0.05 -1.88
(micropipette)

Summary on the influence of varied bead surface areas on structural integrity and

mechanical properties:

The overall surface area of the alginate-based hydrogel beads has no significant impact on the
absorption of MB. However, smaller beads (with larger total surface area) produced by a
micropipette exhibit less fragmentation and are more resistant. It can be concluded that smaller

beads have higher structural integrity and mechanical strength.

Due to the minimal impact of surface areas and the lengthier process required for preparing
smaller beads, larger hydrogel beads remain the optimal choice for large quantities under time

constraints.

8

2023/240 000000 0000 (1080




Investigation on dye absorption properties of alginate-based hydrogel beads
Diocesan Girls’ School

4.4 Test on the performance of alginate-based composites (Section 3.4)

Table 1: Light absorbency based on solution

Solution Light absorbency
Deionised water 0.00
Methylene blue solution 1.93

Table 5: Light absorbency based on composition of beads

Composition Light absorbency Difference in light absorbency
of beads
(SA:Fe/FeO) After 3 hours After 3 days After 3 hours After 3 days
1:1 Fe 0.08 0.02 -1.85 -1.91
1:2 Fe 0.07 0.01 -1.86 -1.92
1:1 FeO 0.07 0.05 -1.86 -1.88

Fig. 10: iron-based composites are

Fig. 9: Results of experiment 4.4
observed to have oxidised
(Order of composites from left to right: 1:1
FeO, 1:2 Fe, 1:1 Fe.)

Summary on the influence of alginate-based composites and varied concentrations on
absorption capabilities:

Iron-based composite yields a 60% higher absorbency of MB compared to the iron oxide-based
composite. A higher concentration of the iron-based composite also results in a higher dye
absorbance increase by 100%. However, it is harder to preserve as metallic iron oxidizes rapidly.
After 72 hours, the iron-based composite turns reddish-brown, signifying the oxidation of iron

components.

Note: The sodium alginate (SA) /iron (Fe) -based composite consists of iron powder, activated carbon and calcium chloride. However, for clarity and to minimise
redundancy, the iron-based composite will be referred to as “Fe” as iron is the primary ingredient. The same is to be applied to the sodium alginate (SA) / iron oxide
(Fe20s3) -based composite, which will be referred to as “FeO”.
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Iron oxide can be obtained from used hand warmers, thus remaining the optimal choice for
environmental concerns.

Further investigations with varying concentrations of iron oxide-mixture on the absorption
capacity of the sodium alginate / iron based composite hydrogel demonstrate that a higher
concentration of iron can improve absorption, possibly due to mechanical or chemical changes.
This is discussed further in Section 5.

10
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4.5 Test on selective dye absorption (Section 3.5)

Table 1: Light absorbency based on solution

Solution Light absorbency
Deionised water 0.00
Methylene blue solution 1.93
Methyl orange solution 1.84

Table 5: Light absorbency based on type of synthetic dye

Type of Light absorbency Difference in light absorbency
synthetic dye

After 3 hours After 12 hours After 3 hours After 12 hours

Methylene blue 0.07 -1.86 0.06 -1.87

Methyl orange 1.63 -0.21 1.81 -0.03

Fig. 11: Results of methyl orange after 3 hour

Summary on selective dye absorption behaviour:

Sodium alginate (SA) / iron oxide (Fe203)-based composite does not have a good absorption of
MO. In fact, there is a negative relationship between the light absorbency of the MO and duration
of time, suggesting that the beads are unable to retain the dye. This selective dye absorption
behaviour may be due to differences in ionic attraction, which is discussed further in Section 5.

11
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5. Discussion

5.1 Properties
5.1.1 Influence of cross-linking agents on dye absorption performance and durability of

alginate-based hydrogel beads

Relatively lowest and highest concentrations of CaClo during the cross-linking process
negatively impact the absorption capabilities and structural stability of alginate-based
hydrogel beads. Low concentrations of CaCl, suggests that interaction between polymer
bonds breaks easily, adversely affecting the stable formation of cross-linked networks and
leads to a loose hydrogel structure. It can be hypothesized that whilst having higher viscosity,
the decreased stability of the structure may negatively impact mechanical strength and
retention ability.

Conversely, high concentrations of cross-linking agents, whilst improving mechanical
strength, lead to higher gel fraction and a decrease in the porosity of the capillary structures
with reduced sizes of interconnecting pores!®!. A diminished network space thus leads to low
media absorbency. High cross-linking densities also lead to glassy structures, making
hydrogel beads susceptible to fragmentation, as observed when cross-linked in 20 wt%
CaCl; solution.

The bimodal distribution of results suggests that an optimal concentration of cross-linking
agents for beads can be achieved with further testing.

5.1.2 Influence of varied bead surface areas on absorption performance
No significant impact on the absorption performance for alginate-based hydrogel beads of
varied surface areas has been observed.

However, beads of smaller volume demonstrated less fragmenting and higher mechanical
strength. This may be due to a higher surface-to-volume ratio, where forces acting on the
cross-linked polymer are distributed over a larger area. However, the Young modulus and
thickness of the beads remain the same regardless of size and swelling. Therefore, it can be
hypothesized that the walls of larger beads are less capable of retaining absorbed content
without risk of rupture. It can be concluded that smaller beads have higher mechanical
strength than larger beads.

12

[6] Chavda, H., & Patel, C. (2011, January). Effect of crosslinker concentration on characteristics of superporous hydrogel. International journal of pharmaceutical
investigation. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3465110/
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5.1.3 Performance of alginate-based composites
Sodium alginate / iron-based composites yield a higher absorbency, which may be due to
the effects of components such as activated carbon and the nature of iron / iron-oxide.

Through surface interactions between MB and carbon graphite platelet surfaces of activated
carbon, the beads’ absorption ability is elevated. Van der Waal forces make the activated
carbon graphitic platelets induce neutral organic molecules into intra-molecular dipoles.
Hence, the molecules attract and stick together, precipitating out of MB solution and into
the carbon’s nano-sized pores, facilitating the process of premature condensation!”). With
the electrostatic attractions between hydrogels and contaminants during the dye absorption
process, the process of dye removal is further enhanced!®).

Sodium alginate / iron-based based composites with higher concentrations of iron are shown
to have the best performance. The anionic chloride ions released during the dissociation of
MBP! in aqueous solutions are attracted by the cationic ferric ions (Fe*") present in iron’s
+3 oxidation state. This electrostatic reaction between absorbants and contaminants further
enhances the absorption performance of hydrogel.

Iron-based composites had a better absorption performance compared to iron(III) oxides.
However, because MB discoloration cannot be induced by redox transformation, its
discoloration due to metallic iron is hypothesized to be caused by changes in the mechanical
structure of hydrogel beads due to composites, or that FeO may act as a reducing or

absorption agent, which is still contested in the scientific community!!°l.
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[7] Nowicki, H). The basics of activated carbon adsorption. Water Technology. https://www.watertechonline.com/wastewater/article/15549902/the-basics-of-activated-
carbon-adsorption
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[9] Al-Ghouti, M. A., & Al-Absi, R. S. Mechanistic understanding of the adsorption and thermodynamic aspects of cationic methylene blue dye onto cellulosic olive stones
biomass from wastewater. Nature, Scientific reports. https://www.nature.com/articles/s41598-020-72996-
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[10] Konadu-Amoah, B., Ndé-Tchoupé, A., Hu, R., Gwenzi, W., & Noubactep, C. Investigating the Fe0/H2O systems using the methylene blue method: Validity,
applications, and future directions. ScienceDirect. https:/www.sciencedirect.com/science/article/abs/pii/S004565352103385

2023/240 000000 0000 130




Investigation on dye absorption properties of alginate-based hydrogel beads
Diocesan Girls’ School

5.1.4 Charge-based absorbency of alginate-based hydrogel beads
Absorption performance of hydrogel beads varies for different dyes, such as anionic MO,
and cationic MB. This could be affected by electrostatic attractions. Electrostatic repulsion
between MO and anionic hydrogel causes absorption of the dye to be comparatively weaker,
unlike that for MB, where beads employ a negatively charged gel network to readily attract
the cationic MB molecules (Section 2.2). This can explain the beads’ poor absorption of
MO, as an ionic bond cannot be established between dyes and hydrogels.

It may also be hypothesized that weak electrostatic attractions between MO and hydrogels
lead to a poorer retention of MO in hydrogels, as witnessed by the increased colorization of
the 12-hour MO compared to that of 3 hours.

5.1.5 Application in the waste treatment industry
As dye absorbents, alginate-based hydrogel beads can be used to remove pollutants from
wastewater inexpensively, as means to combat marine pollution in Hong Kong. This can be
an additional step in the water filtration process, through reducing the amount of pollutants
and dyes before wastewater is discharged.

Additionally, hydrophilic hydrogel beads can be utilized as an absorbent material for water-
soluble wastes, and be deployed in extremely polluted regions to effectively contain
pollutants.

5.2 Major challenges
Whilst using hydrogels for dye absorption is dubbed more “biocompatible”, alginate hydrogels
have relatively weak mechanical properties and are susceptible to fast degradation with inefficient
encapsulation of loaded cargos!'!). Furthermore, hydrogels are observed to only absorb specific

types of dye. Hydrogels are also hard to shape in designated geometries!!?]

, and are prone to
swelling in humid environments. The use of irritating cross-linking agents such as calcium
chloride to produce synthetic hydrogels also raise safety concerns. These challenges underscore

the difficulties in mass-producing hydrogels whilst maintaining satisfactory quality.

14

[11] Serpico, L., Dello Tacono, S., Cammarano, A., & De Stefano, L. Recent Advances in Stimuli-Responsive Hydrogel-Based Wound Dressing. Gels, SciSpace.
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5.3 Areas of improvement

5.3.1 Limitations and possible errors

A few notable possible errors and limitations in our experiment are observed:

a.

Due to time constraints, we were unable to produce multiple batches of alginate-based
hydrogel beads for each experiment to draw an average, affecting the results’ accuracy.
The variety of dyes tested on is fairly limited. Though it can be concluded that alginate-
based hydrogel beads have a low absorbency of anionic dyes, it is unclear whether they
can readily absorb all cationic dyes due to the differences in molecular size, chemical
structure and substituents.

MB solution cannot accurately reflect pollution due to factors like temperature, pH,
salinity, and water flow. This creates a possible difference in the beads’ behaviour when
applied to the real world.

There is possible water loss during heating of sodium alginate solution which slightly
alters its concentration.

Due to its extreme hydrophilic property, alginate absorbs water vapour in air at
exponential rates. The hydrogel beads cannot be exposed at room temperature for a long
period of time due to swelling, which may hinder their absorption abilities.

5.3.2 Suggestions for follow-up tests

a.

d.

Use tensile tests to assess the mechanical strength and structural integrity of the alginate-
based hydrogel beads, measuring the breaking strength, bead viscosity and maximum
elongation.

Use a larger variety of anionic or cationic dyes, such as methylene green, alizarin yellow
or orange G, and different cross-linking agents, such as Fe*", to further test the dye
absorption capabilities and differences in mechanical and chemical properties of
hydrogels.

Use data loggers to determine changes overtime for more in-depth investigations and
improve the overall accuracy of results, such as investigations on the influence of
varying bead surface areas since absorption reactions and significant differences may
occur in a short time frame.

Produce larger sample sizes to obtain more observable and consistent results.

6. Conclusion

Adding iron oxide to sodium alginate in the ratio of 1:1 produces the best results in terms of storage

life and light absorption of anionic synthetic dyes. Sodium alginate’s biodegradable nature, ability to

absorb dyes in a relatively short period of time, and ease of production makes it an environmentally

friendly and cost effective option to combat marine pollution in Hong Kong.

14

2023/240 000000 0000 1150



The 17th Hong Kong Budding Scientists Award 2023-2024

Topic 1 - Environmental Science

Investigation on Reducing Screen Light Pollution with

Angulated Privacy Filter
==
@% Cheung Sha Wan Catholic Secondary School

Teacher Advisors:
Mr. Wat Hoi Tim
Mr. Kwok Yun Tung
Mr. Cheng Tsz Him Justin

Team Members:
Ho Yat Yin
Lai Yat Long
Liang Yat Wai
Li Chung Yin
Tong Pak Yin

2023/240000000 0000 16O

DE



1. Abstract

In Hong Kong, the problem of light pollution has been disturbing residents for years. Although
the iconic neon advertising boards are being removed from the city, LED billboards have
emerged as a new advertising board. This study aims to solve the problem while maintaining the

advertising use of LED screen billboards and giving the residents an undisturbed sleep.

2. Introduction

In recent decades, light pollution has emerged as a significant environmental pollution caused by
excessive artificial lighting. Hong Kong is often seen as one of the most light-polluted cities in
the world. Ongoing research conducted by the Department of Physics of the University of Hong
Kong initiated in 2003, found that the light intensity of the urban night sky in Hong Kong is 30

times more intense than that of its rural counterparts.

The repercussions of light pollution are felt by the residents and disturb the natural circadian
rhythm of humans. This disruption may result in insomnia, mental problems, cancers and other

health concerns®.

One of the primary contributors to the brightness is the advertising billboards. Examples are
easily found in Causeway Bay, Tsim Sha Tsui, and Mok Kok, the most bustling districts in Hong
Kong. Meanwhile, the LED screen billboards are becoming a new trend. The absence of a policy
regulating the brightness of outdoor billboards perpetuates the problem®. This situation needs to

be solved for residents’ restful sleep.

In this investigation, a privacy filter was studied and used to design a device that minimized the

effects of light pollution caused by LED screens on the residents.

! HKU nght Pollutlon Research. (n d. ) The Serlousness of nght Pollutlon in Hong Kong Retrleved from

2 Lau S.Y. , Ng, K L. Tsang, H T, & Vong, Y.C.C. (2014) nght pollutlon in Hong Kong (Outstandmg Academlc Papers by
Students (OAPS)). Retrleved from Clty University of Hong Kong, CityU Institutional Repository.

* Hong Kong Free Press. (2022). Hong Kong urged to legislate against light pollution as green group calls voluntary charter a
toothless tiger’. Retrieved from

a- toothless tls,er/%SC
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3. Objectives

3.1 Case Study

The LED screen billboard outside Cheung Sha Wan Plaza is chosen as a reference for the design.

9. W,

n linjpygst?®. Wny

1

Fig.1: Night photo of the LED screen outside Cheung Sha Wan Plaza on Cheung Sha Wan Road

Relevant data of the screen collected are the following:

1. The angles from the ground to the bottom and the top of the screen are measured by a
protractor with a mass tied on, an instrument for measuring the angle of evaluation. The
measuring position is at eye level, around 1.6 m above the ground. The former angle is

measured as 10° and the latter is 20°.

2. The width of the street is measured as about 40m through Google Earth.

3. The target area immunizing the effects of light pollution by the screen is set as 1/F or

above, while 1/F is assumed as 3.5 m above the ground.
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Fig.2a(left): Instrument for measuring the angle of evaluation Fig.2b(right): Measuring the street width by Google Earth
Screen 2/F
1/F
L __3.5m
10°
G/F 1.6m
I J_ (eye level)

Fig.2c: Diagram of the collected data

3.2 Objectives

The objective of this investigation is to eliminate the disturbing effects of light pollution from

LED screen billboards to residents. Specifically, we aim to:

1. Minimize the luminosity of light resulting from the emission of the TV billboard onto the
residential area. (i.e. starting from 3.5m and above (1/F or above), and at a horizontal

distance of 40m from the screen (across the street).)

2. Redirect the light from the screen to the target audience (pedestrians) without having a
huge depreciation on the image clarity. (i.e. Pedestrians at a horizontal distance of 40m

from the screen (across the street) and with an altitude of 2m (below 1/F).)
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Fig.3a&3b: Before and target graph showing the objectives
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4. Proposed Solution

4.1 Screen Privacy Filter

After initial research, screen privacy filters are selected as a component of the solution device.
Privacy filters are commonly used nowadays. They narrow the viewing angle, effectively

blocking viewing from the surroundings to protect privacy.

4.1.1 Diffraction Grating Experiment

The purchased filter is believed to be a diffraction grating. Hence, a diffraction grating
experiment was conducted to verify the hypothesis and find the slit distance of the filter if the

hypothesis was confirmed.

Interference

Pattern
ES \
Y TN

$ Y
— -
v

< O STE \
T % = 1\
§ - - Green Laser

Fig.4a(left): The experiment set-up Fig.4b(right): A close-up of the interference pattern

In optics, a diffraction grating is an optical grating with a periodic structure that diffracts light
into several beams travelling in different directions. Light passing through a diffraction grating
splits into multiple beams due to interference eftects. The directions of these beams depend on
the light incident angle to the diffraction grating, the spacing or distance between parallel slits,
and the wavelength of the incident light. When a parallel beam of monochromatic light is from
the normal directed at a diffraction grating, light is transmitted only by the grating in certain

directions. This is because the diffracted light waves from adjacent slits reinforce each other in
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certain directions only, including the incident light direction, and cancel out in all other

directions, forming different orders of light (n).

In the experiment, the interference pattern occurred when a parallel monochromatic green laser
was directed from the normal at the small piece of the filter. Hence, the filter was proved as a

diffraction grating.

To find the slit distance of the filter then, the diffraction grating equation was used.

d - sin@ = nA

In the equation, A refers to the wavelength of the input light. Wavelength is the distance at a
given instant in time between successive identical points on a wave, for example, the distance

between two successive maxima.

Consider the first maximum (n=1), which happens at the angle when the wave from one slit
line-up with the waves from the next slit that are exactly one wavelength behind. The angle
between the first order and the incoming light is 6, while it can be obtained by d, the slit spacing,

and the path difference, A.

Therefore d - sin® = A when there is a path difference. To make the equation general, an n is put
in front where n is an integer. By making use of the diffracted light spots, we can find out the

angle 0 with d, A and n provided through observations.
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order of maxima

distance between slits
d - sinf = nA

Fig.5a: Explanation of the diffraction grating equation

In the calculation, the distance between two 4th-order maxima was measured as 40.2 cm. The
horizontal distance between the filter and the interference pattern is 384 cm. Then, the angle of

diffraction could be found as 3.01°. A monochromatic green laser with 532 nm was used.

4th Order:
n=4

384cm

¢

tan0=x/1{
tan0 = 20.2/384
0=3.01°

Fig.5b(left): Calculation of the angle of diffraction for 4th-order maxima

Fig.5c(right): Wavelength of the green monochromatic laser labelled

The calculation of the slit distance of the filter is shown below:
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For 4th order maximum:

d - sin® = nA
d-sin3.01°=4-5.32-10

d=1402-10" m

The density of slits was found as 25 silts/mm by the equation.

4.1.2 Viewing via Microscope

To further investigate the structure of the filter, two samples of the filter, a small square and a

thin cut were cut and viewed under a microscope.

/.

2a.Sample 1: a small square

1. Cut the filter into two samples

‘ '__;_“

2b. Sample 2: a very thin strip

3. Watch the samples via
a microscope

| ——

4a. Photo of 100x Sample 1: Plan View 4b. Photo of 400x Sample 2: Cross-sectional view of the filter
Look like a diffraction grating The slits have “thickness” that limit the angle of view

5. Allowed viewing angles

Fig.6: Studying how the filter works by viewing via microscope
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By viewing the small piece under a microscope, the filter looked similar to a diffraction grating.
The density of slits was counted as 25 slits per mm by a ruler aside from the sample. This

matched the result in the calculation of the diffraction grating experiment.

Fig.7: Plan view of the small piece of the filter under a microscope

By viewing the thin cut under a microscope, the cross-sectional view of the filter could be seen.

The slits had “thickness” that limits the visual angle. The visual angle was measured as 60°.

Fig.8: Cross-sectional view of the thin cut of the filter under a microscope with a protractor
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4.1.3 Verification of Visual Angle

To verify the visual angle of the filter, light intensity at different viewing angles was measured on

a filter-installed screen.
Instruments

1. A lazy Susan was used to route the screen.
2. A lux meter (Lutron LX-113S) was used to measure light intensity.

3. AniPad Air (5th gen) was used as a screen.
Precautions

1. The verification should be conducted in complete darkness.
2. The lux meter should be lined up with the normal to the centre of the screen initially.

3. The distance between the screen and the lux meter should be kept constant.
Procedures

1. The lazy susan was turned by 10° to route the iPad above it by 10°.
2. The reading of the lux meter was recorded.
3. Steps 1 and 2 were repeated until all light intensity at each 10° of viewing angles was

recorded.

Fig.9a: Photo of the set-up for the verification of the visual angle
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Luxmeter

Screen

Lazy Susan

Fig.9b(left): 3D model of the set-up for the verification

Fig.9c(right): 3D model of the set-up after Step 1

Data Analysis
Light Intensity vs. Viewing Angles
@ Intensity (lux) w/ Fiim @ Intensity (lux) w/o Film
150
100
¥
>
g
= 50
0
-75 -50 -25 0 25 50 75
Angle (°)

Fig.10: Result of the Verification of the visual angle of the filter
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From the result, the light intensity was reduced by the filter to 30% at £30° viewing angle. The
light intensity fell to 0% beyond the 60° viewing angle. The screen privacy filter reduced the

light intensity at the viewing angle similar to the calculated and measured values.

4.2 The Device

To achieve the objectives, the privacy film was angulated. A sawtooth-surfaced add-on device
was designed to angulate the filter. The sawtooth surface is composed of black upward blinds
and downward privacy filters. With the data collected in the case study and the visual angle
found above, the angles for the blinds and filters that could achieve the specific objectives were

found as 42° and 48° respectively.

Blind

Fig.11b(right): Diagram of the side view of the device with angles for achieving the objectives in the case study

Fig.11a(left): A 3D model of the Device
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5. Experiments

5.1 Prototype of the Device

To test the above proposal, a prototype of the Device was built for experiments. However, to
simplify the building process, the angles for the upward blinds and downward filters were both

chosen as 45° and the prototype was enlarged.

Fig.12a&12b: Photos of the prototype

5.2 Experiment on LCD screen

Fig.13a(left): Photo of the experimental set-up Fig.13b(right): 3D model of the experimental set-up
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Instruments

1. A lazy Susan was used to route the screen.
2. A lux meter (Lutron LX-113S) was used to measure light intensity.

3. AniPad Air (5th gen) was used as a screen.
Precautions

1. The verification should be conducted in complete darkness.
2. The lux meter should be lined up with the normal to the centre of the screen initially.

3. The distance between the screen and the lux meter should be kept constant.
Procedures

1. The lazy susan was turned by 10° to route the iPad above it by 10°.
2. The reading of the lux meter was recorded.
3. Steps 1 and 2 were repeated until all light intensity at each 10° of viewing angles was

recorded.

All instruments, precautions and procedures were identical to the previous verification of the
visual angle of the filter, except the prototype of the Device was tested rather than the filter in the

verification.

Data Analysis
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Light Intensity vs. Viewing Angles
Intensity (lux) w/ Device @ Intensity (lux) w/o Device
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Fig.14a: Result of the experiment on LCD screen

Light Intensity vs. Viewing Angles

Intensity (lux) w/ Device @ Intensity (lux) w/o Device

15( 3
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intensity shifted " by 96% at 0°
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Fig.14b: Data analysis of the result of the experiment on LCD screen
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From the result, light intensity was reduced by 96% at 0° and nearly 100% at all angles of
elevation, where the angles of disturbing residents (i.e. angle > 0°) were located. The reduced
light intensity at these angles could no longer interfere with the nearby residents. The peak of the
maximum light intensity was shifted by 40° +10° away from the normal and the intensity of light
was only reduced by 60% when compared with the original peak. The screen was still visible and

clear to pedestrians on the street.

6. Conclusion

Fig.15a: Re-cap of the side view of the street showing the objectives
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2/F

Screen

G/F

Fig.15b: Side view of the street showing the effect of the prototype

From the result of the experiment,

1. The light intensity resulting from the emission of the LED billboard onto the residential
area was minimized.
2. The light from the screen to the pedestrians was redirected without having a huge

depreciation on the image clarity.

The prototype could achieve the objectives successfully. It reduced screen light pollution with

angulated privacy filters.
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7. Discussion

7.1 Possible Error

Inadequacy of Hand-crafting: Gaps between the blinds and filters were present in the prototype
due to the imperfections of hand-crafting. Some light from the screen could pass through directly

from the gap rather than the filters. The reading of the light intensity might be affected by this.
7.2 Limitations

(1) Screen-exclusive: The Device was exclusively designed for screens. Other types of light
pollution could not be solved by the Device.

(2) Displayed Colours Affected: Different colours have different wavelengths and would be
absorbed differently. The original displayed colour of the screen would be affected due to
the extra layer of filter. A colour adjustment of the screen would be required to restore its

original colour space.

7.3 Improvement Suggestion

The layers of the screen privacy filter were found dark. As a result, a higher amount of light
intensity was absorbed. If transparent layers were used, less light would be absorbed by the filter.

A brighter image for advertising could have remained.

7.4 Further Investigations

(1) Filters with different densities of the slits and visual angles could be further studied to
learn the relationship between the density of slits, visual angle and resulting light
intensity. An optimal ratio could be designed with the relationship to minimize the
negative effects of the device on advertising.

(2) In the cross-sectional view of the filter, the slits were found to have “thickness” to limit
the angle of view. Different “thickness” of slits could be tested to determine the effect of
it on limiting the angle.

(3) Methods of installing the Device on existing screens could be investigated to promote the

installation of the Device.
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1. Introduction

In line with the global trend, Hong Kong has been warming up in the last century or so. The
number of hot nights is increasing while the number of cold days is decreasing.! Apart from
rising temperatures, Hong Kong is experiencing more frequent heavy rain than before. The

sea level is rising in Victoria Harbour.

According to an article published in 2023, by the World Health Organisation’, Climate
change is impacting health in a myriad of ways, including by leading to death and illness
from increasingly frequent extreme weather events, such as heatwaves, storms, and floods,
the disruption of food systems, increases in zoonoses and food, water and vector-borne

diseases, and mental health issues.

Human activities including burning coal, oil and gases, and deforestation, are increasing the
concentration of some greenhouse gases, in particular carbon dioxide, methane, nitrous oxide,
and fluoridated gases. CO, is the largest contributor to global warming as it absorbs and

radiates heat.’

Close to climate change, we have planned to design a setup that contains around a hundred
Chlorella. There is a solar-powered lamp in the setup so the Chlorella can do photosynthesis
in the daytime and nighttime and it becomes self-sustainable. Besides, we decided to put this
setup into several seas and rivers in Hong Kong to see where it can have the highest
photosynthetic rate. We measured CO, concentration with a CO, sensor and by measuring pH
value. In addition to this, we planned to test the best combination of the colour of light, light

intensity, and minerals.

Our setup is designed to be put into seas and rivers in Hong Kong. Therefore, our experiment
was done by using seawater. High levels of CO, reduce the ability of an aquatic species’
blood to transport oxygen. We can also neutralise the CO, content by using the setup.
Moreover, the setup can aestheticise the promenade as it gives out green light for lighting the

path.

3
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2. Variable of Our Experiment — Colours of Light and Light Intensity

2.1. Background Research

Light intensity is an influencing factor of growth of Chlorella. Generally, higher light
intensity leads to higher growth rate and photosynthetic rate’. However, excessive light may
cause photo-inhibition, which damages the photosynthetic component® and decreases the

photosynthetic rate.

The most suitable range of light intensity for Chlorella is 2000-3000 lux®. Excessive exposure
to light can cause death of plant cells. Therefore, the algae should not be exposed to light for

more than 16 hours per day.

Blue light is believed to be the most effective light colour to improve photosynthesis since
blue light can be easily absorbed by chlorophyll.”. Studies have shown that blue-white LED
lights work best for the growth of photosynthetic pigments. Red lights work best for the
production of lipids in microalgae. However, our goal is to increase the photosynthetic rate
and reduce dissolved carbon dioxide content in the marine environment and carbon dioxide
concentration in the air. Therefore, the combination of blue-white LED light bulbs are the

most suitable for our requirements.

2.2. Our Experiment

To start with, in order to fulfil our ideal algal lights, we have done the following
experiments to test whether the colour of light bulbs, yellow, white and red, will maximise
the efficiency of photosynthesis of algae. We have bought Chlorella and placed it in our
school’s lab to feed it regularly. When we need to do the experiment, we use a culture
solution to mix with it and use a dropper to make it turn into a ball in a culture solution to

make it be a control variable.
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2.3. Our Findings

Yellow:

123 »

COz Concentration 0O ppm =

=m e

White:

C02 Concentration

10644 ppm

26662 ppm

1: Untitled

15000
=
& 000
g
&
B
] 000
5
S
8

2000

=

mﬂm 1

T e —

Run 1 =&

B2k > 22 Tl ;}

Sy 00:00:00.0

Filament bulb (yellow):

= 493 ppm hr*1

1 Untitied

O vy

Ry

=

o - — |
2000 000 R0 B0 10000 1200 14000 16000 18000 g‘\)

SAP - Ko

B Xl T b

2023/240000000 /0000 (1400




Red:

Blue:

1: Untitled

[N

02 Concentration

FRun 1

©02 Concentration (ppm)

25752 ppm =

24500

24000

5000 10000 15000 20000 25000 30000

E =kl T I L g

123 » Run 1 =&

entration 25774 ppm =

New bulb (red):

157 ppm hr~-1

1: Untitled

[

CO2 Goncentration

26000

Fane MRun 1

22000

20000

267.000 s, 17686 ppm

18000

18956 ppm

12000

C02 Concentration (ppm)

8000

6000

o 5000 10000 15000 20000 25000 30000

=z kl2TI

1.23» Run 1 ==

423
_-—A

CO2 Concentration 1762 ppm «

New bulb (blue):

-137 ppm hr~-1

6

2023/240000000 0000 1410



QGreen:

1: Untitled

i\ 18000
7000
= 16000
E [2470003 14258 ppm m Run 1
§ 15000 (
F 32960005, 13620 porn |
R 14000 Fnn— 7
8
§ 3000
12000
000
8000
8000
7000
00 0 200 400 600 80O 100012001 4001 6001 80(ROOCR 200 40(PEORBOBONM20MB400B60BA0MO0|
RAMME ra @ 3 + 'z
1.23» Run i = :£ di= s r'l & 2 [?: 5 l Z [,_.J T I,+ ,,‘

€02 Cencentration 0 ppm =

€] B 00:54:56.7

745 ppm hr*-1

We had 4 bottles, one of them was filled with distilled water and 100 algal balls, which is a
control set up for the experiment, and the other three had the same amount of algae Chlorella
as we want to make the whole experiment more controllable and different light. First, we use
the yellow light to test the CO, concentration, and according to the information from the CO,
sensor, the CO, concentration is (12300-11000) ppm CO, / (9500/60/60) hr=493 ppm hr"-1\.
Hence, the second photo and the third photo is the result of the white light and red light
respectively, which the CO, concentration of the white light is about (28300-26670) ppm CO,
/ (17800/60/60) hr= 330 ppm hr*-1 and the CO, concentration of the red light is
about(26870-26000) ppm CO, / (19990/60/60) hr= 157 ppm hr*-1. And the fourth photo and
the fifth photo are the data of blue light and green light respectively, according to the data, the
CO, concentration of the blue light is about (17670-18880) ppm CO2 / (29730/60/60) hr=
-137 ppm hr*-1 and the CO, concentration of the green light is (14250-13620) ppm CO2 /
(3049/60/60) hr= 745 ppm hr”-1.

With reference to the information above, the Chlorella under yellow light has the highest
photosynthesis rate. Also, as we try to control the whole setup, we have adjusted the distance

of the bottle to the light bulbs and the angle of the light shining on the Chlorella.

7
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2.4. Limitation and Improvement

At first we added the carbohydrate indicator into the Chlorella and tested the photosynthesis
rate according to the colour change of pH value of those algae, at first we put 100 algal balls
into the bottle fill of hydrogencarbonate indicator the durability of the Chlorella to turn the
colour of hydrocarbonate indicator was about 45 minutes which took a very long time, later
we find out this was not an advisable approach to test for the data, so we buy the CO, sensor
to test for the rate. Originally we only used filament light, and as we tried to improve the
whole experiment, we used the LED light bulb that can change the colour of light to test
different colours and hoped if different colours of light can increase the photosynthesis rate of
the Chlorella. After the failure we tried to look for the other alternatives and we found that
the CO, sensor can give a clearer information of the photosynthesis rate. We finally
purchased and adopted the CO, sensor to try to control the whole setup. But after the
experiment, we found that the information of green and blue light giving out form the CO,
sensor was totally different from the research that we were following because blue light was
not showing the same photosynthesis data as the research’s information. Hence, the first test
for the green light is stronger than white light and red light, which is also not matching to the
research and the second test for the green light did not show any photosynthesis according to
the information of the CO, sensor. We estimate that the failed reason is because of the light
bulb problem, the concentration of the Chlorella is different or the time of the experiment is
not enough, so as the improvements, we can buy the alternative light bulbs for green light and
blue light, also we can buy more Chlorella that is from the same source so that the reliability

of the experiment can be improved.

3.  Other Possible Variables for Qur Experiment

3.1. Temperature

For Chlorella, the best temperature range for their growth is about 20°C to 30°C¥, which is
the usual range of seawater temperature in Hong Kong. Chlorella can live in the temperature
of under 5°C’ and up to 45°C'°. According to statistics, the lowest ocean water temperature in
Hong Kong is about 17°C and the highest is about 30°C"'. LED lights generally would not
emit heat, so that using LED light bulbs would not affect the temperature which damages the

microalgae. In terms of temperature, Chlorella can definitely survive and optimise its

8
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photosynthetic rate and growth in the marine environment in Hong Kong, and also in our

device.

3.2. Mineral Content

Concentration of nitrogen and phosphorus significantly influences the growth of Chlorella'.
Although potassium, magnesium and trace elements such as manganese and zinc, are not as
effective as nitrogen and phosphorus individually, they still play important roles in the growth
of Chlorella. The above elements boost the biomass production of Chlorella. For example,
glucose. This refers to higher photosynthetic rate as glucose is the product of photosynthesis.
The Calvin cycle is the second stage of photosynthesis, which converts carbon dioxide
molecules to glucose molecules. This process uses carbon dioxide and lowers the CO,

concentration.

Moreover, as mentioned above, the minerals increase the growth rate of Chlorella. The more
Microalgae, the more photosynthesis occurs. Therefore, more oxygen is produced, improving

the oxygen content in the atmosphere.

3.3. Influence to the Local Marine Ecosystem

Our device is believed to bring both positive and negative impacts to the ecosystem. In terms
of negative impact, excessive exposure to artificial light may lead to the reduction of
reproductive success of fish”’. In the past decades, plenty of fish species are endangered or
near-threatened'. For example, according to the statistics by WWF, Napoleon wrasse,

leopard coral trout, etc.

On the other hand, in terms of positive influence, our device will reduce the carbon dioxide
concentration in both seawater and in the air, which helps lower the pH value in the ocean
and the problem of global warming'’. Acidification of seawater will reduce the mineral
content, which are originally used by shrimps, oysters and corals to build up their shells or
skeletons. This may damage the biodiversity in the ocean. Also, global warming leads to the
rise of water temperature, leading to the bleaching of coral. The problems of decreasing
biodiversity and coral bleaching have been highly spotlighted by different green

organisations.

9
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Besides, some harmful algae species secrets toxins grow rapidly in the acidic water. They are
harmful to human bodies since they will contaminate our water source. Therefore, we believe
that the device can improve acidification in the ocean of Hong Kong, reducing different

problems brought by high carbon dioxide concentration in the environment.

4. Conclusion

The rise of CO, concentration in the atmosphere has been one of the main concerns in the
world for decades. However, human activities are worsening the climate. Average
concentrations of CO, have risen more than 20% in 44 years. Generating energy and
manufacturing goods is inevitable in our lives. One of the things we can do is make good use
of photosynthesis which is the process that plants use sunlight, CO,, and water to create

oxygen. This is where our setup comes into play, providing an efficient and sustainable way.

After doing various experiments and research, we have found out the best combination in
terms of light intensity, the colour of light, minerals, temperature, and effects on the marine
environment for the highest photosynthetic rate is using 2000-3000 lux light intensity,
blue-white for the colour, the concentration of nitrogen and phosphorus, and 20°C to 35 °C

for the seawater temperature.

Despite our setup's benefits, there are still limitations that we hope to overcome in the future.
Firstly, we bought the CO, sensor too late. Besides, we used filament light instead of LED
light to test at the beginning.

In the near future, we will test how the light intensity, minerals, and temperature affect the
Chlorella, to determine the best combination to maximise photosynthetic efficiency with our
CO, sensor. We are planning to implement our setup in Shing Mun River in the coming

summer holiday for beta testing.

10
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Abstract

Mercury is considered a serious environmental issue all over the globe. This study aims to
investigate the possible solutions to this problem, by implementing various “adsorbents” such
as activated carbon, zeolites and clam shells to evaluate how effectively they can adsorb mercury
pollutants from sea water, and devise an optimal solution to the current infestation of mercury.
Experiments were conducted and records of the respective efficiency of adsorption, difference
in mercury concentration of the sample were taken. The study mainly focused on the potential
of the adsorbent candidates as the possible solutions to this environmental issue and our future

aspirations.
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Introduction

Mercury pollution and impact of mercury pollution

Mercury is a heavy metal (with a density of approximately 13 g/cm’) that travels easily through
different environmental compartments around the world. Due to its ability to disperse over
long distances through air and water currents, mercury released locally can ultimately affect
wildlife around the world, including those in remote locations. This makes mercury pollution
global scale. An international action plan was therefore proposed in 2002 in recognition that
reducing mercury emissions and legacy pollution requires coordinated international solutions.
Mercury is normally deposited as cinnabar, i.e. mercuric sulphide, which has two colours, red
(alpha-form) and black (beta-form). The red colour form is more common, and because of its
colour, it was historically used as a red pigment, known as vermillion. Mercury occurs naturally
in the earth’s crust, but human activities, such as mining and fossil fuel combustion, have led
to widespread global mercury pollution. Mercury emitted into the air eventually settles into
water or onto land where it can be washed into water. Once deposited, certain microorganisms
can change it into methylmercury, a highly toxic form that builds up in fish, shellfish and
animals that eat fish. Most human exposure to mercury is from eating fish and shellfish
contaminated with methylmercury. One major recipient and storage site for mercury in the
global environment is the ocean. Modelling estimates indicate that human activities have
added approximately 45,000-80,000 metric tons of mercury to marine waters globally. Much
of this deposition occurred in shallow coastal and continental shelf waters less than 1000
metres deep. These upper ocean zones are important habitats for many consumable fish and
seafood species. Due to bioaccumulation and biomagnification through the food web, mercury
poses risks to ocean health on a global scale. Its widespread distribution and accumulation in
the ocean ecosystem underscore the need for a united global action to curb and remediate

mercury contamination around the world.

(United States Environmental Protection Agency, 2023)
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Harms of mercury and risk of mercury intake

Mercury, in the forms of organic mercury and methylmercury, is most commonly found in the
environment. It is converted from the respective inorganic form by a biological bacterial
process. It bioaccumulates in the environment and is most commonly found in fish. This is
how mercury enters into the food chain. Oral ingestion of fish is the most common route of
human exposure to mercury. Methylmercury crosses blood/brain and placental barriers, which
can damage the central nervous system and causes birth defects, neurological problems and
developmental delays. Foetuses are most vulnerable to methylmercury's toxic effects, and
several studies have shown that the mercury level in cord blood is twice as concentrated as that
in maternal blood. Chronic exposure to methylmercury can cause an impairment in vision,
speech, walking and hearing, and a lack of coordination. It can also cause a "pins and needles”
sensation. Extreme exposures can lead to death.

(Department of Environmental Conservation, n.d.)
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Hypothesis

In light of the known risks that mercury poses to ocean health, we propose a solution aimed at
effectively removing mercury ions from seawater. Our approach involves investigating the
potential of naturally occurring substances to serve as effective adsorbents for mercury in
seawater. If these adsorbents prove successful, their practical application in enhancing the

overall quality of seawater can be further explored.

1. Shells of crustaceans (Scallop shells and clam shells)

Mechanism

Chitin is a complex polysaccharide that is found in the shells of crustaceans such as crabs,
lobsters, and shrimp. Previous study (Morris and Sneddon, 2011) revealed that the chitin in
crustacean shells contains various functional groups, such as amino and hydroxyl groups, that
have an affinity for heavy metals like mercury. These functional groups can form chemical
bonds or interactions with mercury ions, allowing the shells to trap and retain mercury on

their surface.

— o]
OH o=
NH
0 O HO ~
HO O o
NH
0 OH

Chemical structure of chitin

Using waste crustacean shells offers several benefits over synthetic adsorbents for mercury
wastewater treatment. Shells are a low-cost, abundantly available natural material that does not
require much energy in purification processes. As shells are primarily composed of chitin, a
renewable biopolymer, they represent a more environmentally-friendly adsorption alternative

compared to conventional activated carbon adsorbents.
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Crustacean waste

emineralization in acidic solition
Deproteinization using alkali and
epigmentation using alkali

Chitin

i

Chitosan

Deacetylation by treatment with
sodium or potassiun hydroxide
solutions at elevated temparatures

How Chitin is extracted from crustacean shells (Renewable biopolymer) - Sussela Lanka

2. Activated carbon
Activated carbon (AC) shows great potential as an adsorbent for mercury removal from
seawater. ACs are carbonaceous adsorbents derived from carbon-rich materials such as coconut

shells, coal, or wood through physical, chemical, or

lurge jon  MACTOPOre

e combined processes. They possess a porous

amorphous structure with varying pore sizes,

Micro pore

including micropores (0.8-10 nm), mesopores
(10-50 nm), and macropores (50-2000 nm). ACs

exhibit considerable internal surface areas, typically

© ranging from 700 to 1800 m® g”' (Jeguirim et al.,

2018; Manocha, 2003). The large internal surface
area in turn provides numerous active binding sites for adsorption. Once loaded with mercury,
thermal or chemical treatments allow for adsorbent regeneration and reuse. The activated
carbon column could be reused more than three times after simply drying (Zhang and Zuo,
2023). In addition, its surface properties can be tailored through carbonization parameters
(Shewchuk & Azargohar, 2016).
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Opverall, activated carbon represents a promising, commercially available adsorbent for
removing mercury pollutants from seawater in an economically feasible manner, especially

when regeneration is applied to extend service life.

3. Zeolites

Zeolites have a unique porous aluminosilicate structure, where

Brgnsted

silicon and aluminjum are tetrahedrally coordinated. Silicon
cation and aluminium cations are enclosed by four oxygen

anions (O”). The tetrahedral structure of SiO, and AlO, forms

the building blocks of zeolite enclosing cavities and channels.

.Si“ .A|z+ .Oxygen .Negative Charge

Zeolites have small pores serving as channels with dimensions of 0.3 nm to 0.8 nm. This shows
characteristic property of zeolite is its open cage-like framework structure that helps zeolite trap
water and ions of potassium and calcium, which can be exchanged for other cations like
mercury (Kaviani, 2022). Zeolites are thermally and chemically stable under different
environmental conditions (Hatmoko et al., 2020), enabling potential regeneration and

recycling of the adsorbent.

Cage like structure of different types of zeolites
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Experimental Details

Preparation of polluted mercury water

A concentration of 1ng/L of mercury was prepared for the experiment. We received a standard
solution of mercury from Dr. Martin Tsui, with a concentration of 1mg/mL. We diluted the
solution 3 times by a hundred to achieve a concentration of 1ng/L. We prepared enough

polluted mercury water to make all six solutions.

Procedure in preparation of diluted seawater sample

1. Pipette 1 cm’ of standard 1mg/mL mercury
solution into a 100 cm’ volumetric flask.

2. Add seawater to the graduation mark of the 100 cm’
volumetric flask. Add seawater, with the aid of filter
funnel and dropper, to the graduation mark of the
100 cm’ volumetric flask. Stopper and swirl the |
volumetric flask. Now the concentration is 1 mg/L.

3. Pipette 1 cm’ of diluted seawater from the
volumetric flask into another new 100 cm’
volumetric flask.

4. Add seawater to the graduation mark of the new

100 cm? volumetric flask. Add seawater, with the aid

of filter funnel and dropper, to the graduation mark
of the new 100 cm?® volumetric flask. Stopper and

switl the volumetric flask. Now the concentration is 1 ug/L.
To prepare a greater volume of diluted seawater for several samples, this diluted seawater is
further diluted twice by ten times to have the final concentration of 1ng/L of the seawater

sample.

5. Pipette 25 cm?® of diluted seawater from the volumetric flask into a 250 cm?® volumetric

flask.
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6. Add seawater to the graduation mark of the 250 cm’ volumetric flask. Add seawater,
with the aid of filter funnel and dropper, to the graduation mark of the new 100 cm’
volumetric flask. Stopper and switl the volumetric flask.

7. Repeat steps 5 and 6 to prepare 4 diluted samples in total. In total, 1000mL of diluted

mercury seawater samples are prepared.

Procedure in preparation of adsorbents
8. Place an adsorbent in a clean, dry mortar
9. Crush/pound them using the pestle until lightly powdered

10. Grind it in the grinder until it turns into a fine powder

11. Clean all used apparatus and repeat for the other adsorbents

Grind the adsorbents using mortar and pestle, followed by grinder
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Ground adsorbents, diluted mercury seawater and standard mercury solution provided by Dr Martin Tsui (most left end)

Preparation of adsorption Test

Apparatus
® Magnetic stirrer x6 (They will only be turned on from 7:50 am to 4:20 pm ever the
course of the experiment)
® Magnetic stirrer bar x6
e Conical flask x6
Micropipette x4

Pipette nozzle x49 (one for each sampling to avoid contamination)

Syringe x49 (one for each sampling to avoid contamination)

Filter x49 (one for each sampling to avoid any contamination)

Parafilm x6 (may need new ones if any is damaged during the experiment)

e Rubber band x6 (to hold the parafilm on the nozzle of the conical flask)
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Preparation of solutions

Solution Description

A1(Control) Seawater

A2(Control) Seawater + Mercury

B Seawater + Mercury + Activated carbon
C Seawater + Mercury + Zeolites

D Seawater + Mercury + Scallop shells

g Seawater + Mercury + Clam shells

Al: Pourin 150 mL of seawater in a conical flask

A2: Pour in 150 mL of polluted mercury seawater in another conical flask

B: Pour in 150 mL of polluted mercury seawater and measure 5 cm® of activated carbon

using a measuring cylinder and transfer it using a spatula into another conical flask

C: Pour in 150 mL of polluted mercury seawater and measure S cm’ of powdered

zeolites using a measuring cylinder and transfer it using a spatula into another conical

flask

D: Pour in 150 mL of polluted mercury seawater and measure 5 cm’ of powdered
scallop shells using a measuring cylinder and transfer it using a spatula into another
conical flask

E: Pour in 150 mL of polluted mercury seawater and measure S cm’ of powdered clam

shells using a measuring cylinder and transfer it using a spatula into another conical

flask
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Final setup

Add a magnetic bar in each conical flask (with the solutions)

N

Place each conical flask on the magnetic stirrers

bl

Cover the conical flasks with parafilm and secure it with rubber bands

e

When it is 7:50 am on the Sth of March, turn on all magnetic stirrers

Experiment setup with solutions A1 to E (from left to right)

Sampling

Time of sampling
The samples were taken over the course of three days (Sth of March to the 7th of March), to
ensure a good amount of time for the adsorption of mercury from the solutions. They were

taken in these time periods:

® Lunch time of Sth, 6th and 7th March (around 1:20 pm)
e After school of 5th, 6th and 7th March (around 4:00 pm)
® Morning of 6th and 7th March (around 7:55 am)

e Before the start of the experiment
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Sampling procedure
The steps for taking the samples are as follows:
Remove the rubber band and parafilm from the conical flask.
2. Use a micropipette to transfer around S cm’ of each solution into different syringes.
(pipette nozzles cannot be reused to avoid any unnecessary contamination)
3. Filter the solutions through the syringe and filter into different sampling containers
labelled based on the time of taking the sample.
4. Dispose of all used syringes, filters and pipette nozzles after washing to avoid
contamination.
5. Repeat this process when taking other samples and use completely different filters,

syringes and nozzles.

[

A,

A “‘ T

\;\ ’ . / i Wi

The transfer of liquid using a micropipette(left) and the filtering of a solution into the sampling container(right)
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Results and Analysis

The following are the labels of the 6 set-ups. A1 and A2 are control set-ups. B to E are set-ups
containing different adsorbents.

Al: 150 mL of seawater

A2:150 mL of polluted mercury seawater

B: 150 mL of polluted mercury seawater with S cm’ of activated carbon

C: 150 mL of polluted mercury seawater with S cm® of powdered zeolites

D: 150 mL of polluted mercury seawater with S cm’ of powdered scallop shells

E: 150 mL of polluted mercury seawater with 5 cm’ of powdered clam shells

Samples were collected from each setup and stored under refrigeration before transport to the
analytical laboratory of Dr. Martin Tsui for instrumental mercury analysis. Due to time
constraints, Dr. Tsui's team was not able to provide a few of the mercury concentration results.

The following graph is the calibration curve we used in determination of the concentration of
mercury in seawater samples. The horizontal axis is the concentration of mercury (ng/L). The
vertical axis is the peak area.

y =0.0806x+ 0.0131
R?=10.9994

25

Peak Area

0.5 o

Hg (ng/L)

To determine the concentration of mercury, we can match the peak area with the

corresponding concentration of mercury

2023/240 000000 0000 1630



The summary of data from these analyses is shown below:

Concentration of mercury (ng/L)

Before Sth Mar Sth Mar 6th Mar 6th Mar 6th Mar 7th Mar 7th Mar 7th Mar
mixing lunchtime | afterschool | morning lunchtime | afterschool | morning lunchtime | afterschool
7:55 am 1:20pm 4:00pm 7:55am 1:20pm 4:00pm 7:55am 1:20pm 4:00pm

Al N.A. N.A. N.A. N.A. N.A. 62.7 53.7 36.6

A2 N.A. N.A. N.A. N.A. N.A. 32.9 46.2 442

B N.A. N.A. N.A. N.A. N.A. 69.5 43.4 36.5

75.3

C N.A. N.A. N.A. N.A. N.A. 47.1 56.5 45.9

D N.A. N.A. N.A. N.A. N.A. 36.8 70.4 28.9

E N.A. N.A. N.A. N.A. N.A. 65.9 67.2 69.1

The limited data obtained can only provide a preliminary
view of mercury levels after treatment with some of the
adsorbent materials. Further replicate analyses are still
needed to draw definitive conclusions about the adsorbents’
efficacy across all test conditions.

Based on the limited data obtained, some preliminary

observations can be made:

p— - v
F 7 /ﬂﬂﬂ.\d’l

e Sctup B, containing activated carbon, showed a consistent decrease in mercury

concentration over time, with mercury levels generally lower than other setups. This

suggests activated carbon was effective at adsorbing mercury from the seawater sample.

The mercury content decreased by a whopping 33 ng/L. If this investigation is valid,

activated carbon can be concluded to be the most effective adsorbent among the three

other adsorbents.

e Sectups D and E, using scallop and clam shells respectively, exhibited variable mercury

readings that occasionally exceeded other setups. They both spiked in mercury contents

in the second sample, indicating that the shells may have initially contained an elevated

mercury level that was released back into the water over time. More discussion about
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this error will be addressed in the later part. In setup D, the mercury level has decreased
in the last sample, and was even lower than the level in the morning on 7/3 and the level
before the adsorption test. In setup E, the mercury levels were still continuing to rise. In
the end, the mercury levels increased by 3.2 ng/L compared to the morning sample on
7/3. We are however not able to conclude whether or not the clam shells were able to

adsorb back the mercury it released because of the lack of data.

e Controls Al and A2 also showed variability in mercury levels, potentially due to the
low concentration (1 ng/L) used due to sample dilution errors. This could have
magnified random measurement errors. More discussion about this error will be

addressed in the later part.

® In set up 3, it appears that there was a potential increase in mercury contents in sample
2, which could possibly be attributed to the zeolites initially having a higher level of
mercury that might have been released back into the water gradually over time.
However, in sample 3, there seems to be a decrease in the mercury level. It is uncertain

whether the zeolites have adsorbed a certain amount of mercury.

Unfortunately, conclusions regarding the adsorbents' comparative efficacies cannot be drawn
from this initial trial due to its limitations, including an incomplete dataset and issues with
sample preparation methods. Further replication of the experiment is necessary while
addressing identified issues to obtain more meaningful and conclusive results. Modifications to

the experimental design will be discussed.
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Discussion

Limitations and possible errors

1)

2)

Apparatus and Equipment

Pipette and volumetric flask in dilution

Diluting the mercury seawater sample using 1 cm’ pipettes and 100 cm’ volumetric
flasks for two serial dilutions, followed by 25 cm’ pipettes and 250 cm® volumetric flasks
for another two serial dilutions would result in a relatively high percentage error
compared to achieving the desired 1,000,000x dilution. This is because with such small
volumes at each dilution step, even minor inaccuracies in pipetting or volumetric

measurements can lead to significant deviations from the expected concentrations.

Sampling syringe and filter

0.45 micrometre pore-size syringes have been used at the beginning to filter off
microorganisms and particulate matter. Because of the lack of 0.45 micrometre syringe
filters, starting from day two, set-ups except activated carbon used normal filter paper

with pore sizes of (80 - 25 micrometre).

Environment

Controlled variables including the atmospheric conditions, temperature and moistness
can't be controlled into perfect precision, but the parafilm cover and the measurements
of seawater should reduce the possibilities of error. The sampling of the chemical
samples has induced the problem of the occasional breakage of the parafilm, which may
cause inaccuracies in the recorded data. During the experiment procedure, there have
been multiple ruptures of the parafilm as we attempted to obtain the extracts, and had
to replace them with new ones. Besides this, the temperature at which the mixtures
were being stirred may not be uniform. As the magnetic stirrer runs all day, it induces
the heating effect of current. The heating effect raises the temperature of the mixtures

differently, causing variations in the controlled variable, temperature of the mixtures.
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3)

Mixing of adsorbents

They would sink to the bottom of the conical flask as sediments and the ratio of
adsorbents per volume of water might vary. Therefore, it may also affect the withdrawn
samples as it would be difficult to ensure the same surface area of adsorbents. The mass
ratio of water sample to adsorbents in the conical flask would also vary every time the
sample is withdrawn at every time interval. Because of safety concerns, we were not
allowed to stir the samples of the mixture overnight. The adsorption process therefore

cannot be run continuously for three days.

Suggestions for improvement

1)

2)

Equipment and apparatus

More comprehensive recordings and accurate measurements: Instead of using pipette at
the set up phase, we could have used burettes and electronic pipettes as alternatives. If
resources and time allow, using larger volumetric glassware and having fewer times of
dilutions are better approaches to minimise the proportional effect of small volume
variations. This would reduce the percentage error to within acceptable limits for
accurate quantitative analysis and interpretation of results. Recordings on the samples
could have also been taken more frequently to ensure accuracy. Prior mercury
adsorption tests should also be conducted to find the optimum amount of adsorbents
needed for a certain concentration of mercury solution so that the adsorption efficiency

comparison for each adsorbent can be more obvious in this investigation.

Preparation of shells of crustaceans (Scallop shells and clam shells)
The results obtained for using ground clam shells and ground scallop shells as
adsorbents were unsatisfactory and did not show a reduction in mercury levels in

seawater as expected.
Upon further analysis, we realised a key mistake in the experimental design - the shells

used may have already contained elevated levels of mercury prior to being added to the

seawater sample. As crustacean shells are known to naturally adsorb and accumulate
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3)

mercury from their environment over time, using shells directly in the experiment likely
led to a reverse effect. Instead of adsorbing mercury from the seawater, the shells with
higher internal mercury concentrations likely released some of the stored mercury back
into the seawater. This might explain the unexpected increase in mercury levels

observed.

To address this issue in future experiments, methods need to be explored to recover or
regenerate the shells first to remove any mercury already present. Only shells with
mercury levels lowered to background levels should be tested as adsorbents, to properly
analyse their ability to adsorb mercury from seawater. This will allow for more accurate

and meaningful results.

Preparation of dilute mercury seawater samples
The results from testing the different adsorbents (activated carbon, zeolites, ground
clam shells, ground scallop shells) did not show a significant decrease in mercury levels

in seawater as we had expected.

Upon further analysis, we identified a key issue with how the seawater samples were
prepared for testing. Specifically, we diluted the mercury concentration in the seawater
samples too much, resulting in a very low concentration of mercury in just 1 ng/L. This
concentration is much smaller than what is typically found in real-world environments
like near industrialised coastal areas or sewage outflows, which can range from 100 ng/L
to 10 ug/L. For example, according to the national standards of People’s Republic of
China of China Farmland Irrigation Water Quality Standards, water samples with
mercury concentration higher than 10 ug/L is considered excessive and harmful.
Testing at such a low mercury level makes it unlikely that any meaningful adsorption by

the materials would be detected.

For future experiments, we need to be more careful in preparing seawater samples that
have mercury concentrations more representative of authentic conditions. Using higher
concentrations that better simulate real situations will allow us to properly analyse and

compare the adsorption effectiveness of the different materials. Addressing this sample

2023/240000000 |0000 (1680



preparation issue should yield more accurate and useful results regarding the

adsorbents’ abilities to reduce mercury pollution in the environment.

Further Investigations

1)

2)

Aspirations / Significance

Discover the effects of organic/ inorganic mercury on the environment of the world
such as in wetlands, tropical rainforest and other habitats of living things and
organisms. We could also breach biology and investigate the possible medications for
mercury poisoning and the symptoms. The relationship between adsorbents and

mercury could also be further explored.

Practical Experiments

We can test the adsorbents such as the zeolites and activated carbon on real-life
environments to sufficiently measure the realistic effects of the adsorbent. Such as the
different adsorption rates of adsorbents in different environments and what measures
can be taken to maximise the adsorption rates in different environments respectively. In
addition, we can also investigate how to incorporate different factors, such as:
enhancing the porosity, modifying the chemical composition, applying a coating, which

could increase the adsorption rates.
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Conclusion

This planned experiment involves testing four different adsorbent materials — activated
carbon, zeolite, clam shells and scallop shells — for their effectiveness in removing mercury
from seawater samples. While this proposed study aims to evaluate promising low-cost
materials for an important application, some aspects of the experimental design and
restrictions have limited obtaining definitive, generalizable conclusions. However, identifying
suitable adsorbents through systematic laboratory screening has strong potential to provide a
practical solution for mercury management challenges. With refinements to broaden test
conditions and increase replication to better simulate field complexities, results could help

advance development of treatment methods with tangible benefits.
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1. Introduction

We are honored to have a chance to do a face-to-face interview with Dr. Tam Pui Yuk on 28th
February in the Geology laboratory of the Chinese University of Hong Kong. Dr. Tam has told us
a lot of her extraordinary experiences and given us a lot of useful advice. Many of her fun stories
inspired us to be passionate and always look for improvements. It is our pleasure to have this
opportunity to meet Dr. Tam in person. In this report, we are going to mention the stories of Dr.
Tam since her childhood, her current research, and her projects. Also our reflections from

participating in this interview, together with the useful advice she gave us.

2. The Stories of Dr. Tam

2.1. Childhood Inspiration - From Visual Arts to Geo-Science

Everyone must have had a dream job once when we were young. Dr. Tam is not an exception,
she wished to become an artist when she did not know about the existence of Science. “The
Earth is very beautiful.”, this is what she said during the interview and also the reason why she
liked drawing so much. Because of this love for drawing, she ditched her lessons and kept those
times for drawing when she was a secondary school student. During her drawing times, she
discovered that the Earth is way more extraordinary than she thought, expanding her curiosity of
wanting to know why the Earth can be so attractive and impressive to her. As she gained more
and more knowledge, she knew that the appearance of all the landscapes and rocks could be
calculated by using scientific knowledge, this was what she had been curious about. At this
moment, she has found out her interest in the Science categories that relate to the structure and

composition of the Earth. As a result, Dr. Tam chose to study Geology at the university.

2.2. Undergraduate Studies - First Taste of Geology

When Dr. Tam was studying for the first year at the University of Hong Kong, she had thought

about transferring to study architecture, but she found out that she was not studying the things

3
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that she expected to learn. As she had gone on her first field trip, it was so worth it for her to stay
in Geology. She thinks that field trips can help her to look through different aspects of the Earth.
Through the observations in field trips and using the gained knowledge, she can predict the
future and know the past of the place, which could save people, set some targets, and also help

people to survive earthquakes or other natural tectonic hazards, which was meaningful to her.

2.3. Postgraduate Studies - The Silver Linings

After studying in the second year of her Master's Degree, her Professor Mr. Zhao Guochun
advised her to study for the Doctorate course. However, Dr. Tam did not think she could start the
Doctorate course at that time. As an average student, she was not confident in herself. She was
always feeling frustrated when she was doing research. Fortunately, Professor Zhao told her not
to be afraid to fail in experiments, to keep trying in Science and you get the result, this engaged

her a lot. After a lot of studying and researching, she successfully got her Doctorate Degree.

After getting her Doctorate Degree, she chose to be a postdoctoral to deepen her research area
and have more experiments and research experience. A period of time later, she was inspired by
Dr. Chan Hungsan. Dr. Chan knew she liked communicating with others, so he gave her chances

to try to educate students using the knowledge of Geology she had gained so far when she

4
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thought it was tiring to do lots of research continuously instead of studying pure Science. He
believed Dr. Tam could know the needs of students and help the students to find a path in
Science. And she met his target, as she set this as her teaching philosophy, which is to let

students learn what they want to learn, instead of choosing for them.

Because of them, Dr. Tam got a lot more experience to try and research. In these years, she has
gone on many field trips to many different countries and cities, such as Taiwan, Cyprus, Japan,
and Scotland with the University of Oxford. She said that she would go anywhere in the world
that has rocks, to research and to observe it on her own. Sometimes she would go traveling with
her family, her family members would like to see the fish and the oceans, but what she would
like to see are the rocks and volcanoes. She knows her interests are special and different from

others, but this is what she loves.

In one of the field trips she has gone on, she went to the mainland to observe the metamorphic
rocks, one of her favorite kinds of rock. A few published papers of hers are about this kind of
rock? 3. She thinks metamorphic rocks are special from others, they have a lot of chemicals inside
which can be found by optics in different angles. She would always cut it into small pieces and
observe it with a patrol graphic microscope, letting her know the record of the metamorphic rock

from one kind to another through her observation every time.

2.4. The Future of Geo-Science - Young Power

Apart from the active research in the education of Science, Dr. Tam is dedicated to her current
involvement of youngsters to participate in Geology-related activities. Geo-Science Ambassador
is a program held by Dr. Tam that allows students to learn everything, the only requirement is
that they are interested in those topics. The program welcomes every university student. The
participants will tell Dr. Tam and her team a topic in geology that they are interested in, and she
will give them the resources and skills to investigate the specific topics. They can also ask her if
they face any difficulties during the process, and she will try her best to help them explore. She
stressed that her reason for holding this program is that she believes that the biggest motivations

for learning are passions and interests. She loves teaching students about what they love. That is

5
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also one of the reasons why she volunteers to do this without credit. She wishes this program
could be opened to different students in different universities, she also looks forward to holding

similar programs targeting younger students, such as secondary and primary schoolers.

She is currently focusing on teaching, it is due to her belief which suggests young power is very
important. She commented that young people are the future of the world, and so it is for
Geology. Therefore, she is working hard on how she can make studying Geology easier and

more interesting, to heighten the enthusiasm of students in Geology.

Recently, Dr. has published a paper about educating students with VR, AR, and 3D models and
print in traditional classes'. She said teaching with these new technologies is very different from
conventional teaching, in that students start to have reactions in class. Using AR technology,
students can see the complicated mineral structures in a fun way, which lets them understand the
knowledge more easily. By using VR technology, students can learn using cartoons and some
short descriptions. This can help students to memorize and cooperate with books better. Besides,
the 3D models and print technology can increase the efficiency of the field trip through the 3D
models prepared beforehand. These new technologies can gradually increase the interest of
students to learn by themselves. She thinks she is lucky to participate in this project and have this

achievement.

[ Vo T
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3.  Our Reflections

3.1. Passion is the Key of L.earning

During the interview, not only did Dr. Tam share her interesting teaching experience with us, but
she also showed us her personal rocks collection in her office and explained their unique
properties, characteristics, and meaningful stories behind them. For example, one of the rocks
was given by her teacher, whom she admires a lot and played an important role in her journey of
exploring science and her future career. She also told us that we could ask her everything about
Geology that we were eager to know, and she would love to share the things she loves with us.
We are often taught by different teachers, by Dr. Tam’s passion for teaching awakens the parts

inside us that are so eager to learn more.

Geo-Science Ambassador is a program held by Dr. Tam that allows students to learn everything,
the only requirement is that they are interested in those topics. The program welcomes every
university student. The participants will tell Dr. Tam and her team a topic in Geology that they
are interested in, and she will give them the resources and skills to investigate the specific topics.
They can also ask her if they face any difficulties during the process, and she will try her best to
help them explore. She stressed that her reason for holding this program is that believes that the
biggest motivations for learning are passions and interests. She loves teaching students about
what they love. That is also one of the reasons why she volunteers to do this without credit. She
wishes this program could be opened to different students in different universities, she also looks
forward to holding similar programs targeting younger students, such as secondary and primary

schoolers.

As mentioned above, Dr. Tam is currently working on introducing VR to traditional classrooms
for teaching Geology. She explained the reason why she is doing that is because she wants to
make the learning more interesting and interactive. so that it is easier for the students to
understand the knowledge and they will be eager to learn more themselves, for example, the
chemical structure of rocks, which she thinks is difficult to make the students remember just by

simply talking about them according to the textbooks. By using VR, students can observe the

7
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molecules in different ways they want. Resulting in an effective learning experience, because a

good learning experience should come in two ways.

3.2. ‘Never Settle With the Current Knowledge’

At the end of the interview, Dr. Tam reminded us that critical thinking is very important, it is a
crucial value not only for scientists but also for students. People nowadays receive a lot of
information from their everyday lives. She teaches us that we cannot just simply believe
everything we are taught. We have to consider the authenticity of every single piece of
knowledge, even if they are told by our teachers and seniors. We can always discuss the topics
politely with our supporting facts. This is the value of scientific discussions and what makes
them attractive and fascinating. There is no guarantee to have an absolute right answer in every
discussion. Still, we should never give up on finding the truth, the path of scientific discoveries
will never end. However, we need to be aware of the sources of the information we find. Find
more reasons to support every theory, do not ever jump to conclusions without abundant

evidence for support.

3.3. Believe in yourself and seize the opportunities

In the interview, Dr. Tam kept mentioning her teacher, Dr. Zhao. She said that she was so lucky

that he saw her potential and gave her so many opportunities. The one she remembers the most is

8
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that after studying for a bachelor's degree for one and a half years, she started to study for a
master's degree. When she was studying for a master's degree, she was allowed to study for a
PhD before finishing the master's degree. It was a difficult path for someone like her to choose.
However, encouraged by her teacher, she decided to trust her ability and gave herself a try. This
is one of the reasons why she had such achievements at a young age. If she had never accepted
that opportunity, she would not have had that kind of achievement now. Therefore, seize every

opportunity, because you will never know what you will achieve.

3.4. ‘The world is gorgeous!’

Dr. Tam's research is mainly related to Metamorphic rock because she thinks they are so
beautiful. They have various forms, and she can always discern different minerals in them. She
shared something interesting about herself, which is her childhood dream. It was to become a
painter. It is due to the reason that She has always thought the world is so beautiful since she was
young, her passion is to depict the things she is delighted in. However, as she grew older, she
started to discover her passion for science. This changes a lot about her dream job. Then she met
Geology, which allowed her to explore this magnificent world she loves. One work that is
essential in every field trip is sketching the environment, and this suits her interest in drawing
perfectly, being the other reason that she chose Geology. This makes her keep doing the research,

to do something she enjoys, her passion.

4. Conclusion

It was our pleasure to have this wonderful opportunity to have an interview with Dr. Tam. We
have learned a lot from her. As mentioned before, her passion influenced us, it reminds us to
never give up or stop exploring the things that we love. Take Science as an example, the world of
science is wonderful, it is endless, infinite numbers of investigations can be carried out and

endless possibilities can be discovered. That is the beauty of Science studies.

9
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1. Introduction

Our team was honoured to conduct an interview with Professor Law Kam Tuen on the 15th of
March in his office at the Department of Physics of the Hong Kong University of Science and

Technology.

Professor Law shared with us his story, and along with it his valuable experiences and lessons
and the way to achieve success. Success, according to Professor Law, stems from pursuing goals
that align with both interests and skill sets. Besides, Professor Law also encouraged us to
actively seek opportunities from our school to enrich our experiences. His aspirations to
contribute to our society and our future greatly inspire us. In turn, we resolve to become

influential scientists like him.
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2. Brief Background of Professor Law Kam Tuen

Prof. Law Kam Tuen is a local scientist full of passion in physics, especially in quantum

mechanics, topological insulators, superconductors and condensed matter theory.

2003 Undergraduate study at Hong Kong University of Science and Technology

2008 Graduate studies at Brown University and received PhD

2008-2009 Joint postdoc fellow of HKUST-IAS and MIT

2009 Croucher Postdoc Fellow

2011 Professor of Hong Kong University of Science and Technology

During the past few years, Prof. Law has achieved several milestones across the globe. He
obtained numerous awards in his career. In 2008 he was granted the Anthony Houghton Award
for Excellence in Theoretical Physics; in 2014 he obtained the HKUST School of Science

Research Award. Professor Law is also one of the founding members and currently serving as the

President of the Hong Kong Young Academy of
Sciences. He is one of the Associate Dean of Science of

Hong Kong University of Science and Technology.
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3. Ising Superconductors

Professor Law has always been passionate about

different fields of physics. His work involves
fractional quantum Hall states, topological
insulators and topological superconductors.
Within these fields of research, one of his most

famous accomplishments is his groundbreaking

work on the Ising superconductors.

Superconductivity is a quantum phenomenon in which electrons form pairs and flow with zero
resistance. However, strong magnetic fields can break electron pairs and destroy
superconductivity. Professor Law led his team and gave an explanation to the complex
phenomenon of superconductivity that survives under strong magnetic fields, offering a
theoretical answer to an unsolved experimental observation by a group of scientists in the

Netherlands.

The scientist from the Netherlands discovered that superconductivity in thin films of MoS: could
withstand an applied magnetic field as strong as 37 Tesla. In response, Professor Law’s team
proposed that the lattice structure of MoS: thin films allows the moving electrons in the material
to experience strong internal magnetic fields of about 100 Tesla. This type of internal magnetic
field does not damage superconductivity, and protect the superconducting electron pairs from
being destroyed by external magnetic fields. They named this type of superconductors as “Ising
superconductors”. With this discovery, “we are now closer to the mass production of quantum

computers”, quote Professor Law.

sing-superconductivity

2023/240 000000 0000 (1850


https://hkust.edu.hk/news/research-and-innovation/hkust-theoretical-physicists-solve-puzzle-ising-superconductivity
https://hkust.edu.hk/news/research-and-innovation/hkust-theoretical-physicists-solve-puzzle-ising-superconductivity

4. From Secondary School to Scholarhood

A. Where the Journey Began

It is all about interest and curiosity that drives a person to dedicate most of his life to physics.
Professor Law loved physics and wanted to be a physicist since Form 2. He recalled reading the
book ‘God and the New Physics' by Paul Davies, which aroused Professor Law's interest in
quantum physics. He said that when he was reading the book, he couldn't fully comprehend the

content, but he was just curious about it back in those days.

Also, he emphasised that his secondary school provided him with lots of opportunities to learn
and explore his interests. “Experiences of participating in different competitions are important
sources of surfing your interests and talents. I found physics interesting because of having a

competition.” says Prof. Law.

Prof. Law also gained important
companions in his secondary school who
have accompanied him on his way of

becoming a physicist. “Encouragement

between peers is  essential  for
improvements and facing obstacles.”
Sometimes, we don't know how to

confront challenges ourselves, especially

for teenagers nowadays. Prof. Law

reminded us to always remember to
embrace adversity and communicate with
people around; and if problems are seemingly unresolvable, we should not be afraid to ask for

help.

[2]Picture credit: https://www.freepik.com/
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B. Where the journey is heading: “Religion” vs. “Science”

“When you further explore

science, you will discover a
miraculous relationship between
science and the profound truths
in religion, and you will believe

in God after years and years of

learning.” Prof. Law mentioned
the reason he became a
Christian. “If any constants in this world have slight adjustments, the world will not exist
anymore. Isn’t that thought-provoking? That’s why I became a Christian.” Besides, he shared
with us that when he is stressed in his daily life, he will pray to God with faith that He will guide

him to success. This motivated him to be a better person day by day.

Also, his faith in God helped him develop gratitude in his life. “When I wake up every day in the
morning, | am always thankful for living. This helps me to treasure the time and people around

me. It improves my motivation and also improves the interpersonal relationship.’

Most people think scientists do not believe in God because scientists are finding the truth of the
world rationally. “It’s common for them to think about that. Scientists have the determination to
find the profound truth of the universe, but their determination is unique. Everyone has their own
experiences and points of view on life. Therefore, it’s common for scientists to have different

beliefs on doing research. The same also applies to religious beliefs.”

[3]Picture credit:

5. Step-by-Step Guide to Become a Scientist
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A. Seeking for Passion, the Initial Ste

Passion is the interest in learning
new things. With passion, people
are willing to invest time and
energy in achieving more. It is an
important factor to help students
learn efficiently and determine

their success.

Professor Law used himself as an

example of why interest is

significant in studying science.
When we asked about his enthusiasm in physics, Professor Law highlighted a moment from the
past in which his dad cut off the power in their home to stop him from doing maths in the middle
of the night and force him to go to bed earlier. Finally Professor Law could only compromise
doing maths until midnight. Professor Law finds doing mathematics and physics as
entertainment; he never gets bored nor exhausted in them. And that's probably why Professor

ended up excelling in physics and maths.

[4]Picture credit:

https://onceuponawrittenword.wordpress.com/2018/02/19/the-metamorphosis-of-passion/

Cheung Sha Wan Catholic Secondary School | Interview with a Scientist - Professor Law Kam Tuen, Vic
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B. Aligning SKkills with Passions

“A clear mind knowing our competences and limitations on different areas of our interests gave
us an easier path in pursuing science. Our interests and competence may not always match with

each other, but they can be adjusted or trained.”

Recalling his memory, Professor Law believed that he lacked potential to be a mathematician
despite having decent maths scores. However, Professor Law also pointed out that competences
can be improved with the help of enthusiasm. His dedication towards being a physicist motivates
him to continuously improve his mathematical ability to meet the requirements of being a

physicist.

C. Seize your opportunities

“I was really lucky that I had a

10 favourable learning environment for me
| ) to develop my interests. However, it is
_q\/' still  necessary to seize  your

opportunities to achieve success.”
Professor Law encouraged us to
treasure our school life and participate

in as many extracurricular activities as

we can. This is needed for finding our

interests and talents to prepare for
serving our community and achieving your own ‘success’. That’s what Professor Law did in his

secondary school life and found that physics is his favourite subject and his life goal.

Picture Credit [4]:

https://www.shutterstock.com/zh/search/seize-opportunity?image type=vector
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6. Artificial Intelligence to a Physicist

Al undeniably speeds up scientific investigation. The finding or generating of results is faster
and more convenient. But on the other hand, as Al has developed rapidly in the following years,
Professor Law reminded us “You will either control the Al perfectly, or be totally controlled by

the Al in the future’.

Professor Law told us that he thought AI can help us in performing various types of
time-consuming work. When we are doing research and projects, Al would be a convenient tool
for us to find the things we need. However, Al can only be our tool and cannot help us to do
everything. Al has its limitations when compared with human brains. Professor Law believes

that in “no way they are replacing humans.” He explained this with three reasons:

=> Since its energy efficiency in terms of data management compared to our human brain, is

specially incomparable.

=> The impact of the human brain in terms of image recognition is much more powerful than

the results made by Al.

=> Once an important revolution occurs in human society, humans will manage to restore the

labour force into different positions and construct a new societal structure.

Al cannot think by itself, it only does the things we ordered them to do. We should know how to
use Al to help us in parts of our work, but not using it to help us complete the entire task.
Otherwise, we cannot learn from our work of scientific investigation or research, and may
become too reliant on Al to solve problems and become extremely unproductive. We can use Al,

but in a wise way.
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7. Epilogue

“Then you will know the €ruth, and the truth will sef you free.” John 8: 32

Professor Law uses this sentence to be his life motto. “At first, I thought the truth in the Bible
quote meant profound knowledge of science. However, after many years of being a scholar, I
discovered that ‘the truth’ is God. Everything is made by God and the world has an incredible
balance on everything, everything.” Finding the truth is the whole-life-goal for him. He
encouraged us to set our goals, and fulfil the three items to achieve the goals: interests, talents

and opportunities.

During the amazing interview, we learnt the life philosophy of Professor Law: finding purpose in
life. He found that he was interested in physics in form 2, and settled that as his career goal. He
emphasised the importance of having a goal because man needs a driving force to improve, and
subsequently contribute to society with that accomplishment. The definitive goal of being a
physicist during his teenage years is one of the main reasons of his success. Therefore, we need

to find the right path of our life and find our own life goal, and to reach our own ‘success’.

Professor Law also emphasised the importance of being thankful. “Not to blame God and accuse
others but to be grateful for everything.” We think that is the main reason why Professor Law has
a successful career. His gratitude makes him treasure everything around him. He can make use of
all resources near himself and seek help from others. If we have no gratitude, we will start
blaming other and be blind to our own shortcomings. Discovering our own weaknesses is the
point of self-improvement. Also, appreciating others can develop better relationships between

others. Hence, being grateful can guide us on our righteous path to seek our own success.

2023/240000000 (0000 (1910



8. Conclusion

In conclusion, we gained valuable knowledge and insights during the interview. For example, we
should first identify our own interests. Moreover, if we want to be successful in an aspect, we
have to grasp the chance nearby. Professor Law’s point of view of life philosophy inspired us a
lot. For instance, he does not only think about things in terms of physics, but also in terms of
religion. Once and for all, Dr Law lets us know many things not about academics, but about life

and attitude. We all feel thankful to have such a meaningful talk with Professor Law.
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Introduction

We were very honoured to have the opportunity to interview Professor Che, a world class scientist
with many achievements and awards. We were delighted to have the opportunity to learn from his
experiences. He has given us tricks and tips of becoming a successful scientist, while teaching us to
step in his own shoes by telling us the mindset that he has been using over the years, letting us know
the power of unleashing our true potentials and unshackling the restraints on our creativity. He even
shared with us his previous research, experiences and what to look forward to in the future.

During the interview, Professor Che shared with us that he aims to fulfil his responsibilities of being a
chemist, by creating solutions that would solve global problems effectively. While having this long-
term goal, he thrives to keep a ‘no limits to interests’ attitude. Professor Che indeed started his career
by washing glassware and chemical bottles in the laboratory, which eventually led him into this
scientist position that he is at right now.

Biography

Professor Chi-Ming Che is the Head of Chemistry at University of
Hong Kong, a professional scientist and chemist. Born in 1957,
Professor Che has developed an interest in Science and Maths. He has
proudly won more than twenty awards and honours in his career as a
scientist. During 1983 to 1993, he had his first ‘golden period’ in which
he was actively involved in multiple research projects representing
Hong Kong and China at a young age. He was almost the youngest
professor in Hong Kong when he started his career in 1992.

Professor Che has received numerous awards, honours and titles for his outstanding achievements and
contributions in the field of natural chemistry over the years. He was elected as a Fellow of the
Academy of Sciences for the Developing World (TWAS) and a Foreign Associate (International
Member) of National Academy of Sciences, USA in 2013 and served as Davison Lecturer at
Massachusetts Institute of Technology. In the same year, he was awarded the Centenary Prize of the
Royal Society of Chemistry to recognize his remarkable achievements in research areas in the
chemistry discipline and contribution to the innovation and technology community. He also received
First Prize of Shenzhen Natural Science Award in 2019 and Luigi Sacconi Medal in 2020. He has
contributed a lot in inorganic and organometallic synthesis, and done a lot of bioinorganic chemistry
research.
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Research Interest

Being one of the most renowned chemists in Hong Kong, continuing his studies in physics and
chemistry in his school days, Professor Che’s research covers areas from inorganic chemistry in
material science to catalysis and medicine. In the early days of his career, he pioneered the
development of the Ru-OXO system, opening up massive opportunities for efficient catalytic oxidation
processes. He also successfully developed practical tetradentate platinum(Il) and gold(l11) as well as
the chemistry of d8 and d10 metal complexes.

Having had forty years of research, he wishes to develop medicine to treat drug-resistant cancer cells.
With that in mind he has set out to develop new targeted drugs that can prolong life and cure patients,
leading a group of scientists from the University of Hong Kong to develop the right drug candidates
to remove cancer stem cells to prevent its recurrence. Below mentioned are Professor Che’s research
projects and research areas, all related to material science, photochemistry and biomedical science.
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His Road to Success

How he began his journey

It all began in the summer of 1977, he started participating in
chemistry research as a chemistry student. However, the first
thing he did when he finally joined the laboratory was
cleaning up glassware, preparing experiments, tools and
materials for senior students to use. In the final year of
university, he decided to take on a graduate research project.
From then, he has developed a habit of going to the laboratory
seven days a week, rain or shine.

Besides Chemistry, he is also interested in other subjects like
Mathematics, Chinese Literature and Arts. He told us his most
memorable time was those years around 1983-1993 (his first
‘golden period’), where he worked with his students to do
what he was interested in and was able to earn reasonably for
a living.

The power of habits

“Do what you like, make it a habit, success isn’t the main thing to aim at.”

Everyone has heard of the saying “fall in love
with the process and the results will come”,
yet never have | seen it in action. Professor
Che is the living epitome of this quote. Many
people would think that success requires a lot
of motivation, expectations, and patience.

Yet what he taught us was aiming for our
goals instead of success, turning things like
going to work into habits. He mentions how
he goes to the lab every single day, regardless
of what everyone else thinks.

The point is to have consistency throughout the years so that we can actually make an impact on the
world, having sudden spurs of motivation, energy and inspiration isn’t fuel in the long run. Little habits
can accumulate and grow, conquering what seems impossible into bitesize challenges for everyday

life.
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The world on his shoulders

“The mindset of not focusing too much on success or failure is what will lead you to it.”

He shared with us different parts of his life, the ‘golden periods’, and even the periods of life that he
mentioned were quite slow and lost. Even if we tried our best to minimise the “downs” of our life, it
was still bound to happen.

What made these parts of his life so different was how he felt and his mindset. In his early years of his
career, he felt free and confident, using all of his creativity and effort, he focused on doing what he
loved, marking his first successful years. Yet years after he had become famous, he felt like he was
stuck in a rut, he didn’t know what the next breakthrough would be, nor how to shatter down the walls
of obstacles. He was racking his brain, not knowing why he was stuck.

“Now!” he said, “it’s my second golden period”, with an exciting tone towards the end of the interview.
Perhaps nothing has really changed, his determination, his smartness and his personality are always
there. Perhaps he has made up his mind to work on several new research and attempts — be it related
to his hobby or the responsibility as a scientist. We can feel the excitement in his shining eyes when
he mentioned about doing experiments in the laboratories. Professor Che also invited us to visit his lab
some time later and he would able to share his findings with us there.
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Fundamental Attributes of an Outstanding Scientist

Curiosity in seeking for the answer

“You need to have the curiosity to follow your hobby.”

If knowledge is power, then curiosity is muscle. In order to gain and apply the knowledge, we must
first train our curiosity. Just as what Professor Che said, we need to have curiosity to follow our
passions and our interests; it might not be something you can achieve, but with curiosity, you can work
towards it. Curiosity helps motivate us and ignite our interest to achieve impossibilities. It is one of
the most fundamental aspects in becoming a scientist!

Asking ourselves questions about the things we find quirky, for example how a tadpole turns into a
frog, may lead to the interpretation of weird and completely irrational explanations for these
observations. But it is those kinds of crazy theories that lead to some of the most significant scientific
discoveries in history. Curiosity is what fuels scientists to work, they are the basis for making theories
and scientific discoveries. Without it, Issac Newton might have never discovered gravity or Alexander
Fleming might have never invented penicillin.

Confidence and perseverance are key to success

"FREZHIEHE, “Don’t belittle yourself.”

Professor Che believes that ‘genius’ like Einstein exists, S0 everyone has the potential to become such
a genius. “It is just you may not want to be a ‘genius’, not that you can’t.” Athletes can win gold medals
because they have strong fighting spirit and determination. So why can’t scientists? He encourages his
students to motivate themselves through setting a goal of ‘not being inferior’. He once told his students,
they should respect their supervisors but not necessarily follow them blindly because supervisors could
make mistakes too and they should have the ability to work independently with confidence. Professor
Che wanted to tell us one thing — ““You can do something as long as you want to do it. Don’t make
excuses for yourself.”

Nearly every year his students might ask him about whether studying chemistry is promising or not.
He replied, “If the future of a chemist is bleak, you wouldn’t choose to come here. The question is
whether you choose to come here or not, so you have to believe in yourself.” It’s not certain whether
being a researcher or a scientist is their ideal career. Everyone has different interests and hobbies, but
if they work hard, they will achieve results.

He said there are three kinds of people, the first kind is a genius with high 1Q, the second kind with a
relatively low 1Q, but very few of both. The third kind, where most people are, is in the middle with
similar 1Qs, but very few can concentrate on doing one or two things very well. Professor Che has
been keeping a habit of going to the lab every day whenever he is free since 1977, and he believes this
is one of the important keys to accomplish his goal. He believes that as long as you are willing to work
conscientiously and keep doing it, you will definitely achieve what you want.
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Reflection

After meeting Professor Che, he has changed some of our
understanding as a scientist. We used to wonder why
scientists could keep staying in labs for so long and
continuously do experiments, even when the results
weren’t certain. Professor Che has greatly inspired us, he
taught us how to “fall in love’ with the process, and how
to stay by science’s side.

We also come to realize that perseverance or wisdom
alone couldn’t make a scientist succeed by itself. As a
scientist, one can easily get extra pressure as people
around you might expect you to be smart and the
experiment would go as planned, but Professor Che
works in his own pace — following either his hobby or
responsibility, stays strong, continuing his research. To
achieve our goals, we need a perfect mix of perseverance
and wisdom. In our reflection, it is just like the product of
our project, which needs the correct amount of water and
rocks to make the perfect concrete.

One of the takeaways we gained from Professor Che was to never have over expectation on the
(experimental) results. As a scientist, it isn’t possible to be able to predict the most accurate results and
most of the time, things won’t always go as planned. Setbacks and failures are inevitable, we often
face them, so we have to learn to accept them. If you weren’t able to reach your goal or get the results
you predicted and considered that as failure, you’ll never be able to obtain what you want. Therefore,
we should embrace failure and setbacks in the process, and in that way, we will be able to conquer
life’s ups and downs with ease!
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