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My name is Chin-chia Hsu. | love singing and join the choir both in junior and
senior high school. Since elementary school, | have participated in math competitions
home and abroad. | have been invited to attend American Regions Mathematics League
and was awarded the Team Winner Prize. | have also acquired the third Award in the

2009 National Mathematics Proficiency Competition.

| have a great interest in natural science. | love understanding the basic
characteristics and theorem of everything. | began to do research in gt grade. During
the experiments, | tried to find solutions to difficulties and draw conclusions based on
the figures gained from the experiments. My enthusiasm for scientific research

deepened as | learned the essence of doing research.

| enjoy exploring the unknown. I don’t like to simply accept all knowledge from
books. | enjoy discovering and solving problems. | love the satisfaction of completing a
report. That is happiness beyond words. | hope to improve myself and broaden my

horizons by participating in this International Science Fair. Thank you.
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My name is SHOU-EN CHENG. | am a now 11" grader. | am also in the class of

gifted youth in Physics of National Taiwan University.

Although | skipped a grade from 5" to 7", younger than all the classmates, | am
rational, aggressive, and responsible, and I can get along well with people around and
deal with pressure. My hobbies are playing sports and singing; at present, | am a choir

member both in my school and in church.

| enjoy learning. | am devoted to pursuing self-fulfillment and hope not only to
cultivate an attitude of seeking truth and knowledge but also to establish a solid

foundation of scientific research. Thank you.
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Abstract

Titanium dioxide is the commonest photocatalyst. Although there are many ways
to synthesize photocatalyst, how to enhance the amount and improve the decomposition
efficiency of dyes remains a popular topic both in academic community and business

field.

In this study, an easy and rapid method for the preparation of TiO, nanoparticles
was created; by using chitin as a new protecting agent was proposed, by controlling the
pH of the solution at 7 and by optimizing the experimental parameters. The reaction
order methylene blue decomposition is first order. The half lifetime of methylene blue

solution is between 2.9-7.0 minutes, much faster than most paper reported.

Besides, in the experiments which chitin is not calcinated, we found that
methylene blue molecules can be adsorbed on the particles, but the dyes are not
decomposed. However, nanoparticles can’t completely disperse during calcinating. To
solve this problem, we use zeolite as the crystal seeds when precipitation occur. Zeolite
can adsorb many organic materials, and it is a aluminosilicate minerals containing many
microporous/mesoporous structures which contributes to the result that nanoparticles
can easily disperse on its surface instead of gathering in groups. In the decomposition
experiment, we discover that TiO,/SnO, combines with zeolite can dramastically

enhance the effeciency—decompose half of methylene blue in just one minute.

The experiment provided an easy and rapid method for the preparation of TiO,
nanoparticles. We believe that this method can be extended to the treatment of other
pollution residues. Thus the problem of the environmental pollution can be feasibly

solved.
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Free Radical Half-Life at 37C

Radical Symbol Half-Life Time
Hydroxyl ‘OH one nanosecond
Singlet Oxygen O, one microsecond
Superoxide Oy one microsecond
Alkoxyl oL one microsecond
Peroxyl LOO ten milliseconds
Nitric Oxide NO few seconds

Free Radical Half-Life at 37°C

Radical Symbol Half-Life Time
Hydroxyl ‘OH one nanosecond
Singlet Oxygen O, one microsecond
Superoxide Oy one microsecond
Alkoxyl oL one microsecond
Peroxyl LOO ten milliseconds
Nitric Oxide NO few seconds
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ﬂu-
=

()11 BET A 454 3 & ~ TiOy+Sn0, 3 # 3 #echd & ff o

S kAR E 2 &3 FFH

-

PlED B P25 kg4 ~ TiO+Sn0, 2 K 4k % TiO,+Sn0, 2 F $pfe

Y F 13 IR IR ELL R P

Aol LOX107M endz @ F4 % £ 478 3 2.0x10°M » 2 UV
19 ¥4 % f WL SCAN

'

L3-8 0.05gP25 kjfurE >t A ? o A B4~ 8mL >
2.0x10™°M L9 ERR

‘

Bk Bl - BEEFERIB A NIRRT o
oo o B E P R R A KRR AT H SR

¢

se vt TIO#+SN0, % # A2 TiOf+SN0, 2 Ao tt & 4 3
éﬁ?iﬁ_%.} 3&*55‘? ’ ﬁ-f:"ﬂé“tﬁ*a:
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DA F b Bk E 129 %

L= 0.110 g P25 £ ff 4% »+ 250 mL “&47 # > 4c » 17.6 mL~
2.0x10°M ; ® 3%

'

PR bk s Bpp - BUPRERBSJUMEAT N 0% o oo B i
Begies B bR R A Sk sk B3R A 47 H s B (ABS)

!

20 TiOp+SN02 3 F #E#% TiO+Sn0, 3 A 3 is & 4+ & &
ER I TR %

R FL ok o7 igﬁ—l
iz | R ﬁFﬁ;’g{” m Al BER f%f iR AR M
B (K) (gknﬁ) (cm) (atm) (g; (cm®)

Ohrs | 295 1.045 | 0.15 |0.00015165| 1.021 96 1696411.7
24hrs | 295 1.045 | 0.20 [0.00020221| 0.831 96 1035121.8
48hrs | 295 1.045 | 0.80 |0.00080882| 0.854 96 266091.0
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BN AR X K]

10.0kV %5000

NCKU S 10.0kV  X30,000 100nm
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2.Tipp+SN0O, 2 3+

NCKU SEl 100KV X10000 Tum SEI 100KV X50,000 100nm WD

B 13 24hrs chitin 100°C &3z
d B 13+ "é A A ’?’rnpa.,; WA T R TIO 2 f k3 & F3hH

B %7 e B A TiOp o B 6 K 4 % 2 R 4 o S22 15 400°C
BAEESFL BT T RFHITIO R o AeF 57 ok o

NCKU SE 100kV  X50,000 100nm WD 9.0mm NCKU SEI 100kV  X10000 1um

B 14  24hrs chitin & 2hrs

NCKU S| 10.0kv  X10,000 Tpym NCKU SEI 100KV X50000 100nm WD 89mm

B] 15  24hrs chitin “& 6hrs

22



NCKU = 100KV X10,000 Tnm WD 88mm SEI 10.0kV  X50,000 100nm WD 8.8mm

Bl 16  48hrs chitin & 2hrs
B 14~16 &7 & f2 24 % 48hrs ch % 7 B4t TiO, ehA §03n % 245 > 4 2 ¢h
TiO e+ /[ $54 10nm 2% > 2 B2 A F BB - 42> @ TIO &z iR 3 i
AN T A EREEREEEAAFE ) RSP RE RS ART

F TS FO BTG ML K YT R F Rk

NCKU SE 10.0kV  X50,000 100nm WD 8.7mm

NCKU SEI 10.0kvV  X10,000 Tum WD 8.7mm

B 17  14days chitin & 2hrs

A NaOH ¥ -k f2fx 4 #T @ Flen ~ Bagens 3 B2 5 0 &% 3 A $¢ TiO,
B o RCHR A Bk L P AT

3.4 F & 3 & TiO+Sn0O, & P25

P25 i 4

WA o -F i+ Ti02+Sn02 4% 5K Mk

10.0kY X30,000 100nm WD 8.2mm 10.0kY 20,000 1um WD 8. 1mm
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El 100KV X10000 T.m WD 9.0mm s 10.0kV 000 100nm WD 9.0mm

. g
3

NCKU $ 100V X50,000 100nm 9.0mm SEI 10.0kV X50,000 100nm WD 85mm

100KV X10,000 m_ WD85mm 5 100KV X50000 100nm WD 85mm

10.0kV  X10,000 WD 8.5mm

24



7 “BET Rl &%

Sample BET surface area (m?/g)
24hrs Chitin &% 2hrs 44.4
24hrs Chitin &% 6hrs 60.8
24hrs Chitin £ 100°C 24hrs 70.6

VAR E RS L S Ak ARG BEPFRRA G R S 4
oM L ST TR AR RRSAARITER N K R

-

S g P AT R

Sample BET surface area (m?/g)
48hrs Chitin+2.0g Zeolite 50.3
Chitin 7g & % 10hrs 77.4

A R ERBREESE

1.3; ® g« Wavelength Scan & %

Abs
1.0

0.9 ~
0.8
0.7
0.6
0.5
04 -
0.3 -
0.2
0.1 - 4]
0.0 —==

nm
400 500 600 700

Bl 18 Iy 7 g = Wavelength Scan

B 663.5nNm A Bk koo o o pt R R RGPl I T FeTiE o A

BER -
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2.5 7 Eei g A ic

concentration(x10°M) ABS
2.000 1.162 MIEBES 05710039
1.000 0.638 1200 =099
0.500 0.321 3 0.900
0.250 0.180 2 o0
0.125 0.109 0300
0063 0068 w 0 0.5 1 1.5 2
0.031 0.043 _ .
0.016 0.037 concentration(x10~M)

BREA L ERR R LR 005~1.20 0 Tk 0.04~2.00 (x10°M) %

P2 845 4 Beer'slaw » & % X g3y ? ER kR o
3.TiOy/SN0O; % F #F ek % 129 2%

D% £ARFR
Fowitr UV EE A 3120 /P
Bk B ABS @ 0.969
PR L 6hrs
159 %~ ¥

Time(min)  ABS Tyﬁ‘?ﬁ}:

0 0.969  100.00%

1 0.858  72.07%

2 0.803  67.25% 100% ¢

3 0.750  62.61% o

4 0.649  53.77% g: w1y )

5 0.795  66.55% U, .

10 0599  49.39% 0% | .
o ose 61| T, oo Lo
30 0510  41.59% B

60 0.285  21.89%

26



3.09 &7 7

Time(min)  ABS
0 0.969

1 0.691

2 0.677

3 0.674

4 0.681

5 0.601
10 0.597
20 0.595
30 0.563
60 0.315

509 7 7

Time(min)  ABS
0 0.969

1 0.519

2 0.533

3 0.568

4 0.522

5 0.439

10 0.386
20 0.403
30 0.333
60 0.105

100.00%
57.44%
56.22%
55.95%
56.57%
49.56%
49.21%
49.04%
46.23%
24.52%

46.67%
42.64%
35.38%
30.74%
32.22%
26.09%
6.13%

100%

80%

B 0% [aee
B * o . °
g 40% |
209 t ¢
0% :
0 10 20 0 40 50 60
TIME(min)
100% ¢
80%
% 60%
Rl o
g a0% (e,
N7 ‘ ’ ‘
20%
g

0%

20 30 40 50
TIME(min)

60

27




7.09 A7 F

Time(min)  ABS Tﬁ%‘?’f F

0 0.969  100.00%

1 0.530 43.35%

2 0.510 41.59% 100% ¢

3 0.559 45.88% 80% |

4 0.586 48.25% oo .

5 039  31.61% BN

10 0.349 27.50% 0% * .
20 0.343 26.97% " 0 1.0 2.o 3.0 4.0 5.0 6.()
30 0.256 19.35% TIME(min)

60 0.208 15.15%

1059 %7 ¥

Time(min)  ABS 73‘?{3«

0 0.969  100.00%

1 0.674  55.95%

2 0.664  55.08% o

3 0.688  57.18% o |

4 0.616 50.88% W60 -,,: . .

5 0.789  66.02% g oo .

10 0.650  53.85% 2% | *
20 0651 5394% " 0 10 20 30 40 50 60
30 0370  29.33% B

60 0298  23.03%
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af e %% 50709 B7 ks R it > APERERESERE 2hrs >
Ahrs 13k *f fE s %
B4k B ABS : 0.969

LR L 4hrs

5.09 A7 F

Time(min)  ABS T]%‘F-]ﬂ*

0.871 100.00%

1 0.387 30.82%
2 0.276 21.10%
3 0.292 22.50% )
4 0.277 21.19% ol i
5 0201  14.54% S
10 0.131 8.41% i s, o,
20 0.136 8.84% 0 10 2 30 4 S0 &
30 0.088 4.64% e

60 0.069 2.98%

709 A7 F

Time(min)  ABS 72.%‘?.]{3&:

0 0.871  100.00%
1 0.409 32.75%

2 0.401 32.05%

3 0.425 34.15% & T
4

5

100% ¢

80% |

0.392 31.26% Ba A0% t
0.360 28.46% 0% L .« ®
10 0.384 30.56% . . . . . . .
20 0.264 20.05% 0 10 2 30 4 50 60
30 0.290 22.33% TIME(min)

60 0.115 7.01%
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B4k B ABS :0.969

MR 2hrs

5.09 A7 F

Time(min)

70987 F

Time(min)

ABS

0.969
0.512
0.531
0.468
0.459
0.429
0.407
0.339
0.319
0.171

ABS

0.969
0.492
0.465
0.428
0.335
0.406
0.339
0.323
0.284
0.140

100.00%
41.77%
43.43%
37.92%
37.13%
34.50%
32.57%
26.62%
24.87%
11.91%

100.00%
40.02%
37.65%
34.41%
26.27%
32.49%
26.62%
25.22%
21.80%

9.19%

100% ¢
80%

% 60% t

20%

0%

20 30 40 50
TIME(min)

60

100% 4

80% F
% 60% f
g 40% f

20%

3

0%

20 30 40 50
TIME(min)

60

30




(2Q)4+=x F s B ek s f329 %

a. el A A fRAT R HE R R B R

48hrs 247 ¥ 14days #%7 &

Time(min)  ABS B EF Time(min)  ABS B
0 1.205  100.00% 0 1.205  100.00%
1 0975  82.25% 1 0.957  80.68%
2 0.860  72.19% 2 0.866  72.71%
3 0.792  66.23% 3 0.817  68.42%
5 0.657  54.42% 5 0.719  59.85%
10 0463  37.44% 10 0528  43.13%
15 0.315  24.49% 15 0.378  30.00%
20 0.180  12.67% 20 0.276  21.07%

TR

Time(min)  ABS B
0 1.205  100.00%
1 1.015  85.75% .
2 0.987  83.30% s o
3 1.029  86.98% koo e
5 0.994  8391% [* e
10 0.991  83.65% -
15 0.996  84.09% o e
20 1.021  86.28%

Ko RfR2 X A E X kPR A 20 A48T T FA T S W 14.94% s

A fE 14 = A0 R e 22.90% % fE ok i o
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bt F s BIEALE S 2 R PR (48hrs & ek 2hrs)

JELE Orpm fEiE 100rpm

Time(min) ABS  3RF Time(min) ABS R
0 1.205 100.00% 0 1.205 100.00%
1 0.806 67.46% 1 0.720 59.93%
2 0.738 61.51% 2 0.650 53.81%
3 0.595 48.99% 3 0.530 43.30%
5 0.575 47.24% 5 0.419 33.59%
10 0.285 21.86% 10 0.175 12.24%
15 0.183 12.94% 15 0.089 4.71%
20 0.124  7.77% 20 0.067 2.78%

fEEH 400rpm

Time(min) ABS  R&¥{
0 1.205 100.00%
1 0.594 48.91% 100% 7
2 0.528 43.13% wer * Opm
3 0.439 35.34% i * 100mm
5 0.346  27.20% Eanp T 0o
10 0.166 11.45% 0% | .
15 0.078 3.75% 0%
20 0.077  3.66% L e

LUED ABAT AN 477296 34779 ~ 28719634 E F G 1k 0 A 2

FF AP ALY FOR e T LR il ST -
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C.o 4B & $1°% f2: B R (48hrs B 7 &% 2hrs)

0.055g 0.110g
Time(min) ABS R&¥&F Time(min) ABS ¥/
0 1.205 100.00% 0 1.205 100.00%
1 0.838 70.26% 1 0.695 57.75%
2 0.773  64.57% 2 0.578 47.51%
3 0.698 58.01% 3 0.506 41.20%
5 0.655 54.24% 5 0.406 32.45%
10 0474 38.40% 10 0180 12.67%
15 0283 21.69% 15 0.098 5.50%
20 0156 10.57% 20 0055 1.73%
0.220g
Time(min)  ABS SENES
0 1.205  100.00%
1 0571  46.89% N
2 0.4890  39.72% o
3 0398  31.75% - A
5 0292  22.48% L S
10 0141  9.26% —
15 0075  3.48% Co e
20 0113  6.81%

L5 AT AN 5 54.3695 ~ 33.699 ~ 24.23% > K FHLE B b
BidopE o ARkt > R H T EAfESF A K o
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dAZH Ak R T HE R R R (48hrs B B & 2hrs)

48hrs 48hrs+?§§% WES
Time(min)  ABS B Time(min)  ABS SR
0 1.205 100.00% 0 1.205 100.00%
1 0.775 64.75% 1 0.643 53.19%
2 0.678 56.26% 2 0.524 42.78%
3 0.578 47.51% 3 0.436 35.08%
5 0.428 34.38% 5 0.361 28.51%
10 0.225 16.61% 10 0.179 12.59%
15 0.126 7.95% 15 0.094 5.15%
20 0.091 4.88% 20 0.084 4.27%
100% %
80% B _5_48hrs
Tp*_fl 60% r
E?z_ 0% 4%hI'S+’
’ S
20% r
0%
0 5 10 15 20
TIME(min)

SEATS A RT DR KT L kA ok R AT ART T

3 e o
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0.7 I 2 f 455 S B

P25 48hrs 247 ¥

Time(min) ABS W=k Time(min)  ABS B F
0 1.205 100.00% 0 1.205 100.00°/c
1 0.651 53.89% 1 0.988 81.99%
2 0.392 31.23% 2 1.018 84.48%
3 0-‘7‘15 33-24(‘;" 3 1.001  83.07%
SoMe T s o maw
5 0423 3304% 10 0862  71.54%
20 0354 27.90% 15 1.013  84.07%

20 0919  76.27%

24hrs %% T 24hrs 100°C 4t iz

Time(min)  ABS 1:7"} Pl B O R
0 1.205 100009& .
1 0103  5.93% 0% e
2 0101  576% | %[ " it
3 0093  506% | | T e
5 0093  5.06% 0%0"'; — %
10 0051  1.38% |
15 0039  0.33% i
20 0100  5.67%

12 100°C *#-5z ;\-{;%;@g%fi BRSO AR FEEL T TE R Bk anx
Yo B (- )j; LB T (R B 1S B fg IRz kS KEp P ek ;‘;Elif'::? (4 B
19) 7 LG 0 R F Rua ARA fRo i (7 P25 S fRF PEE TR P25 £ 16 fm

PR A R P25 R 2K ERREEE B

Bl 19 sy 0 Eigend o o
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fOR R ¥ E f2:8 B R 8 (48hrs A

10°C
Time(min)  ABS
0 0.995
1 0.351
2 0.281
3 0.188
5 0.144
8 0.131
10 0.117
22°C
Time(min) ABS
0 0.995
1 0.352
2 0.254
3 0.190
5 0.182
8 0.117
10 0.117
ER
10°C
Time(min)  ABS
0 0.995
1 0.639
2 0.551
3 0.537
5 0.445
8 0.414
10 0.403
22°C
Time(min)  ABS
0 0.995
1 0.659
2 0.616
3 0.582
5 0.563
8 0.550
10 0524

B
100.00%
31.46%
24.66%
15.62%
11.34%
10.08%
8.72%

‘SJJ}
100.00%
31.56%
22.04%
15.81%
15.04%
8.72%
8.72%

R

100.00%
59.46%
50.90%
49.54%
40.60%
37.59%
36.52%

T
100.00%
61.40%
57.22%
53.92%
52.07%
50.81%
48.28%

36

B 2hrs)

100%
80%
60%
40%
20%
0%
0 2 8 10

TIME(min)

#®

100%
80%
60%
40%
20%
0%

0 2 8

10

TIME(min)

G

100%

TIME(min)

R

100%
80%
60% .
40% o
20%
0%
0 2

4 6 8 10
TIME(min)




%

f

FP A R RRMEL T o qRPECERS BTG BT

T i

d
v EA

o

0. A Sk o f2iE R

Time(min) ABS  R&¥F o
0 0.995  100.00%
1 0375 33.80% | . |
2 0329  29.33% wl
3 0279  24.47% i ‘
5 0280  24.56% o et
7 0271  23.69%
10 0262  22.81%
@)%+ £ 54
a. 2 ) A fRAL R chids 4 B hiF %
48hrs 14 days
Time(min) % (M) In[C] Time(min) &% (M) In[C]
0 2.048  -10.820 0 2.048  -10.820
1 1645  -11.015 1 1614  -11.035
2 1444 -11.146 2 1454  -11.138
3 1325  -11.232 3 1368 -11.199
5 1.088  -11.428 5 1197  -11.333
10 0.749 10 0.863
15 0.490 15 0.600
20 0.253 20 0.421
-10.0
105 F : 2 . ! ) y:fo.1§2r§-10.870
= 10 \ - ldays
s y =-0.096 x - 10.894
-115
-120 -
TIME(min)
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b= £ s B4 5

fELEN Orpm
Time(min) &% (M)
0 2.048
1 1.349
2 1.230
3 0.980
5 0.945
10 0.437
15 0.259
20 0.155
fEiy 400rpm
Time(min) &% (M)
0 2.048
1 0.978
2 0.863
3 0.707
5 0.544
10 0.229
15 0.075
20 0.073

s 4§ nfEsd (48hrs B B &% 2hrs)

In[C]
-10.820
-11.213
-11.306
-11.533
-11.570

In[C]
-10.820
-11.535
-11.661
-11.860
12,122

fE5 100rpm
Time(min) &% (M) In[C]
2.048 -10.820
1 1.199 -11.332
2 1.076 -11.440
3 0.866 -11.657
5 0.672 -11.911
10 0.245
15 0.094
20 0.056
-100 : « Opm
1 2 3 4 5

-105

=110
-11.5

-120

TIME(min)

y=-0.142 x - 10.976]
* 100rpm

y=-0.202 x - 10.988
400rpm

y=-0.233x - 11.086)

ML EERGp R EEHPEFERF TR FITNEROR, 0 Bor

L OEAEF sl - o

C
——In—=
C

dc
rdye_ _E B

0

kC'

kt

# & % ¥ Mahmoodi >+ 2006 # #7118 & % 4p % > #&:# 100rpm =k & v

Orpm &3 4v 7 41% > d&:¢ 400rpm R 3 4c 7 63% o



C.ok fH 45| & s 4 F cnff st (48hrs A~ B &% 2hrs)

0.055g 0.110g
Time(min) &% (M)  In[C] Time(min) &% M)  In[C]
0 2.048 -10.796 0 2.048 -10.796

1.405 -11.173 1.155 -11.369

1 1

2 1.291 -11.257 2 0.950 -11.564
3 1.160 -11.364 3 0.824 -11.706
5 5

1.085  -11.431 0649  -11.945

10 0.768 10 0.253
15 0.434 15 0.110
20 0.211 20 0.035

0.220g

Time(min) & M) In[C]
0 2.048  -10.796 o —_—
1 0938 11577 | 1S
2 0.794  -11.743 | o110
3 0635 -11.967 |2 \ 12020611027
5 0450 -12313 | s \ o2
10 0185 o L . y=-0271x-11.089
15 0070 TIME(min)
20 0.136

WA AR SE NI EREL Y ERFRE N RS E f 5 21 fit

Mkenk Ex g+ 002209 2 oF A sk T iR W #¥_0.110g & & 1
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dAgf R hds 4 Fendfsd (48hrs B FF ek 2hrs)

48hrs A8hrs+&] P EEly
Time(min) &34 (M)  In[C] Time(min) &34 (M)  In[C]
0 2.048  -10.820 0 2.048  -10.820
1 1.295 -11.254 1 1.064 -11.451
2 1.125  -11.395 2 0.856  -11.669
3 0.950 -11.564 3 0.702  -11.867
5 0.688  -11.888 5 0.570  -12.075
10 0.332 10 0.252
15 0.159 15 0.103
20 0.098 20 0.085
-100
1 2 3 4 5
2105 * 48hrs
g | y=-0.199 x - 10.946
S 110 L 48hrs+
G
y=-0.231x-11.067
115}

-120 ¢

TIME(min)

EEART AR 0 2 AR EEE R X F B 4T 16% 0 A

TARFAEBRTFEBNL? FRas R o
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PR Py

(1)48hrs A= B 7 48 je o + & '&% 2hrs
a.k "% f2 9 %

Time(min)
0

oo 01T W N -

10

. iR &

Time(min)
0

o U1 W N

10

=T (M)
100.00%
56.35%
37.88%
38.37%
32.24%
21.94%
12.22%

R
100.00%
68.89%
59.46%
58.49%
60.24%
51.20%

42.16%

C.k *% fiZig

Time(min) R(M/min)

0

o U1 W N

0.251
0.181
-0.029
0.079
0.008
0.007

100%

80%

60% r

[

il 40% r
20%
0%
0 2 4 6 8 10
TIME(min)
100%
80%
s 60%
ol
9
fr-i 40%
20%
0%
0 2 4 6 8 10
TIME(min)
0.30
0.24
2 08
£
= 012
7
0.06
0.00 —
0 2 4 6 8 10
TIME(min)
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(2)48hrs A= Bz 059 # 48+t 10 0 1 & 3 & 2hrs
a. k"% f2 P %

Time(min)
0

o o1 W N

10

b.e s F 2%

Time(min)
0

o O1T W N

Time(min) R(M/min)

0

o O W N -

100.00%
34.67%
21.16%
19.12%
15.62%
11.25%

8.43%

100.00%
23.69%
23.20%
19.90%
23.59%
20.19%

20.38%

C.5% "% 7 &

-0.220
0.260
-0.025
0.072
0.006
0.030

100%

80%

60%

B
i 40%
20%
0%
2 4 6 10
TIME(min)
100% 1§
80%
%L 60%
&L
& 40%
20%
0%
2 4 6 10
TIME(min)
0.30
024
= 0.18
£
s on
~
0.06
0.00
0 2 4 6 10
TIME(min)
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(3)48hrs A~ Hrizse 209 # 48+ 10 1 1 &~ 3 & &% 2hrs
}:

a.k'f 29 %

Time(min) JEF/E e
0  100.00%
1 23.49% £
2 22.62% e
3 21.65% w0
5 22.13% C
8 15.23% TIME(min)
10 9.59%
b.e v %
Time(min) JEF/ s
0 100.00% w
1 45.56% o
2 43.42% Ej o
3 43.71% -
5 39.34% 0%
8 37.39% 4Hmmm6 10
10 34.57%
C.% 7k fRiE
Time(min) R(M/min) 050
0 0.441 040
1 '0025 E 0.30
2 0.025 s oo
s o0 ; _ ,
5 0.033 .
8 0028 TIME(min)
10
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Bz R kY o WL PR AL BE A 2 0 LA d AT 393

1.7 oF 3pf i 0 ;
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