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Abstruct

We found a new character of fullerene as visible-photocatalyst. So we are trying to apply fullerene
to water treatment processes, because price of fullerene is getting much cheaper. Meanwhile
industrial wastewater often contains hazardous organic compounds, such as phenol which is hard to
be decomposed. In this work, we found that phenol in aqueous solution was oxidized by fullerene
under visible light radiation. The experiment was carried out in a photochemical reactor with eight
100W clear lamps. There is a light intensity and a partial pressure , a quantity of fullerene and
phenol as the factor which exerts influence. And reaction rate is proportionate to fullerene and

phenol , O, volumes and light intensity.
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Fig.1.1 A system of photosensitizer reaction Fig.1.2 Energy gap of TiO2 and fullerene
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Fig.2.2.1  fullerene and nanotube synthesizing apparatus by laser vaporization
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Fig.2.2.2 fullerene and nanotube synthesizing apparatus by arc discharge
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Fig.2.2.3  future applications of fullerene
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Table 2.1

(2002 ) 891.000
26.000 105.000
1.600 2.600
39 98 54
(2002 ) 61 2 10

- 10

- - 9

- 6

PRTR
40/47 0.0008mg/m3
5/5205 0/5513
15730 0.0007mg/L
0.005 mg/L
5 mg/L
A 0.05 mg/L
A 0.01 mg/L
B 0.08 mg/L
B 0.01 mg/L
2.0 mg/L
0.2 mg/L

C

19 mg/m3 5 ppm
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4 pH 10.0+0.2
CH
|6 5 OH
/N\
H,C—N —0 +
H,C —NH,
4-aminoantipyrine phenol
(|:6H5
N
> H3C_ N/ \:O o
- +
o1 {>:O 2
antipipyrine pigment
a N/10
N/10 25 [ml]
5[] 5[ml] 5
K103 5K 6HC1 - 6KCI
Kls I 1 3
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100[ml] N/10

Na,S,05 I — 2Nal Na,S406
Na,S,03 KIO; 6 1

N/10Na,S,0 y mi

E><L><25=ﬂ>< fxy
10 0.3566 10
X 25
= —X—
0.3566 vy
1 120 140 ] 2
0.3566[0] 100[ml]
100[ml] - N/10
2 12.42[q] 0.2 500[ml]
10 500[ml]
3 1[q] 10[ml] 100[ml] 1
2 3
50[ml] — 50[ml]
20[ml] 10
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KBrO; + B5KBr + 6HCI -~ 3B, +
Ce¢HsOH + 3 Br, - CGHz(OH)Br3 + 3HBr
CsHsOH Br, = 1 3
1[g] l, N/10
KI - K + |
Br, + 21 — L, + Br
Na,S,0 I, — 2Nal + Na,S40¢
Na,S,03 l, = 2 1 Br, 1,
Na,S,03 Br, = 2 1
Na,S,03 CsHsOH = 6
Na,S,03
25[mi]
A ml
2A ml
Na,S,03 f

%x f x(2A-B)

[N] [mi]

=%x fx(2A-B)x10°  Na;$,0s

[mol/] 1]
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50 ml

x f x(2A-B)x10%  [mol/50ml]

6x10
11
_ 1000 1

X

x f x(2A-B)x10° [mol/]
50 6x10

-3
:1% x (2A-B)x f

=31.37x(2A-B)x f [mg/l]

[] [
2.784[g] 10[q] 1[1]
C
1/10 100[ml] (
)0.1[mg ml  100[ml] 1,2,3,4,5,6,7,8,9, 10[mg |
100[ml] 5[mg/1]

Lambert Beer

5[ml]

pH10 4 2[ml]
3 2[ml]

510[nm]
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4 o] 101

2.784[g] 10[qg] 11
Michealis 0.IN 0.IN
pH
pH10 33.75[q]
285[ml] 500[ml]
4 CuHisN3O  molwt  203.24 2[g] 100[ml]
100[ml] 1

KsFe(CN)sK  molwt 329.26 8.4[g]  100[ml]
100[ml] 5 7
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Fig.4.1 The amount of residual phenol with new fullerene
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Fig..4.2 The amount of residual phenol with fullerene used once
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Fig.4.3 The amount of residual phenol with fullerene used twice
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Fig.4.4 Influence of partial pressure
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Fig.5.2.1 Initial reaction rate at 800W clear lamps
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Fig.5.2.2 Relationship between initial reaction rate

and concentration of fullerene.

42



[RIRR I SO Q 2 fEfhic & 0 FRBIRE OB ICxt T DB b & 7= D) Fig.5.2.3 Th b,

0.005

0.0045

0.004 -

0.0035 |

0.003 |

0.0025

Qlmg/h]

0.002 -

0.0015

0.001 |

0.0005

4 6
Coylmeg/L]

Fig.5.2.3 Relationship between initial reaction rate

and concentration of O,.

43



ZITC, INEERBEREEROYEE, V7L UEBICHAILTWAZ E RS,
LORT%EH EICKIGHEREE XD &

Tk RIGEEEKR, [ 7V T 77O x X -], Cp 7 = ) — ViR [mg/L],
We: 77—V rgEng/L], C, : BESRIRE (5F) [mg/L]
ZZTIliEnkKICEoTHREND,

I=1x1, (5. 3)
L7 V7 707 1Ml oxx X —[]] 112077 7ok,

44



0.0009

0.0008 |-

0.0007 r

0.0006

0.0005 r

0.0004 r

dCp/dt CF [L/h]

0.0003 r

L ] —_ -5
00002 | k*C, = 8.04>10

0.0001 r

I[p]

10
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Fig.5.2.5 Experiment value and calculation value it correlated with new fullerene , eight lamps
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Fig.5.2.6 Experiment value and calculation value it correlated with new fullerene , four lamps
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Fig.5.2.7 Experiment value and calculation value it correlated with used fullerene , eight lamps
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Fig.5.2.8 Experiment value and calculation value it correlated with used fullerene , four lamps
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Fig.5.2.9 Experiment value and calculation value it correlated which considers partial pressure

Fig.5.2.5—52.9 £ TOEBfE &

Table.5.2.1 deviation of experimental value from calculated value(fig.5.2.5,fig.5.2.6)

HEAE & DOIF7[%] % Table5.2.1—5.2.4 TR L7z,

*R/800w | 4/ 8mg/L HR/40 0w | 47 8mg/L
2000mg/L 4000mg/L 6000mg/L 2000mg/L 4000mg/L 6000mg/L

0 0.00 0.00 0.00 0.00 0.00 0.00
1 0.05 0.37 0.31 0.33 0.03 0.98
2 0.34 0.93 221 0.43 0.06 2.67
3 1.70 1.74 121 0.37 0.82 1.04
4 3.05 0.12 1.36 0.28 1.46 1.44
5 0.88 1.98 3.60 1.10 0.19 1.79
8 1.31 1.41 7.43 3.58 0.33 1.24
24 1.64 6.27 18.23 1.96 0.30 3.14
ave= 1.12 1.60 4.29 1.01 0.40 1.54

Table 5.2.2 deviation of experimental value from calculated value(fig.5.2.7,fig.5.2.8)
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#1,/800w| 4F 8mg/L #1,/40 0w | Z3)E 8Smg/L
2000mg/L 4000mg/L 6000mg/L 2000mg/L 4000mg/L 6000mg/L
0 0.00 0.00 0.00 0.00 0.00 0.00
1 0.05 0.37 0.31 0.33 0.03 0.98
2 0.34 0.93 2.21 0.43 0.06 2.67
3 1.70 1.74 1.21 0.37 0.82 1.04
4 3.05 0.12 1.36 0.28 1.46 1.44
5 0.88 1.98 3.60 1.10 0.19 1.79
8 1.31 1.41 7.43 3.58 0.33 1.24
24 1.64 6.27 18.23 1.96 0.30 3.14
ave= 1.12 1.60 4.29 1.01 0.40 1.54
Table 5.2.3 deviation of experimental value from calculated value(fig.5.2.7,fig.5.2.8)
#2,/800w| %3/ 8mg/L #2,/40 Ow | Z3)E 8Smg/L
2000mg/L 4000mg/L 6000mg/L 2000mg/L 4000mg/L 6000mg/L
0 0.00 0.00 0.00 0.00 0.00 0.00
1 0.18 1.90 3.77 0.33 0.03 0.98
2 0.15 1.53 3.32 0.43 0.06 2.67
3 1.04 1.89 4.23 0.37 0.82 1.04
4 2.04 1.71 3.64 0.28 1.46 0.82
5 3.30 2.17 7.15 1.10 0.19 1.46
8 20.03 1.00 5.69 3.58 0.33 1.24
24 5.29 3.13 2.83 1.96 0.30 3.14
ave= 4.00 1.66 3.83 1.01 0.40 1.42
Table 5.2.4 deviation of experimental value from calculated value(fig.5.2.9)
*/800w | 4 4mg/L
2000mg/L 4000mg/L 6000mg/L
0 0.00 0.00 0.00
1 0.53 0.02 2.54
2 1.30 0.26 4.64
3 3.15 0.88 2.57
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4 4.97 0.17 0.80

5 3.29 0.54 0.34

8 5.17 0.11 2.03

24 0.23 1.25 0.47
ave= 2.33 0.40 1.67
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D =Dye

D * = Excited Dye

A = Digestive

k = Reaction rate constants [h"]

t = Time [h]

Q2 = Reaction rate [mg/h]
f=Na,S,0;’s factor

F =Fullerene

F *= Excited Fullerene

P =Phenol

B = Products

L1, 1 =lightintensity [J]

W, = Weight of Fullerene [mg/L]
C,, = Concentration of Oxygen [mg/L]
C, = Concentration of Phenol [mg/L]

[ =Numver of clear lamps [p]
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Appendix

Fig 4.1
S B [h]
So—Lbr
_2le/1] 2g/L 4g/L 6g/L 2g/L 4g/L 6g/L
0.00 100.00 100.00 100.00 100.00 100.00 100.00
1.00 99.31 99.09 98.38 100.01 99.33 100.01
2.00 98.38 98.37 98.35 99.79 98.66 100.73
3.00 96.37 97.90 95.42 98.67 98.90 98.13
4.00 94.38 94.76 93.64 98.44 98.90 94.68
5.00 95.90 91.62 93.95 97.30 96.61 96.94
8.00 93.55 91.17 91.99 93.86 94.55 93.48
24.00 86.21 75.55 71.91 90.36 84.34 79.86
Fig.4.2
S B [h]
So—Lbr
_2le/1] 2g/L 4g/L 6g/L 2g/L 4g/L 6g/L
0 100.00 100.00 100.00 100.00 100.00 100.00
1 97.36 101.86 98.11 98.95 101.43 98.63
2 96.90 96.67 92.86 96.91 103.02 95.19
3 97.12 94.18 90.75 95.08 97.50 93.52
4 93.90 93.07 90.38 93.58 96.83 92.03
5 92.01 86.60 81.49 90.19 90.47 90.66
8 86.22 82.98 79.72 93.56 97.10 84.92
24 82.10 71.45 56.68 89.73 89.15 76.61
Fig.4.3
S B [h]
So—Lbr
=[g/L] 2g/L 4g/L 6g/L 2g/L 4g/L 6g/L
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0 100.00 100.00 100.00 100.00 100.00 100.00
1 99.53 100.62 94.30 100.01 99.33 100.01
2 98.86 98.97 92.82 99.79 98.66 100.73
3 99.11 98.05 89.98 98.67 9890 98.13
4 95.38 93.17 88.64 98.44 98.90 96.94
5 93.48 91.43 83.20 97.30 96.61 96.61
8 114.88 88.76 78.87 93.86 9455 9348
24 89.86 66.15 56.51 90.36 8434 79.86
Fig.4.4
S B [h]
So—Lbr
_2le/1] 2g/L 4g/L 6g/L 26 P1/2  4gP1/2 6gP1/2
0 100.00 100.00 100.00 100.00 100.00 100.00
1 104.86 99.09 98.38 99.31 99.70 102.06
2 102.04 98.37 98.35 98.38 99.62 103.68
3 98.91 97.90 9542 96.37 98.16 101.13
4 99.33 94.76 93.64 94.38 98.55 98.88
5 94.24 91.62 93.95 95.90 98.93 97.94
8 94.19 91.17 91.99 93.55 97.54 94.13
24 84.36 75.55 7712 95.90 93.55 88.01
Fig.5.2.7&Fig.5.2.8
S B [h]
So—Lbr
2e/1] 2g/L 4g/L 6g/L 2g/L 4g/L 6g/L
0 100.00 100.00 100.00 100.00 100.00 100.00
1 98.45 101.24 96.21 99.48 100.38 99.32
2 97.88 97.82 92.84 98.35 100.84 97.96
3 98.11 96.11 90.37 96.88 98.20 95.83
4 94.64 93.12 89.51 96.01 97.86 94.48
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5 92.74 89.02 82.35 93.74 93.54 93.64
8 100.55 85.87 79.29 93.71 95.82 89.20
24 85.98 68.80 56.60 90.04 86.75 78.24
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