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Abstract: In this paper, degradation of humic acid was studied by the combined technical of photocatalysis and ozona-
tion which was catalyzed by TiO, nanotubes (TNTs). The technological parameters were optimized and the applied
bases concerned were studied. The result shows that the rate of TOC removal of humic acid by TNTs/UV/O; reaches
80.12% under the optimal condition. It proves that radical reaction played the main role in humic acid degradation by
TNTs/UV/Os. The mechanism of pH value on this technic was analyzed by inorganic carbon (IC) . At high pH value,
CO, was easily dissolved so that the value of original IC was increased, which easily accumulated IC in the reaction.
The IC mainly existed in CO} and HCO;, which had obvious inhibition to ‘OH. The pollution of catalyst was in-
creased with time extending in the reaction. After a period of time, its pollution rate would reach the maxi-
mum. Then, its pollution would be improved. The study shows that TNTs are good catalysis for TiO,/UV/Os.
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SN R A] v R4 A AETE R 45 35, AL AR
FALIRA T 20 H 3532 #1963, Sanchez ZPIHFSE 1%
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TFR  SetEfb R4k (TIO/UV/O,) 33 i Sl — il
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dioxide nanotubes, TNTs) 1F A fefii 4k B AL A Ak 71
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1 FHRAE

1.1 TiIO.MKERIHI&
FREC 1.0 g P25 (5= Degussa) , ITAZ] 16.0 mL

WeFE 10 mol/L 1) NaOH ¥ H , #6 J1d+t 0.5 h, B A
RIUFR LR NRT RN ZEFE 105 CF W 24 h, % 4]
BER, BRIV ZES M, H 0.1 mol/L #hfRIFE I
0.5 h JEFRRPEERZEPIE, 60 CTHE:, Dy dh—E R
R ABRE 2 h, AFEE AR,
1.2 BEBRBARNEE

FREL 1.0 g JEZEIR (0 4l) % T 100 mL ¥R EE
0.1 mol/L 1Y NaOH ¥, 7E 30 C/K i jm A
10 min  Z8 JE5 58 R4 it , Sl e 4Cad U8, BB A 1l
HERZE | L ENEERRAER R, W H TOC fH. 52
gorh, i R S W B2 TOC 2 50 mg/L
LEATHEA T .
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I BT by L 37 7 395 U0 v L R e
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Fig.1 Experimental apparatus for the treatment of humic
acid using photocatalytic ozonation
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TEJJK pH {H 8.54 Wil 20 C P25 Al
TNTs-400 £ 0.4 g/L.O; #iE 0.238 g/h LUK 1
N 0.67mW/em® &, Bl E T UV/O; .
UV/TNTs.P25/UV/O; Fl TNTs/UV/Os 4 il T. 2 %5
R TOC RIRFEMRRSCR, e 2 FoR. T b ak gl
KA WIREIR IR G5 A0 AT 5 LR TH AR, 60 min i}
TNTs/UV/O; Xf TOC HJEBRFEE L 47.22%, M H
P25/UV/Os #2551 15.22%. HidH 26228, K45 1%
B RE 77 BT 3 Rk ) 2 ik 0 VA ik B AL A R BRI 1 i
i, BRI FEE TR RR S 5 | 2 )
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/= krxrsuvio,(kuv o, Thuymes )=1.42 (1)
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Fig.2 Effects of four technics on TOC removal
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T 0.238 g/h LK 1K 0.67 mW/em” 5548, ZEE T 1
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FEE 300 ‘CH1 400 CHBE PN 5 ~7nm,
BEJE 1 nm 2247, K JE 200 ~ 300 nm ARFREIRZEH
400 °C B i B R A A0 ASCRABC A 1 BR300 "C T iy
RY DTG Y e /D i AR R 3, Bl A B b I B Y 4
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TSR, T8 e 70 Ry N K L 2R 4l K R, b SR TAIAR
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50 -
€300 C .
451 m400°C
40+ AS00TC
. 0600 C . e
= 35T x700°C L]
# 30t , v !
& o5 s 4
"é@ 20 ¢
= 15} 8 %
0 e 4
st %
‘ 1 1 1
0 20 40 60 80

t/min
3 TNTsBKEREX TOC EBRRMF M
Fig.3 Effect of calcination temperature of TNTs on TOC
removal
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1 0.238 g/h LK 1 0.67 mW/em® 55444, i i fE iR
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Fig.4 Effect of reaction temperature on TOC removal

2.4 )% pHEHZIT

TESVIRIE 30 C . TNTs-400 #An& 0.4 g/L . Os
Bl 0238 g/h UK 14 0.67 mW/em® 404 F, 7
S 0.1 mol/L 1) NaOH R HaSO4 W H 15 /K
pH /3 3% 4.42.6.32.8.54, 10.76 F1 12.36, ZELH:
Xf TOC ZBRFCRIZM, K S Fios. hE S dml
PIE AT 50 min, #14G pH {H R 4.42 ~10.76 Bt
TOC EBRBCERFZIAK ;60 min B, ¥]4H pH A 10.76
) TOC FEAFZCREAT B4 pH {H 8.54 B LBR%E
LB 5.16%; #14h pH {H 12.36 B TOC EBRACR
% FAE0Ih pH H8 8.5 ~ 10.7, % B FI i & 1Y &5
A EppH {E R 8 ~ 9, IR FRIFUK pH EASAS BT

A3 pH (B AL BSCR AR i R R 32 84T DN
KO (2) B, pH (B FHEA B T2 7O A R A
P 3%, AT B 2 S AR s @pH (IR
FIF O5 Hi4k TiO, YOKAE R T )5 =P A 5%
F A R FEAREEK it (3) #1(4)) . Hik, pH {8
1 R A TR AR R F I B L7 A X5 e

FA) o8 A b 221 7 TR AE .
TiO, (h") -R+OH —TiO, (OH-) -R (2)
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2Ti0,(057) -R + 4H" — Ti0,-H,0--R +
2TiO, (OH") -R+0, 4)
70
& pH=4.42
g gH:6.32 A
= 50 [A pH=8.54 S
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S 0| . -
wr ¢
0 20 40 60 80

t/min

5 % pHIEX TOC B RAZNT
Fig.5 Effect of original pH value on TOC removal
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0.238 g/h LUKz 1 0.67 mW/em® 500 , 5L
At (0.3.0.4.0.5 F1 0.6 g/L) X TOC EBRZME
Wi, 4P 6 A, Bl 0.6 g/L B TOC B
1,0.3 g/L AftRe2Z. 60 min A, Bt A Ak 00 (R 388 i
TOC 2B E 4% A 50.13% . 61.95% . 62.93% FlI
67.99%. 1M L, bRl N 0.3 g/L H5ZE 0.4 g/L
RN R U R o VA 0 AN St B e Rl ol I
()-OH (an 2 i =X (5) ~ (8) Fizw) L fff TOC ZKBRRIgm
T O11.82%; J kI M 0.4 g/L HEE 0.6 g/L B,
TOC EBRFAIGI 6%/ 47, FEJE TR 1)
VE— A 18 I S SO X 28 A B R RO, — e AR
JE LS TR PR RE R PR . SR AL LA IR, 1E
0.4 g/L Jfnc et

TiO,+R—TiO-R (5)
TiO-R+hveoTiO,* (e~ ,h") -R (6)
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TiO, (h") -R+OH —Ti0, (OH") -R (8)
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Fig.6 Effect of TNTs dosage on TOC removal

2.6 O MEHFNT

FEJF K pH AE SOV 30 °C \ TNTs-400 #E1E
04g/L VUK I J 0.67mW/iem® 58T, %57 A
O; i+ (0.0.189.,0.238.,0.383.,0.582 F1 0.672 g/h)
X TOC EBRZMIFEM, i 7 FR. JERARINE A
0.383 g/h B} TOC EBRFmAE, mik 82.67%, ik H
0.582.0.672.0.238 1 0.189 g/h I FIRAMRR. 45
F, M EARTNEM 0.189 g/h HEE 0383 g/h B
TOC ZBRZAG Pl hn ; m R A= 7E 0383 ~
0.672 g/h B, Bl 5 $ 0 3, BRSO 22 [
e — 7 I, B SRR A, AR
ZARTT AR R AT 25 S HL TR A THLR AL,
ABF-OH AR (s =X (3) A1 (4)) . 55—y,
=X () FoR) YRR RN E — e R E R, R
EAGELLS-0H [, XF-OH A —E s,
fifi TOC Z2BRRIMFFA. HOkFE 0.383 g/h AifER
AF .

T102 (OH) -R+O3—>02+T102 (HOQ) -R (9)

90
| & 0.1

80T m o2

70 A 0.383 g/h
® 05
X 06
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Fig.7 Effect of ozone dosage on TOC removal

2.7 SRR
7 pH {H 8.54 BRI 30 ‘C \ TNTs-400 $
0.4 g/L LISz O; HEhntt 0.383 g/h 5544 F , 05 %52 1

T EXETERR TOC HYEBRZ. HEmas G153t
3 P Rt BRI S G Oy, HAG AR 5 B AH S, an
£ 1 PR, BEE GRS, ROV R IR (H
FIHIREEARR. 55 A PR AR KRR SUR &, R 1
N 0.62 mW/em® H AN AR LA

F1 F3EX TOCEBREAHM
Tab.1 Effect of light intensity on TOC removal

I/(mW-cm™) k/(mg: (L min) ") R
0.62 0.618 8 0.993 6
0.67 0.6259 0.999 1
0.75 0.680 2 0.937 4

2.8 HHRNAEMMAR
2.8.1 HK B HAR e H| b

TE AT BEAE R 722 B B Bl R R, XF TNTSs/
UV/Os5 [ FEIR S B A R B i JE e 31 1)
Wi BT BES-OH B AR Rk 5x10°
L/(mol's) , JE—FifR I 1-OH i, e 3 L%
I A BRI R BT BEROIN X TOC BRI
munpE 8 Frox. MEH AT LI B, B T B
TOC EFRFAMRELFFAL, £ 0mg/L B 60 min TOC
EBRRFEIE 85.72%, #ME K 5.6 mg/L Af 60 min
TOC ZBRFN 25.56%, FFET 60.16%; Fhnth
11.2mg/L B} 60minTOC ZEBRIFEZE 17%. BT
B E 5200 T TOC (£, 525 2
TTEEXT N R I B ST T K r DA
TNTs/UV/Os5 X Ji 5 B8 i B fi 385 106 4 2 B el 2
pLiiN7e
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Fig.8 Effect of tert-butyl alcohol dosage on TOC removal

2.82 RAUBEHIFS A

7K HPJEHLEK (inorganic carborn, 1C) F#LL CO,,
HCO; Ml COF X AFHE, HCO; Ml COT 45k A
I BRI, o cos myaifil AE 74 K T HCO; Al
HIEEST. FrLA, NG 1C AR AR =44 1C 1y
SN AN IR P A e ERE . T pH B JCHLK IS
R A G E I, AARSEIR N 1C MES T T pH H
X} TOC FEfERCR B2, Wil 9 Frs. hE 9 v LA
L UK pH (BRSNS 3 20k CO, K,
S G 1C EAYE N, pH {E 12.36 B, 1C {58 21.9,
e KT HAth pH (E41F T IC {8, Hitt pH (HE&MF T £
DL co K/b i HCO; #7176, XF-OH A3 AR 5 (1 ¥ K 1
H. AR FR b A LR AN TR i S TCH LA S s 1
IR 1C EAY3G N, B SO B R A RE K, J5K pH {E
4.42 ~10.76 BN AE 10min J5 IC i T4E8 CO,
Y R T T R, msUK pH A 12.36 1Y
JNi T pH EIE RS T COL IERE1 1IC {E7E
40min B A FFLR T %, SRR B & T HAB 5K pH
fERT RN AR R IC {8, & pH fHEFZLL coT K&
HCO; f#7E , %-OH  ByMI/E A . Rtk , 5
PEIFIKXS WG 1C fEAY2m & FE v 1C fHr 3R
FUSET TOC LBRFM 4.

35

°
30 | o o
Lot ° _
o ® ° [ ] ¢ pH=4.42
£ 2F m pH=6.32
il s | 4 pH=8.54
{f ) x pH=10.76
101 ® pH=12.36
x X
S¥ A A x x
o 4 2 § o
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Fig.9 Effect of original pH value on IC concentration in
reaction
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BT AL PR RER , AL BT TS Ye e T

WA — A E B R ZOR IR, B A B FE v
AR AR 25 5 9 A L A & v | 7= 4 DL %
HCO; " N5 YL m ALtk fg. oy se i #E o,
it TOC fYARTE 900 “C il 4514 N i LA Ab R I it
AL 0] 2 1 () BB (S-TC). 0.3 ¢ TNTs fiInAF] 1 L J&
SRR RE I8 RE 1 h, il ad 0.45 pm ARSI Bk
TSR, =T BT AR, i S-TC i2/E S-
TCo, [ X AME A A% TNTs 76 1 h PIXT TR )
RIEYIRZRE ST, LD TC i, 16 REL T2
w7 B T B S T e AR SO TS B
0.3 g MEH S-TC, icfE S-TC,. fEfksT5 el %
R

S-TC:

Co

x100% (10)

=

TeHEAL AL T 25 TNTs-400 Bifi 2 137 i [l i35
YergESLanE 10 fos. E 10 ATLAE HL AT 10 min
TNTs-400 75 YR ER 70% L F, H W I 5
SO Bt TR A S, AL 90Y5 e Tt 5, 40 min Bk E
HRAE 90%LA I, e AR T5 Yt 0 Rt Aot 8] 1 3
oA Tl | 5 Y 22 R AIK, 60 min B LA L Al
10 min BFAH Y. 15680t R AV W A WLk
B, T LAEAR ) T W S Y 8 %2 , 40 min B A
B e AR, FEA L BE A0 A, BE 2 I ) B HERS | VA T P
TC W& BERRAR, [ B A 550 2 T B AT B 38 A

FH L B AR T IR A , AR 700 T T I 10 A5 3 A 3.
100
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*
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S sof
B o0}
60 |
50 ' ' . A s
0 10 20 30 40 50 60

t/min
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Fig.10 Pollution condition of catalyst in different
reaction times
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FIA B AR B 35 2% JE, TNTs/UV/O5 X Ji 7 R Rk it 1)
AETZSH0 : TNTs 1BRIRE 400 °C |, K0 B
30 'C,pH 1A 8.5 ~ 10.7, fifbAIF Nt 0.4 g/L, RAIK
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