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Fig.1 Chemical structures of four azo dyes

e
Q=(Co-C)VIM, 1)

o, Q A YR B (umol/g), Co A1 C 431k YLkl
(RIS A6 VA 52 55 B BT B AR P (mol/L) Vo BRI
ARIL), M JE TiO, )i & (g).
2.3.2 St FEAR Tk
PRI AL B S N AR BAT BV IRG RO R 48

T, REGFEMIIRCEIMT) . FEWHE ) B2 F
SVEAS (CRE LG ) A . B Sk B 50 pmol/L ¥4
BRI T RNV A5, 3T pH 2 R0E e, AR5
—E R TIO My AR HIK B 2.0 g/L, & T4
P FER AT HERE, AR Tiop MR B 2 HOeRES
[Fi) s 42 11 S N il 55 A (2541) °C. B4 %Hﬁ?&ﬁ%&
T 175 10 em &b, AR Ak 5 7 S 2 1 U 3k
1T K UV-A BURAME IR FZ-A B4R R e
S 5% T (1~ 3 e RS 43 ) ok 3.85 (365 nm) Al 2.09
mW/cm? (400~1000 nm). &£ 5 min BUEE 1 7¢, B0
BUES AR 30 min, B0 VB AR BRHE B RO KAk

;"\ (a) Reactive dyes
o 30r-
£
S
(04
€ 20
=}
o
£
[
o
S 10r-
=
5] | —O— Reactive Blue B
2 —O— Reactive Red MS
<
0 1 L 1 L 1 L ! T
2 4 6 8 10 12
pH

JURL It R 4% N 5
D(%)=(Ag—A)/Ayx100%, 2
Hb, D ZYRHOM O (%), Ao FT A 4> BIE kAW
WU A AN T 235 WA t I 1 R R P A

3 HR5iA
3.1 pH{EHIF T

BOERRIWILEIRE N 50 pmol/L, WY BRI R A 45
min, SREEARIR pH BT 23 A EAT Tiop %) 4 F
PRI s, g5 2 Pros. HE RS, Tiog %)
4 TGP S B 2 Bt S B A< R pH L PR T o 1 528 T B A1
HAFAER IS Y pH (HAL T 4~8 2 [A] IR Bt i R dse ol
W, JFHY pH>8 W AR, PGB
MR AT T 0. XA R JURHs R 5L A B s
B R AR T B R TR BN A TIO, 21 b 32 %L
P, Tio, EmtEEA, ek o BT 2R 1 2
T AL ANELFD Sy A ek e, AL SR T B A KR
RO, IXFMEAREREE TR, FEANE pH [N AE R R

T E WA,

s 80
2 (b) Acid dyes
o]
£
= 60+
(o4
€
3 40r
% —O— Mordant Black PV
g —0O— Acid Orange 156
E— 20
]
b L
©
< 0 | | | | [ |
2 4 6 8 10 12
pH

Bl 2 pH {E-5 QRN MR 0 &

Fig.2 Relationship between pH value and adsorption amounts of four dyes



670 U = I

ERE

W75, RIZKAL TiO, BRI AFAE TiOH,", TiOH 1 TiO™
e, N REL

9 _ ®
==TiOH, =TIOH + H
. _© ®
==TiOH =Ti0 + H -

T ICER A 5 U7 SR AR 452 pH (R, DR e A
K TiO, MR TR PE F 2 T /K 73 B pH A
Degussa P-25 2% 47 s 7 ik 6,253, 241 ff 44 & i) pH
I TAE LAy RO, LRI 2 TIOH,", 1 W A4 &R
() pH B & TS by s, AR 2 Tio™, B
P& R pH AR 25 5 Gk BSR4, EG T2
R ST IE BRI E S A, b IR RR L A5 9K R o
PE AERRYESAT T, Rl pH AR T4 HAL A, |

THAIEBMER Tio, FIEA FE PR okt 2 7] AR B
W), PAMIAE TiO, 2 W b 55 22 M 49kl o0 1 > e bt
PRZR I pH BT s, R AR S AR TiO, Kk
() TIOH, & Wik /b, i TIOERHIHE L, Wi 2 W] ()i
WL A TiO, 2 1M 1) Gork i B & AN A, L2
pH>10 Ji5 v P BRI B 2 H I T 0 (13
3.2 SR

FACEE A G A BRI Z N H T 923 4L
T, [EISAE A — s et K AR T e kK,
IFRTRESS M TiO, X BRI B A, DSkt A W B 440
ZP YR IEW E A 50 umol/L, pH=7 FGALANIKE A
100 mmol/L (P44 23 mlidiAT T TiOo X 4 Fh gk K
BEsRE, JF 52 SR (oS INAA )BT T AR, 45
B 3 s,

20

. | (a) Reactive Red MS 28 |- (b) Reactive Blue B 80 (c) Mordant Black PV 200 L (d) Acid Orange 156

o L L

° 16 - 24 - [

g I L 160 -

& 20 - 60 L

O 120 L

E" L 16 - 120

3 8 L 40 L L

5 i 121 80 -

- L

S 8 20 - I

§ 4 + L 40 -

S L 4 - L

8 —O— Control k —O— Control 0 —O— Control —O— Control

< 0r —e— 100 mmol/L NaCl 0+ —— 100 mmol/L NaCl [ —e— 100 mmol/L NaCl (O —e— 100 mmol/L NaCl
[ R D R U I IR R N I IR IR NRT ! I I N ET
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50

Time (min) Time (min) Time (min) Time (min)

Bl 3 SUALHAAEAE T JURHR B fig
Fig.3 Adsorption behavior of four dyes in the presence of NaCl
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Fig.5 Relationships between equilibrium concentrations and equilibrium adsorption amounts of four azo dyes
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Table 1  Adsorption parameters of four azo dyes on TiO, particles
Dye Molecule size? (nm) Qumax? (umol/g) K® (L/umol) Regression coefficient, R Coverage, 6V (%)
Reactive Red MS 2.79 x 0.64 x 0.64 26.32 2.193 0.9937 441
Reactive Blue B 298x1.12x1.12 3145 0.452 0.9985 98.5
Mordant Black PV 1.32x0.84 x 0.84 42.92 0.0526 0.9871 28.3
Acid Orange 156 1.96 x 0.84 x 0.84 78.13 0.0315 0.9891 28.3

Note: 1) Obtained by calculation using Chem3D Ultra 6.0; 2) Maximum amount of adsorption corresponding to complete monolayer coverage on the surface;
3) Langmuir constant related to the energy of adsorption; 4) Based on the (perpendicular) projection area of their molecules.
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Fig.6 Decoloration levels of four azo dyes at different pH values
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Table 2 Relationship between degradation rate constants of azo dyes and pH values
pH=3.0 pH=6.0 pH=9.0
Dye R Plotting 1 g 1 Plotting P Plotting
ks (min™) R number, N ks (min™) R number, N k™ (min™) R number, N

Reactive Red MS 0.0470 0.9930 8 0.0328 0.9930 8 0.0177 0.9961 8
Reactive Blue B 0.0528 0.9932 8 0.0427 0.9842 8 0.0200 0.9976 8
Mordant Black PV 0.0423 0.9843 8 0.0284 0.9983 8 0.0155 0.9883 8
Acid Orange 156 0.0338 0.9913 8 0.0227 0.9941 8 0.0181 0.9929 8

Note: 1) Pseudo-first order rate constant.
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Adsorption and Photocatalytic Degradation of Azo Dyes with Different Structures on
the Surface of TiO, Nano-particles

DONG Yong-chun, WANG Qiu-fang, DUN Mi-na, ZHU Hong-xing
(Division of Textile Chem. & Environ. Sci., Sch. Textile Sci. & Technol., Tianjin Polytechnic University, Tianjin 300160, China)

Abstract: Four water-soluble azo dyes widely used for the dyeing and printing of fabrics including Reactive Red MS, Reactive Blue B,
Mordant Black PV and Acid Orange 156 were selected to study the adsorption and photodegradation of water-soluble azo dyes with
different structures on TiO, particulate photocatalyst in water. And adsorption behavior and modes of these dyes on the surface of TiO,
particles were investigated under various pH levels and in the presence of sodium chloride, respectively. The adsorption parameters of
the dyes were obtained using experimental data fitting method. In addition, these azo dyes were degraded photocatalytically in the
presence of TiO, photocatalyst under varied pH levels in water. The results indicated that high pH values caused low adsorption quantity
of the dyes on TiO, particles, and their adsorption decreased significantly with the pH range from 4 to 8. Moreover, the amounts of four
dyes adsorbed on TiO, particles were increased in the presence of sodium chloride, and those of the two acid dyes were much higher than
the two reactive dyes in terms of the amounts adsorbed on TiO, under the same conditions. In addition, the adsorption isotherms of four
dyes were described well by Langmuir adsorption model, and the reactive dyes showed higher adsorption constants and coverage on the
surface of TiO, particles than the acid dyes. On the other hand, increasing pH values reduced the photocatalytic decoloration percentages
and first order reaction rate constants, and the reactive dyes were decomposed more easily than the acid dyes under the same conditions.
Key words: azo dyes; adsorption; degradation; TiO,; pH



