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Photo-degradation and production analysis of alizarin green with
microwave powered electrodeless discharged UV lamp

Xiong Zhongduo' > Shi Wei’ Cheng Qiang” Xu Aihua® Zeng Qingfu' *
(1. School of Environmental Science and Engineering Donghua University Shanghai 201620 China;
2. Engineering Research Center for Clean Production of Dyeing and Printing Ministry of Education

Wuhan Textile University Wuhan 430200 China)

Abstract Alizarn green was selected as the target pollution and the degradation behavior of anthraquinone
dye was investigated under irradiation by microwave electrodeless discharged UV lamp. The results showed that
discoloration reaction of alizarin green followed the first-order kinetics. COD removal efficiency and TOC removal
efficiency exceeded 65.79% and 60.98% in 120 min respectively. Hydroxyl radical and superoxide radical
were determined by fluorescence spectrometer and electron paramagnetic resonance as the main reactive oxygen
species during the degradation. The intermediate products were analyzed using infrared spectrometer ion chro—
matography and electrospray ionization mass spectrometry and a possible pathway was proposed. The acute tox—
icity of solution was also assessed by using E. coli and brocarded carp which first increased and then decreased
due to the formation and then degradation of toxic intermediates.

Key words alizarin green; microwave electrodeless discharged UV lamp; photo-degradation; toxicity
. . (MW/UV)

- 3
~

pH ) - (MW)

: (50978208 21207105)
) ( 12014 -03 -27; 12014 -05 -05
) : (1984—)
o E-mail : xiongzhongduo@ 163. com

o g E-mail : qfzeng@ vip. sina. com



2172

9
. 80°C)
5 1;ESI
6 . 4
740 1143 15
° 1 5
Tio, Table 1 Regression equation and linear
1 ranges of five kinds of anions
(mg/L)
3 S03- A=0.0770C -0.0250 0.9995 1.00 -32.00
NO; A=0.0762C -0.0198 0.9993 0.25-8.00
N N N C,03%" A =0.0574C -0.0083 0.9987 0.25 -8.00
HCOO ~ A =0.0688C —0.0055 0.9999 0.25 -8.00
CH;CO00~  4=0.0392C -0.0019 0.9993 0.25-8.00
’ 2
1
2.1 MW/UV
1.1 - 50 mg/
L (AG)
C,s Hyy N, Na, O S, 1(a) o 0 min AG
622.58; U : 6 210.254 284 nm
> Al A) A Al Al A) AY ;412
. . nm 606 nm 644 nm AG
-UV4201 ( o, 1(a) 120 min
);COD ( .
) ;Multi N/C 2100 TOC ( 644 nm
) ; Hitachi F-4500 ( :
): TENSOR 27X In(C,/C,) =0.0489¢ +0.00632 R* =0.93649.
( ) ;1€S900 (
) ; Brucker amaZon SL ( @ 10rb)
) 801
U min
L2 S
il 30 min .
E ] 60 min A —a— (44 nm
wad 90 min gl 40f —e— (06 nm
=50 mg/L E o # i
1000 mL(  pH) U 30
UV—1201 I}rm 00 400 500 600 700 "ﬁ ,1Jt| lJrJ hltl Nlil ||Ilr:-|:’|a
200 ~700 nm i 1<(nm) Hif (] (min)
TOC.COD, 1 AG -
Fig.1 UV-isible spectra and removal rate
. 10 mlL changes of AG at different irradiation times
0.1¢g (70 ~



2173

5
AG pH MW /UV
AG pH ( 5.8)
(%) 1(b)
. AG 644 nm >606  2(b) AG
nm >412 nm >284 nm >254 nm >210 nm
17
o ;o 2(e)
(MEDL)
° (UV 300W) MW uv
pH- MW/UV
2 . 2(a) UV 20% « OH "
100 by 100 r (¢)
80 80 |
:—'j 60 :j 6l =
o ADF ae 40 F
—a— 45T E
ol —=—pH-a " —e—50T o L —=—UV
& —e— pH=58§ —a— 60T - —e—MEDI
—e— pH=9 —r—T0C
”?T ilt] h.rr .,'“ 1:'|r S 1.[1 1':0 90 Ijln i .‘-I[F hll' ‘JIU I.‘f“
Bt () (min) B ) (min) He ) (man)
2 pH. AG
Fig.2 Influence of pH temperature and light source on coloration removal rate of AG
AG COD TOC 70
3 . 60min  COD ] Qs
TOC 27.63% 15.82% 120 W
min 65.79%  60.98% . g wr
UV-Vis 60 min £
60 min o .l
10
COD TOC ; ¢ il 1:| -lltJ t:il Nln [;HI |:’[r
[ 6] (min)
Co, COoD 3 COD ToOC
TOC Fig. 3 Removal rate changes in COD and
2.2 TOC of alizarin green at different irradiation times

2—

(0.5 mmol/L)

19

4(a) 427 nm



2174 9
o MW /UV « OH
* 020
4(b) 20 2.3 MW/UV AG
mmol /L 60 min 62%
100 mmol /L 6 o
45% MW/UV AG IR (Omin) 3442cm™" N-H
o ;1 633 —C =
(5 0 ;1 591.1 502 1459 cm ™!
O i G0 min [
i e ® ;1384 ecm™ N
i i CN 1 261.1 180.1 120 1 029
o | = 60 em™! R-S0O; ;
® T 9 40 90 min 3442 cm !
100} = 7 3432 ¢cm™' 1633 cm ™! 1650 cm ™
200 b 20F —a— 20 mmaol/l
—e— 50 mmaol/l 3137 _NH2
300 400 500 600 8 10 20 30 40 30 60 CN-C 1991 cm ™'
e (nm) Wil min) 1 400 em - —C=0
4 AG AG O—H
Fig.4 Fluorescence spectra of AG and influence R-S0;
of 2-porpanol on coloration removal rate of AG —S0; SOZ_ .
solution at different irradiation times
ESR
5 . S(a) /‘V-\/—__H\\ﬂ/ 1(_}[! min
YU min
DMPO  ESR DMPO/ /1Y b il
OH o OH T 1 T+ 60min
° MW /UV i T 30 min
.0 T 4" 15mm
2
* OH DMPO ESR T ~ 0 min
5(b) ESR DMPO/ « O, 500 1000 1300 2000 2500 3000 3 500
DM-PO/ + CH,  _ESR i)
6
(8)-OH 181 (b) -0, - Fig.6 IR spectra of alizarin green solution
at different irradiation times
10 min 10 mn
.ﬁd_Jﬂ - X . 4 7.5 min Wﬁﬂ‘ T
WA Nf'\.l."."- ,,J“_I_-'- A A Smin
WH— 5 min \ S . . 7
A NIMW 2.5 min AG
h / 0 min T RETRPTHS 0 min
3480 3500 3520 3540 3480 3500 3520 3540 A A
Bi(G) HESR(G) 90 min
5 AG
90 min AG

Fig.5 EPR spectra of active radical for

degradation of alizarin green



2175

5
CoO, 0 NO; CNH- = 100p 788 0 min
B O75)
2 - -
C o SO4 = Os0f
2- E 25} 599
—NaS0, S0? = P R,
100 150 200 250 300 350 400 450 500 550 600
° mz
- 288
E 100, 15 min
W 75 b
2.0 50 1
' 251 260 4o
- 3 R E i
“_I_I..I__!él@_lllhdll;l.lllllJaLJ
100 150 200 250 300 350 400 450 500 550 600
:'\ mz
—_ = = 100 288 30 min
= H =50 296
y - T s 186 5 407 439
i Ll = - % { L3
‘ 2 B M0e, Qoo GOE°Y .
0.5 100 150 200 250 300 350 400 450 500 550 600
mz
288 60 min
" . . i . 0 206
20 40 60 |0 100 120 2
Hit fia)(min) ¥
10
I
7 100 150 200 250 300 350 400 450 500 550 600

Fig.7 Temporal changes of anion in degradation

of alizarin green

(ESI-MS)
8 o 0 min
(m/z288) 2 (m/z
577 599). RSO,
Na Na® m/z288 599
AG2Na *°. AGNa .
15 min m/z
288 2 m/z296.304 m/z 288
8 16 AG - OH o
NH- m/z 407 187 o m/z
423.439 203 m/z 407 187
* OH o 60
min m/z 288
m/z 106.119.165.237.255.261.312
455 & m/z 255.261
120 min m/z 288
m/z
9 o
NH- S0, ;

mz

Y0 min

100 150 200 250 300 350 400 450 500 550 600
miz

120 min

]
100 150 200 250 300 350 400 450 500 550 600
miz

8 (MS)
Fig.8 ESI ( - ) mass spectra of AG degradation production

CO,.
2.4 MW/UV AG
21
50 mg/L pH
2, 15 min
o ESI-MS
60 CN



2176 9

Na(. S
-5, 0.8
) HN
y o) JlN@—L’H, “U‘. CH,
—_—
0 HN "
; O H CH, ) HE CH,
Na(. S
' iz :599.59 NaO,5 miz 2883 .08 miz:296.3 0.8

AG Wi 622,58

l 0,8
HC
O NH, o OH %kN—G—CII;
cH, 0,8 -0,5 0 HN CH, O N CH,
i i 187 miz: 186 miz: 4081 miz: 343 Ho
08 NaSO, 0.8 .08
miz: 119 H

t | 1
4 00 OH -08
H
S ege 0o
H

-0 5
(8] CH
miz 312 jof @

O HN
miz 4074

miz 106 miz 2032

lt: COOH
COy

0.8
mwz 1711
0 pn-OH
||{ H\ =52
l 08 /= 439.) ¢
o 1in-OH COC
Ol Wt IH
V_Q O OH
l{(“\ iz 455 miz: 261.0
COOH
@t'( Wy
m/z. 1651
CO+H0
9 MW/UV AG
Fig. 9 Proposed photo-degradation pathways of AG in MW /UV system
2 7 d 41,
Table 2 Variation of toxicity of Alizarin green 10 96 h
solution during photo degradation process with 24 .48 9 h )
microwave electrodeless discharged lamp
: 50 mg/L
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