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Abstract: Azo dye methyl orange was oxidized by ultraviolet activated persulfate (UV/PS) process. The effect of ini-
tial concentration, potassium persulfate dosage, inorganic anions (such as bicarbonate and chloridion) and dyeing
auxiliaries on the decolorization performance of methyl orange were investigated. Results showed that the UV/PS sys-
tem could effectively remove methyl orange and the reaction processes followed pseudo-first-order kinetics. The re-
moval rate of methyl orange decreased with increasing initial concentration and was positively correlated with the
dosage of potassium persulfate. The presence of bicarbonate ions affected the decolorization of methyl orange and an
inhibitory effect at a lower bicarbonate concentration of 0—0.5 mmol/L. was observed, whereas promotion phenom-
enon was found at 0.5-5.0 mmol/L. Low concentration of chloride slightly accelerated the decolorization of methyl
orange , while high concentration of chloride exerted inhibition effect. In addition, the presence of dyeing auxiliaries,
such as sodium citrate and sodium dodecylbenzene sulfonate (SDBS) inhibited the removal of methyl orange. When
the concentrations of sodium citrate and SDBS were both 5.0 mmol/L, the reaction rate constant of methyl orange de-
creased from 0.054 6 min" to 0.023 0 min™ and 0.035 5 min, respectively. Free radical quenching experiment indi-
cated that SO, and HO* were the predominant reactive oxidizing species for the removal of methyl orange.
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Fig. 1 Removal trend of methyl orange

under different reaction conditions
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Fig. 2 Effect of initial concentration of methyl
orange on its removal performance
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Table 1  Kinetic parameters under different initial concentrations of methyl orange
LA 75 /(pmol - L71) 10 20 30 40 50 60 80 100
k/min”" 0.2710 0.152 0 0.073 6 0.056 3 0.0429 0.028 1 0.018 2 0.0118
52 ] /min 2.6 4.6 9.4 12.3 16.2 24.7 38.1 58.7
R’ 0.970 0.991 0.993 0.982 0.987 0.981 0.964 0.965

HH 3R LA, SE e R I A — U N Bl T 2
R*>0.964 ., HHEAE W 3 #4 M 10 wmol/L 1Y 0.271 min™
FAA 3] 100 pmol/L 14 0.011 8 min™", AH W 4 2 52 17 0] B

2.6 min M R # 58.7 min, o i e 32 2 2 A0 o G
BHG Y YILE UVIPS TR 2T 1A 2 2008 o R 72"
(DRSS ERE B EHEBIR G R 7 iAo 6 AR
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Fig. 3 Effect of PS dosage on the removal of methyl orange
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Table 2 Kinetic parameters under different PS doses

ﬂ(ﬁﬁi&;ﬁ[@f)ﬁ/ 40 80 200 400 600 800
k/min”" 0.0056 0.0182 0.0556 0.1020 0.1430 0.1590

FaE/min - 1244 381 125 68 4.8 44
R 0.980  0.949 0.976 0.975 0.972  0.947

TEAHDCICFR N 3 258 DA 3ot 4 R B 43 M £t 40 pumol/LL 1)
0.005 56 min™" Z #1413 800 wmol/L 1 0.159 min™', A
JE B 2 T2 T ) A 1244 min B 2NN 4.4 min, i H.
SRS R AR A2 A IR g 25 R (R DA EE
P ik R R b i v P R 1 R BRACR . RSk
6 HE 5 B — R, B 2 PS e BE S i, AN S AL PS
AR 22 B TR R AR A T HL PS5 A2 Ok i Y
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7T 42 1 5 o7 A % v i e AR AL ) o 0 5 i, Y A 25 B
AR
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1o SR AL R AR 7 A I T AR W R S 5 e 3 P
Yo i) 7 A e gkt e A e AL scie . Horb HCOL PR
W R, AT 5 S0, (HO- & A R, T8 A B i K
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5 ) A0 A 7 Ao R R P AR E

SO, +HCO,—>HCO0,-+S0,> (5)
HO-+HCO,—>HCO,-+0H" (6)
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KR FE HCO, X UV/PS 2 B F 45 14 &2 i, T
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7 FG 2 2 B U A 12.4 min 34 A0 %] 15.7 min; 24 HCO,”
W FE AR 2 3 N3] S mmol/L B, Jz i 33 2R Jz 1 5 F1 &
kg Ea H 3k #) 0.059 6 min', B TS I HCO,
19 0.055 9 min™'. HCO, i [n] T- 5 58 4 G 1 1k PS /™
A1 SO, VHO - I, T4 AR H 5, (75 F 5048 L BR
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Fig. 4  Effect of bicarbonate concentration on
the removal of methyl orange
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Table 3  Effect of HCO; on the kinetic parameters
of methyl orange by UV/PS process
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Fig. 5 Effect of chloridion concentration
on the removal of methyl orange
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Table 4  Effect of CI” on the kinetic parameters
of methyl orange by UV/PS process

HCO, ¥ £ /(mmol - L") 0 0.05 0.1 0.25 CI#k E/(mmol - L) 0 0.05 0.1 0.25
R? 0.981 0.987 0.976 0.998 k/min™" 0.054 0 0.058 6 0.0515 0.047 6

E/min”! 0.0559 0.0549 0.0537 0.0528 25 /min 12.8 11.8 13.5 14.6

HCO, ¥ EE/(mmol-L™") 0.5 1.0 2.0 5.0 R 0.984 0.967 0.984 0.955

R? 0.997 0.997 0.992 0.972 CI ¥ B /(mmol - L7") 0.5 1.0 2.0 5.0
k/min™" 0.0441 0.0459 0.0541 0.0596 k/min™" 0.044 0 0.0417 0.0408  0.040 4

] /min 15.8 16.6 17.0 17.2

R’ 0.995 0.968 0.982 0.987

R REAL 5 [R] B iy T2 46 24T vT LS HCO,,
Ktk HCO,™ /4 47 76 7] fig 3 B0k R AR A o 2 19 B
B 5 HCO, i A, AT Rh AR 2R 3 T 1R
%W pH T L 42 UE SO, HO - Y 5% 1k, HCO,
N ENE R AT BUR TN N TRA Y R /4 7 T BU NN
TAARA LG Y X AT RE R HCO, Ve B iF — 2
B, H SRR B R AR O g IR R R 7R
SURTRICE N =T &R A N L - TNE TR
HCO, X S AL AR M Gk 25 B A RE I 52

CIE S 7K A v i UL TG WL I B 7, 8 98 CL X
UV/PS 4 F 8046 2 B H R RS R0 RE 1 5 i AR A7 b 22
H 2T R CLve BE X P 348 L B i B2, I g 4% A
J 40 wmol/L FP EEAE 200 wmol/L i B R 21, A [H] C1°
W R LA R A L) C/C, AR Ak B I 5 d
GRS 4,

F 5.2 4 7] %1 R C1 ¥R B2 (0.05 mmol/L) %
FERS 1 23 Bt B R G VR Lk AL 0.054 0 min™ T i
#]0.058 6 min™', GKLEIG N CIVREE | RO i FE2Z B30 ],
T FE R B A, 1 mmol/L CIH 3224 0.0417 min™, 11
Y C1 e Bk — A3 K B 5 mmol/L i, 52 3 3 & P A

W FEAR /N IV AR AR B B . 5841 JEAE i AOPs
T 2 H I 2500 05 Ak v 3 i e o i AR R A
i B R Eh 77 A2 SO, HO -, CU R AE 7E A 5% Wi fiE 1+
A B I CLS 48 A 1 A 305 4 8 A 5 2, AL T
S RE M N R R R A . UV/PS R R L BR
Fefe ol A, CI A 52 5 3000 AR T - IR e X
RS Do B A R R A e vk B A A 5 B, PT e
JE AR M BE R AT SO, ™ VHO - F2 1 AR i & i 3
Cl-, WL (8)~(10) ,/E 4 AOPs 4 Z il 137 A& 1% 1 9 it
Z—,Cl- HLA T 0 e 550 B 0L 2% 31 42 1o 2 F
PG Y CUWR EROMET , Cl- &5 Cl kA g, L
L), A AT PR Y CL, AR 2 I 3k 8 ) 25 [ 3ok
KA KK TR CIIF, G BE B 384 in v] fig 23
S EOR NI R B A T BT A
Wy 1 Vs TE KUK, BRI AOPs 52 B I3 A 52 25 41 B e
JE K, 1 2 U] O TR AR AR P GBS T S

S0, +ClI——>Cl-+S0,> (8)

HO-+Cl'——>CIHO~ (9)
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CIHO “+H'——>Cl-+H,0 (10)
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2.4 ENEEBhFIXS HEE BRI
TEL5 SLEN Y K oh L B e RS e W 4 L B gL BY
FREE A3 700 Can by A IR ) 3% TG M R (an - e
A8 IR #H SDBS) 45 1 77 7E [/ FE AN 25 240, % I 5k
T 25 B ALRE 1 5% e (A5 4R 9 . BE X B4R T A TRl #y
BER &1 . SDBS Y& B T, UV/PS 1 & S 1k Y SL 48 1) J
N R, R S5 F K 40 wmol/L F K48 200 wmol/L
i B R AR, BN R L E 6, LA B 1 % S 8

W5,

Py R A ) A7 E 23 50 T R SR A S BR B R,  Ay
T2 R 4 2 ML 0 mmol/L 34 11 %] 5.0 mmol/L B, & M
0.054 6 min™ B K 2] 0.023 0 min™", KW 1 2 5 1) 0]
M 12.7 min B8 A0 5] 30.1 min. Bl 5 F7 5 R 40 v 15 1)
I, XoF B AT 2 AR Ak SR A 0 o R R R L X T RE S

1LOf (a) —a— 0 mmol/L 10K (b) —— 0 mmol/L
=005 ol =005 mmol/L
0.8 T 025 mmollL 08 e Mool
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Fig. 6  Effect of sodium citrate (a) and sodium dodecyl benzene
sulfonate(b) concentration on the removal of methyl orange

P BR B A g — A 22 p a0, l B S v TR pH R
(E— 0 A G o A VR Iy A TR A I e R 4 1
T Ak 3 iV S — A B e T A ot R A g A T S it
TR pH A8 £k & B, % WY pH RE AR, 124 %8 i 5.0
mmol/L A7 B TR AT, th T 2% vh A T, I i 72 pH A%
PEIEAR 13 DT T4 T 3 M S Ak W B i) ) AR A
T EE B R MR

x5 LA UVPSERERBERNNZNZE N

Table 5 Effect of dyeing auxiliaries on the kinetic parameters of methyl orange by UV/PS process

Fr R AN e /(mmol - L") 0 0.05 0.1 0.25 0.5 1.0 2.0 5.0
k/min™! 0.054 6 0.0412 0.040 0 0.037 4 0.036 7 0.036 4 0.033 5 0.0230
2 /min 12.7 16.8 17.3 18.5 18.9 19.0 20.7 30.1
R? 0.983 0.993 0.983 0.992 0.984 0.976 0.965 0.959
SDBS #¢ J¥/(mmol - L") 0 0.05 0.1 0.25 0.5 1.0 2.0 5.0
k/min™* 0.054 6 0.050 5 0.047 8 0.043 8 0.040 9 0.038 3 0.036 4 0.0355
2 W /min 12.7 13.7 14.5 15.8 16.9 18.1 19.0 19.5
R? 0.983 0.994 0.990 0.994 0.974 0.990 0.964 0.976

o L R B (SDBS) AR Sy i i B B T
FETEPET L 75 27 21D Y SR AR S AR SRS R LR
SN G 0 5] Y R AR B Y K S A K
HLUR BB AR i KR 28 AP AU s de , %
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Fig. 7  Effect of scavenger concentration
on the removal rate of methyl orange
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