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(methylene blue, MB) 27K i W BfF4Re44: | I XeF W B -7 7 (%) 83 0 I 26T T Fenton 4l AL TAE AT A: PEBEWT Y. 45 R W, FA 1
M-FA W B 3 07 ARAT -G Z 900 B S8 R | 0 45 1 7 B2 A5 G Langmuir S5 IRAR Y | W B P46 (8] 5 30 min, FA 1 M-FA
HR B L5300 4. 22 mg-g 7 15,98 mgeg ™', M-FA TRFfFHEJIEE T FA. 78 pH 2 ~ 12 MBI IBEE pH R4 55, M-FA IR R0
K, FA W28 08/ 22 pH 8y e AR 5 J5 WY I 365 0, e b WR% R X 8% o 2 190 348 o ke 32 B4R . 29 H, 0, i 78.4
mmol-L~" Fe?* # M4t 9 0. 72 mmol - L~ B}, FA Fl M-FA ] Fenton L7542 2R3 919 619% 1 55% . P4 41 400°C |
2 h B EEE 3 KAV FA FRAESREIN, 2051 102% . 104% A1 107% , M-FA FAE RN, 43508 82% . 75% F1 74% . FA
AR T M-FA, WAL T Fenton A ALHAE.

KR K W5 Fenton; #ARAE; W H LW
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Study on Treatment of Methylene Blue Wastewater by Fly Ash Adsorption-

Fenton and Thermal Regeneration

BAI Yu-jie, ZHANG Ai-li, ZHOU Ji-ti

(Key Laboratory of Industrial Ecology and Environmental Engineering, Ministry of Education, School of Environmental Science and
Technology, Dalian University of Technology, Dalian 116024, China)

Abstract: The physicochemical properties of water-washed fly ash (FA) and acid modified fly ash (M-FA) were investigated. The
adsorption of methylene blue by FA and M-FA were studied by batch experiments. Two methods, Fenton-drive oxidation regeneration
and thermal regeneration, were used for regeneration of the used FA and M-FA. The result showed that the rate of adsorption process
followed the second order kinetics and the adsorption followed Langmuir isotherms. The adsorption equilibrium time was 30 min, and the

1

equilibrium adsorption capacity of FA and M-FA were 4. 22 mg-g ™" and 5. 98 mg-g~" respectively. The adsorption capability of M-FA
was higher than that of FA. In the range of pH 2-12, the adsorption capacity of M-FA increased with the increase of pH, whereas the
adsorption capacity of FA decreased slowly until the pH 8 and then increased. Electrostatic adsorption was the major factor on the
adsorption capacity. Around 61% and 55% percentage regeneration (PR) were obtained for FA and M-FA respectively when 78. 4
mmol-L~" H,0, and 0. 72 mmol-L.~" Fe’* were used. When the condition of thermal regeneration was 400°C and 2 h, a positive
correlation can be found between the PRs of FA and regeneration times, the PRs were 102% , 104% and 107% in three cycles of
adsorption-thermal regeneration process. However a negative correlation can be found between the PRs of M-FA and regeneration times,
the PRs were 82% , 75% and 74% in three cycles of adsorption-thermal regeneration process. The PR of FA was higher than that of
M-FA, and thermal regeneration was superior to Fenton-drive regeneration.

Key words:fly ash; adsorption; Fenton; thermal regeneration; methylene blue
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KR IC A FH ) A B R L BR A Y
IR SR HT B K AT K G FAL B, DA 2 — L4
TR R 24 55 2% o A B 5 vk . HOROK B TR 3
K EIER AR K UE 3 R, E T
105C UL UL = E O/ K FA, B T T4 N
% H.

PR PERYE IR . 7E 0.5 mol - L' iR KR L R
1:5 SOV RS 30°C A FEE A 150 remin ~' Y55
PR RN T h 5 ARSI o, CE T
105 °C LA it 28 4 o0, A5 21 R oM BE K, 104 K
M-FA, & T TN & H.

S 2 i W W (C o H g CIN,S - 3H,0) i
AALE A EE R, LKBRER 2R, LA 35 R4y
Mra.

S AN A% TH IR B R 4R A (W ZHWY -
200B) .pH i1 (EL20) . Z.0HL( Bec kman) S350,
1.2 SEg Tk
1.2.1  TRRHSCE:

(1) —RIWZRE 1 g By T 250 mL HEIEHR
WL AINA 100 mL 100 mg-L~" 1Y MB ¥, 76 16 iR &
Gies R 30 min (T 3k B W B A7, W 2,201
) RN S IR E R 30°C, 150 remin ' NV,
HEAFE L, 12000 remin ™', 10 min, B | 3 W0 &
MB FRAIR L, 115 MB 2B LR I fff 25 .

(2) UMW B R A S AT O R
AP IARFR IR LA S5 R 5 — R R — 3,
RIEINAE FYE RN E MB 5 AU T A AR,

(3) WM s Ji2E ey ARRPRG A .1, 3.5,
10. 20, 30, 60 min B3 5IEAE 1 mL, B0, H
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AV ] — U BT, 25 40U 1 sl ) 24 iR i 42

(4) W Fff S iR 2 B T 60y W1 4 MB iy 100
mg- L™ A 7K AE 100 mL, AR K 4350 A 0.1, 0.2,
0.4.0.6,0.8, 1, 1.2 Ff11.4 g FA I M-FA,
A R — U B, 45 LA A AR 4R
1.2.2  FASR

Fenton EALFFA= « B F A — YR W B 465 i 19 41
ST 250 mL HEIE D, 0 A —E W EE 1Y FeSO, ¥
W, B RR R Y pH =3, Il A AL & e E
IR a8 RN 1 h, SO SR A4 R EE R 30°C, 150
remin ' SN U B0 A0 B, 6 AR R K E AT
TR

RFA L B b 3R — YRR B ST A S R R K AR
105CHETREESG, B E TR, ESEphs
i —E R R O AT R W RS [
KEARBTRI S 2 h 5 58 be il B DR 22 1 s M) 1 %
LR R 400°C 25 Z2 % e it 1] PR 26 (1) 52 M)
1.2.3  SrMinik RS EOTE

i FH T 4395 B B Quanta 450 WSR3
WIES; 1 X 554k 986 615X SRF3400 I 5E 3
JRR A2 5 8 Quadrasorb S14 I %2 A3 45 K
B H R T R

K HERAM-43 Y66 15 (JASCO V-560) i & MB
WREE 7E 665 nm R E WO B | AR 9 A o i £ 155
MB ¥ .

B B 1« q. = (¢g —¢c.)V/m (1)
K e I WHIR R, mg- L' ¢ BFE] ¢ B
W mg-L™"; V.S AREL, Ly ome W50 A9 5

E‘7g'
AR pR = 22 5 1009 (2)
qel

K, g R A Jo R R 25 55 g, < B FRAE TR
R RS BT A e B, PR BT K B K ) Langmuir 5575 20
PP AT B R HRY BRI A ] SF-46  BE T 1~
B, mg-g ™"

2 H#REIHR

2.1 FA I M-FA (48 b=k BERAE
2.1.1 FA Fl M-FA fk2#40 iixt ke

FA Fll M-FA fb2F 4] jloxd bE L3 10 AR 1 Hn]
DA BRI 48 3 o o el 1 I Al 2 R & A T AR
1. M-FA iy S8 173 (K, 0, CaO il MgO) &
DT FA TR LAY (Si0, (AL O, Fil Fe,0,) &
H T FA SR AU & /N T FA.

&1 FA R M-FA BUZEM (RENH) XL/ %
Table 1 ~ Comparison of the components of FA and M-FA/%

i FEAEALR, L ZE AR,
TRk . : Bek gD .
Si0, ALO;  Fe,0, K,0 Ca0 MgO S0, P, 05 MnO Zn0 cl
FA 52.8 28 7.8 3. 84 3.16 1.29 8. 15 0.38 0.34 0. 067 0.035 0.070
M-FA 54.6 27.6 8. 41 3.93 1.5 0.94 5.47 0.38 0.13 0.058 0.029 0. 106

1) Bedchit . £ 800°C FHIHE 24 h

2.1.2 FA fl M-FA B930S0 %}
K18 FA 1 M-FA B . vTLUE H FA
RN ASHILINBRIEA0RE SR AR 1A, SR AR AR IB0RT LE 35K

HBhE — 2o NIRRT AN AT/ DR,
TR JCBH B LI SR . M-FA Z8CH BRI 0N , 6
SEFORRARIR  BURDRLRE B0/ ]N 3302 i T RR B 7

El1 FA 71 M-FA H#iBEE
Fig. 1 Scanning electron micrographs of FA and M-FA
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/N TR R (DL 2. 1.1 99 B T Bh S5 /R
BRAERBURIHOT. HAh, M-FA sk ks 2 i 4 1
AL, R TR R e () A 3R 1T ) 4R ARk
(AL O, F Fe, 05 ) S5 S0 5 e 15 LY.
2.1.3 FA FI M-FA W45

Fe2 22 AR FA RN M-FA 18 500 bR
P M-FA B9 LR T RUE FA 1929 1.4 1%, X002 &
BRI TR M AR FA A9 R R HUT, K
AR T/ NEURL. M-FA FLIRFUAR K S35 fL AR 7R
AN EOEH TR R BRR S FA SRIE Y Si0,
AL 0, Fe, 0, 51 RN, BN T FA KT S5, JE Il
FLIB S5 25 5L, X PP AE F R B L3 i 1 M-FA [b
T,

R2 2 FOBMRIRE & MRS L
Table 2 Comparison of N, adsorption characteristics of FA and M-FA

2R FA M-FA
LR /m? g ! 9.39 13. 30
FUARF/ uL-g ! 30. 98 32.95
L4/ nm 13.19 9.91

2.2 FA F M-FA A% FfFE: fiE
2,201 W BRF R ARS8 R o

K12 2 FA FIl M-FA W [EER 2. AL 2
ATLAE 1, X TF FA FI M-FA | W 54 35 0 L) AE AR
S TR NI F). FA FIT M-FA 7ERT 5 min B} 0% B} &
B2 555 3.76 mg-g ' F15.22 mg-g ™' 7E 30
min B W B 48 4 A1) 3K F] 4.03 mg-g™' 5,84
mg-g™", L5 min B33 7% A1 10% ; 60 min
BB R A 4. 1 mg-g ' F15.9 mg-g™ ', JLIFA
A% B 30 min I AT IR B K3 FIH T FA AN
M-FA Wil A | s KRS i B g, DA%
D5 AR APEAR C 8 R WA Ry Al i

— 23 J1°7 77 % (Lagergren ) :

lg(q. —q,) = @qe-ié%gt (3)

ZHEh R

co b, 1 (4)

@ 9. Kq
K, q, JEFIE] ¢ B RRF 25 6 mg-g 5 K, (K, 43001
N — %, :éﬁuﬁl}ﬁﬁ%ﬁﬁ, L'minfl,
g+ (mg-min) "', K (B8 U8 W0 B AR ¢, A
S B, mg g

3 1 FA Tl M-FA 1 —Z0 80 % 7 R (I 2 PR AH
KB R 7E0.926 ~0.968 PN, “ZH R R K
F0.999, AT FA FIl M-FA 1) 10 B i3 5 it 2 7 50 4%
G R S LR, E it s S A
FA Fll M-FA 19 3138 1 i 0 B & g, 4300 Ry - 4. 22
mg-g ' F15.98 mg-g™', 5 iR 60 min B S 00{E
4.03 mg-g ' A1 5.84 mg-g”' rHIAH2E 4.7% F
2.6% , Ut WIS (205 EAH. FA Al M-FA [ K, A
0 0.092 L - min~', M K, 5 % A& 0.228
g+ (mg-min) ~'F10. 246 g- (mg-min) ~'. M-FA [t FA
R BRI ST B B B 8 T 41, 7%, — % e SR
BARE T 7.9%. S.9K, M-FA 191 [ GE 7 F11 % i3
RRTF FA.

6 F " A

7

ik

.

W ffHit/mg g ™!
(] ("%
T

T

—&—FA
—A—M-FA

A

(=]
T

30 40 50 60
B []/min

0 10 20
[MB] =100 mg-L~", JK#Jnat. 10 g-L7",
pH=6, 150 r-min ', 30C
B2 WRMEZE L
Fig. 2 Adsorption rate of MB by FA and M-FA

K3 WMHNFEFEERSH

Table 3 The adsorption kinetic equation and parameters for adsorption on FA and M-FA

RGeS — R R R K, YRR R? K,
FA lg(q, —q,) = —0.04 ¢ -0.036 0. 926 0. 092 1/q, =0.237 1 +0. 246 0. 999 0.228
M-FA lg(q. —q,) = —0.04 1 +0. 124 0. 968 0.092 t/q,=0.167 1 +0. 114 1 0. 246
2.2.2 IR EHAEE IR T R AT A R B Freundlich W B 45 i =0 =X

B 2 AW B4 iRy Rl A
Langmuir M 451 GE 2

(5)

LlncC + InK; (6)
n

A, g, - B JBE A TR R R0 I8 R A 0% R 5 1
mg-g ™5 Q7 F LA 2 W B I B A S e A B 5

Ing, =
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Table 4  The adsorption isotherm equations and parameters for adsorption of MB on FA and M-FA

N Langmuir LR T RIS Freundlich 2578 )7 24L&
JKRNZE - S 5 = 5
Jr e Q b R R, it Ky n R
FA c./q, =0.144 ¢, +2.577 6.97 0. 06 0. 995 0.15 Ing, =0.260 Inc, +0. 604 1.83 3.84 0.967
M-FA c,/q, =0.141 ¢, +0.355 7.10 0. 40 0. 998 0.02 Ing, =0.090 Inc, +1.543 4. 68 11.05 0.970

2.2.3 pH Ay

34 pH R 2 ~ 12 JE N 2 FlOR W Bt 14 A5
1k & pH {HXT MB fE7EIE 520, X T FA, 7E pH
2 ~8 W BEE pH AN, W B S A 98N, pH. 8
~10 WEHHESEAN T 2% , pH > 10 Ji, W i B . 04
K, pH 8 MK L. FA FERRYE S04 W B R A 14 m
SEPUATERRTE G Bl FA APk | BR A5 16 Pk o a5 10
S AR R TR EER  fE— B R A B T
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TN 20 4 8 K000 ) O pK, = 4. 52 Fl pK,, =
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A B R K 3 T 670 R AT, T R A () P TR o J5 i
T, A I 1F g B 2 E R T DL pH > 8
BF K 5 MB 2 [ 0 W A 38 o, S 3 el i
BRF SR HEIN. T XS T M-FA L 7E pH A 2 ~ 12 JE P, T
B2 B pHL 178 4 v T 398 At 2 R A i el R R .
1M M-FA 78 B2 M 5% 10 W B o 05 428 v ) Do R 2
M-FA & fRet:, R ML 0 M O
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81 1100
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- 80
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@ 5 a 460 R
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Fig. 3 Effects of pH on the adsorptions of MB by FA and M-FA

2.3 FA # M-FA BY Fenton F-4E1ERE
Fenton &AL R ALAI A0 R
H,0, + Fe’* — Fe’* + HO"+ HO - (7)
Fe’* + HO - —> Fe’* + HO™ (8)
Fe’* + H,0, — Fe’* + H,0 -+ H"  (9)

H,0, + HO - —> HOO -+ H,0  (10)
HO -+ HOO - — H,0 + 0, (11)
H,0, — H,0 +1/2 0, (12)
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Fig. 4 Effects of H,0, dosage on the percentage regeneration
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Fig. 5 Effects of Fe?* dosage on the percentage regeneration
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