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Modification and Application of Fly Ash
for the Stabilization of Sludge
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Abstract; Under the microwave irradiation, a highly effective adsorptive material- zeolitized fly ash (FZ)
was made by adding a certain amount of mineralizer in the raw material of the limestone and fly ash. The
structure of zeolite and the mechanism of modification were investigated by the analysis of XRD and SEM.,
The stabilization mechanism was analyzed and the variation of heavy metals and nutrient contents in sewage
sludge were investigated through the sludge stabilization experiment by mixing zeolitized fly ash in the
municipal sewage sludge. It was indicated that the zeolitized fly ash had obvious stabilization effect to heavy
metals (Zn,Cu.Mn) and had apparent retention ability to the nutrients contents of N,P of the municipal
sewage sludge. The heavy metals contents of Zn, Cu and Mn were all significant lower than those in the
national control standards for pollutants in sludges from Agricultural. After the stabilization treatment of
the municipal sewage sludge, the total content of N was lower than that in the national surface water
environmental quality standards (10 mg/1.), the total content of P was lower than that in Quality Standard
of the Sewage discharged into the city sewer system(1 mg/L).

Key words: fly ash; limestone; stabilization; irradiation modification; adsorption

W AS B :2009-09-15
E A HEFWESFERA AN LARE KA RE R4 H (70807
A B AL (1968-) . 3 A, 8 A5 K 5 YL i R WF ST . (E-mail) xlguo1003@163. com,

http://gks.cqu.edu.cn



%14

WALE £ R R R AL TR AR 121

Ty BRI AR DA HE T B R T R £ R [ H
I AF O iR R 1 A2 Y AR R AR
A0 V5 ZE A R A ML D W B M 37 - B T
KA BT IR A 5 i MR B 5 e . AR By
FEIR B 25 6 R I AE 36 R 0F 58 08— B Bz %
TES L AER TR R R B A R A 0% L L VT %
I B 5 DI A 2 T B R AT O S AR v
W BT HE . AR Gk T vk LR B R 7 v I T
0 B LS TR T o R A RO L AN R S B T L AE
PR BERLFE Bl K A I LA AT I A7 AR A e Bk
FERE S5 IR A+ 15 Tl A 5 2 3 1k 46 1F T AT
AP S RO T A O R JEURERL A T 2 45 L RE DR A
P m AT 2 IR B AR o 3 ST A A i 1
SARY = RV IV I R TI 4i RE DO R R R A P BRI B/
OV R AT TR

Sl ¥ K A B A ST AR IS TS R R TG iR
JEAPLE . B R NP & B v T . 5
Yo bt 5 A B Y E < - UG L DTS D8 4R 1A BT
NP IR I3 049 40 B 25 18 AR 1 5 U8 — Rl i 4 A9
T ELAT By (9 R A R HL e vy ) < s 7 B
715 Ve A ROR T e AT T AR E T

R SO JRE I IO T T A 3 9 8 Al Ak B

(A R LR T Sy Tl B s 6 5 Ak A U8 A B
ERAELR,
1 M#EL5F*®

1.1 =235 F= RA
IR (B R R K SR W), FE A
L3 1.4 KA (CaO 8 95%0) . 41 £ (F K,

R 1 B FERACE R

A 17.2  13.6 7.9 5.3 2.8 3.1 49.1

1.2 #%&Mq| B &7k

D4 N Al - o i B2 1 A Ak — 2540 a0 o
2.

2)4 P YR - o B R BRIk — BB BT 2 ook
FE.

3)Zn Cu Mn I« J5 W oG .
1.3 ke BOMRF ik

R B A1 IR AT S A AR 4% — 2 1 T R A
P15 AR OB R 5 25 Bny — Be i a), 218 e A G
VS 20 A5 B T Ry K

2 ZRL5H®

2.1 A AERA
P IR AE S 1Y Ok B TR TR R K 5 4
JRAT TR L B B D R A BRI [R] Y = 3R =K
T IR SR DA B A DK K (10 mg /1) W B 1
AE A B0 K % FA RE AT PR R, SE R 45 R L 2.
K2 BRAAEELEBK (L (3))

number A B C W% %/ %%

1 1€0.5) 1(300 W) 1(30 min) 56. 30
2 1 2 (400 W) 2(45 min) 61.40
3 1 3 (500 W) 3(60 min) 65.11
4 2 (D) 1 3 80. 52
5 2 2 1 87.60
6 2 3 2 84.92
7 3(2) 1 2 88. 31
8 3 2 3 90. 32
9 3 3 1 89.21
K 94.18 92.78 95. 28

K, 97.38 95. 89 93.68

K; 93.45 96. 34 96. 05

R 85.12 15. 31 9.62

W BPABMCaRMtE I FHHEE, Bl A: Fly ash/CaCOs
Bk He B AR B S (W) i 1] Cmin) o 3 o B4 R 2 e g 1,2
13 R4 B KT . B S 0 P AR 15 g/ L,

H TF 3¢ S 56 1 B4 43 B Co BT 1 508l L3R 2) Al
PLE H RA >RB >RC, B LA 52 iy 4 K e v 1
BB M BE IR 5 A K A B b RO O B
IS5 R SN I ) e KA A B, Gy BB I
KRG GG TRE A 3 ¢ 1R IR RN 400 W, 55 1
IFIA] 60 min, 7RI S5 0F T  Bior A 28 K 09 L 26 T AR
R BT AR A AR D OB A R AE N
IEAE S 21T
2.2 FALR AT O R R 54T

1E A B, Cy BCPE By B K o 8O — & & 19 57 1k
F o 2 S A0 RE I S0 1 5

TFE AR R R BR 55 T it Lol 3 ¢ 1L AN
WAL A8 BRIy 400 W, 48 B [E] 2l 60 min, ¥
HJG B A

IR BB B K AR FRES R LR 3 ¢ 1L mA —
FE AR R RO Ty R 400 W, B R AT ]

http://gks.cqu.edu.cn



122 P REFHR YL KB LTE

%32 %

60 min, ¥ A1 J5 S B Al .

XPRAAE A FIAAE B 4 T X AT i (XRD) 43
Bro N TAET X EE 2007 F iR A FNAE B A9 XRD
KaJFhmE 1. B 1 dhiZe A S A a4 570 i /Y

XRD K, {14 B M A & o 1L 5165 # XRD &,

N MDI Jade5. 0 B4 xF B 1 il AE A Fl ik
BB XRD 45 AW (B A1 X526 A1 5 b ofE R R 4K
1 P $E AT UG L 43 A DG L 45 5 L 3% 3.

%3 XRD M4 R

Vg 2 5 1 2 3 4 6 7 8 9
iz 00 4 CaSiO; Si0O, ALO;  CazSiO;  CaAlLSi,Os  3ALO; » 2Si0; Cay s Al Oy CaB, 05 Ca(BSIiO,)?
X bR iE PDE [Bl3%  40-1499  15-0776  19-0206  16-0406 05-0528 15-0779 21-0129 51-1718 54-0652

4
A - — = RInw1ka)
3 — - — LA L)

B
-~ . 1
98 %)
“ Ih 53 ”I‘ 6 2
A 3 1 2
-
e

2
2
3

1 1 1
10 20 30 40 50 60
201°

B 1 444 RR@GHEAL XRD B

T Hi g A G 1 0 2 R 3R i
NS A= B | RO 2 i s a7 B = 3 1 A )
CaSiO, 42 1), Si0, 42 2) AL O, (542 3) .,

M1 ik B0 4 SRR I B T — L
B0, Tl 6(3 AR O, +2SI0,), I 7 (Cays ALO, ),
I 8(CaB, 0,), & 9(Ca(BSIO,),) %,

1l Zk B g 1. 2 AN 3 g0 b IA 1
LA R R FEAL, LA 3ALO; « 2810, (W 45 5
6),Cars Ap O, (45 7)., CaB, O, (1545 8),
Ca(BSIO), (W45 9 A 5 th b v] WL 3 A B &
FAEVOAS . X R TR R O TR — 3 % B9 AR 4 T
AL B R R R RN TR IRE S
B A P ALE 7. [ iR PR S mLe
JRF 2454 AR B ORE BT 25 5 s b 4 i 3 T R AR S
TEE AR B A AT W T R B K Si— O g
Al=OfE R F A S 5 SIVALEZS & L A
B P .

2.3 M MEAR BT 248 2445 (SEM) o 4t

Ry LSR5y HRE A 0Pk S AR v 3R TR A AR AR 1S
B0+ 5 JEODR A I TR R A Ak 500 B S A I IR 43 )
EAT P S Ab 38 o R AT P B 4 4 40 BT 45 B R A% 4
(400 O BRI I E 2./ 3 B,

H A1 F B TR 0 A T SRR A K R A 1 £
I ARTER RO RN 58 8 L SR W . BT 3% L
FEUE RN s BBOTE M E K T A 22 L B B A R T 4 &2

FLAA 2B f 2 2 T AR OR R A e T A D A s
YRR - BEBR 25 0 v &8 70 A AL AE P TR 0 50 oy 8 K
A AR 5 Y R R

B3 AMHERANEER

2.4 EoEHB ALK @RS
R TR Ay 5D RN BSOS JRE I 73 ) 2 AT L 3 Tl A
e XS5 R K 4.,

%4 wwER@mB

JECIR R K b 2R TR/ PACPE R K b SR TR/
(m?<kg D) (m?<kg 1)
410 1 870

PR 1 EE 2 T AR IR B K AT B L 3R T
4.5 M Z 2, 3 5 PR B B 3 R BB
(SEMD 73 A — 20y i Folobh e Azl 1 86 454

http://gks.cqu.edu.cn



%14

WALE £ R R R AL TR AR 123

Yol NS AV 2L ORI A BRI R
(R NERT R eR o N DR} S e R (R e R g TN
BB WS S KT TR B S R A s B VR IR
Wb BAT R i W B S A W R L DR R
JRATEN TR K4 = .
2.5 BUEHBERARTRER

TR B P A IR Vs KA B s R A
PLET NP iy & it i = F L3RI R b 5
BEMESE Zn.CuMn, JLHE Zn Cu, 53 5 & 18
3300. 0 mg/kg. 920mg/kg. FR | 15 & i A % F
R R A BE AT R IDI A 2

S DA U Ry KA Ry W BB L T ROt Ry
PR XI5 P Zn,Cu,Mn 3 Fh 5 43 J8 W B 5800 1 5%
M o JC— 2 kP B 7K 35 U 43 Sl i A — i A e
TR WL I 500 78 4 VR 5T S o A T b I L A R
A0 Y0 A AT WK Ay 5 5% 2 JA L 4805 U vh B 4 @ e 4y Al
fbo S5 ANSEI LA 20 0 JEOIR R IR Ak BV e N S B
B F20 (RS2 L f 5 AL HL B 3 Ik, 4%
AL PREC EE AN R 5 iR .

4.5 4.5

A5 BuamEt
VIS TIS W A K U B0 A/ %
FO 0
F10 10
F20 20
F40 40
2.5.1 HAHEHMAANLFTRELELE ¥KE

28 em EHAE 9 cm WHIEVR LR BIE . HH AR
G FE MG HE FEFE M 100 S A7 S5 fb, btk —)2
T 8 RE = e A DLV R AL 3 i 22 e 45— )2
AR DAB Ik A A RE AN . A 220 ALt A
3 em SR 5 e A TR L b %) B R K B A TS U8 20
B 5 em, AR LR 5 ME L ER 3K, K
O AR 24 hy N OS4E 9 H 2 HIFIR, &FF 1
d K47 — AL R W 5 [ W 3 04 30mm 245 ki
A EH A S 0. 5mL/min, T 9 H 11 H.9
H30H.10 H12 H.11 H 2 H 4 RIKEEBIER .

I AW L, A A B PR B IR K Zn,
Cu.Mn & &1 3h 8410, E 4 iR,

4.5

4.0 —e—[0 —8—FI0 40 40 ——TF0 —m—TFI10
*. ——F0 —8—T10
~ o T ~ 35 F20 —<—F40
~ 35 P20 ——Fa0 |~ 35 "--\\i‘:: | o
T30 - 30tb . 30
& 5o * ES
Z 25 E 25 e < 2.5
< Z M P
i 2.0 . i 20 , i 2.0
« o & h € 1s
S 15 - S 155 A =
1.0
1.0 1.0 P
# 0.5
0.5 X 0.5
0.0

0.0
8H31H 9H20H 10A10H 10H30H 11H19H
[EE:Y]

0.0
8H31H 9H20H |0}'Jt|0ll 10H30H 11H19H
[EE:Y]

8H31H  9H20H 10H10H 10H30H 11719H
H b

B4 BRAESERTEAESFTHHELN

MTET FFa] 1 B 2 90K R 1 32 D8 BOK
Zn,Cu.Mn {3 5% W B AR 5700 J2 F10,F20,F40
Ak B W AR L 4 G IR T FO AR B, T FO Ak B
ZZ Wk t)E  BIEWOK T Zn.Cu.Mn FRIEH T
et o L e M A R 3 WD S o ke P oy R %o 5 9 v
Hh T B A A T B S e L (H R ik 1A A S
3 I EL 4 AP I AR T P R AR E . T A
R pH B H R - HE B LA RS R LB
T B T RM Zn,CuMn & )8 LAY
FEABAFAE s ARXEGAR D) WA
2.5.2 FrobEe A RS G ROKF
Je IR B BRI AR bR R A SR R O ROK
TR B K 1) it Jin 2 7 2 X s e P A BAS 3R
AR A A LA R L] ) e A A
IREEACTTIE - RGEHWETE 1 A3 IR T5 P v A s

A BER R

K5 fk 6 o Bk LB uE ok 4 NP
SRR, WE 5 Rl LLE B S L
WA R0E . B gk P4 N OB & R 5EH KL 7E 10 H 10
H 2247 Bl KRB FO Ab BB 8K th 4 N it i
ik 65 mg/L,F10.F20 &b BRI5 e B 6K b4 N & &
EikZy 38 mg/L,F40 M5 R B IE K P A N & &
ik 28 mg/L, R AR T 10 mg/L o9+ E iy
KRBT AR fE. 10 A 10 H 5% @ik /N, 78 10
A 30 H,F10,F20.F40 b ¥i5 R Bk 4 N &
R 10 mg/L LATF . B 35 31 o [ M i 7K 2R 5T
P, 5 FO AbBEYS R AH L, &5 A0 BEIS JR B g K b 4
N B i 359 B 38 U /0 o ol R R W o ) K
PHES 3¢ # AF FLBR 58, 2 87K b 4 N & B AIR, 156
U it 1T 228 o0 P oy R VR o6 710 Ach LA 95 9 5 RT LA AR

http://gks.cqu.edu.cn



124 P REFHR YL KB LTE

% 32 %

BURWOT 4 N R N XK T5 4t

7 ’,"‘\ —— 0
R N —m—TI10
N
= ol 7\

z N \
&30 ¥ //_ f"\x\
= £ \\,
0l 1 Y
/ N
10 | & %

0
8H31H 9H20H 10H10H 10H30H 11H19H
H b1

A5 BARBEELEANSGFGHAETIL

FAL RS R B IS e P E L 6 iR, A
9 H 30 HZJm ALB{5 B IR T 2 P & 5 AR,
R TFT5 K HE A ST T /K K BT P AR i (1 me/L) . fH
H&E TGRS IER 2 P & AR . F20 X8k
Ak BESCR foc i 15 088 DR WU W R R R AR R R
BEDCER I 3R . R BRI
Fo X WG Y8 IS I B A S Ry R AR T
B WA TR (0 F T e % T A o 0 0 i B Ot PR A5 7L
PR 2 WA TR DL T 288 A Wl i B 1) 2 B 07 SO AR AE T
IR A T R A% RSO TR A AR o
2 22 {8 HE TC R0 3 Wl o) A SRS R AL R ARBE R
14 A5 5 B

K6 BRABEEREFPLEPELEZHHSEN/ (mg L")

Ab 3 9H 11 H 9H30H 10H12H 11 H2H
Fo 1.30 0.31 0.29 0.27
F10 1. 00 0. 39 0. 39 0. 37
F20 0. 65 0.36 0.32 0.29
F40 0.75 0.73 0.68 0.58

3% %

‘o

D) LRy B A 3K A R JRORE A — € 2 1k
T o TE SO B ST P S R AR AR M A
T A 0T TSP Ry RS 7 0 5 Ky T e B R R O K
A R me ke .

2) BB BE K BB A B4k 15 e Zn, Cu, Mn H
G Ja BALAL S B AR S AR T P E AR AR

35 e Hh S I 2 A St B UK . RT A R
B RTPR B IR TS B IR 2 P SRR T
15K HEASR T R KGE K B P ARHE (L meg/1) KRB AR

BB R

[1]1WANG J, BAN H, TENG X, et al. Impact of pH and
ammonia on the leaching of Cu( ][ ) and Cd(]] ) from
coal fly ash[J]. Chemosphere,2006,64:1892-1898.

[2]XIA C, HE X, LI Y, et al. Comparative sorption
studies of toxic ocresol on fly ash and impregnated fly
ash[ J]. Technol. Equip. Environ. Pollut. Control. ,
2000(2) : 82-86.

[ 3 JPENGTHAMKEERATI P, SATAPANAJARU T,
CHULARUENGOAKSORN P. Chemical modification
of coal fly ash for the removal of phosphate from
aqueous solution[J]. Fuel, 2008, 87(12): 2469-2476.

[ 4 ]ZHANG BAO-HUA, WU DE-YI, WANG CHONG,
et al. Simultaneous removal of ammonium and
phosphate by zeolite synthesized from coal fly ash as
influenced by acid treatment [ J ]. Journal of
Environmental Science-China. 2007,19(5): 540-545.

[5]1YANG YF GAI GS, CAI ZF, et al. Surface
modification of purified fly ash and application in
polymer[ J]. Journal of Hazardous Materials, 2006,
133(1-3): 276-282.

[ 6 ] KOLECKA K, OBARSKA-PEMPKOWIAK H. The
quality of sewage sludge stabilized for a long time in
reed basins[J]. Environment Protection Engineering,
2008, 34(3): 13-20.

[ 7] HUI KUAN -WEN, LUNG CHEN- CHING, LIEN
LO-SHANG. Application of microwave energy on the
stabilization of copper containing industrial sludge[J].
Research Journal of Chemistry and Environment, 2008,
12(3) . 77-81.

[ 8 7 skt ds , Fhum A6, PN HT. My I I Bl Ak 75 8 A 1 4= 3 1
PR BT ], B R4 ,2008.,29(7) : 2068-2072.
ZHANG HONG-LING, SUN LI-NA, SUN TIE-
HENG. Principal physicochemical properties of

artificial soil composed of sewage sludge stabilized by

fly ash[J]. Environmental Science, 2008, 29(7):2068-

2072.

(R 3 %)

http://gks.cqu.edu.cn



