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Leaching and Stabilization of Heavy Metal in the Fly Ash of Medical Wastes

TAN Zhong-xin' s LIAO Hua-yong”> XIE Jian-jun's, WANG Xiao-bo', LI Hai-bing', ZHAO Zeng-li'
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of Changzhou City, Jiangsu Polytechnic University, Changzhou 213164, China)

Abstract: Through the experiments of leaching and melting on the fly ash of medical wastes; the influence of leaching time; L/S, pH and grain
size on the leaching characteristics of heavy metal and the effect of melting on the stabilization of fly ash are studied. Results show that,
following the leaching time extending, the leaching concentrations of heavy metals and lixiviate toxicity of heavy metals increase in the fly ash.
When the ratio of liquid and solid add, the leaching concentrations of heavy metals obviously become big, and the Cd’ s leaching concentration
is the biggest, when the ratio of liquid and solid is 90, the Cd’ s leaching ratio exceed the percent of 70. At the time pH is about 7, the
leaching concentrations of heavy metals are the lowest. When the grain size is the bigger or little; the leaching concentrations of heavy metals
are lower; however when the grain size is 250-900 pm; the concentrations are higher. After fly ash melt in the high temperature; the lixiviate
toxicity of heavy metals greatly reduce, which explains that the effect of melting on heavy metals’ stabilization is very good.
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Fig.2  Grain size distribution of fly ash
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Table 1 Heavy metal concentration of fly ash/mg®kg ™"

JLHE G Cd Cu Ph Ni Zn Hg

WIE 1476.92 32.2  1255.1 1175.95 755.55 794.22 18.478
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Fig.3 Heavy metal leaching of fly ash influenced by the time
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Fig.4 Heavy metal leaching of fly ash influenced by L/S
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Fig.6 Heavy metal leaching of fly ash influenced by grain size



4 34 TR PR TSR D B AR PR AR (1) T < e 35 R R Y e SRR A A BT 9 1129

£(10 000X)

£(5 000%)

h¢10 000%)

E7 XIERRIEBEERA
Fig.7 SEM photo of fly ash by melting

{EASAE S HE T T 5 H IS MR TEAE pH = 4 Z 1T R
F pH T i G FAR , E A Ik 2 S B pH {1
TFiE Hg (135 OB 5 5 AR B A8 s Min 19352 H
WIEREE pH MR TR, YEWI/E 42 18 h LAWY,
pH {ELXS Mn [R1332 HR JE RE AN K

2.4 AN[FEIRURL R ST X 6O HRE T 1 5 i)

I 6 I LLE H, BORLRST S 6K T 4 R 1
SEMA K, Cd Cr Ph 3 H V0K R B 5 R0k RO A2
56 38 w5 5 BRI, 76 BURLAR /NI, 2t 35 PR BRI Hg
(3 55 AE IR ST 250 e DL B, Bl ORI
BT W B4 5 AE 250 pom DA B B0ORL R S 0
BB A AS K s 32 T Cu AT Min IR FE B
FIORERUSE (A8 4k S AH S 35, Cu B A UKL RS (1) 384
R T P W 5k AT, 1T Min B 5 R R~ (1 184

rerde R B W) S 1 i, L L 2k BT
2.5 KORKANJR A b 4 e i il AR e 1k Ak B
W5
2.5.1 JBEREETE KOG SR

7 45 T BT B RO i 0T L 1 HL B
B L B 7 aceveng MBRIT R IR IR, by
dfvh R TR R Rl DL S R A

i 7 T LU Y, KO ) 4 v R R A 0 il s
AR AR R AR Ak, 200 x 414 B 1 T LU 2
a~b 18 RS AR bE 49 58 0 BUE S 111000 x 14
G ] LUE B o d A7 AR W] 00 IR 45 4,
R S, Ui BH K P SR A LA KK BRI
M A 4 FL B 5 000 x 510 000 x HY, 0] LLA HAR
I b R0 AN R T s 428K PR 40 B A7 A T L BE SRR 22K



1130 7N 53

B 29 &

2,
=5

INEFRIPAT DY SR WA R RN w1 Ll
N T S E Sy AT HLBE IR 45 A ORI e |
IRIEAT T RETE AT XRD )70 H7 .

2.5.2 MEREATS KAKBEVEAN X G2 fiT i o0 B

HilE 8 e 73 A ] LA Y, ORI AT /S S Ca
A Si R0 v, DU R ORI B,
IR R TEHL R 28, [ I HIF W H 5 1 ol 1 it A

YTV AZTEEN Ca FI St ENLER . HIE 9 T LLE
RS B KK R Fe, 0, Si0, ~ CaS0, « CaSiO,
S DR nT DA T v s i S A A L R B )
1 A o 2 B X BE T AL ER A S A, 1 I 2
XK [T AR A A 2 R AR R B R T O T
AH KK il 5 fi LS TR s B AR e, ORI Rk S
(1RO XA T 4 R R B B AR P S

m oy
21 — —
PRy Cl Hhr: % (REHD BEE B % (RS0
17 L C=2192 Ca=771 08 o C=0  Ca=173
0=2148 Na=4.14 13 - 0=2245 Na=442
S 3L $=120 Mg =0.84 " S=1.14 Mg=097
X Si=412  Al=181 2 10 Si=15.08 Al=2.84
& o3 Cl=1844 TFe=1143 X Cl1=16.30 Fe=12.08
= K=0.69 # 06 K =2.09
F = Fe
€
0.4 03
Mn Cu Zn Mp
0 0
0 1.00 200 3.00 400 500 6.00 7.00 800 9.00 0 100 200 300 400 500 600 7.00
B e /keV B F iR /keV
B8 kIRIARLETEBEIZ A
Fig.8 EDS analyse of fly ash by melting
wy
&
700 |- @
Il
o
600 |- a
<
o —
4 x
[ -}
500 s g
g 1 3
- 3.8
& 400 - I e o
= : S5 | LA
) 00 o o
300 |- 8 > SNyl =l = 2
) < o ﬁ: IR &™) = o « o0 *® s 3
° (A e Bl |82 5 g o~ 2 w 8 2 & ©un ~
~ = & = e &8 8 & =1 ¥ 2 2 1 © 2= &
200 |- o Slsffaa & 2 8E 5 - 5 5 55 ‘?‘%‘ﬁ;
([ I 1 — - - — - = —
- IR TS U o N
A S AL
100 MIJ u M KU
0 1 1 1 1 11l 1 11 11 1 L 1 1 1 11 1 1 1 1 1 1 1 11 1 1
89-0598 > Hematite-Fe,03
1 | 1 ] 1 . L1 .
l 85-0798 > Quartz-SiO,
| 72-0916 > Anhydrite-Ca (SO4)
I 1 1 1 1 L 1 1 1 " "
| 84-0655 > Wollastonite 2M-CaSiO;
1 1.1 1 L ! 1 1 .
I 89-1471 > Anorthite-Ca(Al,Si,Og)
" [ [lllnllllll Inoen ddh I P IR TR Y I 1
10 20 30 40 50 60 70 80

20/(°)

9 TXIRKERLE XRD 54
Fig.9 XRD analyse of fly ash by melting

2.5.3  SRHERG B MR

KL EPA 1 stk )9 73 H pH =
2.88+0.05 M R v R, 5 R By kA 44 [ L
(/SO0 20: 1RG5, B TR BUR 3% 1, 2 1[5 E
TheF G, AEEEABE(23°C £2°C) F, LA(30

+2) v/min 3 H IR 18 h, T G A B AL A
0.6~0.8 pm (ML I8k B I8, 13 2B I8 K H R
TRV Ji 7 IR AT ) T ok I SE % b B R
&) .

HIE 2 W LUE A8 RAKKS LS 8 g i



4 3 VL RS « DR S A AR 1) B < g 9 R P S AR AL AR PR 5T

1131

< PR BE RO AR, 0 3 44 i x  < Joms 114 I A
RBORARGS s 78 KA, U 8 Min (K935 U VR0 L B
AR 32 fpe K5 At LA A A8 A 1) < i 8 i AR

2 IABRE BIETRE A3 LD /mge -1
Table 2 Leaching solution concentration of fly ash by melting/mg®L !

JERKPFAR, I HLIA 2 7 5 B ) o 2 J 10352
FEVERRAE . DAL, Vel o R AL B RO DA R — 2 2
S R T e R R SG I R ST M AR B A

LRI Cu Ph Cr cd Mn Ni Hg
K 7.3158 0.5973 12.065 0.5734 9.3396 6.3366 0.104 8
P il 1) 6K 1.390 1 ND ND 0.4469 0.5327 0.2319 ND

1R 2 B EPA ARAE K 452 8 75 A v

[ 7] Isabel B, Christian L, Johnson C A. The leaching behavior of
3 #Fit
=R cement stabilized air pollution control residues: a comparison of field
VN . \ . - and laboratory investigations [ J]. Environ Sci Teclmol, 2001, 35
(1) Bl ¥ I 8] (R 88 0, O 4 K 7 B 4 (13: 2817250
YR N R=NEN=NITE= ’ ’
E E/J Z ﬁgm}gia =l /'itlf' B réia i [ 8] James R T. Durability of MSW fly ash concrete [ J]. Journal of
2) %ﬂ ¢ L/S> E,:Ji jJD ’ i%ﬂﬁi%ﬁ E‘]?ﬁﬂﬁ Materials in Civil Engineering, ASCE, 1992, 4(4): 369-384.
%ﬁj{%% X /E\: EFI i%)ﬁ Cd E’f]?z;% Hj %%j{, %E;@i L9 Sloot HA V. Characterization of the leaching behaviour of concrete
ttj’\j 90 HTJ— , ‘E/J(EP E/‘J cd E(J?éj Hj %ﬁiu 70% uj: ) mortars and of cement stabilized wastes VE‘lth] different waste loading
\ L e Lo for long term environmental assessment LJ 1. Waste Management,
(3 pH A A5 O, B3BBG pr o e i
AN T S [ P SR S i e R L ’ P :
j(”B]J o4z 1) Z ﬂﬁf’&/&&ﬂiﬂ& ’ 7{: pH K gﬁmgz‘ [10]  Remond S, Bentz D P, Pimienta P. Effects of the incorporation of
%?ﬁl’:‘lﬁ?ﬁ'ﬂ%ﬁ?ﬁ Eéi\)%l E@Etﬂﬁ‘ﬁjﬁj{i i municipal solid waste incineration fly ash in cement pastes and
(4) ki R~ KRB E B /AN, BEyr i k& mortars- [ : modeling [J]. Cement and Concrete Research, 2002,
N S o S o > 32: 565-576.
IR R RS 73 B < JeB V8 DR RO B2 AR, K 7> T -
e R NN 11 Li X D; Poon C'Ss Sun Hs et al. Heavy metal speciation and
JEAEJTURL S 250 ~ 900 pm I, T 43 J 1B 98 MUK . o o N
leaching behaviors in cement based solidified / stabilized waste
fiekeda . -
> . materials [J]1. Journal of Hazardous Materials, 2001, 82: 215-230.
(5 %7)? E%}%‘l% %ﬂ)ﬁ ’ Eé}% E[(J ?’% II:EI % ‘ﬁ j( j( [12]  Baur I, Ludwig C, Johnson C A. The Leaching Behavior of Cement
[3%%1 %, ZEll:#ﬁF ’/fE ﬁ?’r E(J ‘Ej}?ﬁ{i\ E [ﬁl i E[(J 7‘:7?2 . Stabilized Air Pollution Control Residues: A Comparison of Field and
Laboratory Investigations [ J]. Environ Sci Technol, 2001, 35:
. 2817-2822.
[13]  Vilomet ] D, Veron A, Ambrosi J P, Moustier S, et al. Isotopic
[1] Akiko K. Yukio No Teruji 1. Chemical speciation and leaching Tracing of Landfill Leachates and Pollutant Lead Mobility in Soil and
properties of elements in municipal incinerator ashes [ JJ. Waste Groundwater [J1. Environ Sei Technol, 2003, 37: 4586-4591
Management, 1996, 16(5): 527-536. [14]  Amlan G, Muhammed M, Wendell E. TCLP Underestimates
(2] Wu G X Loretta Y L. Modeling of heavy migration in sand/ Leaching of Arsenic from Solid Residuals under Landfill Conditions
bentonite and the leachate pH effect [ J1. Journal of Contaminant [7]. Environ Sci Technol, 2004, 38: 4677-4632.
Hydrology, 1998 33: 313-336. [15]  Jang Y C, Townsend T G. Leaching of Lead from Computer Printed
[ 3] Tashiro C D, Takahashi H, Kanaya M. Hardening property of Wire Boards and Cathode Ray Tubes by Municipal Solid Waste
cement mortar adding heavy metal compound and solubility of heavy Landfill Leachates [J]. Environ Sci Technol, 2003, 37: 4778-4784.
metal from hardened mortar [J]. Cem Conc Res, 1977, 7: 283- [16] TIslam M Z, Catalan L J, Yanful E K. Effect of Remineralization on
290. Heavy-Metal Leaching from Cement-Stabilized/Solidified Waste [J].
[ 4] Hils CD, Koe S R. Early heat of hydration during the solidification Environ Sci Technol, 2004, 38: 1561-1568.
of a metal plating sludge [J]. Cem Conc Res, 1992, 22: 822-832. [17]  Islam M Z, Catalan L. J, Yanful E K. A Two-Front Leach Model for
[5] Lombardi T, Mangialardi L, Piga P S. Mechanical and leaching Cement-Stabilized Heavy Metal Waste [ J]. Environ Sci Technol,
properties of cement solidfied hospital solid waste incinerator fly ash 2004, 38: 1522-1528.
[J]. Waste Management> 1998, 18: 99-106. [18] Zomeren A V, Comans Rob N J. Contribution of Natural Organic
[ 6] Pietro Uy Domenico C. Solidification and stabilization of cement Matter to Copper Leaching from Municipal Solid Waste Incinerator
paste containing fly ash from municipal solid waste [ J 1. Bottom Ash [J]. Environ Sci Technol, 2004, 38: 3927-3932.
Thermochemica Acta, 1998, 321: 143-150. [19] Dijkstra J J » Meeussen J C L s Comans R N J . Leaching of Heavy



1132 B2 53 B % 29 &

Metals from Contaminated Soils: An Experimental and Modeling or Release? Effect of Tron ( [ ) Sulfate Addition on Chromium ( V] )
Study [J]. Environ Sci Technol, 2004, 38: 4390-4395. Leaching from Columns of Chromite Ore Processing Residue [ J].
[20]  Geelhoed J S» Meeussen J C L» et al. Chromium Remediation Environ Sci Technol, 2003, 37: 3206-3213.

A

A N N N N S N N N N N N A N S N N S S N N S N S N N N N N N )

2006 FIRERIF R AR LI BH 5 HURFIZ I E FHEFR"
CRERFEBCARAE BWFFLIT 2007 £F 11 7 15 H A

BT RIK A PSS
/15 WA R
il RS R HfH ZRHEA W ER
7027 JOURNAL OF ENVIRONMENTAL SCIENCES 352 26 -0.61 0.406 2 -0.40
7549 A ISR 563 21 -0.37 0.744 13 0.11
7029 KL U 5 PR B 811 12 -0.09 0.830 11 0.23
7024 WS SIS 611 18 -0.32 0.301 27 -0.55
7015 LA SRR 330 27 -0.63 0.444 20 -0.34
7544 By G K T FR AR 99 31 -0.89 0.348 26 -0.48
7013 Tl /K Ak 3 1021 10 0.14 0.406 22 -0.40
7032 Tl K5 Rk 288 28 -0.68 0.207 31 -0.69
7010 WG IR R 642 15 -0.28 0.653 14 -0.03
7009 1o TR 595 19 -0.34 0.944 7 0.40
7017 WER Y R 274 29 -0.69 0.246 30 -0.63
7005 WE T 569 20 -0.36 0.371 25 -0.45
7004 RERI D 2899 1 2.24 1.310 3 0.95
7003 IRESRF 2224 2362 2 1.64 1.076 5 0.60
7002 WSR2 1141 8 0.27 1.089 4 0.62
7025 WEE R 5HA 687 14 -0.23 0.397 24 -0.41
7019 WEG 4L 5B ih 701 13 -0.22 0.462 19 -0.31
7021 WG R B AR S & 1503 6 0.68 0.550 16 -0.18
7008 ARV IRIE R 2 2 4R 1779 5 0.99 0.879 8 0.31
H784 AR 975 11 0.09 0.837 10 0.24
7023 S E RIS AR 627 16 -0.30 0.838 9 0.25
7016 VIGSEES TN 614 17 -0.31 0.268 29 -0.60
7007 DY 135 419 25 -0.53 0.413 21 -0.39
1953 HERbE SHEAR 254 30 -0.72 0.291 28 -0.57
7551 T4 0% 55 FR BT 2% 4 517 23 -0.42 0.638 15 -0.05
G129 o[ 22 AR AR 1060 9 0.18 0.828 12 0.23
7030 e [ P45 M ) 445 24 -0.50 0.480 18 -0.29
7001 o [E R B R 2045 3 1.28 1.062 6 0.58
7546 LN B PR 518 22 -0.42 0.513 17 -0.24
7022 TR 1152 7 0.29 1.350 2 1.01
7012 H AR BE U5 4R 1926 4 1.15 1.675 1 1.49
RS 896 0.673

D BRI T - B R R ARAE BT . 2007 2R ERHE TS HIER 35 (B0 ROIM D A6t : BHF R SR H IR AL . 2007.212.
2) CIRETRIAD2002 ~ 2007 4L 6 453K F A B A HE 22 R 78RS





