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Abstract: Employing the anaerobic activities of microorganisms sewage sludge can be used as a barrier to immobilize the heavy metals
leached from tailings. Due to the interactions between sewage sludge barrier and acid mine drainage (AMD) it is possible that the
heavy metals that have been immobilized previously might be released out. The acid buffering capacity (ABC) of sewage sludge
suspensions with various anaerobic incubation time and the effect of ABC on the mobility of heavy metals were investigated by acid
titration tests. Test results showed that ABC of sewage sludge suspensions was increased with the solidiquid ratio of the suspensions
and the anaerobic incubation time and that carbonate and organics play an important role in acid buffer of sewage sludge suspensions.
During the acid titration test Zn Pb and Cu were released out obviously following the order of Zn > Cu > Pb as pH was decreased less
than 6. 2. A mathematical model was established to predict the ABC consumption of the sewage sludge barrier under AMD penetration
condition. The simulation results showed that a sewage sludge barrier with 2. 0 m thickness even undergoing 666-years acidification by
AMD under 10. 0 m water head can maintain a condition of pH=6.2 and therefore keep immobilize the heavy metals of AMD in the
barrier.
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6 4 Table 1  Basic characteristics of sewage sludge used
AMD /% 120.57  LY/T 12134999
1% 25.80 LY/T 12374999
pH( ) 7.36  LY/T 12394999
Zn 706. 2 GB/T 171384997
/mgekg ™! Pb 74.4 GB/T 171414997
pH Cu 120.6 GB/T 171384997
_ Zn 0.67 GB 5086.24997
g 0 /mgeL~! Pb GB 5086. 24997
N N Cu GB 5086. 24997
10 1
12 1.2
1:20.1:10
pH . 15 ( )
CH,COONa  NH,H,PO,
ZnCl,\Pb(NO,), CuCl,
( 2). 30 min
24 h 1.2 3.
1200
25C
800 5.25.50d
1.2 3 120 mL
Qi5~Q.ss szso( i ) 2

400

(885-AC Anaerobic Chambers PLAS&LABS)
0.2 mol/L.  HCI
(702 SM Titrino Metrohm)

Eh/mV

-400 pH . 5
pH 7.6+ 5. 4. 3.
RER: RBRKRIRY .
BIREIX . SRRy, I min 0.3 mL.
-800 \ L L | I
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o (Eh) (EC) 10 mL
1 Eh-pH ;
Fig.1 Relationship between increasing activities of heavy i pH

metals with Eh-pH conditions -3
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(TDL-SA ( 180-80 Hitachi)
) 4500 r/min (Zn.Pb  Cu)
20 min 0.45 pm (ICS2500 Diones) (F .
2 Cl~.S0O; \NO, K'.Na'.Ca’".Mg’")
2
Table 2 Anaerobic cultivation conditions of sewage sludge suspensions
/ mgeL~! /mgeL~!
pH Eh/mV
54 25 d 50 d CH,COONa  NH,H,PO, ZnCl, Ph(NO,), CuCl,
1 Qs Q125 Q150 1:20 1 000 100 6. 89 162 500 500 500
2 Qs Q225 Q150 1:10 1 000 100 7.08 42 500 500 500
3 Q35 Q3.5 Q350 1:5 1 000 100 7.17 44 500 500 500
) (
2).
2.1 (pH >6.2) pH
(buffer capacity) 8 (H")
pH . (5.5<pH <6.2)
B pH (Ca®* \Mg’"\K".Na"). H*
CB(OH_]) c, (H™)
8o pH (4.2<pH<5.5) "',
de, de, M H* (3.8<
B = dpH =~ dpH pH <4.2) (pH <
(acid buffer capacity ABC) 3.8) 7. pH 3.
pH pH
" pH ( N R N
pH =17) (acid 5 ( 3).
neutralizing capacity ANC). AMD pH pH =3
AMD pH
7 ( mol /kg) .
(ABC) . o -
- CaCQO;
8
Ion exchange
N 6 [ (CH;0),
=
~ N &
4 sl AL(OH);
- Ton exchange
s L Fe (OH)3
H* H*
0 >
iR
pH -
2
Fig.2 Schematic curve of acid buffer processes in sewage
pH ludge suspensions sys
sludge suspensions system
pH
) 3
_ 4 . Q5

QZ—S N Q3—5
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Table 3 Classification of acid buffer mechanism in sludge-water system

pH pH=6.2 5.5<pH <6.2 4.2<pH<5.5 3.8<pH<4.2 pH <3.8

(a) ﬁi&@ﬁ!ﬁﬂﬁ =1:20 —8— Q5

—— Q25
A Qs . 25 d (0N
Q225\Q3~25 50 (1 Ql*SO‘QQ*SO\Qf‘fSO
(
! I I 4) ABC
80 100 120 140 0 0 0
15> 125 150
(b) BHRQEWI =1:10 —=— Qs .
8 Qos 5.25 50 d ABC 0.73.0.83 1.73
—A— Qa0 mol/kg.
Q15+Q125+Q15 (Eh) 162 mV
-57 mV -289 mV
pH
18
| | | I
60 80 100 120 140 19
(0) BRQERL =1:5 —=— Q. .
8 —— Qz_; QI—S‘Q1£5‘Q150 ABC
, —A— Q50 4 2
6 Q275 N Q2~25 > Q250 Q375 N Q3~25 N
%‘ Q350
° ABC ABC
4
3
2 ' ' ‘ ‘ ‘ L 5 H=6.2).
0 20 40 60 80 100 120 140 (p )
120 mL23% #0.2 mol/L HCI54 I #&/mL (5.5<pH <6.2). (4.2<pH <
5.5). (3.8 <pH <4.2)
’ Q- (pH <3.8).
Fig.3  Acid titration curves for sewage sludge suspensions Q, 2 (
Q, Q5 with various soliddiquid ratios
Y ! 3) . Zhang "
Cappuyns 0
pH
. 4 ( - .
ABC) Ql,j A - pH

QZ—S QSé
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4

Table 4  Characteristic values of acid titration tests for sewage sludge suspensions

ABC /%
ABC
M /ihv fmol-kg ™!
(oliz6.2y (3SPI<62) (42=pH<5.5) (8<pH<d2)  (pH<3.8)
Qs 1:20 5 6. 89 162 0.73 9.48 8.72 48. 05 11.62 22.19
Q15 1:20 25 7.57 57 0.83 16. 41 13.57 45.02 7.85 17.17
Q150 1:20 50 7.68 289 1.73 35. 66 13.56 34.21 4.86 11.77
Qs 1:10 5 7.08 42 0.59 14.50 16. 95 44.04 6. 88 17.54
Q,5 1:10 25 7.49 292 1.32 38.27 14. 21 29.55 5.49 12.78
Q50 1:10 50 7.82 425 1.46 38.28 12. 24 290.14 6.72 13.53
Q35 1:5 5 7.17 44 0.56 14.97 13. 05 43.91 8.25 19.94
Q35 1:5 25 7.26 295 0.72 30.29 12.96 35.37 5.82 15. 56
Q350 1:5 50 7.61 431 0.92 33. 84 12.03 31.52 7.31 15.30
( 4). 4 Kamon
ABC 4
\ ( o ) Qs Qs Qe 7o
Pb  Cu
2 3
. Q5-
Q,255+Q,50 Zn Cu
5d.25d 50d Q5
2.2 Q,,5-Q,5, Eh 162 mV., =57 mV
-289 mV. Eh - 150 mV
5 : . 23
N Fe-Mn 5 50 d Q150 Qa0
e Qs . 5
Zn Pb Cu
’ Pb  Cu Zn
ABC N
4
Co, pH pH . Zn
4 4(a) pH =7 Zn
0,590,559, Zn.Pb Cu ; pH=6 Zn
500 mgeL~' Pb 4(b) pH =6 Pb
Zn>* .Pb** Cu®* ; pH =5 Pb
N Fe-Mn . Cu 4(c) pH
N =7 Cu ; pH=5 Cu

(pH =
7) . Zn > Cu > Ph. Coz * Singh ¥
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Fig.4 Release of Zn Pb and Cu from sample Q, Zn.Pb  Cu
in acid titration tests Fig.5 Release of Zn Pb and Cu from samples Q, Q,
and Q; in acid titration tests
pH =6.2 3
3
pH =6.2
AMD
( mol /kg). pH .AMD
3 pH=6.2 6
4 Qléo N
Q50 Qs50 pH=6.2
35.66%  38.28% pH
33. 84% 3 pH <6.2
0.62. 0.56  0.31 mol/kg.
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S, Acidity = ¢Stc, (4)

AMD
pH q AMD em’/(em’*s) e,
6.2 AMD (mol /1) AMD
REAK
LI . - AMD
(mol/L) ;¢ (s).
AMD
g = ik = kH/h )
co i ik
(cm/s) ;H AMD
%3
(m);h (m).
) ~()
yan(ABC) W
I = 6
keyH ©)
300 kPa
y.=1.05 g/cm’
6 n =0.47 k=6.34 x10 "cm/s
Fig.6  An acid-base front and acidity concentration profile 26 ¢y = 4.6 x 10 -2 mol /L, (ABC) »
in a sewage sludge liner at tailing impoundment
Q]—SO ‘QZ—SO Q}*SO
(ABC),, =0.31 mol/kg.
: ©
t = 1.66 x 10" x h’/H 7
S (ABC),, = 3 Acidity ) 0 ™
AMD
S (ABQ),.: h pH 6.2
(mol) ; E Acidity : t a.
' AMD 7
(mol). AMD
7
5.0
(n) « » %
2 (ABO),, = Syhn(ABO),,  (3)
Ya (g/em’) 5h
(m);n (ABC) .,
pH=6.2 him
(mol/kg) ;S 7
(1 m’). AMD
AMD Fig.7  Effective acid buffer capacity depletion time

vs sewage sludge thickness and AMD head
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