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ABSTRACT Backfilling material specimens were prepared with Pb-bearing ore tailings and a blast furnace slag—steel slag based ce—
menting agent ( BSCA) used as a replacement for cement in traditional backfilling materials. Other types of specimens with ordinary
Portland cement ( P+142.5) as cementing agents were also made for comparison. Flowability and compressive strength tests were per—
formed to study the working performance of the specimens and leaching tests were done to investigate the immobilization of Ph** in the
specimens. The phase composition of the hydrated specimens was analyzed by means of X—ray diffraction Fourier transform infrared
spectroscopy and differential scanning calorimetry. It is found that the backfilling material with BSCA has a flowability of 50 mm higher
than that with ordinary cement. The 28-d compressive strength of the BSCA-based specimens reaches 3.0 MPa which meets the
strength requirement for underground backfilling. The quantities of Ph>* leached from the BSCA-based specimens aged for 28 d are be—
low 0. 05 mg*L.™"  which is the threshold value of Pb*>* concentration for Type Il ground water in Chinese quality standard for ground
water GB/T 14848—93. In comparison the quantities of Ph”" leached from the cement-containing specimens aged for 28 d are 0. 1 mg
*L™". The reason for this higher immobilization degree of Ph** in the hydrated BSCA-based specimens is that a higher amount of
ettringite forms in them. Moreover the formation of zeolitedike facies in the hydrated BSCA-based specimens is favorable for immobili—
zing Pb** .

KEY WORDS metallurgical slag; paste backfilling; solidification; stabilization; lead

: 2015—09-01
(41472043)



* 900 -

38 7
7-10
1-3
; Ph**
’ 1
S75
640 m* kg~
45 1
/
6 590 m*+kg ' 1.
360 m’ *
/ kg™ 1
. 2.
(Pe142.5
1 ( )
Table 1 Chemical composition of materials %
SIOZ CaO Alz 03 Fez 03 FeO MFe Mg() f-CaO 503
11.6 41.8 1.43 5.38 19.7 2.99 10. 8 1.16 — 1.43
36.97 41.41 11. 60 0.30 0.33 — 4.24 — — 0.3
3.16 33.38 1.35 0.49 — — 7.49 — 45.70 8.28
2 ( )
Table 2 Chemical compositions and leaching concentration of tailings before lead ions solidification
1% Ph2+
Si0, Ca0 Al, 04 TFe, 04 MgO S 1cp /(mg-L")
50. 62 18.40 3.92 15.96 1.73 3.07 5.23 0.307
X N N
2
P-142.5
2.1
N 2.3
HJ557—2009 {
20 °C 90% h; 3 mm 100 g
3.7 28d Ph** 2L 10: 1 Lekg ™
P-142.5
GB/T 17671—1999 ( 8h 16 h
(150 )y . : GB/T 6682 11 Ph?*
2.2 GB5085. 3—2007
PhCL, 2.4
Pbh** 0.1%.0.3% 0.5%
PhCl, 83% I:

4.1:5 1:6
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GB/T2419—2005 ). 120 ~240 mm 250 mm
3 4
3.1
1.0 ~6.5 MPa .
3.0 MPa " 1:4 1:5
3 220 mm
7d 28d
3
Table 3 Compressive strength of different mortar samples
N /MPa
$4 7d 28d
S5 4 60%  28% 12% 1:4 2.1 3.9
S5 60%  28% 12% 1:5 — 3.2
56 S6 60%  28% 12% 1:6 — 2.7
3.2
P4 Pe142.5 1:4 6.5 8.2
80 mm Ps5 Pe142.5 1:5 5.3 6.8
P6 P-142.5 1:6 3.5 6.4
4
Table 4 Liquidity of different mortar samples
/% /mm
4 1:4 83 221
P4 1:4 83 175
S5 1:5 83 222
Ps 1:5 83 157
S6 1:6 83 173
P6 1:6 83 125 N
3.3 I 0.05 mgeL"'
5
6  PhCl,
Pel42.5
28 d
5
Table 5 Leaching concentration of lead ions for mortar samples with different ages
Ph** /(mgeL™")
3d 7d 28d
4 60% 28% 12% 1:4 ND ND ND
S5 60% 28% 12% 1:5 0.07 0.05 ND
S6 60% 28% 12% 1:6 0.10 0.07 0.01
P4 P-142.5 1:4 0. 142 0. 120 0. 092
PS5 Pe142.5 1:5 0. 192 0.185 0.110
P6 Pe142.5 1:6 0.251 0.232 0. 182

:ND 0.005 mg*L"".
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Table 6 Leaching concentration of lead ions for paste samples with different ages
( ) Ph** /(mgeL~")

( ) 3d 7d 28d
nsl 60% 28% 12% 0.1% ND ND ND
ns3 60% 28% 12% 0.3% ND ND ND
nss 60% 28% 12% 0.5% ND ND ND
npl P-142.5 0.1% 0.11 0.11 0. 095
np3 P-142.5 0.3% 0.26 0.23 0.182
npS Pe142.5 0.5% 0.30 0.36 0. 285
:ND 0.005 mg*L~".

3.4 X Ca( OH) ,
1 28 d X
S—0.5S-0.1.S-0.3 S—0.5
v 0.1%.0.3% 0.5%
2 28 d X
P—0.P—0.1.P—0.3 P—0.5
v 0.1%.0.3% 0.5%
a— 7 b—C5S; ¢—
2 X
Fig.2 Xaay diffraction patterns of the cement solidified bodies and
blank
3.5
— byt o 3(a) 28d  0.5% Pb
1 X 3(b) 28d  0.5% Pb
Fig.1 X-ray diffraction patterns of the metallurgical slag cementing . S".S.P" P
solidified bodies and blank . .
C—S—H 3 - 28 d
13 1 1500 cm ™'
3600 cm ™'
Ca( OH) , O0—H 3400 cm ™!
0—H 1600 ¢cm ™
H—O—H
14-15
1400 em ™'
1 2 X Co:" 1100 ¢cm ™'
SO2-
1000 cm ™! Si—0 ( Al)

SO2° 80"

16
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3 . (a) 28d  0.5% Pb ; (b) 28d  0.5%
Pb
Fig.3 IR spectra of the metallurgical slag cementing solidified bodies and cement solidified bodies: ( a) IR spectra of the metallurgical slag cemen—

ting solidified bodies with 0. 5% Pb and blank aged for 28 d; ('b) IR spectra of the cement solidified bodies with 0. 5% Pb and blank aged for 28 d

Al sio, *° Si Ph**
3( a) (b) C—S—H
985.44 ¢cm™" 977.73 cm ™ .3 680 ~ 700 C
977.73 em™'  968.09 695 °C CaCo,
cm ™!
4(c) -
400 ~ 600 cm ™' )
3(a) 500 cm ™' . 1
Si—0 3( a) 50 ~400 °C 125°C 368 C
500 cm ™! .
3( a) 600 cm ™' S0;~ C—S—H
S—O0 0O—Me( ) C—S—H D2 450 ~
" 3(b) : 500 °C 475 C
400 ~ 600 cm ™' Ca( OH), (OH™)
;3 650 ~ 720 C
700 °C
CaCo, ) 4( d)
Pb’". 368 °C 380°C
3.6
4 - C—S—H
4( a)
— . 700 C
i CaCo,
1 50 ~250 °C 4(a) . 4(h) 4( c)
131 C 700 ~800°C 850 ~ 1000 °C
C—S—H 703 ~
4(b) 861 C i 842 C
; 861 C 4(b)
2 350 ~500 °C 850 °C
400 C 4( c)

C—S—H 7
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1819 Ca( OH) , (OH™")

126 C

C—S—H Ca( OH) ,
B- X
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Fig.4 TG—DSC curves of the metallurgical slag cementing solidified bodies and cement solidified bodies: ( a) metallurgical slag cementing solidified

bodies with Pb; ('b) metallurgical slag cementing blank; (¢) cement solidified bodies with Pb; ( d) cement blank
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