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Table 1 Main chemical compositions of raw materials

1 I

1.1 SEIe#Rt

il £ R A 4% FE WD I 45 e JEURE I S0 M R 6
RGP L. RRPAIK.
111 gkl

i FH 3 PR IR &5 AR, 23l J2 7K JE (Portland
cement type I, PCI). 1 3 i 25 #4 £l (Blast-furnace
slag binder, BSB). ) & % & 45 # £l (Steel slag
binder, SSB). H.H, PCI Ay 7 [ 1 3 [ 4% 25 46 B
42.5 @ Ak R £k /K e s BSB N AT HA IE A8 52 5 3K
207, okl R AR . BRI EE O 11:3:86(J
& Ib); SSBARTAB ARG MW AH. B
BIZ R 35:20:45 FCE M. JRAEN, Bokbk
HT# LS AR KRARTEA R, W AR E
TAE A =R AN A R THE A 7 B s R v
FECIP A (BRBR ST, B E N =AM be 4l <0
IR RE =Y. B AIARE Y A T ER BEN LR BE
JE IO s 48 XRF R & A4 Rk 1) 32 ZE40 2% i 43
K1PR. LN IERE L SR A G, R
PG bE 2 1 AR A 745 BSB AT SSB ) Lt 2 11 X 43 3l
465 m*/kg #1432 m’/kg.
1.1.2 s

SRR a2 R, BT R AT
PUBRW N E, Syl RE. #TE, HE
VR N 2.61 g/em®, HERLSFE 1.62 g/em’s
8 FHFRUETRBEAT 0% 20, 74 pum BLR 3820 A O HE
BONTAGHATRIE 00T, A4 R RIAR 734 JARFIE
HWE 1 FR. o] WAk 4 R R HANEHRL (- 74 um
BLAR) I B 9% 80.92%, —20 pum #6843 5 21.54%,
AR A B o i 4 Ak AR AR

) Mass fraction/%
Material -
SiO, CaO MgO ALO, Fe, 0,4 SO, Others
PCI 18.03 62.82 2.65 4.53 2.71 3.82 5.44
Clinker 22.85 66.25 0.77 5.52 - 0.82 3.79
Blast-furnace slag 35.15 43.46 7.57 11.15 0.72 1.32 0.63
Steel slag 18.90 46.20 4.59 4.45 16.64 0.32 8.90
Desulfurized gypsum 1.83 47.14 0.6 3.4 0.22 44.20 2.61
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Fig. 2 Schematic diagrams of micro and macro experiments
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Table 2 Experimental programs and mixing proportion of CPB
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¥y XRD ik £ I B — LR K46 19 C,S. C,S.
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2) SSB 1y F EKAL =) 5 PCI AL, HEH

21

. . Solid mass Mass fraction
. Binder to tailings . Temperature,
Sample Binder type . concentration, of =75 pum .
ratio, B ) t/C
Cl% particle, w/%
Binder-CPB, for effect of binder 81(whole
PCI, BSB, SSB 1:4, 1:8 68 . 20
type tailings)
BSB-CPB: for effect of curing 81(whole
BSB 1:6, 1:8, 1:10 62, 64, 66 . 20, 40
temperature tailings)
SSB-CPB: for effect of mixing 81(whole
. SSB 1:4, 1:6, 1:8, 1:12 64, 66, 68, 70, 72 . 20
proportion tailings)
SSB-CPB: for effect of ultra-fine
SSB 1:8 74 81,73,65,57 20

particles content
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Fig. 4 Thermogravimetric and differential thermogravimetric curves of binders at 28 d curing
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Fig. 5 Strength properties of CPBs at cement to tailings ratio of 1:4(a) and 1:8(b)
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Fig. 6 Microstructures of SSB-CPB(a) and PCI-SSB(b) at 28 d curing
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Table 3  Strength properties of BSB-CPB cured at 20 ‘C and 40 C

Binder to Concentration/ Strength at 40°C curing/MPa Strength at 20°C curing/MPa

tailings ratio % 3d 7d 14d 7d 14d 28d
62 0.98 1.42 1.76 0.75 1.25 1.93

1:6 64 1.09 1.75 1.86 0.82 1.58 2.38

66 1.35 1.76 2.12 0.86 1.68 3.03

62 0.86 1.26 1.27 0.44 0.88 1.13

1:8 64 0.9 1.40 1.43 0.47 1.04 1.47

66 1.04 1.62 1.65 0.60 1.24 1.73

62 0.56 0.80 0.99 0.28 0.54 0.76

1:10 64 0.57 1.02 1.11 0.33 0.66 0.89
66 0.75 1.12 1.33 0.40 0.70 1.10
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Effect of metallurgical slag cementitious material on
solidification characteristics of ultra-fine tailings backfill

XIAO Bo-lin"2, MIAO Sheng-jun’*, GAO Qian"? WU Fan'-?

(1. School of Civil and Resource Engineering, University of Science and Technology Beijing,
Beijing 100083, China;
2. State Key Laboratory of High Efficient Mining and Safety of Metal Mine, Ministry of Education,
University of Science and Technology Beijing, Beijing 100083, China;
3. Beijing Key Laboratory of Urban Underground Space Engineering,
University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The hydration properties of 3 typical backfill binders were experimentally investigated from macro and
micro perspectives through X-ray diffraction, thermogravimetry, scanning electron microscope and strength tests.
The effects of binder type, temperature, mixture composition and ultra-fine particle content on the tailings
solidification characteristics were explored. The findings reveal that metallurgical slag-based binder (MSB) can
completely consume self-generated calcium hydroxide to produce more gel-like products through alkali, sulfate
and combined activation methods, which is favorable for binding ultra-fine tailings. The similar mechanical
strength is obtained for MSB-CPB at halved cement to tailings ratio compared to ordinary Portland cement. Ultra-
fine particles have a more significant impact on the backfill early strength. High-temperature of 40 “C curing
accelerates the early MSB-CPB strength, which is proportional to the long-term strength at normal 20 C curing.
This correlation can be applied for the material quality fast check. The material cost and regional variance should
be considered when employing the MSB in a practical case. Some related standards and grade level evaluation
systems should be improved. Attention should be paid to the effects of heat stress and high ambient temperature on
the MSB-CPB long-term stability.
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