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Table 1 Chemical composition of tailings (% )

% Si0, ALO, Ca0 MgO Fe0, Na0O K0
B 39.02 616 1561 149 612 021 437

% Ti0, BaO SO  MnO SO, LOSS
BB 067 268 238 082 800 11.85

=2 EwwHAEm

Table 2 Mineral composition of tailings ( % , mass fraction )
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Fig. 1 Particle size distribution of tailings
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Table 3 Particle size gradation of tailings
lﬁ Ij DlO/p"m DJ()/“‘m D(»/Mm D‘Ju/lkm C, C,
45 6.641 21914 64781 137.267 9.75 1.12
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Bo WM FIAN I Sk B PE e T T BB R ST AR A A
B 2L 105 CHET, IF R H @500 mm x 500 mm
BRESHLIEAT By B i T, 45 31 b 1 AL 407 m/kg
H1534 m’/keg A" A o K40 7 D 5 X e AL e
F5mm AT, PL105 CHEF, IR FH D500 mm x
500 mm EREEHLIA TR EEINT., LBRYEESAH, 15310
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FMFK 398 m/kg W MY . WA A F ok [ PRV IE
TCHEHIME A BRA R, “ /KA 5N 88.9%,
Ph45 CHETRE . PEREIRTT R 50% A K . 40% Bt
FREN . 10% HEELF R B A A1, R BHOE B 5
FUIE R EEAT RS M, B0 e R R B R R b
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Fiz FEOFH 07 B4 (] R b o X 4 8 A0 AR AN 7 Ry 11
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Table 4 Activity test results
AR R (m'fkg) 7 diEYERREU/% 28 dTEPESR B %

N 407 93 114
R

534 105 126
Witk 398 63 70
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D) FEA & o e BRI e BT BRI 4%
MR, RGBS BEFEDL P AT i, 155
FEIEMA BRI, B Ak 2 30 A PN B I eV e i 1Y)
70.7 mm 377 R BRI, Sk g R SR SR RHIT
4 v IR AR SR 70.7 mm, FEIRARE T CE
TEASE, RER DRI BIPA LU, TSRS DR R K
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UREEFEAPZ 37, 14, 28 dJE A TsR IR,
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3) AR B, 2R EREY =
BRI 107 KR ) (H) 557—2010) il
FrR IR R, iR 5K A e E ) (GB
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Table 5 Mix component of solid-waste-based cementitious

filling material (% )

g AOTwhs o Swke e g T
g 4

A0 P-0 42.5/K{e

Al 50 — 30 19.50 0.50
A2 55 — 25 19.45 0.55
A3 60 — 20 19.40 0.60
A4 65 — 15 19.35 0.65
A5 70 — 10 19.30 0.70
A6 — 50 30 19.50 0.50
A7 — 55 25 19.45 0.55
A8 — 60 20 19.40 0.60
A9 — 65 15 19.35 0.65
Al10 — 70 10 19.30 0.70

FYIEPUERRE 9 2.4, 3.8, 4.5F15.4 MPa,
J5 L FE SRR BE A R i T ] %) ST A 25 4 T e s
AT P-0 42,5 KPe Y9G Frde -, JLHAE T, 14F01
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TZRW R 5.

(SR ERORER iz 3 1) I B R % g
FEIEAR R B 1 AR AR — 3, RI3 dFNT7 d il
BT R SIS RS, 14 d A28 d i IHT R
FEWHFEE T ZRA i WA RS IR B R,
R B R 60% Bt . 42 R i 4 A B T
PR FEIUAR3 AR T dIPLIESREE , TEAHTRI AL L 5%
PR, 3 AT dE A R A i A i R 2.2 MPa

(b)
11 .-
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0F ey 2T A A
ITome x.---*
9F
]
o
S 8F a ———
il -—-——2--"" S~
i 7F -=-3d
]i - 7d
=2 6" - 14d
- —-28d
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4k
3 L | ' ' '
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Fig. 2 Compressive strength of filling mass produced with different slag powdes: (a)407 m’/kg; (b) 534 m’/kg
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H12.8 MPa, 1fi 14 d F128 d #4140 e 5 28 52 40 5 5%
AN, SEFHIREE U R, A kA, BEIRER
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Table 6 Compressive strength of filling materials with

different cement-sand ratios

-~ P HUESRIE /MPa
7d 14d 28d
Bl 1:6 2.4 3.1 4.4 5.7
B2 1:7 1.8 2.7 3.7 4.5
B3 1:7.5 1.5 2.2 2.9 3.7
B4 1:8 12 1.6 2.6 33
B5 1:10 — — 2.0 2.6
B6 1:12 — — 1.7 2.4
B7 1:14 — — 1.0 1.7
B8 1:15 — — 0.9 1.6
B9 1:16 — — 0.1 0.5
B10 1:18 — — — 0.2
T RERTERE
6r —s— N[ LT He it

- = 3=0.391x+7.056

6 8 10 12 14 16 18
WK

K3 AIFEPIKE L SEER R 5

Fig. 3  Compressive strength of filling materials with different

sand-cement ratios

MEE, AT PR (AP E 1:7 57 R WL IR 4) Fnii
iR, GER KT, ARG IC/T 2478—2018 (B 111%
23 X SR AR EE + ) e B RDi4n 255 0 4
25, FTINASY R B AR R o o F2 N S2, &
HF 00 FESERA b L A8 A g () 3 Bl P RN/ N AR R
TR
23 RUSHKKER
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Fig. 4 Expansion degree of filling material with a cement-sand

ratio of 1:7
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Table 7 Performance of filling materials with different

cement-sand ratios

O L p— DU
DUARRT T /g DUARIE it /g U4/ %

1:7 320 867.9 837.8 6.0

1:15 330 879.1 853.8 5.1

1:16 330 882.3 859.1 4.6

IR, i gs R (R 8) nI A, FEIAMIR &
& J e E RN PE MR T GB 8978—1996 (57K 47
AR ) RIFRIE 2K
24 KPR

Fh 71 3 Fe SRR W ) 28 d I 0T A K Ak = ik
WL S L 1] e (JB1 S ) AT, KR = b R

(a)

*8 FTEMFZHBHAWER
Table 8 Results of leaching toxicity test of filling material

g5 KEE SRR GB 8978 FR1E
1 BIR/(pg/l) <0.04 50

2 FEHOR /(pg/L) FS A A5G Hy
3 SR/ (pg/L) 0.79 100

4 S (g/L) 86.7 1 500

5 AN I (ug/l) 103 500

6 S/ (pg/L) 31.9 500

7 S/ (pg/L) 9.46 1000

8 BV (pg/L) 584 1000

9 HILE /(g <0.004 0.03

10 BB (ug/l) <0.04 5

11 AR/ (pg/l) 0.05 500

12 S oM /(Bg/L) 0.06 1

13 SOBHUHE/(Bg/L)  0.068 10

14 S /(gL 432 500

15 SR/ (pg/L) 112 2000

16 SR /(pg/L) 624 2 000

17 SRAEH /(mg/1L) 0.192 10

18 AL /(me/L) <0.01 1.0

19 HAE) /(mg/) <0.001 0.5

ARIVESELAT FET AR 1 C-S-HEEE , 3t AH B 284
B AR R Z B s B, iASSEUE R T
WL fEFEBRR R, TR R,
WA B H BKFIALBRZE R, Sl i R K f
BT A MM, ARSI, HAEES LA W
A, S RAOERHFERR > A oK, X AE—
SERRRE 4R T AR BRI A R AR, T 2
P TR R

BIS [ RE FEBUREE R R AL 4 SEM IR : () BORAR £ 2 000 x 5 (b) KA 10 000 %
Fig. 5 SEM images of hydration products of solid-waste-based cementitious filling material: (a)2 000 x ; (b) 10 000 x
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Optimization of Mix Proportion and Performance Investigation of Solid-Waste-
Based Cementitious Filling Materials

Yin Shaoning, Yuan Peng, Pan Dong, Wang Kun, Meng Xiang, Wu Jiawei
(Institute of Technical Information for Building Materials Industry , Beijing 100024, China)

Abstract: To address issues of high cost of traditional cement-based filling materials and poor bonding of ultra-fine tailings as a component,
a solid-waste-based cementitious material was developed for the backfill of a molybdenum mine in Shaanxi Province. Steel slag, slag, and
desulfurization gypsum were used as main raw materials, formulated with a performance modifier. The formulation of the solid-waste-based
cementitious material was studied by varying the content and fineness of slag powder. The optimal formulation was selected to investigate
application performance of backfill bodies and micromorphology of hydration products of the cementitious material. Results showed that
the optimal formula of the solid-waste-based cementitious filling material was 60% slag powder (407 m’/kg), 20% steel slag powder, 20%
desulfurization gypsum, and 0.6% performance regulator. Under this ratio, compressive strength of backfill bodies at all curing ages was
superior to that of P+O 42.5 cement, with 28-day compressive strength reaching up to twice that of the cement group. Moreover, when
cement-sand ratios were 1:7, 1:15, and 1:16, respectively, strength requirements of different backfill zones were satisfied. Meanwhile,
the material exhibited excellent fluidity and volume stability. Leaching toxicity indexes of all backfill bodies were lower than the limits
specified in GB 8978—1996, indicating favorable environmental safety. Main hydration products were acicular-rod ettringite and fibrous
gel-like C-S-H gel, which were interwoven to form a dense structure. The solid-waste-based cementitious filling material developed in this
study had potentials of realizing resource utilization of solid waste and reducing backfill costs, providing technical support for green and
efficient backfill of mines.

Key words: solid-waste-based cementitious backfill material; molybdenum mine tailings; mechanical property; application
performance ; microstructure morphology
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