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Fig. 1 Analysis of particle size gradation of rod-mill sand
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Fig. 2 XRD spectrum of nickel slag in Jinchuan
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Fig. 3 SEM images of nickel slag in Jinchuan
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Fig. 4 XRD pattern of carbide slag
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2.1 I T5E

PR A FH R A4 et 2 SR A0 i R 56 45 K v
AR L R — e LU BR A, Hh 8k 5
H®=>85%, MAEMBEAERESBE<10%, 2
BB E<2%, MRNBE<3%, HHERRAE
AHEAEREGBER NG AE S EE 0~100%
I3 AT IR 78 70 VR A I SR B R AR S iR R
RHP R E L 1:4 MABBIE R, FRIN—g &M
IKIEFE S G, 3 il 46 it 7 2 75%~83% 1)

x 1 WA EMLE R M

Table 1 Chemical composition analysis of test materials

BHRK, BEFUEL 40 mm X 40 mm X 160 mm AR R D
B, PEEAGRETR 74, R 7d M 28d )5
F IR 4% GB/T 17671—1999 ZER 43 5 s H 3 AE o

22 HERSH
2.2.1  JBRALE 15 B e AR R BT A R

IR AR O FAE T R AR 7K AR IR R 77 AR
SR, RGO A AT Ry R R,
AR i A6 e R A R LU AR . AR
A BEAEREY . BRE AR R AT (&5 2 S
N 85%- 10%- 3% 2%. N7 3w B
HEMBABMRLL, BRESBETOBRAGE S
IR 0~100%73 A HEAT R0 s FLom B, 45 SR an
K5 pioR. B S aTUEH, 4MmAE &= T
50%H, BHE B AE SRR, SR IR K
LA E SR RT 50%0, BEE B A E S =K
WK, SREIRETRDN: TEMEAE &8N 50%T,
SRR IR K, WA s S aBREl A
5:5 W HC EL AR o
2.2.2  PRRTEAIG 78 AR SR Y R0

B T AR, IS P 70 SEL R M BE 5 i
REE. AT REREAENG M, 7T LOE 6L
AT BE I PR R AR e L R TR ), [ 6 s AR
HeR AU Fe AR SR B (52 . EH I 6 FTLAE
B LE R MAIE K, SR HZWIG K, HYHER
AR 620 m/kg I 5 K R SE, 5 ek
BERAS, #5620 mP/kg i A /KRR A L R T
Bl FEERERAAE . A A PR R AR S
S9: 320 m¥kg. 320 m*/kg A1 300 m*/kg.
2.2.3 BRI UE B 78 AR TR 1 R

BFR R & 53 B R IR AR SR B A R R, AR

Mass fraction/%

Material
SiO, MgO CaO Fe,O;  ALO; FeO SO, Na,O Other Loss
Bar sanding 63.6 3.68 1.39 3.44 - - - - 27.89 -
Nickel slag 36.62  28.81  22.69 0.27 6.97 3.01 1.08 0.16 0.26 0.13
Desulfurization gypsum 3.16 7.49 33.38 0.47 1.35 0.09 45.70 - 0.08 8.28
Carbide slag 4.09 - 67.09 0.04 2.16 0.36 0.14 0.28 - 25.84
Clinker 22.50 0.83 66.30 3.43 4.86 0.02 0.31 - 0.79 0.96

Sodium sulfate - - _

- - 55.77 4323 0.008  0.002
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Fig. 5 Effect of FGDG content on strength of backfill
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Fig. 6 Effect of specific surface area of nickel slag on
strength of backfill
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SRS R 7 Brs. B 7 ATRLE
5 W BAPT AT 98 B RN B s i B 35 B R I T =
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7d F1 28 d FrafraRE A K T 3.5 f5A 2.6 fif, 7d
128 d HFUESREE 73 G K 7 2.52 f5H0 2.24 5. 455
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Fig. 7 Effect of slurry mass fraction on strength of backfill
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Table 2 Mechanical properties of backfill under dynamic loading

e -
-

Ti Compression Tensile Shear
ime
Load/kN Strength/MPa Load/kN Strength/MPa Load/kN Strength/MPa
7d 8468 53 2380 1.53 3814 1.19
28d 20072 12.5 2774 1.79 12936 4.04
— NS cementitious material § <
. ====P.0 42.5 cement T «
VA= Mo A
3 SRIBRUBRMEIKICR RS | s

N T R FAGIE BB R KA P2 B HLEE, 43331
K XRD 7Bk F=49AH . SEM W8 /K A6 =1
FESREE R . LLAMEREA(FTIR) M= 44k, FF H.
K 2R AR BT KT e g, DAL
OV 2 THI 48 7~ B e T A b KA S B AR L =4
PREN I S

3.1 KL

KR X SR AT OO AR R A LKA = )
YIAHBEAT S0, 25 R 9 Fros. B 9 ATLAE H,
S FRIAEL, 7 d A28 d KA i R 4y
EAAT IR 5 HAL =Y S, A REpEIN
A, ANA 0.47 nm. 0.56 nm A1 0.96 nm {75 4 1A
W, I HLKAk 7 d I ATET 64 28 d i B e,
N T B KA TR, RIS %
5 PO 42.5 AKPEIEATXELL A4, Horp 28 d K AL
WA EE T e an i 10 o, B 10 TTRUE
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Fig. 9 XRD patterns of hydration products of nickel slag
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IR spectra of 28 d hydration of nickel slag
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(1) TG #hZRA77E W 2R Bk, X2 h T A
KA IR 6 Bt Jie i K& i« 7E 456 “C I 7K e
DSC HHZRAF7EM g, H TG ML AR EHIA,
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R R DSC AR #ie, X2 KA TE
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12 Fos R I B R AG =0 ) SEM
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Fig. 11
materials and P.O 42.5 cement hydrated for 28 d

DSC-TG curves of nickel slag cementitious

HEZYMRZEIA, JEEMHFARREATR, H
LA 2RAFIR, HKELR 4~6um, KB N
20~30 7. B 12(c) ()T AuKAL 28 d I7F=4),
ALEH, FRETAECEZERN, I HREN

AR AR, KB, TTRUAR] 100 4417,
IR, FILF X SR REE XS AL A B 1K) 4 XSG T
FE RN, SERME 13 Fis. B 13 /LA H,
HF WM AMERE, HHAE Na. Mg # Si,

XN B BN 1.33% 1.28%A0 1.43%.

3.2 KR BHNIBHR

BEIRAS TN L AW A (8] 4347 B /K VAR, 7
WORFIWE R AR OC RN Z0R Bk, e SEM. 43
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Fig. 12 SEM images of hydration products of nickel slag cementitious materials: (a), (b) 7d; (c), (d) 28 d
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Ca 21.01
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Fig. 13 EDS spectrum of 28 d hydration of nickel slag
cementitious materials
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Fig. 14 SEM images((a), (b)) and EDS spectrum(c) of
28 d hydration of nickel slag cementitious materials
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SIS, A5 BALSIOL* VU T A A [AIOL] Y T A A
BRI TS R 5 W R R RO R SR . IR AE k1
KA R, B Mg® s Ca K ARE(E)
W BRSO B 24 Hk, Bk Si—o—
Al fil Al—O—AIl 7£ OH {EH N RAEMIE, AWk
WU AP, AH1R[ALO,] KB W T, HH 5%
Wirft Ca¥'. SO A RS ILAT,  [FII I
Na's Mg®'. Si*"Z % GRKA R Rt , AR
FUAAR 314240 > | ZERRRIR IR EA S /E
S5 o1 G O A 0 R RE (AR TR 6 3% 8 4 S I i
SRR, RAERIRBL, AR LA« 245
B, IF B R SRR TR Rz, B 5
R B, SR RN ST, A SR B IR W AR

2[6, 13-14
AL 1

1) R I6 X BERD B R ARV AR 7R Rk AT
Yo b, AT BREERDSFHARIE N 0.62 mm, H
J&T RAFHESL AL HR I 45 A 5 R A AH R 43
1, AiELIN 719%, TEVERIRTEAR: 2k
FURA 53 R e R 1 R IR ) o

2) BB VAR, SR A2 TS A AU A4 LA
P A A I, e DU A B AN A
RA, FEARYEIRIE 45 T B B A B v
BB BR RN B L N 85:5:5:2:3 I 7o SEAKVE M A
ws MBS A2 SR B . B . AR
HRHR LRI 58 6204 320, 320 A1 300
m/kg.

3) LURREPLG 1:4 JEATIREE, Fol0RL &2 4L
81%HF, AN 2 B ik, H+ H LG & 78 Ak,
H7 dFN28 dFFASPUE R 7308 3.46 MPa Al 5.76
MPa, 7 d #1128 d h#HiHEE 7374 5.3 MPa Al
12.5 MPa, 7d 128 d Hrhise/Z 4y 54 1.53 MPa
1.79 MPa, 7 d F 28 d Hi8Y 38 E 554 1.19 MPa
4.04 MPa, i 2 2K

4) TEWABRIR R E GWORIER T, Bl 45
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Mechanical properties and hydration mechanism of
Jinchuan nickel slag filling cementitious material

WEN Zhen-jiang"*, GAO Qian"?*, YANG Zhi-qiang™’, YANG Xiao-bing"* NI Wen"?

(1. Key Laboratory of High Efficient Mining and Safety of Metal Mine, Ministry of Education,
University of Science and Technology Beijing, Beijing 100083, China;
2. School of Civil and Resource Engineering, University of Science and Technology Beijing,
Beijing 100083, China;
3. Jinchuan Group Co., Ltd., Jinchang 737100, China)

Abstract: In Jinchuan Mine, nickel slag was used to develop a new cementing material instead of cement to reduce
the filling cost. In order to make nickel slag cementitious material better used in mine filling, it is necessary to
study its mechanical properties and hydration mechanism. Firstly, the physicochemical analysis of the test material
was carried out, and then the strength test was carried out on the basis of the analysis, the ratio of activator, specific
surface area of the material and slurry mass fraction were determined. Finally, the hydration products and hydration
mechanism of nickel slag cementitious materials were explored by XRD analysis, infrared spectroscopy analysis,
differential thermal analysis, energy spectrum analysis and SEM micro-structure analysis, which provides a
theoretical basis for its application in mines. The results show that the proportion of nickel slag cementitious
material is m(nickel slag):m(desulfurization gypsum):m(carbide slag):m(sodium sulfate):m(clinker)=85:5:5:3:2; the
optimum specific surface areas of nickel slag, desulfurized gypsum, carbide slag and clinker are 620, 320, 320 and
300 m’/kg, respectively; When the slurry mass fraction is 81%, it not only satisfies self-conveying, but also can
prepare filling body according to 1:4 cement-sand ratio. The static compressive strengths are 3.46 MPa and 5.76
MPa for 7 d and 28 d, respectively, and the dynamic compressive strengths are 5.3 MPa and 12.5 MPa, tensile
strengths are 1.53 MPa and 1.79 MPa, shear strengths are 1.19 MPa and 4.04 MPa, which all meet the requirements
of the mine. Under the combined activation of alkali and sulphate, the crystalline material and amorphous of nickel
slag are continuously depolymerization and dissolved, and hydration reaction takes place. A large number of
ettringite and ettringite phases are formed, while irregular floc gel fills the gap. With the increase of curing age, the
structure becomes denser and the strength increases.

Key words: filling mining method; nickel slag; compound excitation; mechanical properties; hydration mechanism
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