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Abstract: Mechanical activation is a commonly used method to improve the activity of tailings,
and adding chemical activators to the grinding system is a more effective method. Five types of
activators were used to compare and analyze the grinding characteristics and early gelation
activity of siliceous iron ore tailings (IOTs) using single and composite methods. Iron ore tailings
powder was prepared by mechanical activation and mechanochemical activation, and the grinding
characteristics of IOTs after grinding were measured, including specific surface area, particle size
distribution (PSD), and gelation activity at 3, 7, 28 d. The hydration products were analyzed by
using XRD and SEM. The conclusion shows that the addition of various activators can increase
the specific surface area of IOTs within the same grinding time, and the mechanical chemical
activation with the addition of composite activators at 90 minutes of grinding can increase by up
to 30.43% compared with mechanical activation. The addition of activators improves the
grinding efficiency of IOTs, resulting in a narrower PSD range. The strength increase of
cementitious system in the early stage of hydration is mainly due to the fact that activator can
promote the formation of ettringite, while the strength increase in the later stage is due to the
improvement of tailings activity. This study is of great significance for the efficient utilization of
siliceous iron ore tailings.
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gelling activity ; hydration products

WimEE: 2023-03-17

EEWE: P E-rPRREZSEREGHEEDH (2021111) 5 174 H O BHE 0 H (2019TH2-10100035) 5 H e @ g 3L AR AIF
A 55 S LT R 4 VR BhI0H (2101018).

EEB N TiRL(1969-), J TTIRGRMN, ZRAb K2f 4z 1A 0



% 7

ITROF . RAREF X TRRGRET 5 B4 S I8 &k 1029

T B AT 55 4 BEUSFN T I, e IR TR
L RATE I AR AR AR AR R
WA AR R AR AR R Cah I T ER L H
i A A IRV B2 i A A g [ e

SCHR [ 4-6 1052 R W] i i R R 2 AL
PJE B AU P AT Y 38 K4 n] DU
TRBE L ANE , HLw R PTRR AL TE 25K STk 713
B MILAR % AL A TOTs 1 281 4 $R A3 fy i 1 B 5
HATEHEVERE , BIF R I 1] 2 S A 1 T4 g K
TP RN 2 2 R B BE G B P T 1] B SE G, TO Ts
Fe R AR L BT R i E 1E B ] iR e
ISR . Han 55 T 52 R W] 1OTs 4Bl RE R AL K
TRAL B S5 A0 20 , D B0 T 5 B iy . LB ) 16 1k 8
W28 d i P45 B — e >65% , 1E — & 15 5 i Fl N
A LA S VR R b A JILPE B, {ELAE AR IR ] 4%
T8 A A AR

B~ A 77 sCH A ROR A AR T
ZTRPARRE AL, Qlan A TEME I A FHIA
Na,SO, fifi /K YA 2 40 He it BE $ vy . A 21 i i
A= HUHRE G 16 Ak A AN A7) 2> gk R
Ry XKL JE 73 A3 AR A B I3 T URE 40 AL AR T
FE G A i U -~ 3 A 7 2R =0
A7 1% 3 fo LI AL ROR . AU -1 2 1% A 7 sUH

ARG R AT AR AR 16 AR I A R
3 I A5 R B O B2 B A R LI g 1) R )
25T .

A SCER12-14 15T, R HH 2 Fiist g 31
(NS, CS) (¥R & + % M4 m 5l (CF) |45 . £k
(CA) . —FhEEE S H A = Bk (TEA)E R ik
SN L A AU LA 27 2 RO = & T
PETOTs , AfF 5 493 85 i [ 117N 5] g 1 e 700 ke i 2
JE AT A9 S R P R R S 5 e 8 ) 2 i R 3 ot
XRD, SEM X} HoK A itk 2 FK Ak 7= W 247 50 #7
PRIT 5 4 T AT N B TR R0 0 S R 1 B L
TG (R R A AL

1 R g e )y ik

1.1 #R5iKH

AHIEST T F AR L 32 BEAL A < 53 e R SR K e
P.142.5, LAY B )22 P B L3R 1, 2= 20 WL
P2 T M1 SR BRERHERD A A 72 1 1SO A
HERD 5 355 >R FH 09 336 A 700 320 Sk 43 7 4 Ak 27 3R
(A3 R B 43 o 4 40 B389 299%) |, 43 51l ok % R 6
(NS, CS) , & & + & H 4l (CF) , 45 i £
(CA), = LM (TEA).

*R1 P.l42.5KiBHRE

Table 1 P.l1 42.5 cement performance
45 I A] /min B LR /MPa
R ER/(m* kg ™) -
WIkE Ak 3d 7d 28d
358 172 234 26.45 33.09 46. 85
x2 KRMHKETHLFAR(RENH)
Table 2 Chemical composition of cement and iron tailings (mass fraction) %
R Si0, AlLO, Ca0 Fe,O, MgO SO, Na,O
7K 20. 60 4.57 63.27 2.59 3.29 2.11 0.55
PR 74. 89 4.39 4.28 9.78 4.52 0.47 0.59

B1 BIRI0Ts Bihif s
Fig. 1 Morphology of undisturbed IOTs particles
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PEHLAR TS AL RS BB 22 150 min. M 2 Hm] LA
B R R /)N, 1 BH B 2 A S IS [R] ) JE
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B2 AEMERETHIOTs LERER
Fig.2 10Ts specific surface area under different
grinding time

/ A
B3 #EE 180 min i 10Ts BREERE
Fig. 3 10Ts ball mill jar for 180 min grinding
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Fig. 4 Compressive strength and activity index of
cement mortar mixed with mechanically
activated I0Ts
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}50.9%, TEA 4 4 0.03% Wi AL 77 5% TOTs [ 3%
T AR 2 S RUR B HE L CA BB 1 M 0.6% 38 i 3]
0.9% X Hb 2 AR I J0 B 4 i, DRy DAK BB 2
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>CA, A WL 25570 1 B S O A W LT IEHLE

625
}? sool //\:._ “
o —e—CF

——CS

—+—TEA

g
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Fig. 5 Effect of single activator dosage on specific
surface area of IOTs
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B2 5 T 5 A0 3 RS AL, NS BLARXT H e A 1Y)
PERANIN CS  F X e 1A 22 A Ok HAT B i
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L=

S A TEA>CF>CS>NS>CA.

50 100
3 A4 R )
=y f%fg —— EMEIRE
40t [ 80
E J
= 30 160 g
4 20 40
B it
10 120
0—ca CF cs NS TEA °
S Z |

E6 HE—iENFITIOTsKEEE R
Fig. 6 Effect of single activator on IOTs gelling
activity
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03%:03%  0.6%:03%  0.6%:0.6%
w(CF):w(NS)
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Fig. 7 Effect of composite activators dosage
on specific surface area of IOTs
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Fig. 8 Effect of composite activators dosage
on I0Ts gelling activity
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Fig. 9 Effects of grinding time on 10Ts specific
surface area
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Fig. 10 Effects of grinding time on IOTs gelling
activity
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Fig. 11 Particle size distribution curves of different activation modes
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T, B A ORI 1 T R, AT DA R I A K U
FAR AR R T 40 pom A9 JH0RL U] 2591 1 5ik B ) 42
FE AR 2 3 R AT AR DX (R A nl
UG AL S5 P RS A1~AS B BER T ZEK: : <10 pm
B PE R 65.3%, <40 pm KL g% RIR
29.0% , H: 83 % 150 min #F 5 <40 pm H7 2k F)
95.3%, 1 i L 2R AR i 16 K AS X L A1 4

PE 155 98.2% , [HURY BE B [H] 2E 4, 10~40 wm UKL 5 12
A I BARAE, JE R 10~40 wm UKL <10 wm
ALY R AR >40 o (14 ORE ] HRD 72 Y 85
UL 16 AL 5 F R D1~DS AT 3 AR LAY HE
f,<10 um <40 wm k42 G H g s K, Horp
D3 41t AS 21 i B2 i — 2, U B MUK — 1k 2435 1k
90 min FEHLBEIE AL 150 min B AL . 3l B6 45 S F 0
AR 0 A BH B4R R T HILBEORD BB OR | B R
FEES (B3, 2R A AR AR 2R ek /N
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Table 3 The particle size of IOTs under different activation modes %
st RSB
<l.13pm 1.13~4.03 pm 4.04~9.86 pm 9.87~21.2 wm 21.3~40.1 pm 40.2~58.9 pm >58.9 pm
Al 4.50 13.99 15.37 17.79 18.26 11.93 18. 14
A2 7.51 21.16 19. 27 20. 92 19. 50 7. 88 3.72
A3 9.56 23.65 19. 43 20.91 17. 83 6. 18 2.43
A4 11. 48 24.9 19. 28 20. 24 16. 27 5.35 2.49
A5 12.24 25.69 19.35 20. 33 15. 64 4.89 1.85
A6 5.14 28. 54 20. 19 16. 01 9.42 1.97 18.72
D1 2.82 16. 99 18.79 19.01 21.18 14. 11 7.10
D2 4.58 24.35 23.51 24.17 16. 55 3.74 3.09
D3 6.95 29. 66 23.59 22.96 12.83 2.30 1.39
D4 8. 68 31.79 23.21 21.70 11. 18 2.27 1.92
D5 8. 09 33.30 23.77 21.41 9. 80 2.26 1.38
PR AR AL 5 XM ()6 B 5 1] (90 min) IOTs I 5 KAWURE B i ik />, [+] Bsf 0 2 4416 i 72
PR A O E 12 s U -f i 4 = 3.
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Fig. 13 RRB equation of activated tailings
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G X FREL d/um n
Al 0. 992 27.4 0.88
A2 0. 990 16. 4 0.93
A3 0. 988 14.5 0.91
A4 0.992 12.7 0. 82
A5 0. 989 11.2 0. 86
A6 0. 849 14.5 0. 69
DI 0.972 24.1 1. 05
D2 0. 965 12.7 0.95
D3 0.972 9.86 0.91
D4 0.978 8.68 0.92
D5 0.970 7. 64 0.93
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