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Fig.1 Distribution curve of tailings particle size
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Table 1 Chemical elements composition of tailings

SRS K455 % [2llbIES Kl 4528 /%
Ca 0.96 P 0.019
Si 36.24 K 3.59
Al 6.78 Na 0.41
Fe 1.91 ] 0.27
Ti 0.059
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Fig. 2 Flocculation sedimentation test
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Fig. 3 Comparison of sedimentation processes of tailings under different flocculants
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Fig. 4 Effects of flocculant dose on tailings dewatering performance
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Fig. 5 Effects of feed concentration on sedimentation efficiency

HOEREA—E et IIELS(b) AT U Y [ 48
ik BRI B Y T s S BRSO I i AR A
e AE BRI BE S 10% 3k B EEAR, 21 AR
i 129 I [P S0 R I, D6 AR R et
—SEVL I, REER AL BERE ) TR Z5E ISk
PR DL AR R oK, e At R AR

12% , ot %7 JFE U 1€ E Ky 53.38% , HL . [R) 40 391 ¢ 15 e
TR 0.1% .

(4) A B EEDIRER 5T

FEANRHAR BE R 12% FVELEET R 30 o/t 25545 F

FOEEXT RSV REE A ma an 14 6 s o 16l 6 X L
T ICAR SR AG FE AR 2 Fh R [ 190 X RS S v B 1 R
M, A DL P, 7 A 2R RO TR R R P
T O AT R UL 2 b I RS U Mk B AT s
7.01% , UL 24 h i 0] 55 7.97% . 3 2 PR fL AR
e SOy L LRy i i 87 N N

CELEEKHE , M
ZRTEVURE 4 hn R R Z

0.9
08 077__ 078
0.71
0.7F
06r 0.61
0.5
0.49
041
8 10 12 14 16
NEHREE %
(b) ARk BN 1] il e ) 5200
541
53.38 53.48
53
52.51
52 | 51.88
3k 51.06
8 10 12 14 16
INEHAR /%
(d) NEHREEW IR IR B #2200
70
—=—JoAAE
—e—FHiYe
65
L a0l — 61.21 61.35
) 60 0 60.95
B 58.38
B
1 55 |
L
-/52.66 53.14 53.22 53.38
50 } 51.37
2 4 6 8 " 24
)/
Elo L3RRI EHERR I
Fig. 6 Effects of rake mechanism on the sedimentation

characteristics of tailings

IR . iR

A
BTN GE . 25 LT

2025 £ 108 % 33%&-F 5

1043



1044

B4t

W, e f AR BE I AR B BE R = O T
ARG DU RO AT

3 FERK IR R

HRYEAE 78 AT 1A A9 2= IR IR 25 51, 5 SR
TR AN EERDAE Sy Fe TR RL, TP Y Fe AR o
DU TR R e PR R . BRIL , ARBIFGE T SR F 113K
IS RAY A oy A R 5 oM R Rb e i H 317
RGN E A R,

h T WERZ AR R R A R SRR R A e
A A SR TR T A S sh I, A4
PR B A AR SO (7).

31 KmAEEER

WA (4 m AR & @ 1l 78 BT /2 B AR A )
(GB/T 51450-2022) (HrAe A R0 AE: b7 F o &
HER,2022) , HEAT FRIURRR B R

% FH Brookfield ft) RST-SST % 4% [#] 4 7 725 4 ]
IR BRI A PEfE T AL A shds il 5y
2 BT = oW S TR B S O Y S
BYUIAb B, 2 J5 B BT UT R N 03 in#] 150 7, 2
J¥ A ghid s AR ECE . 43 i 6 TR R N 65%

il

-

() YIRS

67% .69% .71% F173% , JKEPLL Ry 1:4.1:6.1: 8 Fll
1:10 (Y FEIUREIR T R J B A AR S 80
32 RWEREHW

(DY R

FUIERER M B 5 IR LT R BE )5 i ] 8
Jim o S5 WR BT e 3 I 5 v B 1) T v T
W80/ o T BAD BE X FE SRR ™ i J32 118 52 W) 458
N RAD LU SR IEDREIR B FR 32 % 52 e R B SIS T o
TR FEXTY RS R . YKL 114, 5
HOURRI v R 65% B, 7 e R 171 mm; 248}
0 PR VR I N 2 699 F1 T3% I, 1 R JBE 43 S P AT
T 25.4% F144.4% 5 KAV R 1010, SR BT ik B
H 65% IF, PN 175 mmi; 24 5 v 1 fin 2]
69% F173% It , 47 F& 2 73 A T 22.0% F1140.9% .
U SEIEDRIE TR B T 719 I, 37 8 3 i 4 {1
CANE G TR IE B B ik (Li et al,2024)

(2) AR5

R AR D a4 SR, & 90 7 SEURL IR A7 A < i iR
BN, W] Bingham A8 SE A7l ik . % U0 A% il 26
BEATAG 53 A , 15 30 e JEDREI o 2 ViR B2 RN IR AP LU Xt
ARSI A& 9 TR o

A oy
(b) FAESHMIR

7 FERERHMERE
Fig.7 Flow ability test of backfill slurry

FH 9 Ca) AT 0, Je IR N ) RNk 2 R B 5 Bt A
JoT VR BE A I NG K . YRR LR 124, Bt ik
R 65% W), 5 SR 4 JE AR N 77 R 9.387 Pa, Fh
BE R ECH 0.137 Pars. 4 it 10 V& B2 48 0 2] 67%
69% F1 71% W}, Ji Ik W 73 43 50 3 1 62.05% .
204.61% F1506.34% , Fh 5 2800 G0 1 11.74%

Vol. 33 No.5 Oct., 2025

16.78% F140.48% . Jiti I 1. 7 bt Jo 5 e J3 A28 Ak 38
A R BRI, HAIR R REON
AL 0.2 Pa-s, 3X 156 b FE 5 BO6H it 304 19 52 i 1]
S/NF RN 1o B 9(h) AT %0, Ji AR, 7 Fn kB
FAEBEARL KA L /N BN B, BEE KD
LU AT/ IR A 3 B R B2 ), TR R



R FERRAE - B G AR 2 PR D A 2R BT R P S LSS ORI U S PR RERIT 5

180

160

Y B /mm
o =
=] >

100

./I
- JREIKES% - FEWRETD
-~ JREIKEO% —~ FEWRET1%
- JRERET3%
o\./'

1:4 1:6 1:8
YRIJ:4
(b) AASEL X JR BEA

FERRREREFIRA LT R ER SN

Fig. 8 Effects of slurry concentration and sand—to—cement ratio on spread diameter
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Fig. 9 Effects of slurry concentration and sand—to—cement ratio on rheological parameters

& 10 7o

EL8b o MR DN UK <R I SU NI
W B A LA T AR AR o o v L 5 i
IO 3 FE B IR SR TR S B R T AR KA EE

4 g ok BOEAR DU R

VARG SEUERI TAE, BE NG ek
R B AR IS i oy I R G AR
P14 326 TR R B A T SRR TR R ARG . A T
TRIT AR R I G e b 7 ORI A B 2 s S A 3% 1
TR, SR CFD T BoeH 48 18 Sy ok 1 A pEA T 80
BT, TSR] 00T se et A BH 2k

G550 1L TR B, 43 R KT 45 I NS A
BEHEAT R 3 E R, SR FH ANSYS Fluent #5747 i {15 15
4, Fluent Meshing 47 [ 4% %] 43 . A% 3l 3 5 4 4

gy

AR
P A4 2

BEE
i)

10 F& %l E
Fig. 10 Grid division model

2025 £ 108 % 33%&-F 5

1045



1046

B4t

s

A BRI A KO- N AN, Tk
Brilb i Asts S T BE T R S B Z 2 R 2
PRI 3 PR 20 4 i T DLt s Ak B g B
JE RIS TE AR A2 b PR A 2 T A D A6 I 6, BUfEL T T
SERGHEA T AR A ST R B UE (A LA, 20235 BRI A,
2024 HORAEAE,2024) .
41 FREFITERSHIZE

Fo 3FURE IR T VR B LR 65%~71% , 78 3 i
PR AEIE FEN 100~120 m¥/h, B A A2 A 150 mm,
K8 N AR R 142 mm, i AR A B 3% F Herschel-
Bulkley #5 #4 , JH 5 47] 38 232 F1 57 ) i 7 % e il 26 40
B FTR o B o, A AR Ty, Rl S5 B 105
ROBAE T R AR B n B R 1, R 7 R
JE F BB N AR IR s R AT,
D3 0 B RS E LR 2,
42 ZHERS5HH

(1) Jo e R A o k25 37 st e 140 3 i

TG, 75 5% 0T o Tk B R U B R i R
DI FT A 100 m*/h JKAS HE R 14 R i) BN
[7i) Jot e T B T ARBE IR AR I O o O A XK
TSR S Qi ] 12 R

L 12Ca) S Fr il AL A RIS T AN TR T ik
JE FEAEURE I A 0% 5 T R K B ) e KA ], 24 5
VR BN 65% B, B K% I R 2.837 m/s , X
BT S B NS Sk 11 38 T 2 [

n>1

B Bingham(n=1)
Ab
\)'i] O<n<l
i
‘&

N

~ 1, BYIEAR

11 Herschel-Bulkley #& %!
Fig. 11 Herschel-Bulkley model

W] LUA BRI 245 Sk Iy ) B % A s
B A T 2 [ /s S8 A 2o DR S
3 R 2 B s SE KT AT DR R e
PR o 24 FESERR i H vk B2 3 i 3 67 % .69% F171%
s, X6 I e Rt a8 0 A AT R 2.816 m/s,2.767 m/s Fl
2711 w/s, T KPR R 4.44%, BLAb, il iRV
FHUEIRT LA YA B 20 T, B S ik B o3 A
W8], o)A BT G . AR 1) o7 R 43 A i
LABUE TiXG56, M4k R, RER i o 1F 4 1
AN (R B A AR R R 22 5, A0 A vty X, J il
K, PRSI A RE DX, TR /N A5 SR A It A
Bl IR

K2 RARMSHILE

Table 2 Simulation schemes and parameter settings

F RGNS FTHRREE TR EE/%  KEPH A IEN AR /mm AR/ (m*-h™) JEIRRE F1/Pa FHEE/(Pars)  E/(grem™)
Al 65 1:4 150 45 1% 142 100/110/120 9.387 0.1371 1.700
A2 67 1:4 15075 4% 142 100/110/120 15.212 0.1532 1.738
A3 69 1:4 15075 1% 142 100/110/120 28.594 0.1601 1.777
A4 71 1:4 15075 4% 142 100/110/120 56.917 0.1926 1.818
Bl 65 1:10 15078 4% 142 100/110/120 6.321 0.1101 1.689
B2 67 1:10 15078 4% 142 100/110/120 11.317 0.1352 1.726
B3 69 1:10 15078 4% 142 100/110/120 29.658 0.1283 1.764
B4 71 1:10 1504545 142 100/110/120 52.481 0.1532 1.804

H1 P 12(b) 73#r Al 0 A TR 25 F T, SESFORER i
R PR s N BEL T A8 K OR  BUE AR
SEAR I e T EIE TR, X AT gt i T RLE TR
I} AR BB B Sk BUabt JC FVE S s BE S, /v

Vol. 33 No.5 Oct., 2025

250 8.14% , i KR 254 25.03%.

WK, 5 KAD HEXPRE s At sg . LA
A F R 100 m/h 0T 4R BE R 69% R 441, 15240
ARV IAD F R R e T O . AD H R it



R FERRAE - B G AR 2 PR D A 2R BT R P S LSS ORI U S PR RERIT 5

Al f' A2 T/ (mes™) 30 —— HBE
| wann 2.84e+00 e
At 2.56e+00 _ 25r
| 227e+00 £
795 3 o <
: f P 1.99e+00 = 20}
A4 <
| i L70e+00
I 1.42e+00 I 15}
| A4 R
. L14e+00 3
2.5 |
s 8.52e-01 o ,__——
S 5.68e~01
=10 L
' 5| 2.84e-01 s . s s s s .
T 65 66 61 68 69 70 71
-0.08 -0.04 . 0 5 0.04 0.08 0.00e+OO
bl PR BCRIRE %
(a) R HL R (Y EHBEL RS 45 5R

El12 REREXHHERREIERER M

Fig. 12 Effects of concentration on the flow performance of backfill slurry
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Fig. 13 Effects of sand—to—cements ratio on the flow performance of backfill slurry
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Study on the Flocculant Sedimentation Characteristics of Fine—Grained
Tailings and the Flow Performance of Backfill Slurry in a Gold Mine

LIU Guodong', JTA Tao', SUN Mingjun', YANG Kai*’

1.Sanshandao Gold Mine of Shandong Gold Mining(Laizhou) Co., Ltd., Laizhou 261417, Shandong, China;
2.BGRIMM Technology Group, Beijing 102628, China;

3.National Centre for International Research on Green Metal Mining, Beijing 102628, China

Abstract: High-quality and stable backfill is a crucial technical requirement for ensuring safe and efficient
mining operations. This study addresses the issue of unstable backfill quality in a gold mine, which adversely
impacts stope safety and production efficiency, by exploring the feasibility and optimization of paste backfill
utilizing fine-grained tailings. Through comprehensive testing of the tailings’ fundamental physical and
chemical properties, flocculation settling behavior, slurry flow characteristics, and numerical simulation of
pipeline transportation, optimal backfill process parameters were identified. The test results indicate that the
tailings possess a specific gravity of 2.651 g/cm?, a natural bulk density of 0.967 g/cm?, with particles smaller
than 74 um comprising 71.33%, categorizing them as typical fine-grained tailings. Flocculation settling tests
reveal that a feed concentration of 12% and a flocculant dosage of 30 g/t yield optimal settling performance,
achieving a bottom flow concentration of 53.38%. The incorporation of a rake mechanism further enhances the
bottom flow concentration to 61.35%. Rheological assessments reveal that the fine-grained composite tailings
slurry behaves as a non-Newtonian fluid characterized by yield stress, aptly described by the Bingham model.
The findings indicate that the slurry’ s mass concentration substantially influences its flowability, with increased
concentration correlating with decreased flowability, whereas the ash-to-sand ratio exerts a comparatively minor
influence. Furthermore, numerical simulations of pipeline transport demonstrate that when the slurry
concentration surpasses 65%, the slurry maintains uniform flow within the pipeline, devoid of stratification or
segregation. The velocity profile displays typical fluid dynamic characteristics, exhibiting higher velocities at
the pipe center and lower velocities near the pipe wall. Mass concentration, inlet flow rate, and pipe diameter
significantly impact resistance loss, while the ash-to-sand ratio has a lesser effect. Specifically, reducing the
mass concentration, enhancing the inlet flow rate, or decreasing the pipe diameter results in increased resistance
loss within the pipeline. These research outcomes furnish a theoretical foundation and practical guidance for
optimizing fine-grained tailings paste backfill processes and pipeline system design, improving backfill quality
and system stability, and supporting safe and efficient mine production.

Key words: fine tailings; flocculant sedimentation; backfill slurry; flow performance; numerical simulation;

pipeline transport
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