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Fig.1 Particle size distribution of unclassified tailings and cement
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Table 1 Chemical composition of waste rocks and unclas-
sified tailings
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Fig.2 L-shaped pipeline transportation simulation test
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Fig.3 Comparison of predicted value and test value of regression model
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Table 4 Analysis of variance of response surface regression model
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Fig. 4 Response surface analysis of yield stress
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Fig. 5 Response surface analysis of viscosity coefficient
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B ) Numerical 2 B8 X 70 380832 1 He R 47 40
b, 2 4-ma AR A AR AE B AR B R 45 BB A 77
B FE ORI L L S5 T < i i 50 50 86% , P JK
oAy 7.427 B AT RAR -5 mm. TR EAE R JE IR
JIHEEE B9 27.002 Pa F11.116 Pa-s, 45
R AIE RN 0.999 (B KAE M 1) 3# i 5 AT
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Table 5 Verification test results of response surface
prediction model

M 7 715 Jit HR R 77 /Pa iR B (Pa-s)
o 27.002 1.116
26.569 1.097
26.876 1.067
IR E 26.827 1.059
26.639 1.024
26.554 1.083
FHE 26.693 1.066
RZE % 1.16 4.69

fi I C R P a0 A R 4 5 L Y
FEHCRPR BT RIATIERE . DURI AT PERE LS AL BRANT
e e s SHNIVE S R AT RRT B A L - RV S YA
B PN EE 15 ming R0 FL A PR EAR N 5 mm i
)& 75 FLI [ 8 7B 4 L AR A/ K kg L
TR A5 ALI , B 8 A0 0 v B o e
m; T EL 2 min J5 R 0 RO L ORI RS L PRl
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™% 100 (6)
m,

SRR BT (%) 5 m,, Ry i br o T A0 4E
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Table 6 Predicted value of rheological parameters of backfill slurry under recommended mix ratio

JE IR AL S FUME S el B R B S

P % EATVRARmm WKL SRR TINE /P R R ECTES (Pa-s) O 2% /% B R /%

6 26.920 1.139 0.30 2.06

7 26.995 1.122 0.03 0.54

86 =5 8 26.988 1.108 0.05 0.72

9 26.900 1.096 0.38 1.79

10 26.729 1.088 1.01 2.51

KT EEERILTHRENRBEESTIREMKEE
Table 7 Slump and strength of backfill slurry under recommended mix ratio
FREE PR BRE S5 FHURHEMPa

3d 7d 28 d
6 200 2.09 2.89 6.12
7 228 1.95 2.71 5.86
86 =5 8 253 1.64 2.55 5.44
9 257 1.51 2.21 4.63
10 260 1.36 2.03 3.92

®8 HWFELL THFEBRREES
Table 8 Flow resistance of backfill slurry under

recommended mix ratio

B Eu%  PEARAE/mm WKW GBI/ (Pasm™)
6 8 660
86 -5 7 8552
8 8 460

Ko Q MR (mh)
4 i

(DI B PrRgE T ik A S5 S
i E(A) WP H(B) FIE AR A% (C) B AR
R 6T su ORI 0 9 AR S8 s IR ) R B R
B, 455200 R Y 2 I R ASC>B>AC>BC>
AB, H A 32 AR AB S i AR I 7 A5 M 42 55 .

(2) FEHUBHR 1 i A8 2850 O IR ) FES B &R
B0) 5 5 A B B A G L S T ) B
(3G TN B TR BE A 00 I LU R AR AR 1
R T N R B B R

(3) Bl 5 1% A R A Bk /0N JeEk IR SE T %o A JK L
F14) BEURR B SR T D/ 5 224 I 43 BORVD K EE 3 /N
J A KA X6 TR IR N T AR B R R s i A 5 B
Jo 2 S ORI PR AR AR IR/ IS D IR G 266 18 2R

A RE SRS IS

(4) 35 7F i Jo 11 ASE AR A Ak I 45 45 S b T RE 22
SR AR Fe A ORI L B S BN T T A 4K
H186% , WK R 6~8 , 1K A1 K45 R -5 mm. HEFERC
Lo B FE R S LA S b A ke e M S R4
(o sh e fg , BFFR 4 R L A — 2 R ek
S H AR A B B (148 T 5
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Experimental Study on Rheological Properties of Waste Rock—Unclassified
Tailings Backfilling Slurry Based on RSM

LIANG Dong', CHEN Yin"*, WANG Engi', YAO Junhui'
1.School of Geology and Mining Engineering, Xinjiang University, Urumqi 830047, Xinjiang, China;
2. Xinjiang Kalatongke Mining Co., Lid., Altai 831607, Xinjiang, China

Abstract: A mining operation in Xinjiang is transitioning its extraction technique from open-stope to backfill
mining. This study aims to examine the effects of mass fraction (4), sand-to-cement ratio (B), waste rock
particle size (C), and their interactions on the rheological properties of waste rock-unclassified tailings backfill
slurry. To achieve this, response surface methodology (RSM) was utilized in conjunction with a Box-Behnken
experimental design to quantitatively assess rheological parameters through L-shaped pipeline simulation tests.
Seventeen experimental groups were established based on a three-factor, three-level design, employing an L-
shaped pipeline apparatus with an inner diameter of 50 mm and a bend line ratio of 3.13. Yield stress and
viscosity coefficient were determined using static equilibrium and shear stress equations. A quadratic regression
model was constructed and analyzed for variance using Design-Expert 13 software. The experimental findings
demonstrated a significant positive correlation between yield stress/viscosity coefficient and mass fraction.
Variance analysis revealed that the primary effects were ranked in the order of A>C>B, corresponding to mass
fraction>waste rock particle size > sand-to-binder ratio. The interaction effects were ranked as AC>BC>AB, with
the 4B interaction having no significant impact on yield stress. Dynamic sensitivity analysis showed that a
decrease in mass fraction led to a gradual weakening of the influence of waste rock particle size on yield stress
and the viscosity coefficient. Similarly, the effect of the sand-to-binder ratio on the viscosity coefficient also
diminished. When the waste rock particle size was small, the influence of the sand-to-binder ratio on viscosity
coefficient was reduced. Likewise, at lower sand-to-binder ratios, the impact of waste rock particle size on yield
stress and the viscosity coefficient became less significant. Response surface methodology (RSM) optimization
identified the optimal mix ratio as a mass fraction of 86%, a sand-to-binder ratio of 7.427, and a waste rock
particle size of -5 mm. Under these conditions, the relative error between the predicted rheological parameters
and the average values from five validation tests was less than 5%, confirming the model’ s high predictive
accuracy. This study offers significant insights into optimizing the mix ratios of mine waste rock-tailings
cemented fill slurry, thereby providing a solid theoretical basis for achieving low-resistance and high-stability
backfill in practical engineering applications.

Key words: waste rock-tailings cemented backfill; response surface methodology; L-pipe simulation test;

rheological properties; interaction effect
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