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Table 1 Chemical composition of aggregates

i THR/Y% A /%
Si0s 62.608 SO; 0.397
AL O, 15.201 TiO, 0.220
CO; 7.206 BaO 0.199
K0 5.862 S0 0.101
Na; O 3.116 P,0; 0.085
Ca0 2.313 Cr, 05 0.041
Fes O 1.163 MnO 0.027
MgO 0,902 710, 0.009
cl 0.548 As: 05 0.002
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Table 2 Experimental results of properties of C3 type

cementitious materials

EE/S -+ 80 pm ) Zé(ff%

H& R N N

SRR gewms /W B
gre g/c ) % min min
2.80 0.80 52 10.85 320 495
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Table 3 Qualitative experimental schemes

MEEER R ORI R AR
e T/ e/ KD L Bt/ & E
(kg/m*) % %
1 300 76 1:3.86 0 X R 2
2 300 716 1:3.86 | 0.2 wed
3 300 76 1:3.86 0.4
4 300 76 1:3.86 0.6
5 300 76 1:3.86 0.8
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Table 4 Qualitative experimental schemes

BT MR
K wmukE/  Sa/ TRAD L Wi AR A 45 i &
% (kg/m?)
1 74 300 1:3.62 0 XT RE 20
2 76 300 1:3.86 0
3 78 300 1:4.11 0
4 76 300 1:3.86 mfEmARBE HABda
5 78 300 1411 FAERAZERN B
s 76 250 1:4.82 AR RBE B4 IR ZL
7 78 250 1:5.12 fpefEn ARl B hat
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Fig.3 Effect of different types and dosages of rheological

on the rheological properties of filling slurry
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Table 5 Qualitative experimental results of rheological property
sy A B MPE R

4 g0 B/ EiVRARg S N/ FES KRR
- % Pa (Pa-s) R?

1 MF505 0  t=89.756-0.388y 89.756 0.438 0.993
2 0.2 ©=54.810+0.2397 54.810 0.239 0.988
3 0.4 r=34715-0.167y 34.715 0.167 0.985
4 0.6 ©=23.808--0.158y 23.808 0.158 0.979
5 0.8 ©=18.5720.140y 18.572 0.140 0.983
6 MFI100C 0  c=87.676-0.334y 87.676 0.434 0.994
7 0.2 ©=50.277-0.223y 50.277 0.223 0.993
8 0.4 =33.518-0.154y 33.518 0.154 0.958
9 0.6 =21.948-+0.1537 21.948 0.153 0.986
10 0.8 =14.932-+0.135y 14.932 0.135 0.964
11 YSKIOL 0 c=81.3660.323y 89.367 0.433 0.994
12 0.2 r=48.782--0.202y 48.782 0.202 0.986
13 0.4 ©=30.819-0.1457 30.819 0.145 0.961
14 0.6  ©=20.584--0.139y 20.584 0.139 0.985
15 0.8 ©=13.758-0.1287 13.758 0.128 0.976
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Fig.4 Slump of filling slurry under different dosages of rheological agents
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Fig.5 Rheological properties curves of filling slurry with different ratios
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Table 6 Quantitative experimental results

TSR
RS g/ mMRL 1/ YRR/ R? #IE
cm Pa (Pa -+ s)

1 26.7 90.87 0.4388 0.9742 X B 2]
2 25.2 166.07 0.9987 0.9752
3 20.8 311.36 2.1181 0.9686

Th 28.9 25.34  0.3533 0.9920 KA
5 27.7 56.35 0.7722 0.9962

s 28.2 16.95  0.2790 | 0.9889  IRA K AL
7 27.9 55.97 0.6651 0.9965
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Table 7 Expericmental results of the strength of filling body

AN [7) e 393 38 B / MPa
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Fig.6 Microstracture of filling slurry with different dosages of rheological agent
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Fig.7 Structural model of slurry under

the action of rheological agent
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Table 8 Performance comparison before and

after adding rheological agents
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3d 7d 28d

Whnas 74 87.38 0.4724 26.5  3.427 4.728 5.755
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AN TN AL T BT I kS TR IR 7 7 1 AP R J3E K

BB IEAT NI LR OR S B8 R 2 L 5
S5 IBET s DI T S AR T LR 4
FET T THOR A BRI 5 AR B B AR5 2
K TR T S MR A 97 L1 % 2 5 F e L
HEEE X

5 it

(1) dE a2 M5 T LUE W, 4 a3 i

AR I L B R T OB 1 AR R A B I o L B

T2 AR S RSO AR I RRR R A A AE 7 E ARY

i YSKJ01, Y484y 0.4 % B, 58 ORI 0 3 3h #:

KB Al B 0.6 Yo I R s 2 I B

)BT A K R4, BEIR 3 o M IR
(2) JE 3t e w58 o] LLA 1, [ B L 78 ORI

CRESZ B 1 76 %0 Al 78 %) 1E YSKJO1 Al i 78

FB L4y 0 A 0 A 0.4 % BE 8 IR L T 4 B R B

84.74 %61 81.90 %, ¥ ¥k Z B 43 5 T B 64,6206 I

63.54 %, TEAHIRIKAD L 25 11T, Bl B R ot o vk &2

PR 38T Ak 5 e R 7 7 R e R R AN R R R 3

ZIN S U I 38 A 700 XoF T e e R SR U B M A U U A

FITI8ES AR IR AR
(3) W AR R 5, %F F e AR R (1 D

AR EX T 3 d.7 d.14 d.28 d 58 F LT L

M), 08 43 7 LA iR B 3 WS R
(4) PATIOUE £ B o8 3R Jat A8 00 % T el 3 4 R D i

45 F0 DRI U AR R R A LB, e AR A I A2

FZ 1 BE b 82 AR AR 3 A B R 2, e LR 2

[i] 22 BB TV 1ol e 5% 5 4 5 B 3 28 70 A S o, 2 AT RS

T/ IS S KA 53 A U R T A T A 5 A T B0 L HE

SR S B0, S0 A8 700 S 0ok i L SO B R A

WA KB ZE A G548 0k 5 A ARIR A

% % 0Bk (References) ;

(1] SRBFE B, BRI 5.4, b [ 75 IR 3R % R BLIR 5 1 %
[J]. TR 2224, 2018,40(5) . 517-525.

WU Aixiang, YANG Ying. CHENG Haiyong, et al. Status
and prospects of paste technology in China [ ]J]. Chinese
Journal of Engineering,2018,40(5) :517-525.

[2] SHESHPAIR M. A review of underground mine backfilling
methods with emphasis on cemented paste backfill [ ]J].
Electronic Journal of Geotechnical Engineering, 2015, 20
(13):5183-5208.

[3] OUATTARA D, MBONIMPA M, YAHIA A, et al

Assessment of rheological parameters of high density

cemented paste backfill mixtures incorporating

superplasticizers[ J ]. Construction and Building Materials,

2018,190:294-307.



FrERFARAARENSET SRS FARAAM RG] 7 LHRE F KL ,2024,44(6). 141

(4]  BEASAZ SRS S VR G K 7000 5 BEURL 3K 30 2l 5 1 18 14 3% [10] W BIFT, VPR BRI R ZK K Lo 0 K LG T Bk R 45 5 200 % 7K
Wy 437 L0 LTl , 2018, 27 () 1) £ 382-386. PR I i AE P R e (). Ak R R 24 . 2016, 44(2) £ 246-252.
XUE Shanshan, GUO Lijie, XU Wenyuan. Effect analysis CAO Mingli, XU Ling, ZHANG Cong. Influence of calcium
of water reducing agent on the rheological performance of carbonate whisker on rheology of cement mortar with
filling slurry[J]. China Mining Magazine, 2018, 27 (S1) different water-cement ratio s and sand-cement ratios[ ] ].
382-386. Journal of the Chinese Ceramic Society, 2016, 44 (2):

(5] BRTML. 20 e, 2R, WK 5 0 K o 4 R D I 45 78 246-252.
BURME R A M RE OS2 0 [ 1], R R 2F 2% 4k, 2020, 43 (4) ; [11] PANCHAL S, DEB D, SREENIVAS T. Variability in
55-63. rheology of cemented paste backfill with hydration age.
SHENG Yuhang. LI Guangbo, JIANG Haiqiang. Effects of binder and superplasticizer dosages[]]. Advanced Powder
superplasticizers and fly ash on rheological properties of Technology.2018,29(9) :2211-2220.
cemented tailings backfill [ J ]. Journal of Chongqing [12] BT FFIRE MG 25wk oK 70 % 4 B 00 i 45 75 SR J%
University,2020,43(4) :55-63 WA ME MR ()] 48 T/, 2020(4) 1 94-99.

[6] SRR, FIRE,F ajwk?‘ﬂﬁ_ A 75 S48 T H i SHENG Yuhang, QI Zhaojun, KOU Yunpeng, et al.

WM LI 1.8 M WF 98 5 JF % . 2020,40(3) : 145-149. Influence of superplasticizers on Rheology of cemented

WU Zaihai, LI Chengjiang, QI Zhaojun, et al. Research and tailings backfill[J]. Nonferrous Metals Engineering, 2020
analysis of water reducing agent in pipeline transportation of (4):94-99.
paste filling[ ] ].Mining Research and Development, 2020, 40 [13] 2T ¥, g, REY %5 30 R [B 9 Bc 2 /b v vk B8 Rl 3R
(3):145-149. WAL T 58 K AL LT 87 M BT 58 45 T %, 2021, 41 (4)

7] kBAL. EA . EHR.FE AR BEKET R T8RN E 55-59.

BRSO B AR A S B E )] hEA G4 )RR, LI Guangbo, SHENG Yuhang, SONG Zepu, et al. Study
2016,26(8):1794-1801. and optimization of rheological properties of high
ZHANG Qinli, WANG Shi, WANG Xinmin, et al. concentration tailings slurry with different gradation in a
Influence of anionic polyacrylamide on rheological mine[ J]. Mining Research and Development, 2021,41(4)
parameters of paste-like slurry under different mass 55-59.

concentrations [ J |. The Chinese Journal of Nonferrous [14] =M, FFIRE TR, & 8 IR E T 4 B b e 45 8% i
Metals,2016,26(8) :1794-1801. AEB R ASERE S]] A 6 JE (B 1 4) . 2019, 71 (1)

[8] HUYNH L, BEATTIE D A, FORNASIERO D, et al. 15-19.

Effect of polyphosphate and naphthalene sulfonate KOU Yunpeng, QI Zhaojun, SHENG Yuhang, et al. Study
formaldehyde condensate on the rheological properties of on time-dependent rheological parameters of unclassified
dewatered tailings and cemented paste backfill[J]. Minerals tailings cemented slurry under motion state[ J]. Nonferrous
Engineering,2006,19(1) :28-36. Metals(Mining Section) ,2019,71(1):15-19.

[9] YINS H, WU A X, HU K J, et al. The effect of solid [15] LI Dunale, WANG Dongmin, REN Canfa, et al.
components on the rheological and mechanical properties of Investigation of Theological properties of fresh cement paste
cemented paste backfill[J]. Minerals Engineering,2012,35: containing ultrafine circulating fluidized bed fly ash []].
61-66. Construction and Building Materials,2018,188:1007-1013.

Influence of Different Rheological Agents on the Filling Performance of Full Tailings Paste in a Mine
LI Guangbo'?, SHENG Yuhang"*®, LIU Jie"*, YANG Liu"*
(1.Shandong Gold Ming Co., Ltd.. Jinan, Shandong 250100, China;
2.Filling Engineering Laboratory Branch, Shandong Gold Mining Technology Co., Ltd., Laizhou, Shandong 261441, China)

Abstract: In order to ensure the safe and efficient transportation of the full tailings paste filling slurry in a mine, the effect of
different types and dosages of rheological agents on rheological properties of the slurry and strength of the filling body were
analyzed by qualitative and quantitative perspectives. The results show that after adding three types of rheological agents, the
rheological properties of the paste filling slurry are significantly improved in general, and the more the dosage, the greater the
decrease in rheological parameters. However, excessive dosage can cause segregation and sedimentation of the slurry. The
addition of rheological agents has an impact on the strength of the filling material at 1 d, but has almost no effect on the
strength at 3, 7, 14, and 28 d. The optimal rheological agent selection is YSKJ01, and when the dosage is 0.4% , the filling
performance of the full tailings paste reaches the optimal value. From the microscopic perspective, the mechanism of the
rheological agent to improve the rheological properties of the full tailings cemented filling slurry is expounded, which provides a
reference for the design of the full tailings paste filling ratio of the mine.

Key words: Filling slurry, Rheological agents, Rheological property, Strength of filling body





