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Variability behavior of yield stress for unclassified tailings pasted under measurement
time-velocity double factors

LI Cui-pingi2\ YANBing-hen™", WANG Shao-yong!l2\ HOUHe-z", CHEN Ge-zhongl.2)

1) School of Civil and Resource Engineering, University of Science and Technology Beijing, Beijing 100083, China
2) Key Laboratory of Ministry of Education of China for High-Efficient Mining and Safety ofMetal Mines, Beijing 100083, China
E Corresponding author, E-mail: ybh19920509@126.com

ABSTRACT The rake torque of deep cone thickener, pipeline resistance, and paste accumulation slope were important technological
parameters for the efficient paste backfill process, which are to be solved or optimized for the practical application in mines. The yield
stress of paste was considered as an important rheological parameter for solving these technological parameters. In the past, the research
of yield stress of the materials for unclassified tailings paste was limited to the concept and analysis of yield stress fluids used. For
example, the fluids such as Bingham fluid, H-B fluid, and Casson fluid were commonly used. When the shear stress ofthe paste was less
than yield stress, the slurry paste remained stationary, and the paste started to flow when shear stress was greater than yield stress. So it
concluded that the yield stress was an important parameter in the transition from solid state to flow state. It was considered that yield
stress of paste with a certain ratio of material had a unique value, which was regarded as inherent physical property ofpaste. At present,
most rheological studies of concentrated suspensions had found that the evolution of particle structure in suspensions resulted in
thixotropy, which increased the difficulty of measuring yield stress of suspensions. Considering the unclassified tailings as specific
experimental sample, experiments with different mass fractions paste were carried out and yield stresses were measured. The influence

of measuring velocity and measuring time on yield stress of paste was analyzed. It is found that the yield stress value is correlated with
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measuring protocol. By comparing and analyzing peak yield stress, dynamic yield stress, and static yield stress, the variations in yield
stress of paste with measuring time and measuring velocity under certain conditions were obtained. It is observed that the peak yield
stress and static yield stress are proportional to measuring velocity of paste, and the dynamic yield stress is mversely proportional to
measuring time. The coeflicients of variation of degree ofyield stress with discreet features are evaluated. The dynamic yield stress of
74% mass fraction paste has the largest Cv, which is 27.07%, while the static yield stress of66% mass fraction paste has the smallest Cy,
which is 2.33%. Further, the variation of particle interaction force and particle network structure with measuring velocity and measuring
time during paste yielding was analyzed from the mesoscopic level. The mechanism of variation in yield stress of paste was elucidated
based upon the analysis and the results and the necessary values of parameters were obtained for the efficient backfill process.

KEY WORDS unclassified tailings paste; yield stress measurement protocol; variability behavior; thixotropy
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Table 1 Size parameters of vane rotor measurement systems
Rheometer BROOKFIELD RST-SST
Rotor model VT-40-20-3600128
Rotor shape Four-blade rotor
Rotor height, h /mm 40
Rotor diameter, d/mm 20
Container height, H/mm 100
Container diameter, D /mm 80
Aspectratio ofrotor, hid ) 2R IR R R AR B VIR -W R I [RDEA L ifi 2%
Diamster ratio, Did A Fig.2 Diagram of evolution of shear stress - measuring time for ideal

yield stress fluid
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TOATy<TI<T2<T3 L Table3 Experimental parameters of continuously increasing shear
2 stress method
) Measurement Torque gradient, AT/  Shear stress gradient, At/
procedures (MN-m-s 1) (Pa-s 1)
Pro.l 0.010 0.3410
2 - Pro.2 0.015 0.5116
2 %18> > Pro3 0.020 0.6821
> Pro.4 0.025 0.8526
Pro.5 0.030 1.0231
) Pro.6 0.035 1.1937
o, . Z2RRERGHH
Q) (@)
2.1
o ’ 2 5
68%
’ 3 .
3(a) 68%
0.0022 0.0112 0.0223  0.1117 s"
) - 2
1.2.2
(1) - : 3(b) 02234 1.1170
- 2.2340 s'1 3(a)
O.
600 s,
2. - :
5
22 2MEE/ NI EARE I S
Table 2 Experimental parameters of constant small shear rate method pal i 4(a)
Measurement Constan.t speed/  Constant shear M(_easuring 5
procedures (rmin-1) rate/ s | time/s ’ ’
Pro.l 10.0 2.2340 600 4(b)
Pro.2 5.00 1.1170 600 -
Pro.3 1.00 0.2234 600
Pro.4 0.50 0.1117 600
Pro.5 0.10 0.0223 600
Pro.6 0.05 0.0112 600 -
Pro.7 0.01 0.0022 600
@) . 2.2
6 2.2.1
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Fig.3 Shear stress-time evolution curves of pastes with 68% mass fraction: (a) shear rates are 0.0022, 0.0112, 0.0223 and 0.1117 s_1; (b) shear rates are
0.2234,1.1170 and 2.2340 s"
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Fig.4 Peakyield stress and corresponding time ofpaste with different mass fractions at small shear rate: (a) peak yield stress ofpaste; (b) corresponding
time of peak yield stress for paste
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Fig.8  Static yield stress of paste with difierent mass fractions at
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A ’
Cv = 100%x07* <) :
- VAN
G , 1; S A
,Pa “* ,Pa. 15
4
2 <MHE RN ST & S0 L 1T 54T . s
Table 4 Statistical parameters ofyield stresses measurement .
Mass fraction
Statistical parameters
66% 68% 70%  72% 74% _
yi 8261 109.57 200.87 413.18 804.82
Nmax/ Pa yz 6911 8470 159.00 288.50 545.40 1 1 pm
72.65 93.80 160.82 282.65 480.89
yi 6571 8451 150.67 253.49 465.42 .
/Pa yz 5&41 5375 9625 16040 252.60
6&06 8752 14515 243.13 398.38 . 9(a)
yi 7409 99.24 180.23 333.97 658.30 2r,
“/pa yz 6318 6&36 12204 218.08 373.68 b, F,
7051 90.80 153.67 263.28 443.95 .
yi 6.02 943 1806 5131 11745
o7Pa yz 396 1127 2184 4611 10117 .
1.65 2.29 579  13.83 32.08
yi 2572 2965 3332 6300 7292
Amplitude ofvariation = 1832 57.58 6519 79.86 11591
100%x (ymax-ymin)/*mill 2l ' ' ' ' ' 9(a) 1,
6.74 7.18 1080 16.25 20.71 O
J1 8.13 9.51 10.02 1536 17.84
CcV/% yz 627 1649 17.90 21.14 27.07 @,
5] 233 253 3.77 5.25 7.23 Fh = 6K7)TVT - bKTiyr2 (4)
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Fig.9 Diagram of mesoscopic particle structure model of paste and
yield process: (a) mesoscopic particle structure model; (b) diagram of
yield process
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Fig.10 Diagram ofmesoscopic particle structure evolution with time ofpaste: (a) mesoscopic particle structure at [ (b) mesoscopic particle structure at

771 (c) mesoscopic particle structure at 2



+ 1316+

@)

A3 ,

74%
115.91% 27.07%

(4) ”
== Sk
[1] WuAX, YangY, Cheng HY, etal. Status and prospects ofpaste

[

[3

[4]

[5]

[6]

(7

(8]

[]

technology in China. Chin JEng, 2018,40(5): 517

(REYE hE EH % - WEFERRAREIIRSES. T
TR, 2018, 40(5) 517)

Rudman M, Simic K, Paterson D A, et al. Raking in gravity
thickeners. Int IMiner Processt 2008, 86(1-4): 114

Pullum L, Boger D V, Sofra F. Hydraulic mineral waste transport
and storage. Ann Rev Fluid Meeh, 2018,58: 157

Yang C, Guo L J, Zhang L, et al. Study of the rheological
characteristics of copper tailings and calculation of resistance in
pipeline transportation. Chin JEng, 2017,39(5): 663

Chpid FORIR  skbk, 5 R R R SE BRI R
TAER}FS4R , 2017, 39(5) 663)

Knight A, Sofra F, Stickland A, et al. Variability of shear yield
stress -measurement and implications for mineral processing //
Proceedings of the 20th International Seminar on Paste and
Thickened Tailings. Beijing, 2017: 57

Sofra F. Rheological Properties of Fresh Cemented Paste Tailings
//Paste Tailings Management. Berlin: Springer Press, 2017: 33
Mitsoulis E. Flows of Viscoplastic Materials: Models and
Computations. Il Rheology Reviews. London: British Society of
Rheology. 2007:135

Zhang L F, Wu A X, Wang H J, et al. Evolution law ofyield stress
in paste tailings. Chin INonferrous Met, 201& 28(8): 1631
(GRS SRETE, T % B S EE RN E L .
[EA 4 )8 5-1),2018,28(8) 1631)

Zhang Q L, Liu W J, Wang X M, et al. Optimal prediction model
of backfill paste rheological parameters. J Cent South Univ (Sci
Tfec/j[10/),2018,49(1): 124

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

THERFEFIR 55424 55108

CIRERAL, X ZE, R R & RIS ERE S L HNEE .

HPREAAR | AR, 2018,49(1) 124)

Liu X H, Wu A X, Wang H J, et al. Influence mechanism and

calculation model of CPB rheological parameters. Chin J Eng,

2017, 39(2): 190

(CrGERE , S2ErE EI0T, & B RRESHE i L Fot Hs

B TAERFY 1R, 2017, 39(2) 190)

Cheng HY, Wu S C, Wu A X, et al. Grading characterization and

yield stress prediction based on paste stability coefficient. Chin J
2018,40(10): 1168

(R2BH, 2, RET F - AT ERRE LB RACRIE R

JEARRL TN . TAERF544k , 201& 40(10) 1168)

Coussot P, Nguyen Q D, Huynh H T, et al. Viscosity bifurcation in

thixotropic, yielding fluids. JRheol 2002,46(3): 573

Coussot P, Nguyen Q D, Huynh H T, et al. Avalanche behavior in

yield stress fluids. Phys Rev Lett, 2002,88(17): 175501

Buscall R, Kusuma T E, Stickland A D, et al. The non-monotonic

shear-thinning flow of two strongly cohesive concentrated

suspensions. JNon-Newton Fluid Meeh, 2015,222: 112

MO1ler P C F, Rodts S, Michels M A J, et al. Shear banding and

yield stress in soft glassy materials. Phys Rev E, 2008, 77(4):

041507

Baudez J C, Coussot P. Abrupt transition from viscoelastic

solidlike to liquidlike behavior injammed materials. Phys Rev Lett,

2004, 93(12): 128302

Coussot P, Raynaud J S, Bertrand F, et al. Coexistence of liquid

and solid phases in flowing soft-glassy materials. Phys Rev Lett,

2002, 88(21):218301

Schall P, Hecke M V. Shear bands in matter with granularity. Ann

Rev FluidMeeh, 2010,42: 67

Ovarlez G, Rodts S, Chateau X, et al. Phenomenology and

physical origin of shear localization and shear banding in complex

fluids. RheolActa, 2009,48(8): 831

Mo1ler P C F, Mewis J, Bonn D. Yield stress and thixotropy: on

the difficulty of measuring yield stresses in practice. Soft Matter

2006,2(4): 274

Yang L H, Wang H J, Wu A X, et al. Thixotropy of unclassified

pastes in the process of stirring and shearing. Chin J Eng, 2016,

38(10): 1343

(BtiE, EH0T 28 & - SRS EBF TRl

TE. THERISA1R, 2016, 38(10) 1343)

Coussot P, Ancey C. Rheophysical classification of concentrated

suspensions and granular pastes. Phys RevE, 1999,59(4): 4445

Stickland A D, Kumar A, Kusuma T E, et al. The effect of

premature wall yield on creep testing of strongly flocculated

suspensions. RheolActa, 2015, 54(5): 337

Fisher D T, Clayton S A, Boger D V, et al. The bucket rheometer

for shear stress-shear rate measurement of industrial suspensions. J

fitieoz, 2007, 51(5): 821

Mahaut F, Mokeddem S, Chateau X, et al. Effect of coarse particle

volume fraction on the yield stress and thixotropy of cementitious



FHPLE ] - ERRNARIZR N R E SRR T 2 21T

[26]

[27]

[28]

materials. Cem Concr Res) 2008,38(11): 1276

Wu A X, Jiao HZ, Wang H J, et al. Yield stress measurements and
optimization of Paste tailings. J Cent South Univ (Sci Techno”
2013,44(8):3370

(FREFE RS D &S EREN TR RN R B
PRI AEAR 2RI, 2013,44(8) 3370)

Qian Y, Kawashima S. Distinguishing dynamic and static yield
stress of fresh cement mortars through thixotropy. Cem Concr
Compos, 2018,86: 288

Liu X H. Study on Rheological Behavior and Pipe Flow Resistance

ofPaste Jfjfic#)"[Dissertation]. Beijing: University of Science and

[29]

[30]

[31]

¢ 1317 -

Technology Beijing, 2015

(RWGERE « BTN R AR IR R MR ZE [ 50163 . b
H IR RS, 2015)

Buscall R, Scales P J, Stickland A D, et al. Dynamic and rate-
dependent yielding in model cohesive suspensions. J Non-Newton
FluidMeeh, 2015, 221:40

Coussot P. Rheometry of Pastes, Suspensions, and Granular
Materials: Applications in Industry and Environment. Hoboken:
John Wiley & Sons Press, 2005

Tanner R . Aspects of non-colloidal suspension rheology. Phys
Fluids, 2018,30(10): 101301



