
1 

Assessment of rheological and sedimentation characteristics of fresh 1 

cemented tailings backfill slurry 2 

3 

Shuai Cao1, 2, 3, Gaili Xue1, 2, Erol Yilmaz4, *, Zhenyu Yin3 4 

1. State Key Laboratory of High-Efficient Mining and Safety of Metal Mines of Ministry of Education, University of Science5 

and Technology Beijing, Beijing 100083, China6 

2. School of Civil and Resource Engineering, University of Science and Technology Beijing, Beijing 100083, China7 

3. Department of Civil and Environmental Engineering, The Hong Kong Polytechnic University, Hung Hom, Kowloon, Hong8 

Kong, China9 

4. Department of Civil Engineering, Geotechnical Division, Recep Tayyip Erdogan University, Fener, Rize TR53100, Turkey10 

11 

*Corresponding author: erol.yilmaz@erdogan.edu.tr (E. Yilmaz)12 

E-mail addresses: sandy_cao@ustb.edu.cn (S. Cao); hnpyxgl@126.com (GL. Xue); zhenyu.yin@polyu.edu.hk (ZY. Yin)13 

14 

Abstract: The rheological characteristics of cemented tailings backfill (CTB) are crucial for pipeline 15 

transportation since large quantities of backfilling can be fast delivered over long distances at relatively 16 

low costs, thereby resulting high backfilling rate and high mining circle. Unreasonable choice of solid 17 

content (SC) and cement-to-tailings ratio (c/t), including pipeline networking system, will lead to some 18 

pipeline problems, such as blockage, wear, and rupture. Hence, this study deals with the rheological 19 

behavior and sedimentation characteristics of fresh CTB slurry. Samples having a SC value of 65, 67 20 

and 69wt.%, as well as a c/t ratio of 1:2, 1:1 and 1:4, were prepared and exposed to their rheological 21 

tests. Likewise, the sedimentation properties of CTB slurry was studied by picking polyacrylamide 22 

(PAM) as flocculant. Results showed that: (1) CTB’s slump reduced with growing SC and c/t values 23 

when SC was kept constant. (2) The viscosity and shear stress increased with increasing SC values, 24 

signifying a linear link between shear stress and stress rate. (3) There was also an exponential link 25 

between sedimentation rate and PAM flocculant content in CTB material. The sedimentation rate with a 26 

high PAM content was hugely faster than other groups at the initial stage of the sedimentation of 27 

tailings slurry. When PAM value increased from 75 to 80 g/t, a clear difference was observed in the 28 

clarification layer height (CLH). Besides, the CLH increments were 7.5 and 7.14% for a ST of 20 and 29 

30 min, respectively. Thus, the outcomes of this work propose a scientific reference to the mining 30 

industry in considering the transport aspect of CTB slurry to underground mined-out stopes. 31 
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1 Introduction 35 

Global demand is growing for mineral resources of metals and industrial minerals which provide a 36 

main matrix foundation for human civilization [1]. Mining is one of the commonly used approaches to 37 

extract run-of-mine ores safely; but can result in lots of environmental damage, such as land subsidence, 38 

underground water pollution [2,3]. Besides, large voluminous solid wastes, also known as tailings, are 39 

unavoidably generated after mineral processing [4,5]. At present, the tailings treatment methods 40 

principally include tailings dam stacking, backfilling underground mined-out area, preparation of 41 

construction materials, and active mining subsidence areas control [6-9]. Moreover, backfill methods 42 

can also be used as an efficient waste-disposal system within mined-out rooms [10-14]. Underground 43 

mines in deep, high-stress, and soft-rock ground conditions need backfilling of mined-out areas to offer 44 

local and regional ground support to the host rock mass [15,16]. Generally, the materials used for 45 

backfilling at most underground mines consist typically of processing tailings, alluvial sands, coal 46 

gangue-fly ash, crushed waste rocks, and smelter slags from underground or open-pit coal, metal and 47 

non-metal mining [17-23]. When compared to other types of filling such as rock backfill, slurry fill, and 48 

coal fly ash backfill, cemented paste or tailings backfill (CPB or CTB) is gaining popularity in mines 49 

due to its fast backfill rates, no water removal requirement from the stope, and non-segregating and 50 

-desliming tailings backfilling [24-26]. 51 

CTB is an engineered, non-Newtonian fluid, and pumpable mixture that regularly consists of wet 52 

filter tailings, hydraulic cement (rarely mineral/chemical additives), and mixing water for safe transport 53 

in the pipeline due to its high percent solids concentration (e.g., 65-85wt% by dry tailings) and fines 54 

content (15-75% minus 20 µm) [27-30]. After being stirred at the land backfilling station, the fresh CTB 55 

slurry discharges from a plastic pipe at the end of transportation and is poured into a mined-out stope 56 

from the top corner while the bottom side of the filled-stope is constructed by a barricade [31,32]. Fig. 1. 57 

shows a basic delivery system of CTB, based on its own gravity or pumped. Essentially, the delivery of 58 

CTB to underground stopes inevitably results in high pipe wear rates which may increase maintenance 59 

costs, cause operational downtimes, and affect the flow profile of the paste material [33-35]. A review 60 

of the factors affecting the pipe wears indicates that the velocity or filling rate is considered to be a 61 

leading factor, with other important factors involving the material characteristics (e.g., solid content, 62 

corrosive minerals, particle shape, and gradation) of the CTB delivered, the pipeline network system, 63 

and the flow regime [36-39]. Hence, the transport of CTB with high-density slurries needs to be further 64 

understood for better underground mine fill design from the operational and financial points of view. 65 
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 66 

Fig. 1 Backfill slurry transportation into underground mined-out stopes 67 

 68 

Until now, numerous researchers have focused on macro-mechanical characteristics of CTB materials 69 

as follows: uniaxial and triaxial compression, dynamic characteristics, splitting, and three-point bending 70 

[13, 32, 37, 40-43]. To explore the relations between the macro-mechanical behavior of the backfill and 71 

the internal porosity, a number of different non-destructive test methods have also been used for CTB 72 

investigations, such as ultrasonic velocity, nuclear magnetic resonance, acoustic emission, and industrial 73 

computer tomography [37, 39, 41, 44-49]. Xue et al. [32] found that if porosity gets below 0.2%, the 74 

strength gain of cemented-tailings matrix composites (CTMC) reinforced with fiber reinforcement is 75 

less influenced by the intrinsic structure-property. They have also shown that defining a relationship 76 

between strength development and the internal structure of filling through X-ray CT is achievable. 77 

For pipeline design purposes, the rheology (e.g., yield stress and viscosity) of fresh fill slurries is also 78 

another important aspect to be considered for underground backfilling and therefore, the influence of 79 

some index factors on its rheological behavior was studied earlier by some researchers [30, 33, 50-52]. 80 

Bian et al. [53] assessed sulfate effect on yield stress and viscosity of fiber-reinforced fill and showed 81 

that viscosity rises while yield stress reduces with increasing sulphate content. They concluded that 82 

sulphate ions influence the hydration products and the zeta potential of backfill with fiber reinforcement. 83 

Jiang and Fall [54] examined the sodium chloride (NaCl) effect on the yield stress of slag-contained 84 

backfill cured at -6 °C and indicated that adding NaCl into backfill improves its flowability and strength 85 

development. A surge in the salinity of pore fluid gives rise to a drop in yield stress and strength of 86 

backfilling. High salinity content is closely related to additional water within the backfill, causing a 87 

reduction in the strength of filling. Jiang and Fall [55] also studied the development of yield stress and 88 

mechanical behavior of Portland cement-contained fill with different saline contents. They commented 89 

that yield stress reduces with mounting salinity owing to adsorption of chloride ions into cement particle 90 
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surface and hydration products (e.g., high zeta potential values). Moreover, Wu et al. [56] investigated 91 

changes in rheological characteristics of filling under temperature and hydration effects. They 92 

demonstrated that temperature and progress of cement hydration play a key role in rheological behavior 93 

and flowability. The yield stress of filling rises with increasing temperature, and curing time rises. The 94 

viscosity of filling also rises as the time of hydration or the temperature within the backfill rises, which 95 

is really important for the transport of filling into underground mined-out stopes.  96 

In essence, CTB slurry is a solid-liquid-gas three-phase fluid that composes of air, water, tailings, and 97 

gel materials. The flow properties of CTB include slump, sedimentation rate, yield stress, viscosity, 98 

bleeding rate [30, 34, 57-61]. Besides, several researchers have used additives to alter CTB’s rheology, 99 

such as high-calcium sepiolite, sulfate, superplasticizers, styrene-butadiene rubber latex [62-70]. Feys et 100 

al. [71] found that the structural failure happens principally when shifted from the rest to lower shear 101 

rates; nevertheless, several networks are destructed at higher shear rates. Jiao et al. [72] also found that 102 

the act of shear mixing decelerated the progress of thixotropy, but the efficacy of drop was steadily 103 

restricted. Deng et al. [33, 51] thought that specimens sheared at higher rates show lesser viscosity 104 

values compared to ones sheared at lower rates. Jiang et al. [52] analyzed the yield stress of fill being 105 

cured under sub-zero temperatures and found that the yield stress of fills exposed to sub-zero 106 

temperatures is under the ones cured in chamber temperature. Sedimentation is defined as the affinity 107 

for grains in suspension to settle out of the fluid in which they are kept and arise to repose against an 108 

obstacle. The sedimentation behavior of cementitious materials, such as CTB and mortar, is greatly 109 

affected by some factors: density differences, viscous flow of liquid, dissolution, shrinkage, thixotropic, 110 

and admixtures [25, 73-75]. Note that the sedimentation property of coarse sized tailings backfill is 111 

relatively high when compared to the CTB matrix with fine grain size [76-79]. However, coarse grain 112 

sizes can cause pipe-blockages, damaging the efficiency and operation of CTB [80]. Consequently, the 113 

sedimentation characteristics of CTB materials need to be better investigated in every aspect. 114 

The novelty of the present study is the appraisal of solid content (SC) and cement/tailings (c/t) ratio 115 

effects on rheological behavior and sedimentation property of CTB. It will mature our considerate of the 116 

influence of rheology and sedimentation, which affect both flow and transport properties of filling. This 117 

study also presents the findings of the flocculation characteristics in order to demonstrate the 118 

flocculation efficiency of polyacrylamide, which is a polymer employed for treating water thanks to its 119 

high efficacy and quick dissolution. The flocculation properties were evaluated by using a polymer 120 

dosage of 60-95 g/t at room temperature. 121 
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2 Materials and Methods 122 

2.1 Materials 123 

2.1.1 Process tailings 124 

Collected for CTB production from an Au mine in the province of Gansu, Northwest China, tailings 125 

are categorized as unclassified products. The tailings’ grain size distribution (GSD) was determined by 126 

employing an SA-CP3 laser grain sizer (which measures grains changing from 0.02 to 2000 µm with a 127 

±1% precision). One can see from the acquired GSD curves, as shown in Fig. 2, that more than 50% of 128 

the gold tailings particles are smaller than 38.33μm (d50). Besides, the d10, d30 and d60 are 2.8μm, 129 

10.76μm and 55.02μm, respectively. GSD results verify that the studied tailings specimen had a quite 130 

varied range and a flat continuous distribution. Tailings’ chemical composition is chiefly silicon dioxide 131 

(SiO2: 54.2%), aluminum oxide (Al2O3: 13%), calcium oxide (CaO: 6.59%) and magnesium oxide 132 

(MgO: 1.77%). Alkalinity and activity rate of tailings are also found to be 0.124 and 0.24, respectively. 133 

 134 

 135 

Fig. 2 GSD curves of the tested gold tailings 136 

 137 

2.1.2 Cement and mixing water 138 

Ordinary Portland cement (P.O. 42.5R) was utilized as the main binder. Some physical property 139 

results indicated that the Blaine fineness of P.O. 42.5R cement is 405 m2/kg, the specific gravity (SG) is 140 

3.14, and the initial setting time (IST) is 120 min. The chemistry of P.O. 42.5R was presented in Table 1. 141 

It was found that CaO and SiO2 are the main components and their contents are 61.8% and 20.1%, 142 

respectively. As for mixing water, municipal water was employed to blend both gold tailings and P.O. 143 

42.5R cement consistently. It should be emphasized that the effect of municipal water on backfill 144 

chemistry is not considered in the present study. 145 
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Table 1 Oxide analysis of ordinary Portland cement (P.O. 42.5R) employed in the experiments. 146 

Varieties (%) SiO2 Fe2O3 Al2O3 MgO CaO SO3 K2O 

P.O. 42.5R 20.1 2.91 5.11 1.57 61.8 1.98 0.37 

 147 

2.2 CTB slurry preparation 148 

In this study, three types of c/t ratio values (e.g., 1:4, 1:10 and 1:20) were considered to measure the 149 

rheological behavior of fresh CTB slurry. Besides, three kinds of solid content values (e.g., 65, 67, and 150 

69wt.%) were also selected for the preparation of CTB slurry. Fig. 3 demonstrates the preparation of 151 

three different CTB slurries. An industry-type mixer was used for the homogenization of the backfill 152 

mixtures. Note that all CTB samples were prepared by mixing at least 5 minutes and tested in various 153 

situations at room temperature (25±1℃). 154 

 155 

   156 

Fig. 3 The slurry preparation of three different density CTB mixtures 157 

2.3 Slump tests 158 

The slump, which is defined as the measure of the drop of fill when it is done by using a standard 159 

Abraham cone, is one of the important index tests to judge the flow performance of CTB slurry better. 160 

A standard cone of 300 mm was used to investigate the slump values of CTB slurry. This cone has a 161 

100-mm top ring diameter, a 200-mm bottom ring diameter, and a 300-mm height. Firstly, CTB slurries 162 

are poured into a cone at 3 layers. Each layer of CTB was tamped 25 times along the spiral from the 163 

edge to the center. After inserting and tamping, the excess slurry was scraped off and smoothed to 164 

remove the mortar on the sides of the top ring. Second, the slump cone was lifted up vertically and 165 

steadily, and the lifting process of the tube should not be interrupted. Note that the time for pulling up 166 

the slump cone must be completed in 5-10 seconds. Third, the height between the top ring and the 167 

highest point of CTB slurry was measured, and the obtained data were recorded for the evaluation of the 168 

slump test results. 169 
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2.4 Sedimentation tests 170 

Pumps, which have to aptly operate a 20% flow rate larger than the design flow rate for the 171 

solids-water system, are needed for the underground delivery of CTB slurries. The falling in the flow 172 

rate to the critical sedimentation value gives rise to a whole pipe filling. The flow of CTB slurries is 173 

thoroughly related to the slump and sedimentation of fresh fill material. Polyacrylamide (PAM), a type 174 

of chelating polymer, was selected as flocculant. The basic parameters of this test were shown as 175 

follows: relative molecular weight, ionicity, bulk density, and viscosity were 10,000,000, anionic, 0.70 176 

gms/cm3 and 950 mPa·s. In this study, a total of 8 different dosage rates of PAM were used as 60, 65, 177 

70, 75, 80, 85, 90, and 95g/t, respectively. 178 

According to the sedimentation law of the gold tailings samples in the vertical sand silo, through the 179 

flocculation sedimentation experiment of each mortar in experiments, it was found that the solid-liquid 180 

separation interface was clearly visible when sedimentation was about 1 min. The mortar sedimentation 181 

rate was calculated after adding flocculant, as follows: 182 

 183 

0 1H H
V

t

−
=  184 

 185 

Where, V is the sedimentation rate (cm/min); Ho is the initial height of the sedimentation level; H1 is 186 

the height of the sedimentation level at a sedimentation of 1min; t is sedimentation time. 187 

 188 

2.5 Rheological tests 189 

To define the rheological parameters (e.g., yield stress and viscosity) of the backfill featuring c/t and 190 

SC, a rheometer (Brookfield R/S+SST) equipped with a V40-20 vane rotor was employed at the 191 

laboratory. The experimental data were delivered into PC and computed with code (Fig. 4). It has a 192 

clear advantage of eliminating the wall-slip influence with no damage to the flocculent creation of CTB 193 

[81]. Note that the 4-paddle rotor was immersed into the CTB matrix, rotating at diverse velocities to 194 

produce various shear rates. The backfill mix was put to a beaker, which has a 95 mm diameter and a 195 

115 mm height. The temperature of the water bath is kept constant at 19.2 ℃. Shear rate changes 196 

between 0 and 200 s-1. The test time was set to 200 secs, and the measurement step is 1 sec. 197 

CTB’s rheology has constitutive relations which are determined by the Herschel-Bulkley flow model 198 

[52]. This model mainly deals with relationship between shear stress and shear rate, which entirely 199 

covers the shear stresses measured from the commencement of the backfill flow. 200 
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 201 

Fig. 4 A photograph of the rheological testing device 202 

 203 

3 Results and Discussions 204 

3.1 Slump property of CTB slurry 205 

Fig. 5 indicates the histogram curve between CTB slurry slump and solid content (SC). Overall, the 206 

slump values of CTB slurry decrease with increasing SC values chiefly attributable to a weighty drop in 207 

the corresponding moisture within the filling. A drop in the workability is principally caused by the 208 

water molecules being absorbed by cement-tailings particles. Note that a slump value of not less than 15 209 

cm should be practiced in order to get the backfill pumped to mine voids through pipelines. The high 210 

solid content may cause pipe blockages even though it helps to increase the corresponding backfill 211 

strength. In-situ fill applications, the solid content of filling is augmented in order to improve its 212 

strength gaining. Nevertheless, the process is followed to guarantee the necessity of fill workability. 213 

 214 

 215 

Fig. 5 Change in the backfill slump considering SC and c/t ratio 216 



9 
 

The slump values also reduce with growing c/t value for a given SC value. For instance, as the solid 217 

content rises from 65 to 69 wt.%, the corresponding slump values reduce slowly, exhibiting no sharp 218 

change in the slump. This is closely related to the material property of tailings and the used cement 219 

fineness. As the particle sizes of gold tailings are very close to that of P.O. 42.5R, the mixing water is 220 

equivalently disseminated on the surface of tailings and cement fine particles. There will be no vital 221 

variation in the slump rise or drop of CTB slurry when there is no effect of curing conditions, such as 222 

high temperatures and stresses. 223 

 224 

 225 

 226 

Fig. 6 The slump drop of CTB slurries: (a) c/t=1:4, SC=67wt.%; (b) c/t=1:10, SC=69wt.%;  227 

(c) c/t=1:20, SC=67wt.%; and (d) c/t=1:20, SC=69wt.% 228 

 229 

Fig. 6 indicates the slump sharpness of CTB slurry. Slump and SC values were 27-27.6 cm and 65 230 

wt.%, 25.7-26.6 cm and 67 wt.%, and 25-25.8 cm and 69 wt.%, for a c/t value of 1:4, 1:1 and 1:2, 231 

respectively. The intuitive expression of fluidity is the extended range of the slurry, that is, the size of 232 

the area that the slurry can cover after slump is completed. The larger the slump, the better the CTB’s 233 

fluidity, but if the slump is too big, the workability is low, and segregation and bleeding are easy to 234 

occur. The results of this test show that the maximum slump value is 276 mm; the minimum slump 235 

value is 250 mm. Note that, although CPB with a high slump value is beneficial for its transportation, it 236 

also has some downside. Indeed, a high slump for a given CPB composition could lead to lower 237 

mechanical strength or higher liquefaction susceptibility of the CPB. 238 
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These results present a significant indicator when considering the flow conditions of CTB slurries at 239 

the pipeline orifices. The smaller the slump, the higher the stress application in the pipeline, which will 240 

result in fast pipe wears, blockages, and ruptures. A greater slump of the CTB slurry to be delivered into 241 

underground mined-out voids or stopes is indicative of larger mobility and will not cause any pipeline 242 

problems but will lead to longer curing times for the hardening process of the backfill mixes because of 243 

their water retentions. A clear relationship between solid content and slump consistency of backfilling 244 

should be considered when designing the pipe network properly and its travel distance to be reached in 245 

underground structures. 246 

 247 

3.2 Backfill rheology 248 

3.2.1 Solid content effect on the rheology of backfill 249 

To observe the influence of c/t and SC on rheology (e.g., shear stress and viscosity) of slurries, the 250 

histograms between shear stress and solid content (SC) are obtained in Fig. 7. It is clear that, with an 251 

increase in corresponding SC values, CTB tends to indicate a greater viscosity and yield stress, but 252 

lesser flowability for a given backfill recipe. One can state that shear stress and viscosity increase with 253 

increasing SC values. Shear stress values of mortar and the SR values were basically linear when the SC 254 

was less than 69wt.%. At the time, the whole tailing slurry belongs to Bingham model, and the multiple 255 

correlation coefficients (R2) was greater than 0.9. However, the correlation coefficient was only 0.5 256 

when the c/t and SC values were 1:4 and 69 wt.%, indicating that it was no longer a Bingham body, and 257 

the flow ability was weak. Correspondingly, the viscosity value of the CTB slurry was between 0.2 and 258 

0.3, and the R2 values were larger than 0.9. However, a large fluctuation occurred when the SC and c/t 259 

values were 69 wt.% and 1:20, respectively. 260 

As observed in underground mine operations, additional water is needed to enhance the flowability of 261 

backfill while certifying the formation of cement hydration. Indeed, water content is important because 262 

of two reasons: i) it controls the slump consistency of backfilling, and ii) it has a crucial influence on 263 

the strength gain of backfilling. The high-water content will ensure a high degree of saturation and 264 

hence lead to a better slump value. However, an increase in water can also create an undesirable impact 265 

on the strength development of filling by not getting hardened over curing time because of excessive 266 

water within the backfill. Note that a stope filled with too much water can fail by leading serious 267 

consequences such as fiscal ramifications, injuries and/or fatalities. Therefore, engineers should reach a 268 

good balance between strength and flow behavior of backfilling as a function of water. 269 
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    270 

 271 

Fig. 7 Evaluation of relationships among shear stress, viscosity and solid content of backfilling:  272 

(a) c/t=1:4: (b) c/t=1:10; and (c) c/t=1:20 273 

 274 

3.2.2 Shear rate effect on shear stress of backfill 275 

To explore a quantitative link between shear rate and stress, the linear, exponential, logarithmic, and 276 

power function fitting methods were employed. Fig. 8 indicates the relations between the shear rate (SR) 277 

and the shear stress of backfill slurries. One can observe obviously that the shear stress increased with 278 

increasing SR. The linear fit had the highest multiple correlation coefficients (R2). The average values 279 

of R2 were also 0.8225, 0.9731 and 0.8837 when the c/t values were 1:4, 1:10 and 1:20, respectively. 280 

Therefore, the relationship between shear stress and stress rate for the studied filling samples can be 281 

expressed as a linear equation. 282 

Overall, it can be stated evidently that high mixing speed can give better fluidity by affecting CTB’s 283 

rheology. This is mainly because the flow behavior of such non-Newtonian and cementitious materials 284 

is believed to be triggered by the interactions of the tailings’ grain size and cement hydration product. 285 

The shear action of rheological testing deteriorates the backfill structure and gives rise to the drop of the 286 

corresponding viscosity. Thus, the microstructure of the backfill slurry is too weak after enduring strong 287 

shear action induced by high mixing intensity. 288 
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   289 

 290 

Fig. 8 Relationships between shear stress and rate of filling: (a) c/t=1:4; (b) c/t=1:10; and (c) c/t=1:20 291 

 292 

3.3 Sedimentation behavior of CTB slurry 293 

Overall, a steady ion layer occurs in fine grains when backfill particle size is under 15μm. As small 294 

grains are nearly the same in terms of their size, the repulsive force of a similar electric charge is higher 295 

than the attractive force. It means that grains are dispersed after a collision, and large grains are not 296 

occurred to get sedimentation quickened and remain in suspension form. This is caused by a reduction 297 

in the speed of sedimentation in the matrix. Considering a typical backfill concentration of up to 85 298 

wt.%, grains are not settled naturally, but the interference settlement, which delays sedimentation, gives 299 

rise to a wide range of grain size. To study relationship between sedimentation rate and PAM flocculant 300 

content, the linear, exponential, logarithmic, and power function fitting methods were employed. By 301 

comparing the multiple correlation coefficients of different fitting methods, the relationship between 302 

sedimentation rate and PAM flocculant quantity is shown clearly in Fig. 9. The multiple R2 of the linear, 303 

exponential, logarithmic, and power fitting methods are high. However, the R2 of exponential fitting 304 

(0.9293) was the largest among others. Consequently, the relation between sedimentation rate and PAM 305 

flocculant content could be expressed as an exponential equation. 306 
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 307 

Fig. 9 Relationship between sedimentation rate and PAM flocculant content of CTB slurries 308 

 309 

One can achieve that a key stage for the accumulation of fine grains through flocculants is the 310 

adsorption of flocculants on solid backfill surfaces. Firstly, flocculants are delivered to solid surfaces by 311 

diffusion, and, secondly, a strong connection between flocculants and solid surfaces form. For PAM 312 

flocculant, such connections are principally stemmed from bonding between H atoms and O atoms. 313 

Additionally, in the matter of cationic or anionic polymers, electrostatic attraction and salt connection 314 

may have a central role in the adsorption mechanism. Consequently, flocculants re-orientate after the 315 

adsorption process in the backfill matrix. Fundamentally, both polymer adsorption and grain 316 

flocculation happen concurrently in the CTB slurries. 317 

Fig. 10 showed the relations between clarification layer height (CLH) and sedimentation time (ST). It 318 

was found that the sedimentation rate with a higher PAM content was substantially faster than other 319 

groups at the initial stage of CTB’s sedimentation. Moreover, CLH values of 8 groups increased sharply 320 

in 1 min. However, the growth rate of CLH slowed down significantly after 1 min. The growth rates of 321 

CLH values gradually slowed down within 1 to 30 min and the growth rates became stable after 30 min. 322 

In addition, it was found from Fig. 10 (b) that when the PAM value increased from 75g/t to 80g/t, there 323 

was a very clear difference in CLH value. For example, when ST was 20 min and PAM values are 75g/t 324 

and 80g/t, the corresponding CLH values were 200 mm and 215 mm, respectively. When ST was 30 325 

min and PAM values are also 75g/t and 80g/t, the corresponding CLH values were 203 mm and 217.5 326 

mm, respectively. In addition, the CLH increments were 7.5% and 7.14% when the ST was 20 min and 327 

30 min, respectively. 328 
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     329 

Fig. 10 Evaluation of relationships between clarification layer height and time of CTB slurries:  330 

(a) ST: 0 to 60 minutes; and (b) ST: 1 to 60 minutes 331 

 332 

Fig. 11 showed the histogram between CLH and PAM flocculant content of CTB slurry when ST was 333 

24 h. It was found experimentally that the CLH values were nearly the same (between 228 and 234 mm) 334 

for all samples when ST was 24 h. One can clearly observe that the sedimentation effect happens so 335 

promptly by fluctuating significantly the height of the clarification layer in a few seconds. After adding 336 

the PAM flocculant, sedimentation accelerates and needed to be drawn for 1 min. 337 

 338 

 339 

Fig. 11 Histogram between CLH and PAM flocculant content of CTB slurries at a ST of 24 hours 340 

 341 

In addition, Figs. 12 and 13 show the process charts of flocculation sedimentation when ST was 1 342 

minute and 24 hours, respectively. It was also found that the supernatant was still relatively turbid when 343 

the ST was 1 min, but the tailings sand floc had also enriched at the bottom of the measuring cup. But 344 
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the supernatant was very clean when the ST value was 24 h. Note that growth in the SC value of CTB 345 

slurry gives rise to a diminution of the backfill sedimentation. Frequently, the backfill sedimentation 346 

becomes slow since the supernatant liquid is turbid, and the quantity of fine grains are suspended in the 347 

supernatant and thus do not settle readily. Typically, it takes 1 min to 24 h for fine grains to fully settle 348 

down, and the supernatant is pure and uneven; CTB slurry may be re-suspended by external forces. 349 

 350 

 351 

Fig. 12 Process chart of flocculation sedimentation at a ST of 1 minute: 352 

(a) 60 g/t; (b) 65 g/t; (c) 70 g/t; (d) 75 g/t; (e) 80 g/t; (f) 85 g/t; (g) 90 g/t; and (h) 95 g/t 353 

 354 

 355 

Fig. 13 Process chart of flocculation sedimentation at a ST of 24 hours: 356 

(a) 60 g/t; (b) 65 g/t; (c) 70 g/t; (d) 75 g/t; (e) 80 g/t; (f) 85 g/t; (g) 90 g/t; and (h) 95 g/t 357 
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4 Conclusions 358 

Various laboratory experiments on flow characteristics of the backfill slurries have been performed to 359 

explore its rheological behavior and sedimentation characteristics. The three different solid contents 360 

(e.g., 65, 67, and 69wt.%) and four different cement-to-tailings ratios (e.g., 0, 1:20, 1:10 and 1:4) were 361 

subjected to the backfill rheology. To investigate the sedimentation characteristics of CTB slurry better, 362 

polyacrylamide (PAM) was also used in the matrix as a flocculant. From the experiments performed, 363 

some interpretations are made below: 364 

o The slump value of CTB slurry decreases as the SC values increase. Besides, the slump values 365 

decrease with rising c/t values for a given SC value. 366 

o Shear stress and viscosity surge with increasing SC values. Relationship between shear stress 367 

and the rate is expressed as a linear equation. 368 

o The relationship between sedimentation rate and flocculant content could be stated as an 369 

exponential equation. The sedimentation rate with a higher PAM content was significantly faster 370 

than other groups at the initial stage of the tailings sedimentation. 371 

o When the PAM value increased from 75 to 80 g/t, there was a very clear difference in CLH. The 372 

CLH increments were also 7.5% and 7.14% when the ST was 20 min and 30 min, respectively.  373 

In spite of these extensive laboratory results, further studies are unsurprisingly required for offering a 374 

better understanding of the field CTB slurry testing as well as the effect of temperatures on transport 375 

characteristics of the in-situ backfill slurry. A number of subjects are suggested for additional researches: 376 

(i) temperature effect on internal structure and behavior of CTB slurry, (ii) field-scale tests for better 377 

understanding the rheology of the pipeline transport considering the solid and cement contents, filling 378 

rates, admixture types and rates, and pipeline network effects, and (iii) using a fluid mechanics software 379 

to simulate the rheology, sedimentation and transport characteristics of CTB slurries. 380 
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