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Abstract: Effective dehydration and flocculation of mine slurries or sludge is important for nonferrous 

metal industries and environmental engineering. However, the mechanisms for the flocculation of 

slurry remain largely unclear. This paper presents the results of a series of flocculation tests, which was 

conducted on the slurry suspensions treated by xanthan gum (flocculant) at different pH values. It is 

shown that the settlement rate of mine slurry particles can be accelerated by adding xanthan gum, and 

the maximum sedimentation rate was obtained at a pH value of 5.9, and the final volume of flocs is 

significantly increased due to the addition of the flocculant. In addition, the settlement rates of xanthan 

gum-treated slurry suspensions at the pH values of 3, 5 and 7 decrease slightly compared with the 

reference slurry suspensions with pH=5.9, and the slurries remained stable as suspensions at the pH 

value of 9 and 11. The zeta potential measurement and SEM image analysis show that flocculation 

occurs primarily due to electrostatic attraction between slurry particles and the flocculants, and the 

bridging effect between the carboxylic groups in the side chains of xanthan gum molecule and the 

suspension particles. 
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1. Introduction 

Aluminum, the second largest metal after steel, plays an important role in the national economic 

development (Power et al., 2011). The demand for aluminum around the world has been growing 

quickly as a result of rapid industrialization and urbanization process during the past decades (Bonal 

et al., 2021). Bauxite ore is the main source for the production of alumina from which the metallic 

aluminum is extracted (Evans, 2016). The Bayer process is traditionally one of the methods to produce 

alumina. During the Bayer flotation process of bauxite ore, not only large amounts of bauxite ore can 

be extracted, but also a great deal of mine slurries are generated (Yang et al., 2009). It is reported that 

0.8 to 1.0 tons of dry mine slurry or 1.0 to 2.5 tons of wet mine slurry are produced per ton of alumina 

extracted (Wu, 2021). According to statistical data, an alarmingly huge volumes of fine tailings, 

exceeding 20 billion tons, had been generated in China by the end of 2016 (Wang et al., 2016). In 

addition, as the high grade mineral resources are consumed in large amount, exploitation of low grade 

mineral resources has gradually become normal, thus leading to more and more production and 

accumulation of fine tailings (Jones et and Boger, 2012; Wang et al., 2014). 

Traditionally, these bauxite mine slurries are discharged into a thickener, where solid-liquid 

separation is carried out under the action of chemical reagents, and then the settled slurry particles are 

pumped into the tailings ponds for storage by long distance pipelines (Wu et al., 2021; Ou et al., 2019). 

These coarse particles in the tailings ponds can precipitate quickly due to gravity. However, the fine 

slurry particles, with the particle size range typically less than about 10 μm and d50=0.06mm (Ou et al., 

2020), are constantly in suspension without settlement for several decades or even longer time due to 

ultrafine sizes, resulting in high specific surface areas and strong colloidal interactions between particles 
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(Wang et al., 2014; Pal et al., 2011; Divakaran et al., 2001). The disposal of bauxite mine slurry not only 

entails a large amount of land resources, but also may form a potential threat to human safety and the 

ecological environment, such as slurry leakage accidents or tailing dam failures, especially in karst 

regions (Cheng et al., 2017; Wang et al., 2014). It has been reported that the tailing dam failures or tailing 

slurry leakages have generated serious effects, such as polluting the surface and groundwater, and 

flooding the downstream farmlands and villages (Ou et al., 2020; Wang et al., 2014). Therefore, 

discharging the mine slurry to tailings ponds for storage is no longer a long-term effective and safe 

slurry management strategy (Wang et al., 2014). The effective dehydration and disposal of bauxite mine 

slurry have become a challenge for mining companies. 

Extensive research has been performed to accelerate the settlement of mine slurry particles, 

including electrophoresis, vacuum preloading, and chemical reagent additions (Ei-Shall and Zhang, 

2004; Marie et al., 2021; Hogg. 2000; Ou et al., 2019, 2020). It is commonly believed that coagulation and 

flocculation of fine particles by adding appropriate chemical reagents are an important procedure for 

solid-liquid separation (Salehizadeh and Yan, 2014; Salehizadeh and Shojaosadati, 2001; Hogg. 2000). 

In general, flocculants can be split into three categories depending on their origin. Namely, inorganic 

flocculants, such as all kinds of aluminum and iron salts; synthetic organic flocculants, such as 

polyacrylamide and its derivatives; natural polymeric and microbial flocculants, such as chitosan, 

lignin, xanthan gum, and guar gum (Salehizadeh et al., 2018; Okaiyeto et al., 2016; Salehizadeh and 

Shojaosadati, 2001). 

It is reported that inorganic or organic flocculants, especially polyacrylamide and its derivatives, 

have been used as flocculants in the solid-liquid separation of the mine slurry treatment. But, they have 

also brought about some serious environmental hazard and health risk (Okaiyeto et al., 2016; Rudén et 

al. 2004; Salehizadeh and Yan, 2014; Moghal et al., 2021; Peng et al., 2019). It is generally believed that 

these aluminum salts have a tendency to cause Alzheimer’s disease (Campbell, 2002; Banks et al., 2006; 

Farrokhpay et al., 2021). Polyacrylamide, a water soluble polymer formed by polymerization of 

acrylamide monomer, is not readily degradable. Therefore, acrylamide monomer is considered as a 

carcinogen (Rudén, 2004; Salehizadeh et al., 2018). In contrast, polysaccharide biopolymers are 

particularly attractive as material sources due to their biodegradability, nontoxicity, environmental 

friendliness (Salehizadeh et al. 2018; Grenda et al., 2017). They have been considered as a feasible 

alternative to inorganic and organic synthetic flocculants in industrial application (Okaiyeto. 2016). 

Since the flocculating properties of biopolymers are understood, much attention has been paid to the 

research of the physicochemical factors impacting the flocculation activity (Brunchi et al., 2016; Li et al., 

2014; Labille et al., 2005). Among all the factors affecting the flocculation effectiveness, it is generally 

believed that pH value of the suspension is considered to be one of the most important factors (Okaiyeto 

et al., 2016; Hogg 2000; Salehizadeh and Yan 2014; More et al., 2014; Ho et al., 2022). The effect of pH 

values on the flocculation effect of biopolymers has been evaluated by some scholars. Feng et al. (2017) 

showed that the flocculation velocity of quartz suspension treated by chitosan (a flocculant) was greatly 

influenced by the pH value, and the largest floc volume was obtained at pH of 9. Guibal et al. (2005) 

conducted a series of flocculation tests of mercury recovery with chitosan by sorption, and the results 

indicated that the doses required were significantly lower when the pH of the suspension was very low. 

However, the chitosan is soluble only in dilute hydrochloric or acetic acid solutions but not in water or 

concentrated organic solvents. Hence, its widespread application is restricted. 

A large number of researches indicate that bioflocculants can be effectively used to treat kaolinite 

clay suspensions with a wide range of pH values. Gao et al. (2009) showed that the bioflocculant MBF4-

13 from Rothia sp was effective for the flocculation of kaolin clay suspensions in the pH values of 1-13, 

with the maximum activity archived at pH 7-9. Experimental study by Luo et al. (2014) indicated that 

the bioflocculant MBF-6 produced by Klebsiella pneumoniae flocculating rate was over 80% in the pH 

values of 3-11, and the highest flocculating rate was achieved in a pH of 7. Similar results were obtained 

by Zulkeflee et al. (2012) who found that the flocculating activity of bioflocculant produced by Bacillus 

spp UPMB13 on kaolin suspension was influenced significantly by the a pH value, ranging from 4 to 8, 

the optimal pH value is pH 5 and pH 6. He et al. (2010) showed that the flocculating activity of 

bioflocculant HBF-3 in the kaolin particles was over 80% in the pH value of 3 to 11. The experimental 

conducted by Rajab Aljuboori et al. (2013) indicated that bioflocculant IH-7 from Aspergillus flavus had 
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high flocculating rate in kaolin suspension over the pH range of 3-7, and the flocculating rate decreased 

gradually in the pH values of 7-8. The experimental results conducted by Yim et al. (2007) indicated that 

the flocculating activity of p-KG03 produced by a Gyrodinium impudicum in kaolin suspension was 

effective in the pH value of 3 to 6. It was believed that the charged properties of polymers depend on 

the pH value of suspensions (Okaiyeto et al., 2016; Ho et al., 2022). Although numerous studies on the 

flocculating activity have been performed, these studies were performed on ideal slurries suspensions 

(focus mainly on kaolinite or quartz suspensions), and little attention was paid to fine mine slurries. 

The main objective of this paper is to explore the effect of the pH value on the effectiveness of 

biopolymer-based treatment of bauxite mine slurry. To this end, a series of flocculation tests is carried 

out by using xanthan gum as flocculant under five pH values (3, 5, 7, 9 and 11, respectively). Then, the 

effectiveness of flocculation is evaluated based on flocculation rate and floc-size distribution. The 

surface morphology and structure of the flocs are characterized by virtue of scanning electron 

microscopy. 

2.    Materials and methods 

2.1. Slurry samples 

The Bauxite mine slurry used in this test was sampled from the 2# washing ore site of Aluminum 

Industry Company of China Limited, Guangxi Branch. The mineralogical and chemical compositions 

of solid slurry were determined by using an X-ray diffractometer (X' Pert PRO Powder, PANalytical, 

Netherlands) and X-ray fluorescence spectroscopy (ZSX Primus Π, Rigaku Corporation, Japan), 

respectively. The surface area was measured by using specific surface and aperture analyzer (JW-

BK200C, JWGB SCI. & THCH, China). The spectrogram of mineralogical composition is shown in Fig.1, 

indicating that quartz, kaolinite, illite, and vermiculite are the primary mineralogical components. The 

basic physical properties and chemical compositions of the mine slurry are given in Table 1. 

 

Fig. 1. Mineralogical composition spectrogram of mine slurry 

Table 1. Physical properties and chemical compositions of the tested mine slurry 

Physical properties  Chemical compositions  

Property Value Units  compositions  Percentage 

Specific gravity 2.6 —  SiO2 33.7 

Water content 258 %  Al2O3 31.3 

Specific surface area 31.5 m2/g  Fe2O3 16.3 

natural pH 6.7 —  TiO2 1.6 

Zeta potential of  slurry 

at pH 6.7 
-18.1 mV 

 
K2O 1.4 

Liquid limit 65.6 %  CaO 0.5 

Plastic limit 40.1 %  Na2O 0.2 

Plastic index 25.5 %  MgO 0.9 
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2.2. Chemical reagents 

The chemical reagents used in this study include xanthan gum (flocculant), hydrochloric acid, 

potassium chloride and sodium hydroxide. The xanthan gum, an anionic polysaccharide based 

biopolymer, with molecular weight probably about 2 million (Nugent et al., 2009), was purchased from 

Shanghai Yuan Ye Biotech Co., Ltd, and used as a flocculant for bauxite mine slurry flocculation tests. 

The backbone structure of xanthan gum is mainly composed of two repeating glucose units, linked to 

each other by glycosidic bond through β (1→4). The side chain comprise three linked monosaccharides 

units. Namely, two mannose units and one glucoronic units. The pyruvate group and acetate group are 

linked to the two mannose units, respectively. It is reported that the existence of the acetate and 

pyruvate in the side chains is the main reason why molecules are charged (Chatterji et al., 1981). The 

chemical structure is schematically represented in Fig. 2 (Abu Elella et al. 2021). As Fig. 2 shows, there 

exist a large number of hydroxyl and carboxylic group in the chemical structure (Nsengiyumva and 

Alexandridis, 2022). The xanthan gum molecules usually exhibit double helix structure as these 

functional groups interact with each other, and conformation transition in aqueous solutions, from 

ordered state to disorder state, is controlled by external conditions, such as ionic strength and pH of 

suspensions (Petri, 2015; Brunchi et al., 2016), resulting to influence the xanthan gum properties. 

 

Fig. 2 Molecular structure of Xanthan gum (replotted after Abu Elella et al. (2021)) 

Hydrochloric acid, potassium chloride and sodium hydroxide were purchased from Shanghai 

Macklin Biotechnology Co., Ltd. The hydrochloric acid and sodium hydroxide were used to adjust the 

pH value of the mine slurry, while potassium chloride was used for the electrolyte background solution 

in the zeta potential measurements. All the chemical reagents were analytically pure and used 

immediately. 

2.3. Mine slurry and biopolymer solution preparations 

To minimize the influence of dissolved ions on flocculation, the mine slurry was first filtered by using 

a vacuum filter, then oven dried, and finally crushed by a grinder into a powder. The particle-size 

distribution of the powder was determined by using Malvern particle-size analyzer (Mastersizer 3000, 

Malvern, UK) and the results were displayed in Fig. 3. The artificial slurry suspensions were prepared 

with the same concentration of the bauxite mine slurry on site, which was about 9% in percentage of 

the dry weight of mine slurry particles to the total weight of slurry suspensions. To this end, 9.06g dried 

mine slurry powder was mixed with 91.56g distilled water (pH=5.6) in a beaker, and then stirred by 

using the magnetic stirring method at room temperature for 1 hour to ensure the clay powder evenly 

distributed. 
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Three parts of the xanthan gum powders were weighed, and they were 0.324g, 0.504g and 0.684g 

respectively. then dissolved in 180g of distilled water (pH=5.6) and stirred for 6 hours by using the 

magnetic stirring method at room temperature. The prepared xanthan gum solutions concentrations 

are 0.18, 0.28 and 0.38 wt%, respectively. To prevent biological degradation, all the prepared xanthan 

gum solutions were used immediately in the experiments. 

2.4. Flocculation tests 

Flocculation tests were conducted on the prepared mine slurry at room temperature, in a 100 milliliter 

glass cylinder, to evaluate the influence of the pH value on the effectiveness of the biopolymer treatment 

of bauxite mine slurry. Before the test, the pH values of the prepared suspensions were targeted to 3, 5, 

7, 9 and 11, respectively, by using analytical grade hydrochloric acid (0.01 m/l) and sodium hydroxide 

solutions (0.1 m/l). The prepared suspensions were stirred up and down for 3 minutes with a 

customized stirrer to ensure homogenization. Then, 5 ml prepared xanthan gum solutions was sucked 

with a high-accuracy pipette and added to the slurry suspensions, and stirred up and down four times. 

For comparison, flocculation tests were also performed on the slurry without xanthan gum. 

2.5. Floc-size measurement 

The particle-size distributions of the prepared bauxite mine slurry and flocs, taken from a depth of 1 cm 

below the soil–water interface after flocculation tests, were conducted with laser light scattering 

technology with Mastersizer 3000 (Malvern Zetasizer Nano, UK). 

2.6. Zeta potential measurement 

Zeta potentials (ZPs) of the crushed slurry power and biopolymer-treated slurry were measured with a 

nanoparticle and Zeta potential analyzer (Malvern Panalyti, UK). The measurements were performed 

on the prepared mine slurry suspensions of 0.1 wt% in a 10-3 mol/l KCl electrolyte background 

solution. For the crushed slurry power, the pH value was regulated with 0.01 m/l hydrochloric acid 

and 0.1 m/l sodium hydroxide. Each measurement was triplicated, and the average was used as the 

final measured value. 

2.7 Scanning Electron Microscopy 

Surface morphology of the prepared slurry particles and their flocs was analyzed by scanning electron 

microscopy (Gemini SEM 300, UK). The slurry suspension and flocs were first dried by using the freeze-

drying methods, and then placed on a SEM platform and covered by conductive carbon black for surface 

morphology and structure observations. 

3.   Results and discussion 

3.1 Slurry powder characterization 

The particle-size distribution of the crushed bauxite mine slurry powder is showed in Fig. 4. It can be 

seen that the particle sizes range from ~0.2 μm to 120 μm, with d50 and d90 of approximately 27 μm 

and 72 μm, respectively. The SEM image of the surface morphology of slurry particles is shown in Fig. 

4, indicating that the mine slurry is mainly composed of fine particles, and most of the particles have a 

lamellate plate shape, with very rough edges. The surface structure is very complicated and fragmented. 

In addition, the sizes of pores are very different. 

3.2 Settlement rates 

As well recognized, the sedimentation of a suspension includes three stages, i.e., flocculation stage, 

settlement stage, and consolidation stage. The settlement rates are defines as the slope of the linear 

portion of the mud-line settling curve in the settlement stage. The effect of the pH values on the 

sedimentation of the xanthan gum-treated mine slurries after 7-days settlement is demonstrated in Fig. 

5, where the interfaces between supernatant and floc can be clearly seen. The raw suspension is the 

simple mixture of crushed mine slurry powder and distilled water (pH=5.6). The suspension with a pH 
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Fig. 3. Particle size distribution of mine slurry 

 

Fig. 4. The SEM images of mine slurry 

value of 5.9 is a reference, which is made by adding a certain amount of xanthan gum (2097 g gum/ton 

solid) to the raw suspension. The other suspensions are prepared by adjusting the pH values of the 

reference suspension (pH=5.9) to the targeted values of 3, 5, 7, 9, and 11, respectively. Comparison 

between the raw and reference suspensions indicates that addition of xanthan gum can increase 

sedimentation volume, which is the total volume of floc. When the pH value ranges from 3 to 7, the 

sedimentation volume is slightly influenced by the pH value. At higher pH values, however, the 

sedimentation volume increases significantly, so that the slurry remains in a suspending state for a long 

time. 

Fig. 6 shows the temporal variations of the interfacial height of the mine slurries with different pH 

values at mass ratios (denoted by mR hereinafter) of 993, 1545 and 2097 g gum/ton solid, respectively. 

Here, the interfacial height refers to the height of the interface between supernatant and floc, and mR is 

defined as the weight (gram) of added xanthan gum per ton of dried slurry solid.  

Clearly, three stages can be identified, i.e., flocculation, settlement and consolidation. It can be seen that 

the final interfacial height of the suspension generally increases with the increase in the mass ratio of 

the slurry suspension. At high pH values (9 and 11), the interfacial height remains practically 

unchanged as time elapses, for all three mass ratios. Meanwhile, it is obvious in Fig. 6 that the temporal 

variations of interfacial height of mine slurries with pH values of 5.9, 7, 9 and 11 at different mass ratios 
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are similar, except the pH=3 and pH=5. As the pH value increases from 3 to 7, the final interfacial height 

increases for the mass ratio of 993 g gum/ton solid, and decreases for the mass ratios of 1545 and 2097 

g gum/ton solid. In general, the rate of settlement increases with the pH value, though it is very slightly 

influenced by the pH value less than 6.  

 

Fig. 5. Effect of pH on the flocculation of xanthan gum-treated mine slurry after 7-days settlement 

 

 

Fig. 6. Temporal variations of interfacial height of mine slurries with different pH values at mass ratios of (a) 993 

g gum/ton solid, (b) 1545 g gum/ton solid, and (c)2097 g gum/ton solid respectively 
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3.3. Floc size distribution 

The flocs-size distributions at different pH values are compared in Fig. 7, indicating that xanthan gum 

can remarkably influence the particle-size distribution of the slurry suspensions. The effect of pH value 

is significant on the flocs-size distribution of the slurry treated with low concentrated xanthan gum, 

while insignificant for those treated with medially and highly concentrated xanthan gum. The particle 

sizes of the raw slurry are widely distributed, following a normal distribution, and the content of large 

particles significantly increases after the treatment of xanthan gum for all the three mass ratios. The 

particle sizes of raw slurry range from 0.8 μm to 110 μm. For the slurry with mR of 993 g gum/ton solid, 

the number of particles larger than 50 μm increases significantly at the pH values less than 9; at the pH 

value of 9 and 11, the number of particles between 5 and 40 μm, and between 4 and 37 μm respectively, 

increases significantly, whereas the number of particles with other sizes decreases. For the slurries with 

mass ratios mR of 1545 g gum/ton solid, the number of large particles increases significantly with the 

pH value. However, For the slurry with mR of 2097 g gum/ton solid, the number of particles larger 

than 50 μm increases significantly at the pH values less than 9; at the pH value of 9 and 11, the number 

of particles between 4.5 and 40 μm, and between 8 and 50 μm respectively, decreases observably, 

whereas the number of particles with other sizes increases. 

 

 

Fig. 7. Particle diameter of flocs after flocculation completed (a) 993 g gum/ton solid, (b) 1545 g gum/ton solid, 

and (c) 2097 g gum/ton solid respectively 

4. Discussion 

Fig. 1 reveals that the primary mineralogical components of the tested bauxite mine slurry are quartz, 

kaolinite, illite, and vermiculite. It has been determined that the particles of original slurry suspension 

taken from the washing ore site before draining into the thickener, are mainly negatively charged, with 

a zeta potential of -18.1 mV at the natural pH value of 6.7. As can be seen in the Fig. 2, there are a large 
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number of reactive functional groups such as hydroxyl and carboxylic groups on the molecular 

structure of xanthan gum. Xanthan gum is soluble in hot or cold water, usually exhibiting a helical 

configuration (Nsengiyumva and Alexandridis, 2022; Brunchi et al., 2016). When the pH values of the 

medium change, the carboxylic groups on the xanthan gum molecule become protonated of 

deprotonated, resulting in the conformational transition and providing binding sites to adsorb 

suspended slurry particles (He et al., 2010). Also, when the mine slurry particles are very close to 

xanthan molecules, the hydroxyl groups have a tendency to form hydrogen bonds with slurry particles, 

since the mine slurry particles contains various types of clay minerals.  

The adsorption effect is schematically shown in Fig. 8 (The golden circles represent soil particles, 

and the blue curves represent xanthan gum chains). In other words, the side chains and the backbones 

of xanthan gum molecules can adsorb suspended particles, resulting in the flocculated structure of the 

slurry suspension treated by xanthan gum. Hence, it is the interaction between xanthan gum molecules 

and fine particles that promotes the formation of gelatinous three-dimensional network with a large 

number of pores, as clearly shown in Fig. 9(a). Obviously, the aggregation (dark blue line) of soil 

particles can be seen. To exhibit the adsorption of particles, we adopted a mass ratio of 100 g gum / 1g 

solid in mixing the xanthan gum and the raw slurry, and took the SEM image, which is shown in Fig. 

9(b). It can be clearly seen that slurry particles are adsorbed onto the xanthan gum molecule. 

Apparently, the form of inter-particle contacts has been changed by the added xanthan gum molecules. 

Indeed, before the addition of xanthan gum, the dominated contact modes of particles under gravity 

are mainly face to face contact (see Fig. 2). After the treatment of xanthan gum, however, the structure 

of the suspension is changed into a three-dimensional network. As a consequence, the pore sizes of the 

slurry increase due to the addition of xanthan gum, resulting in a significant increase of the volume of 

the xanthan gum-treated mine slurry (see Fig. 5).  

Fig. 10 illustrates the variations of zeta potential with the pH value for various slurry suspensions. 

For the raw suspension, the variation of zeta potential with the pH value can be decomposed into three  

 

Fig. 8. Schematic illustration of flocculation mechanism 

 

Fig. 9. SEM images of slurry structure. (a) Overall structure of xanthan gum-treated slurry; (b) particles adsorbed 

onto xanthan gum 
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stages. As the pH value increases, the zeta potential first increases slightly until pH=3; then, decreases 

dramatically until pH=4.4, fluctuates at pH values between 4.4 and 8.0, and decreases again until 

pH=10.8; finally, increases again. The fluctuation of zeta potential at pH values between 4.4 and 8.0 can 

be attributed to the variation of the charge density of pH-dependent hydroxyl groups at the particle 

edges. Clearly, the zero point of charge (ZPC) of the raw slurry is about 3.5. For the suspensions treated 

by xanthan gum, the zeta potential decreases constantly with the increase of pH value, and it is always 

negative. Sriprablom and Suphantharika (2022) showed that at a pH value ranging from 3 to 9, the zeta 

potential of xanthan gum solution is always negative. 

 

Fig. 10. Variation of zeta potential with pH value for various suspensions 

As mentioned above, the slurry suspensions with pH values of 9 and 11 remain stable as flocculated 

suspensions, without significant settlement, even after being treated by xanthan gum. This can be 

partially attributed to the fact that the numbers of the surface charges of the particles in these 

suspensions are large at pH=9 and pH=11. In addition, the xanthan gum molecules in a solution are 

generally negatively charged, potentially increasing the zeta potential of the suspension. Indeed, the 

zeta potential at the pH values between 9 and 11 is down to -40mV, implying that strong electrostatic 

repulsive forces exist among slurry particles, so that no significant settlement occurs in the suspension 

(Brunchi et al., 2016; Morariu et al., 2012). Therefore, the variations of interfacial height of slurries with 

pH=9 and pH=11 at different mass ratios of xanthan gum to solid are similar. Fig. 10 also shows that at 

the pH values below 3.5, the raw slurry suspension particles are positively charged. Noticeably, the zeta 

potential of xanthan gum aqueous solution is negative in the pH value range from 3 to 9 (Sriprablom 

and Suphantharika, 2022). Therefore, at a pH value less 3.5, the electrostatic attraction interaction 

between the xanthan and slurry particles induces aggregation. When the pH values of the slurry 

suspensions are 5, the slurry particles are negatively charged. The carboxylic groups of the xanthan gum 

molecules dissociate into –COO- groups and hydrogen ion (Li et al., 2012; Dontsova and Bigham, 2005). 

It is also reported that the carboxylic groups become partially deprotonated at pH=5 (Brunchi et al., 

2016), making the xanthan gum chains become partially flexible to cause more slurry particles to interact 

with the xanthan gum molecules by hydrogen bond to form larger flocs compared to that at pH=3, 

corresponding to the particle size distribution results of flocs (Fig. 7(a)). The increase of the xanthan 

gum added to the slurry suspensions leads to the formation of a weak network gel structure (Xiao et al., 

2021), leading to inadequate binding sites for the slurry particles to form hydrogen bonds. Thus, the 

interaction between the slurry particles and the xanthan gum is mainly the electrostatic attraction 

between the xanthan gum and the positively charged edges of the slurry particles. On the other hand, 

the increase of the xanthan gum mass ratios can improve the viscosity of the slurry suspensions, 

reducing the settlement rate of the flocs. Hence the variations of interfacial height of slurry suspensions 

with pH=3 at 2097 g gum/ton solid are slightly greater than that with pH=5. 

At the pH values between 4 and 7, the slurry suspensions can also become aggregated. On one hand, 

as the primary mineralogical compositions of the mine slurry, aluminum oxide and ferric oxide are 
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positively charged; on the other hand, the xanthan gum molecules in an aqueous solution is negatively 

charged at a pH value between 3 and 9 (Sriprablom and Suphantharika, 2022). Hence, electrostatic 

attractions occur between the xanthan gum molecules and slurry particles. In general, the molecular 

conformational transition of xanthan gum is affected by the pH value. Brunchi et al. (2016) reported 

that, at a pH value of 5 or 6, the carboxylic groups of the xanthan gum molecular became partially 

protonated or even completely deprotonated, resulting in the formation of –COO- groups on the side 

chains of xanthan gum molecules and the enhancement of the electrostatic repulsive forces between the 

side chains. As a consequence, the side chains of xanthan molecules expand and become flexible 

(Brunchi et al., 2016; Pan et al., 2020), resulting in more and more slurry particles are adsorbed onto the 

xanthan gum molecules. But, when the pH of the suspensions is 7, the xanthan gum chains become 

partially flexible, thus reducing the contact between the xanthan gum chains and slurry particles. 

Meanwhile, the zeta potentials of the flocs at pH=7 are between -34.9 mV and -30.4mV (Fig. 10). The 

suspension was in a metastable state when the zeta potential of xanthan gum-treated mine slurry ranged 

from -30 mV to 30 mV (Brunchi et al., 2016). Therefore, the variations of interfacial height of slurry 

suspensions with pH=7 are slower than that with pH=5.9. But, the variations of interfacial height of 

slurries with pH=5.9 and pH=7 at different mass ratios of xanthan gum to solid are similar. When 

xanthan gum was added into the suspension, the settlement readily occurred. Based on our 

experimental results, the settlement rate is the fastest at a pH value of 5.9. The structure of the xanthan 

gum-treated slurry is shown in Fig. 11, indicating that a large number of fine particles are concentrated 

due to the gelation of xanthan gum. 

 

Fig. 11 SEM image of the xanthan gum-treated slurry with mass ratio of 1545 g gum/t solid at pH=5.9 

4. Conclusions 

In this research, a series of experiments was performed on the bauxite mine slurry suspensions, with or 

without being treated by xanthan gum, to explore the effect of pH value on the flocculation effectiveness 

of xanthan gum. The zeta potential measurement and SEM analysis were conducted to clarify the 

underlying mechanisms for xanthan gum-induced flocculation. 

It is shown that the flocculation of bauxite mine slurry can be accelerated by adding xanthan gum, 

and the final volume of flocculation is significantly increased by the added flocculants. In addition, the 

slurries remained stable as suspensions at the pH value of 9 and 11, independent of the amount of 

xanthan gum added. It is found that the ZPC (zero point of charge) of raw slurry powder is about 

3.5.The settlement rates of xanthan gum-treated slurry suspension with the pH values of 3, 5 and 7 

decrease slightly compared with the reference slurry suspensions with pH=5.9. 

Two possible mechanisms account for the flocculation of the mine slurry suspensions. One is the 

electrostatic interaction between the particles and the xanthan gum molecules at low pH values. 
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Another is the bridging effect between the carboxylic groups in the side chains of xanthan gum molecule 

and the suspension particles, which can strengthen the contact between the slurry particles and xanthan 

gum molecules and promote the formation of hydrogen bond. 
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