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Abstract: The performance of gas-liquid mixing processes in agitated vessels is commonly meas-

ured by the degree of gas dispersion, and local measurements of this parameter can provide a more 

accurate description of the mixing, especially for non-Newtonian fluids. For instance, the fluid flow 

of complex yield-pseudoplastic solutions is highly affected by the local shear stress, leading to a 

non-homogeneous air distribution throughout the mixing vessel. Coaxial mixers have demon-

strated energy-efficient characteristics for non-Newtonian fluids that improve the mixing homoge-

neity due to the independent rotation of a central impeller and a close-clearance impeller. Therefore, 

this work aims to investigate the axial profile of the local gas holdup in a PBT-anchor coaxial mixer 

containing xanthan gum solutions, which is a biopolymer widely utilized as an emulsion stabilizer, 

dispersing agent, and thickener. The rheological behavior of the solutions was described by the 

Herschel-Bulkley model, and the effect of the xanthan gum concentration on the gas holdup distri-

bution was analyzed. Electrical resistance tomography (ERT) was employed to obtain the gas 

holdup from the conductivity measurements of the mixture in each of the four horizontal planes. 

Results show that the gas holdup increased downward for all solutions, and lower xanthan gum 

concentration reduced the non-homogeneity in gas distribution and overall gas volume fraction. In 

contrast, higher xanthan gum concentration enhanced gas holdup in high shear stress regions while 

weakening air dispersion distant from those regions due to higher viscous forces. 
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1. Introduction 

Gas-liquid mixing in stirred vessels is a crucial process in chemical and biochemical 

industries [1]. Achieving homogeneous gas dispersion is essential for ensuring the effec-

tiveness of these systems. Measurement of local gas-liquid mixing performance variables 

has been shown to provide valuable insights into the degree of gas dispersion [2–4]. For 

a mixing system containing non-Newtonian fluids, the gas distribution is expected to be 

more non-uniform due to the variation in viscosity throughout the mixing vessel. To over-

come this challenge, designing mixing vessels that ensure energy-efficient operations 

while enhancing homogeneity is highly desirable. 

Coaxial mixers have recently been investigated for promoting suitable and more ho-

mogeneous gas dispersion in pseudoplastic and yield-pseudoplastic fluids [7–10]. How-

ever, the high complexity of these systems requires additional analysis of the mixing per-

formance upon varying the rheological parameters. Therefore, this study aims to investi-

gate the local gas holdup distribution of a PBT-anchor containing yield-pseudoplastic bi-

opolymer solutions at different concentrations. In fact, the experimental analysis of the 

effect of the biopolymer concentration is valuable for improving the design of more effi-

cient mixing systems for these fluids. 
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2. Materials and Methods 

A PBT-Anchor coaxial mixer and a ring sparger were used to disperse air into xan-

than gum solutions with varying concentrations. The vessel diameter and liquid height 

were equal to 400 mm, with an aspect ratio of 1:1, which resulted in a total liquid volume 

of 50 L. The central impeller was positioned into the vessel through the top shaft, while 

the anchor impeller was attached to the bottom shaft. The two shafts rotated inde-

pendently using electric motors with capacities of 1.5 hp and 2 hp, respectively. To control 

the impeller speed, one variable frequency drive (AC Technology Corporation, USA) was 

installed in each electric motor and the rotational speed of each impeller was measured 

using a tachometer (DT-205LR, Shimpo Instruments). 

The gas holdup was obtained at each radial plane using the electrical resistance to-

mography (ERT) technique, as illustrated in Figure 1. The ERT system comprised three 

components: multiple electrodes attached to the vessel wall, a data acquisition system 

(DAS), and a host computer equipped with data processing software. Sixteen stainless 

steel electrodes were evenly distributed in four different axial positions (ERT planes) that 

were spaced 55 mm apart. The electrodes were placed in contact with the material inside 

the tank without modifying the fluid flow. Furthermore, the ERT system (ITS 2000 p2+) 

employed the adjacent strategy for data collection with an injection current set to 1.5 mA, 

a frequency of the data acquisition system of 4800 Hz, and a sampling time interval of 55 

ms. The electrodes were connected to the data acquisition system, and the signal was sent 

to the computer for image reconstruction using the ITS tool suite software. As a result, the 

local conductivity values were obtained by averaging 150 frames and the gas holdup val-

ues were calculated using Maxwell’s equation [11]. 

 

Figure 1. Experimental setup for the gas holdup measurement in a PBT-anchor coaxial mixer. 

The PBT-Anchor coaxial mixer was evaluated at a constant PBT speed of 500 rpm, an 

anchor speed of 40 rpm, and an aeration rate of 20 L/min. To evaluate the effect of xanthan 

gum concentration on the local gas holdup, three different concentrations of Ketrol F xan-

than gum were considered, and their rheological behavior was determined using a coaxial 

cylinder rheometer (Kinexus Ultra+, NETZSCH). All xanthan gum solutions were charac-

terized as yield-pseudoplastic fluids and their rheological parameters are presented in 

Table 1. 

Table 1. Herschel-Bulkley parameters of the xanthan gum solutions. 

Concentration (wt%) Yield Stress (Pa) Consistency Index (Pa sn) Power-Law Index (-) 

1.0 2.820 ± 0.059 1.046 ± 0.039 0.453 ± 0.005 

1.2 3.796 ± 0.119 1.192 ± 0.023 0.463 ± 0.004 

1.4 5.113 ± 0.008 1.470 ± 0.019 0.445 ± 0.002 
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3. Results and Discussion 

This study investigated the effect of increasing biopolymer concentration on the local 

gas holdup, as illustrated in Figure 2. Results demonstrate a decrease in gas holdup from 

Plane 4 to Plane 1 for all concentrations; however, the rate of decrease was more pro-

nounced with increasing the xanthan gum concentration. 

 

Figure 2. Effect of the xanthan gum concentration on the local gas holdup. 

The higher gas holdup observed in Planes 3 and 4 indicated that the air bubbles are 

concentrated below the central impeller. Furthermore, increasing biopolymer concentra-

tion led to higher gas holdup in this region, which was attributed to the increased viscous 

forces that hindered the air distribution and promoted bubbles’ coalescence. However, it 

is worth noting that an increase in gas volume fraction did not correspond to an enhanced 

mixing performance, as indicated by the deviation in gas holdup between the ERT Planes 

presented in Table 2. 

Table 2. Global gas holdup and deviation for each xanthan gum concentration. 

Concentration (wt%) Global Gas Holdup (v/v) Gas Holdup Deviation (v/v) 

1.0 0.036 0.020 

1.2 0.040 0.027 

1.4 0.051 0.032 

Table 2 shows that increasing xanthan gum concentration resulted in a higher global 

gas holdup and greater variation in the local gas holdup (at different planes). In fact, these 

results indicated a higher degree of homogeneity for the lowest biopolymer concentration. 

In contrast, higher xanthan gum concentration enhanced gas holdup in high shear stress 

regions while weakening air dispersion away from those regions due to the higher viscous 

forces, resulting in a lower degree of homogeneity. 

4. Conclusions 

This study investigated the main effect of xanthan gum concentration on the local gas 

holdup in a coaxial mixing system. The experimental results demonstrated that local gas 
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holdup decreased towards the liquid surface for all configurations. However, the rate of 

decrease was larger for the higher xanthan gum concentration due to the elevated viscous 

forces, which resulted in a higher global gas holdup and greater non-homogeneity in the 

mixing system. These findings provided a more comprehensive understanding of the re-

lationship between biopolymer concentration, local and global gas holdup, and mixing 

performance of the complex gas dispersion in yield-pseudoplastic solutions using coaxial 

mixers. 
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