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Abstract

Admixtures are important constituents to enhance the performance of concrete. They allow for more 
efficient use of binders which can mitigate negative environmental impacts from producing cement-
based materials. Commonly used rheology modifying agents like polycarboxylate ethers or cellulose 
ethers are synthetic or semi-synthetic, respectively. This requires additional energy consumption for 
their production and global supply chains particularly for many developing regions, which will be large 
consumers of concrete in the future. However, many locally available bio-based polysaccharides could 
be effectively used instead. These polymers are often overlooked by engineers and scientists due to their 
limited distribution and inherent complexity, yet they represent an under-leveraged source of precursors 
for admixtures. This study investigates the action mechanisms of some bio-based rheology modifying 
agents, i.e., acacia gum and miscanthus gum, and provides a comparison to a conventionally modified 
starch. The results show that the mechanism of action of these polymers is closely related to the 
composition of the mixture, mixing regime, and the composition of the aqueous phase. Depending on 
the agent, either plasticizing or stabilizing effects on rheology can be revealed.
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1. Introduction

Enhanced durability properties and mechanical behavior of concrete have enabled the 

construction of high-performance structures and development of a more resilient built environment [1–

3]. Over the course of several decades, chemical admixtures have become a key tool to control the fresh 

properties and the related quality of concrete [4]. These admixtures have enabled workable, higher 

strength concretes with fewer internal defects [5,6]. These higher-strength and higher quality concretes 

can allow for more efficient material use and, thus, increase the sustainability of concrete [2,4]. 

However, standard chemical admixtures are expensive and inaccessible to producers in the Global South 

[7,8]. In this work, the rheological effects are evaluated for limestone slurries with a variety of gums 

derived from different regions in the world. 

As future regions across the Global South develop, the consumption of building materials, and 

especially concrete, will increase. Global concrete consumption is inevitably accompanied by a large 

amount of greenhouse gas emissions [9]. As the availability of supplementary cementitious materials is 

already restricted [10,11], access to regionally available and affordable chemical admixtures could be 

one of the few levers available to drive higher quality concrete production and enable more-sustainable 

future developments. Furthermore, many established admixtures are based on naphtha and thus depend 

on global value chains. Hence, alternative admixture feedstocks will be needed to make the products and 

their supply chains less energy and carbon intensive [12,13].

Acacia gum and miscanthus gums are two bioderived admixtures evaluated in this work. Acacia 

gum (which consists to a large extent of gum Arabic) is a complex polysaccharide derived from the sap 

of acacia trees [14,15]. Literature describes them as slightly acidic, water-soluble, and containing a mix 

of mineral salts [14–16]. Predominantly grown in Africa, Senegal and Sudan is the largest exporters of 

acacia gums [17]. Acacia gums can have both plasticizing and stabilizing effects depending on the 
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dosage, gum composition, and paste system [18–20]. Other works have investigated acacia gum to 

modify the workability of cement-based systems (e.g., [21–23]) and as a dispersant (e.g., [23,24]). 

However, the industrial use of acacia gums is largely limited to the food and cosmetic industries [15,24]. 

Miscanthus grass is composed of cellulose, hemicellulose, and lignin [25]. Research has 

primarily focused on miscanthus and other lignocellulosic biomass as an alternative to petroleum-based 

fuels (e.g. [26–28]). Miscanthus, specifically, is of great interest because it requires relatively low 

amounts of input and management. As a C4 plant, meaning it is more efficient at photosynthesis in hot 

climates with restricted water access, miscanthus has relatively high biomass yields in adverse 

environments [25,29,30]. Valorizing this biomass into fuels or petrochemical resources requires lignin 

extraction and then bio-refinement through fermentation or hydrolysis. These processes are typical done 

at elevated temperatures and often with hazardous reagents to maximize extraction and conversion 

[31,32]. Currently, most of this processing remains at laboratory scale, but the environmental and 

economic implications of these systems need to be considered [27,33]. In rheological studies have 

investigated carboxymethylcelulloses derived from miscanthus feedstocks [34] and nanofilms made with 

cellulose nanocrystals derived from miscanthus fibers [35]. However, little attention has been given to 

miscanthus gums in cement-based systems, though initial work by Schmidt et al., has shown that 

miscanthus gums could reduce the dynamic and static yield stress in cement pastes [17]. In this study 

minimally processed acacia gums and miscanthus gums are evaluated in limestone slurries using 

rheological measurements to better understand the behavior of these compounds. 

2. Materials and Methods 

2.1. Materials
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The behavior of bioderived acacia gum and miscanthus gum were evaluated using a shear 

rheometer to determine the effect of the biopolymers in a particle-liquid systems. For rheological 

evaluation, slurries were made using limestone powder, deionized (DI) water, and polycarboxylate 

ethers (PCE). The water to limestone powder ratio was set to 0.22, which corresponds to the minimum 

water demand according to the Punkte test [36]. The PCE, Melflux AP 101F (BASF; Ludwigshafen, 

Germany), was used to disperse the slurry and provide a consistency that can be tested in a cylinder 

system in a rheometer. A hydroxypropylated starch with a degree of substitution of 0.6, was selected so 

that the behavior of the unmodified bio-based admixtures could be compared to an industrially modified 

admixture. Admixture dosages and slurry mixture IDs can be found in Table 1. 

Table 1. Limestone slurry mixture IDs and admixture dosages used to make slurry mixtures for 
rheological evaluation.

ID Bio-based admixture Admixture dose 
(% limestone mass)

PCE dose 
(% limestone mass)

REF - -

0.062
Ac Acacia gum

0.042Mi Miscanthus gum
St6 Hydroxypropylated starch
0.5xSt6 Hydroxypropylated starch 0.021

Acacia gum, in solid form, was ground with a mortar and pestle into a powder. The water-

soluble fraction of miscanthus was extracted from 2 cm long pieces of dried miscanthus by soaking in 

DI water for 72 h. A non-bleached coffee filter, pre-soaked in DI water, was used to separate the liquid 

and solid fractions. Then the residual miscanthus was soaked for an additional 24 h and, again, the 

leachate was collected using the same filter. Both leachates were combined and then dried in a 40 °C 

oven for 24 h, until only the extracted solid fraction remained. 

2.2. Methods

Please reference published version: https://doi.org/10.1007/978-3-031-33465-8_60
This is a pre-submission / revision copy of full conference proceeding. 

72

73

74

75

76

77

78

79

80

81
82
83

84

85

86

87

88

89

90

91

92

https://doi.org/10.1007/978-3-031-33465-8_60


Limestone slurries were mixed using an STARVISC 200-2.5 control measuring mixer (IKA; 

Staufen, Germany). To mix the slurry, the PCE and limestone powder were combined, then water was 

poured in the mixture and mixed at 250 RPMs for 45 s. Then the starch, acacia gum, or miscanthus gum 

were added to the mixture and mixed for a final 45 s at 250 RPM before being loaded into the testing 

cell. Three replicates were tested for each slurry mixture. 

All testing was performed using a concentric cylinder cell (CC27) with cup dimensions of 

28.895 mm (d) x 120.2 mm (height) and a bob measured 26.665 mm (d) x 72.5 mm (height) in a MCR 

502 WESP shear rheometer (Anton Paar; Graz, Austria). A three-part testing protocol was employed to 

evaluate the performance of the admixtures dynamic shearing, to indicate different conditions during 

mixing and casting, and to measure the effect of pre-shearing. The initial pre-shear ramp was performed 

by linearly increasing shear rate from 1/s to one of three maximum shear rates over a 60 s interval, 

maintaining the maximum as a constant for 120 s, and then ramping down linearly over a 60 s interval 

from the maximum shear rate to 1/s (Figure 1, region I). The maximum shear rates of 50/s, 100/s, or 

150/s were measured for each admixture to understand how pre-shearing affected the structural build-up 

and static yield stress measured in later regions. Step two involved a resting phase with low amplitude 

oscillation. This oscillation phase was performed with a constant strain rate of 0.008% and a linear 

angular frequency ramp from 1 rad/s to 10 rad/s (Figure 1, region II). The constant strain rate of 0.008% 

was determined in preliminary tests to be within the viscoelastic region of the St6 slurry. Finally, an 

amplitude sweep was performed with a constant angular frequency of 2 rad/s and a linear shear strain 

ramp from 0.008% to 0.1% (Figure 1, region III).
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Figure 1. Illustration of the testing profile for rheological assessment of gums in a limestone slurry 
showing (I) the dynamic pre-shearing region and (II) the small amplitude oscillatory shear region. 

3. Results and Discussion 

3.1. Dynamic pre-shearing

To understand how the studied bio-derived admixture behave in a slurry under dynamic shearing, 

which can be an indicator of workability properties in a cementitious material, shear stress was 

measured over a shear ramp (Figure 2). Increasing the maximum shear rate led to an expected increase 

in the shear stresses, with St6 showing very large increases across the three shear rates (Figure 2A-C). 

During the dynamic pre-shearing region, the shear stresses trends in the Mi and Ac slurries are similar to 

the lower dosage starch slurry, 0.5xSt6 (Figure 2 A-C). For the REF, Mi, Ac, and 0.5xSt6 slurries, the 

measured shear stresses for a given strain rate remained similar regardless of the maximum shear rate 

used. Notably, St6 shows a shear thickening behavior triggered at a shear rate of approximately 50 1/s 

which increased as shear rate increased (Figure 3A-B). This led to a large viscosity increase at higher 

maximum shear rates, which maintained even when the shear rate was reduced below 50/s. On a mass 

basis, the starch has stronger viscosity modifying affect compared to the other polymers [37]. The strong 
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viscosity increase and shear thickening behavior can be caused by the better dispersed large amylopectin 

molecules, causing a higher viscosity of the liquid phase and more particle interactions between cement 

particles, hydrates, and amylopectin, respectively. The hydroxypropylation might improve the viscosity 

efficiency of starch [38]. 

Figure 2. Shear stress vs. time and shear stress vs. shear rate over the pre-shear ramp phase of testing 
with A showing results for 50/s maximum shear rate; B showing results for 100/s maximum shear rate; 
and C showing results for 150/s maximum shear rate.

Figure 3. Shear stress vs strain rate of the full ramp interval in Region I for REF and St6 slurry 
mixtures. 
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The relationship between shear stress and strain rate measured during the downward ramp at the 

end of Region I was observed to follow a linear trend for shear stresses greater than 10 Pa. Thus, a 

Bingham regression was applied to this region to determine the yield stress and plastic viscosity of the 

slurry mixtures and these values are presented and discussed below. 

3.2. Low Amplitude Oscillation

The slurry mixtures were evaluated with low amplitude oscillation to measure the shear stress 

and structural build up after pre-shearing at different maximum shear rates (Figure 4). The control 

slurry, REF, shows little change with very small decreases as pre-shearing increases. As the pre-shearing 

increased, St6 showed an increase in shear stress across the shearing conditions. However, 0.5xSt6 

shows an initial increase in shear stress values from 50/s to 100/s pre-shearing conditions, but this was 

followed by lower shear stresses at 150/s. Ac and Mi both show smaller shear stress curves as the pre-

shearing increased. 

Figure 4. The shear stress over time of slurry mixtures after (A) 50 /s maximum shear rate, (B) 100 /s 
maximum shear rate, and (C) 150 /s maximum shear rate. 
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3.3. Amplitude Sweep

The measurements of the amplitude sweep (Figure 1, Region III) did not enter the linear 

viscoelastic regime. Likewise, as the shear stresses in Figure 4 show a plateauing behavior, with the 

potential exception of Ac, the shear stresses at the beginning of the Amplitude Sweep (~720 s) can be 

interpreted as an indicator static behavior. The corresponding storage moduli (G’) values were 

determined and are show in Figure 6B along with the dynamic yield stress (Figure 6A)  and plastic 

viscosity (Figure 6C) determined earlier for the dynamic pre-shearing regime. 

Figure 5. The storage and loss moduli versus shear strain for the amplitude sweep testing (regime III) 
for 50/s, 100/s, and 150/s pre-shearing conditions. 

For dynamic yield stress, St6 and Mi increased with increased shear rate. REF increases initially 

approximately 30% from 50/s to 100/s, but then remains the approximately the same at 150/s. 

Conversely, from 50/s to 100/s Ac shows little change, but then shows a moderate decrease when pre-

shearing is increased to 150/s. While the increase in yields stress of Mi appears linear (i.e., increasing 

approximately 20 Pa for each 50/s increase in shear rate), St6 shows a sharp increase as maximum shear 

rate increased (i.e., increasing ~60 Pa from 50/s to 100/s and then increasing ~90 Pa from 100/s to 

150/s). However, 0.5xSt6 shows little change across shear rates (ranging from 47-52 Pa) This indicates 
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that the starch dosage influences the observed behavior and that there may be a minimum dose required 

effectively modify the yields stress. Likewise, higher shear rates appear to improve the effectiveness of 

the starch. Possibly the starch molecules, when first introduced into the system, are agglomerated and 

higher shearing aids in breaking up the agglomerants and better dispersing the starch in the system. 

Figure 6. The (A) yield stress calculated using the Bingham regression for the downward ramp in 
Region I, (B) the storage modulus at t = 720 s for the tested slurry samples at pre-shearing rates of 50/s, 
100/s, and 150/s and (C) plastic viscosity calculated using the Bingham regression for the downward 
ramp in Region I. n = 3. 

As with the results of dynamic yield stress, the Ac and Mi slurries shows a gradual decrease in 

structural build up at higher pre-shearing rates (Figure 6B). The REF and 0.5xSt6 slurries exhibit mix 

results at different pre-shearing conditions. And St6 shows a sharp increase, indicating a significant 

increase in structure build for increase pre-shearing conditions, matching the previous observations of 

improved starch efficiency at higher pre-shearing rates.
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 The REF, Ac, and Mi slurries, the plastic viscosity showed mixed effects in relation to the shear 

rate (Figure 6C). However, both St6 and 0.5xSt6 slurries showed a decreasing viscosity with increasing 

maximum shear rate. These differences observed with the strong change of St6 compared to the 0.5xSt6 

(with half the mass of starch) and other admixtures is likely related to the starch having a larger impact 

in higher solid-volume systems [18]. These results also show that miscanthus gum has plasticizing 

properties in the system under shear, but at rest leads to structural development like the REF system. 

Acacia gum, on the other hand, shows an increasing yield stress, but decreases plastic viscosity meaning 

the structural build up is slower compared to the REF. 

4. Outlook 

In this work, acacia gum and miscanthus gums are compared to a hydroxypropylated starch in 

limestone slurries with different maximum pre-shearing rates. Herein, we demonstrate how increasing 

pre-shearing led to larger storage moduli for the starch admixtures, but also coincided with lower moduli 

values or mixed effects for the slurries with miscanthus or acacia gums. This shows that higher shearing 

rates caused the polymers to be more effective in the mixtures. Literature shows that the properties of the 

polysaccharides and processing (e.g., hydroxypropylation) affect the efficiency of the admixture in the 

liquid-particle systems. Likewise, higher shearing may help break up agglomerated starch and better 

disperse the starch in a system. At higher shear, miscanthus gums were observed to exhibit plasticizing 

behaviors and acacia gum increased yield stress. At rest, Mi developed structure similar to the REF 

slurry, but Ac developed structure slower. 

Future work to determine the molecular weight or polymer content of the bioderived admixture 

could allow for comparison on a polymer weight basis instead of a material mass basis. Additionally, 

improved processing and purification could increase the effects observed from the bioderived materials. 
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Likewise, observing these admixtures in slurries with ionic solutions or mixtures with cement is 

imperative future step to identify the behavior of the bioderived admixtures in cement-based systems.
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