engineering
proceedings

Proceeding Paper

Utilization of Acacia Modesta Gum Powder as
Viscosity-Modifying Agent in Self-Compacting Paste Systems *

Muhammad Waqas Malik 1'?* and Syed Ali Rizwan 3

check for
updates

Citation: Malik, M.W.; Rizwan, S.A.

Utilization of Acacia Modesta Gum
Powder as Viscosity-Modifying
Agent in Self-Compacting Paste
Systems. Eng. Proc. 2022, 22, 15.
https://doi.org/10.3390/
engproc2022022015

Academic Editors: Sarosh H. Lodi,
Sohail Bashir, Abdul Jabbar Sangi

and Shamsoon Fareed

Published: 28 September 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://

creativecommons.org/licenses /by /
4.0/).

Department of Civil Engineering, Capital University of Science and Technology (CUST),

Islamabad 44000, Pakistan

2 NUST Institute of Civil Engineering (NICE), National University of Sciences and Technology (NUST),
Islamabad 44000, Pakistan

School of Engineering, University of Management and Technology, Johar Town, Lahore 54700, Pakistan
Correspondence: waqas.malik@cust.edu.pk or mmalik.ms15@nice.nust.edu.pk

t Presented at the 12th International Civil Engineering Conference (ICEC-2022), Karachi, Pakistan,

13-14 May 2022.

Abstract: The properties of self-compacting concrete mainly depend upon the properties of the
cement paste phase. Some published literature exists on the use of acacia gums in self-compacting
cementitious systems, but no previous work has reported the utilization of AM gum powder as
viscosity-modifying agent in self-compacting paste systems (SCPs). This study focuses on the
utilization of Acacia Modesta (AM) gum powder as viscosity-enhancing agent in SCPs. AM gum
powder with average particle size (D50) of 135 microns is used with variable Acacia Modesta (AM)
gum powder dosages in the range of 0.25% to 1% by weight of the cement. Superplasticizer demand,
flow and viscosity, apparent viscosity, air content, fresh density, hardened density, and compressive
strength tests are performed. The result indicates that super-plasticizer demand, flow and viscosity,
apparent viscosity, and air content of SCPs containing AM gum powder increases with the increase
in the percentage of the AM gum powder. While, fresh density, hardened density, and compressive
strength decrease with the increase in the percentage of the AM gum powder. On the basis of these
results, it can be concluded that AM gum powder can be used as viscosity-modifying agent in SCPs
by changing the amount of AM gum powder in such systems due to nature and composition of the
AM gum powder.

Keywords: Acacia Modesta gum powder; self-compacting paste systems; viscosity-modifying agent;
compressive strength

1. Introduction

Self-compacting paste (SCPs) is the basic part of the self-compacting concrete (SCC),
which is a highly flow-able, non-segregating concrete that can spread into place, fill the
formwork, and encapsulate the reinforcement without any mechanical consolidation. The
properties of self-compacting concrete mainly depend upon the properties of the self-
compacting paste (SCPs) phase [1,2]. Flow and viscosity are the two major aspects of SCPs
and SCC. In order to attain the both, various types of chemical and natural admixtures are
used by various researchers. In order to enhance the properties of SCPs (flow and viscosity
especially), this study is focused on the possible use of Acacia Modesta (AM) powder in
SCPs as viscosity-modifying agent. Some published work exists on use of acacia gum in
self-compacting cementitious systems [3-5], but no previous work reports the utilization of
such organic powders as viscosity-modifying agent.

In the ancient times, acacia gum was used as ink and adhesive agent and is still being
used as a medicine in developing countries for many diseases including digestion of lipids,
throat and chest-related issues and as anti-oxidant agent [6,7]. In the modern world, it is
being used in medicine, textile, food, cosmetics, glue, and printing industries [8] and now
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finds many useful applications in self-compacting cementitious systems [3-5], which can
further be exploited in the construction industry.

Different species of acacia gums are available in the world, the types of major func-
tional groups present in these gums are more or less the same but with little variation in
their chemical structure and that little variation causes significant response differences in
self-compacting cementitious systems [3-5]. The chemical composition of various acacia
gum powders varies with origin, source, age of the tree, harvesting season, climatic and
processing conditions [9].

Self-compacting paste system acts as a vehicle for the transport of the aggregate
phase [10] in self-compacting mortar (SCM) and self-compacting concrete (SCC) sys-
tems and it affects the overall properties of the SCC system [11,12]. The addition of
suitable admixtures to self-compacting paste systems can lead to an improved overall
response [5,11,13]. In the past, supplementary cementitious materials were used to modify
the viscosity of the SCPs [14], but they have their own drawbacks. On the other hand,
botanical Acacia Modesta (AM) gum is a natural organic ooze-out of Acacia Modesta
trees, locally known as “Phulai” and its powder is added in self-compacting paste systems
(SCPs) during the mixing stage as admixture [15-17] and as viscosity-enhancing agent [18].
AM gum powder is a naturally available admixture and helps in producing eco-friendly
high-performance SCPs [19].

2. Experimental Program
2.1. Raw Materials

OPC grade 53 [20] and poly-carboxylate ether (PCE)-based powdered super-plasticizer [21]
is used. Acacia Modesta gum powder with average particle size of 135 um is added in
self-compacting paste systems.

2.2. Mixing Regime

All components are initially weighed in dry conditions and mixed in a Hobart mixer.
Then, 27% water is added and mixed again for 3 min. Table 1 gives the SCPs formula-
tions studied in this study along with the amounts of various powders added in various
formulations.

Table 1. SCPs formulations.

Sr. No. Dsp (um) AM (%) SP (%)
1 28.3 0.00 0.19
2 135 0.25 0.35
3 135 0.50 0.43
4 135 0.75 0.53
5 135 1.00 0.66
2.3. Testing

The following tests are conducted to investigate the effect of AM gum powder in SCPs
as viscosity-modifying agent.

1. Superplasticizer demand determination using Hagerman’s mini-cone slump apparatus;

2. Viscosity measurement using Hagerman’s mini-slump cone test and rheometric inves-
tigation test;

3. Fresh tests (air content and fresh density test);

4. Hardness tests (hardened density and compressive strength test).
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3. Results and Discussion
3.1. SP Demand of SCPs Containing AM Gum Powder

The result of the superplasticizer (SP) demand of various SCP formulations containing
AM gum powder is shown in Figure 1. From these results, it can be concluded that super-
plasticizer demands of the SCPs containing AM gum powder increases with the increase
in content of the AM gum due to increased internal friction, irregular and rough external
surface. Secondly, it might be increased due to the anionic polysaccharides present in
acacia gums [22]. The calcium ions (Ca®*) present in the cement paste or H* ions present in
mixing water may get adsorbed on the polysaccharides through ionic attraction, causing
an increased attraction between the cement grains and AM gum powder resulting in an
enhanced viscosity. It is an indication that AM gum powder can be used as viscosity-
modifying agent in SCPs.
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Figure 1. SP Demands of SCPs.

3.2. Viscosity of SCPs Containing AM Gum Powder

To explore the possible utilization of AM gum powder as viscosity-modifying agent in
SCPs, two types of tests are performed and analyzed.

3.2.1. Viscosity Using Hagerman’s Mini-Cone Flow Test

T25 cm flow time, in a Hagerman’s mini-cone flow test, is a measure of viscosity of
the system while T30 cm flow time is a function of yield stress of SCP systems. Figure 2
depicts the T25 cm and T30 cm flow times of SCPs containing different dosages of AM
gum powder. With the increase in AM gum content, the time required (T25 and T30) to
reach the specific flow value (30 £ 1 cm) increased, indicating that the qualitative plastic
viscosity and qualitative yield stress of the respective SCP system becomes higher with
the incorporation of AM gum in SCP systems. This further strengthens the postulate that
acacia gum acts as a viscosity-enhancing agent.
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Figure 2. Viscosity and yield stress of SCPs.
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3.2.2. Apparent Viscosity using Rheometer

Apparent viscosity of the SCPs is measured using a rheometer to carry out the rheo-
metric investigations. Viscosities are measured for 2 min at shear rates of 20.4 s1 27251
and 34 s~! corresponding to 60 rpm, 80 rpm, and 100 rpm, respectively. The shear rates
selected are the same through which concrete passes during the processes of mixing, plac-
ing, and casting [23]. From Figure 3, it can be seen that the apparent viscosity of the SCP
systems increases with the increase in AM gum content. This could be due to adsorption,
association or intertwining [15,24,25]. This property is known as shear thinning and is more
prominent for formulations containing higher dosages of AM gum powder. Moreover, the
results obtained through rheometric investigation compliment the viscosity and yield stress
results obtained indirectly through the mini-cone slump flow test by measuring T25 cm
and T30 cm times.
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Figure 3. Apparent viscosities of SCPs.

3.3. Fresh Properties of SCPs Containing AM Gum Powder

To study the effect of utilization of AM gum powder as viscosity-modifying agent in
SCPs in the fresh state, two types of tests (air content and fresh density) are performed and
analyzed.

3.3.1. Air Content

Air content of SCP formulations is measured in the fresh state. Results shown in
Table 2 (column 2) indicate that the air content of the SCP formulations increases with the
increase in the amount of AM gum powder. This is mainly due to the nature of the gum
as most polysaccharide gums entrain air [26]. These air voids might be entrained during
mixing in a Hobart mixer and might be responsible for the reduction in the compressive
strength of SCPs containing AM gum powder.

Table 2. Air content, Fresh and Hardened Densities of SCPs.

AM (%) Air Content (%) F“e?;/?nf;‘)ﬁfy Harde(g/egn ?)ensity
0.0 15 234 2.11
0.25 22 236 2.13
050 3.1 233 2.09
0.75 3.7 2.28 2.05
10 3.9 223 2.02

3.3.2. Fresh Density

The fresh paste densities measured for various SCPs are shown in Table 2 (column 3).
Generally, the fresh density of the SCPs containing AM gum powder decreases with
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the increase in the amount of the AM gum powder. A maximum fresh paste density of
2.36 g/cm? is attained with 0.25% AM gum powder while a minimum fresh paste density
of 2.23 g/cm? is noted when 1% AM gum powder is added in SCPs. The entrainment of
air content might result in the reduction of densities (both fresh and hardened) with the
increase in the AM gum content.

3.4. Hardness Properties of SCPs Containing AM Gum Powder

To study the applicability of addition of AM gum powder as viscosity-modifying agent
in SCPs, the properties of SCPs are studied in the hardened state as well. The following
two tests (hardened density and compressive strength) are studied in this respect.

3.4.1. Hardened Density

The results of the hardened densities measured before testing prisms for 28 days
in compressive strength tests are shown in Table 2 (column 4). Just like fresh densities,
hardened densities of the SCPs containing AM gum powder also decrease with the increase
in the amount of the AM gum powder. A maximum hardened density of 2.13 g/cm3 is
attained with 0.25% AM gum powder while a minimum hardened density of 2.02 g/cm3 is
noted when 1% AM gum powder is added in SCPs. This is possibly due to the property
that the acacia gums entrain air, which ultimately resulted in the reduction of the hardened
densities leading to the reduction in the compressive strengths of SCPs containing AM
gum powder. It can be inferred that as the fresh and hardened densities decrease, the
corresponding compressive strength values also decrease and maximum strength is attained
when the fresh and hardened densities are maximum.

3.4.2. Compressive Strength

The results of the compressive strength test conducted using a universal testing
machine are shown in Figure 4. From the results, it can be inferred that the compressive
strength decreases as the AM gum content increases which is in accordance with the
literature reporting that AM gum reduces the strength of SCPs [3-5,27]. This reduction can
be associated with the air content which increases with the increase in AM gum dosage,
resulting in weaker SCP matrix by enhancing the porosity of the system. It can also be
inferred that as the fresh and hardened densities decrease, the corresponding compressive
strength values also decrease and the maximum strength is attained when the fresh and
harden densities are maximum. Moreover, compressive strength with 0.25% AM gum
content at the age of 28 days exceeds by about 2.5% as compared to OPC. So, the strength
degradation caused due to addition of AM gum powder can be mitigated using a smaller
average particle size of AM gum powder.
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Figure 4. Compressive strength of SCPs.
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4. Practical Implementations

On the basis of the findings of this research work, it is suggested to use AM gum
powder less than 0.50% by weight of the cement in the construction industry to prepare
sustainable and environmentally friendly SCC. Through this, AM gum powder, apart from
increasing the viscosity of the matrix, will also help in offsetting the strength reduction of
SCPs (as indicated in Figure 4). Strength reduction can be further countered by using an
average particle size of AM gum powder close to the average particle size of OPC; however,
this aspect needs to be first investigated. Moreover, AM gum powder has the tendency
to adsorb water, the incorporation of an air-curing regime might give higher compressive
strengths without compromising the viscosity and flow of the matrix.

5. Conclusions

Acacia Modesta (AM) gum powder is an organic ooze-out of acacia modesta trees and
has the tendency to affect the fresh and hardness properties of SCPs to a great extent. The
following conclusions can be drawn from this study:

1.  Super-plasticizer demand of the SCPs containing AM gum powder increases with
the increase in the amount of AM gum powder due to nature (rough texture) and
chemical composition of AM gum powder.

2. Viscosity of the SCPs increases with the increase in the amount of AM gum powder,
indicating that it has the potential to act as viscosity-modifying agent.

3. Fresh tests of SCPs containing AM gum powder indicate that AM gum powder has
the potential to act as air-entraining agent as the air content increases and fresh density
decreases with the increase in the amount of the AM gum powder.

4. Hardness tests of SCPs containing AM gum powder indicate that it degrades the
compressive strength; however, this strength degradation can be mitigated by using
the average particle sizes closer to the size of the cement. About 2.5% improvement in
compressive strength with 0.25% AM gum content is a clear indication of this aspect
as it improves the fresh paste and hardens the densities of SCPs.
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