
Studying the Effect of Mineral Admixture (Attapulgite) on Some Properties of Cement 

Mortar 

Manolia Abed Alwahab Ali , Rand Salih Farhan Al-Jadiri* , Dalia Adil Rasool

Department of Materials Engineering, College of Engineering, Mustansiriyah University, Baghdad 10052, Iraq 

Corresponding Author Email: randsalihfarhan@uomustansiriyah.edu.iq

Copyright: ©2025 The authors. This article is published by IIETA and is licensed under the CC BY 4.0 license 

(http://creativecommons.org/licenses/by/4.0/). 

https://doi.org/10.18280/rcma.350617 ABSTRACT 

Received: 23 September 2025 

Revised: 30 October 2025 

Accepted: 15 December 2025 

Available online: 31 December 2025

Attapulgite has become a new type of mineral admixture in recent years, and its 

application is becoming more and more popular in the field of construction materials, 

especially in cementitious materials and various environmental uses. This trend is due to 

its distinctive crystal morphology and chemical composition, which endow it with unique 

physicochemical properties, including significant adsorption capacity, improved binding 

properties, and significant pozzolanic activity. The use of pozzolanic materials in the 

concrete industry is not only sustainable construction because it reduces the cost of 

cement production but also the related CO2 emissions, helping with the mitigation of 

global warming and climate change. The present study is designed to assess the effect of 

using Iraqi attapulgite clay in the composition of self-compacting cement mortar on 

selected characteristics of the mortar, which is an increasing practice that has a positive 

effect on the economic and environmental aspects of sustainability. Attapulgite clay was 

used (after conversion to pozzolanic materials) as a cement substitute at replacement 

levels of 5% and 10%. The test results show that incorporating high-reactivity attapulgite 

improves the flexural and compressive strengths of cement mixes compared to the 

reference mix. The increases in compressive strength of mixes with (5, 7.5, and 10%) 

attapulgite replacement reach 64.5 MPa, 67.3MPa, and 55 MPa, respectively, compared 

with the reference mix of 33 MPa at 28 days. A 7.5% attapulgite replacement yields 

higher compressive and flexural strength values in cement mixes than a 10% attapulgite 

replacement. Also, cement mortars incorporating (5, 7.5, and 10%) attapulgite have 

higher air-dry density and lower water absorption than the reference mix. 
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1. INTRODUCTION

Admixtures are substances other than water, aggregates, 

and cement that are incorporated into concrete or mortar 

during or just before mixing. Mineral admixtures are 

introduced in a powdered state, with particle fineness 

comparable to or finer than that of the concurrently used 

cement [1]. Admixtures are generally classified into two 

categories: chemical and mineral. Finely divided siliceous 

compounds, categorized as mineral admixtures, are commonly 

added to concrete in significant proportions, typically 20% to 

70% of the total cementitious mass. Including pozzolanic 

substances in concrete is an efficient and practical method for 

improving key engineering properties, such as flexural, 

splitting tensile, and compressive strength. Employing high-

reactivity pozzolans enables high-performance concrete to 

exhibit enhanced characteristics in fresh and hardened 

conditions [2]. 

Concrete is one of the most widely utilized materials. The 

concrete industry produces approximately 12 billion tonnes 

per annum, of which about 1.6 billion tonnes are used as 

Portland cement (PC) worldwide. Notably, the production of 

one tonne of cement releases about 0.8 tonnes of carbon 

dioxide into the atmosphere [3]. The cement industry accounts 

for between 5% and 8% of the total global CO₂ emissions [4, 

5]. Thereby contributing to the greenhouse effect and acid 

deposition, with significant ramifications for the environment. 

Furthermore, the production of every tonne of PC requires 

large amounts of non-renewable resources, such as limestone 

and sand, and a high energy input of about 1,700–1,800 

MJ/tonne of clinker. Consequently, about 1.5 tonnes of raw 

materials are required to manufacture a tonne of cement. 

To minimize the ecological footprint of cement production, 

attapulgite (AT) and other cementitious alternatives are used 

in various ways, either as partial cement replacements or as 

sources of novel, lower-impact cementitious compounds. 

Attapulgite is a naturally occurring mineral that has unique 

colloidal properties due to its three-dimensional chain 

structure and composition of crystalline hydrated magnesium 

aluminosilicate. Upon complete hydration, specific grades of 

attapulgite can thicken fluids without volume expansion. 

Thermal activation increases the surface area and porosity, 

thereby improving the material's functional properties [2]. 

Attapulgite is the main mineral component of Attapulgus 

clay, which is mined by surface mining, i.e., using open-pit 

techniques. This procedure includes stripping by scrapers, 

Revue des Composites et des Matériaux Avancés-Journal 
of Composite and Advanced Materials  

Vol. 35, No. 6, December, 2025, pp. 1179-1187 

Journal homepage: http://iieta.org/journals/rcma 

1179

https://orcid.org/0000-0003-3305-8914
https://orcid.org/0000-0002-5493-9158
https://orcid.org/0000-0001-5356-1387
https://crossmark.crossref.org/dialog/?doi=https://doi.org/10.18280/rcma.350617&domain=pdf


draglines, or bulldozers, followed by removal by backhoes, 

shovels, front-end loaders, or small draglines. After extraction, 

the clay is transported by truck to processing plants, where it 

undergoes drying, grinding, and sieving to obtain the desired 

particle size. Some specific treatments are also applied to 

improve specific properties, e.g., addition of 1% to 2% MgO 

for increasing the viscosity and decreasing the drying rate; 

exposure to high temperature for removal of zeolitic water 

from the internal channels for enhancing the sorbent 

performance; and fine grinding to an ultrafine size for 

increasing the suspension behavior and increasing the surface 

area [6-9]. 

Al-Amide [10] studied attapulgite, a naturally occurring 

clay mineral in Iraq. The study began with the preparation of 

the mineral admixture with raw materials taken from the Tar 

Al-Najaf area, which were then pulverized to a high-fineness 

powder. Subsequently, the optimal calcination temperature for 

activation of the pozzolanic properties of the material was 

determined. The finding revealed that 30 min of thermal 

treatment at 750℃ was sufficient to transform attapulgite into 

an active pozzolanic form. Identifying the optimal 

replacement ratio based on cement weight was a vital part of 

the investigation, particularly when high-performance water-

reducing admixtures (HRWR) were present. Attapulgite was 

added at different percentages (3–11%) to a 1:1.45:1.75 

weight ratio. Experimental results showed that the 

compressive strength was the highest at 79.7 MPa when the 

cement replacement rate was 6%. The significant 

improvements in density, tensile, compressive, and flexural 

strengths for the main mixtures were achieved at 60 days with 

an increase of 57.7%, 3.73%, 46.44%, and 44.26%, 

respectively. Further, water absorption was reduced by 36 

percent. By 90 days, compressive strength had increased by an 

additional 59%. 

Neville and Brooks [5] represented the pozzolanic reaction 

mechanism in concrete, noting that the process of pozzolanic 

admixture addition increases the transition zone between 

aggregate and cement paste. This zone usually has more 

porosity than the cement paste around it. Due to their high 

fineness, pozzolanic admixtures act as fillers within these 

voids and react with Ca(OH)₂ to form an additional gel. This 

chemical process plays an essential part in developing the 

interfacial bond between cement paste and aggregates. 

Pozzolanic materials chemically react with calcium hydroxide 

formed in the hydration of primary cementitious phases (C₂S 

and C₃S). Al-Hadithi [11] researched the conversion of locally 

available kaolin clays to high reactivity metakaolin (HRM). 

Several experimental procedures were carried out to determine 

the optimum calcination temperature for the production of 

HRM. 

Furthermore, the study examined the optimum HRM 

proportion for partially replacing cement by weight. The 

results show that the optimal temperature to convert kaolin 

clay into HRM is 700 degrees Celsius. At the same time, the 

best replacement level based on cement weight is 8%. 

Al-Noaimi [12] studied the effect of adding Qatari 

attapulgite on the mechanical properties of Portland cement. 

The attapulgite was ground to a particular fineness, thermally 

treated at 600℃, and mixed with a water-to-cementitious-

material ratio of 0.4. Cement replacement levels ranged from 

5% to 80% by weight. The results indicate that the effective 

replacement range of producing blended cement with ordinary 

Portland cement and thermally activated Qatari attapulgite is 

between 10% and 35% burnt clay. 

Ferron et al. [13] examined the impact of attapulgite on the 

rheological behavior of cement paste by analyzing the patterns 

of aggregation and failure dynamics. The results showed that 

the incorporation of attapulgite significantly affected the 

development of the gel framework in the cement suspension, 

resulting in a stable and flocculated structure characterized by 

enhanced interparticle bonding. Moreover, studies have 

examined the effect of attapulgite on the durability and 

mechanical performance of cement-based composites. 

Self-Compacting Concrete (SCC) is a highly flowable 

concrete that can spread into place, fill formwork, and 

encapsulate reinforcement without mechanical compaction. 

High workability is not the only required property; SCC must 

also have good resistance to segregation. Therefore, using a 

high content of fine materials is vital for SCC production. The 

use of pozzolanic materials, such as silica fume and fly ash, on 

the behavior of SCC has been widely investigated. However, 

few studies have examined the effect of attapulgite clay, a 

natural pozzolana, on the properties of SCC or mortar, which 

are increasingly common for their positive impact on the 

economy and environment. SCC or mortar have many 

advantages in building construction such as reducing The 

permeability and improved durability, quality, and reliability 

of concrete structures are the result of improved compaction 

and homogeneity and the facilitating of their placement, which 

in turn leads to cost savings by mitigating noise emission from 

vibratory equipment, reducing the need for labor and 

equipment, increasing design flexibility, reducing the risk of 

hand-arm vibration syndrome, and improving the working 

conditions and productivity in the construction sector in 

general. 

Mirgozar Langaroudi and Mohammadi [14] reported that 

incorporating nano-attapulgite enhances the performance of 

SCC, particularly in terms of durability. The inclusion of 

attapulgite significantly reduced chloride ion infiltration into 

the concrete matrix, thereby lowering the chloride ion 

migration rate. Furthermore, improvements in the mechanical 

strength of SCC were observed, along with reductions in both 

water uptake and penetration depth. According to Gao et al. 

[15], a minor increase in early-age self-shrinkage was 

observed due to adsorption by attapulgite. The SCC 

formulation containing a limited amount of attapulgite and fly 

ash exhibited early cracking and shrinkage behavior 

comparable to that of conventional SCC mixtures [16]. 

Few studies are available on the effect of attapulgite clay, a 

natural pozzolanic material, on the performance of self-

compacting mortar. Therefore, the primary objective of the 

current investigation is to analyze the impact of employing 

Iraqi attapulgite clay (after conversion to high-reactivity 

attapulgite) as a partial replacement for 5% and 10% of the 

cement on the rheological and mechanical properties of self-

compacting cement mortar (SCAT). 

2. EXPERIMENTAL WORK

2.1 Material 

2.1.1 Cement 

Al-Mass, an Iraqi Portland cement, was utilized for SCAT 

mixtures. The physical characteristics and chemical 

composition adhered to the Iraqi Standard Specifications IQS 

No.5/1984 [17]. 
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2.1.2 Fine aggregate 

Al-Ekhadhur sand was used as fine aggregate. It was 

observed that the sand falls within Zone 3, as listed in Table 1, 

and that its chemical and physical characteristics conform to 

the demands of the Iraqi Specification IQS No. 45/1984 [18]. 

 

Table 1. The sieve analysis of the used sand 

 
Sieve 

Size 

(mm) 

Accumulative 

Passing (%) 

%Accumulated Passing 

according to the Limits of 

I.O.S. No. 45/1984 

4.75 100 90-100 

2.36 93.43 85-100 

1.18 84.48 75-100 

0.60 69.13 60-79 

0.30 28.68 12-40 

0.15 8.98 0-10 

Fineness Modulus = 2.15 

 

2.1.3 Water 

Tap water was utilized to mix and to cure the specimens of 

self-compacted mortar containing attapulgite clay SCAT. 

 

2.1.4 Chemical admixture  

A chemical admixture was used to improve mortar 

workability and produce SCAT mixes with high flowability. 

Therefore, Glenium 54 from BASF in Iraq was used as the 

HRWR in this work. It conforms to ASTM C494-05 Type F 

[19]. The base material in Glenium 54 is a modified 

polycarboxylic ether that enhances the dispersion of cement 

particles during mixing. Table 2 presents the primary 

characteristics of the HRWR. 

 

2.1.5 Mineral admixtures (high reactivity attapulgite) 

In this research, high-reactivity attapulgite was used as a 

mineral admixture by grinding at the Building Research 

Center/Ministry of Science and Technology, using a storming 

method to process raw attapulgite clays containing rocks into 

high-fineness powder. The attapulgite powder was burned in 

an oven at a controlled temperature. The oven temperature was 

gradually increased (4℃/min) to the required temperature 

(750℃), which is considered a suitable calcination 

temperature, and then maintained at that temperature for 30 

minutes to obtain an active pozzolanic material [10]. Figure 1 

shows the attapulgite clays, while Table 3 and Table 4 show 

attapulgite High Reactivity’s physical properties and chemical 

analysis, which conform to ASTM C618-01 requirements, 

Class N pozzolana [20]. The strength activity indexes (SAI) of 

Attapulgite High Reactivity were 103 and 106 at 7 and 28 

days, respectively, and met ASTM C311-02 [21] 

requirements, which limit the SAI to not less than 75 at both 7 

and 28 days.  

 

Table 2. Primary characteristics of HRWR 

 
Characteristics Description 

Based material Modified polycarboxylic ether 

Reactive density 1.07 

Chloride status Free 

pH 5 - 8 

 

 
 

Figure 1. High reactivity attapulgite  

 

 
 

Figure 2. Flow chart for experimental work (AT = attapulgite) 
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2.2 Mix proportion 

 

Several trial mixes were developed throughout the 

experimental phase to identify a composition that meets the 

self-compatibility criteria in the fresh condition, including 

fluidity, viscosity, filling capacity, and SCAT’s performance 

requirements in the hardened state. This study produced three 

distinct cement mortar types using varying mix proportions, as 

presented in Table 5 and Figure 2. The mass ratio of cement to 

sand was kept at 1:1, with 850 kg/m3 Ordinary Portland 

Cement used. At the same time, high-reactivity attapulgite was 

used as a partial replacement for cement in mass fractions of 

5%, 7.5%, and 10%. During this procedure, the water-to-

binder ratio was kept at 0.33, and a high-range water retention 

modifier (HRWR) was added to enhance the workability of the 

cement mortar, as illustrated in Figure 3. 

 

   
 

Figure 3. Casting and curing of mortar samples 

 

Table 3. Physical properties of attapulgite admixture 

 
Characteristics Value 

Specific Gravity 2.2 

Density 2185 kg/m³ 

Fineness (by Blaine method) 2015 m²/kg 

 

Table 4. Chemical analysis of attapulgite admixture 

 

Oxide 

Composition 

Oxide Content 

(%) 
ASTM C618-01 

SiO2 61.40  

Al2O3 14.15  

Fe2O3 7.05  

TiO2 0.64  

CaO 7.32  

MgO 5.52  

Na2O 1.30  

SO3 0.35 Maximum 4% 

K2O 2.27  

L.O.I 0.1 Maximum 10% 

SiO 2+ Al2O 3+ 

Fe2O3 
82.6 Minimum 70% 

 

Table 5. Mixes’ description 

 
Mix Symbol Description 

SCAT0 cement, sand, water, and HRWR 

SCAT5 
cement, sand, 5% high reactivity attapulgite, 

water, and HRWR 

SCAT7.5 
cement, sand, 7.5% high reactivity attapulgite, 

water, and HRWR 

SCAT10 
cement, sand, 10% high reactivity attapulgite, 

water, and HRWR 

 

 
 

Figure 4. Mini slump flow test 

 

2.3 Test for fresh SCAT mix 

 

The mini slump flow method is one of the most efficient 

and systematic methods of determining the lateral spread and 

fill capacity of fresh mortar. The experimental setup consists 

of a conical mold with internal dimensions of 100 mm at the 

base, 70 mm at the apex, and a height of 60 mm, as shown in 

Figure 4. The procedure also involves the use of a base plate 

composed of a rigid and non-porous material, a scoop for 

transferring the mix, and a trowel for surface leveling. A 

volume of about 0.5 L of mortar is required for performing 

the test. Before execution, it is necessary to wet the base plate 

and the inside surface of the slump cone. The base plate is 

placed on a flat, stable surface, and the slump cone is centered 

and tightly held in place. Mortar is then scooped into the cone 

and then spread to a uniform level over the top with the 

trowel. Once filled, the cone was lifted vertically to permit 

unrestricted outward flow of the mortar. The resulting spread 

was measured along two axes at right angles, and the slump 

flow was determined by averaging these two diameter 

measurements, expressed in millimeters. As specified by 

EFNARC [22], the expected spread diameter should fall 

within the 240 mm to 260 mm range. 

 

2.4 Tests on hardened SCAT mixes 

 

2.4.1 Compressive strength  

This test was conducted on 50 mm cubes using a digital 

compression machine with a capacity of 2000 kN. The 

loading rate was applied at 1 kN/s, as specified in “ASTM 

C109/C109M-20 [23]”. The specimens were tested at 7 and 

28 days after curing, as shown in Figure 5. This test applied 

the mean of three results.  

 

2.4.2 Modulus of rupture  

This test was conducted on prism specimens measuring 40 

× 40 × 160 mm, tested at 7 and 28 days after curing, in 

accordance with ASTM C348-21 [24], using a flexural 
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testing machine with a 125 kN capacity, as shown in Figure 

6. For this test, three samples were tested for every variable. 

A modulus of rupture was determined using the following 

formula: 
 

𝐹𝑟  =
3𝑃𝐿

2𝑏𝑑2
 (1) 

 

In which: 

P is the maximum applied load, N 

Fr is the modulus of rupture, MPa 

b is the specimen width, mm 

d is the specimen depth, mm  

L is the span length, mm 

 

  
 

Figure 5. Compression 

strength test 

 

Figure 6. Modulus of 

rupture test 

 

2.4.3 Water absorption 

The test was conducted in accordance with ASTM C642-

21 [25] using 100 mm cubes. At 28 days of age, three cubes 

were extracted from the tap water tanks, oven-dried at 105 ± 

5℃ for 72 ± 2 hours, and thereafter stored in an appropriate 

sealed cabinet for 24 ± 0.5 hours. The specimens were 

weighed and submerged immediately in tap water for 24 ± 

0.5 hours. Subsequently, they were extracted and wiped with 

a towel to guarantee the absence of residual water on the 

surface, after which they were reweighed. The water 

absorption was determined by dividing the specimen’s 

change in weight by its dry weight. 

 

A =
Ws − Wd

Wd

×  1 (2) 

 

In which: 

A is the percent absorption value, 

Wd  is the oven-dry weight of the specimen in air (kg), and 

Ws  is the saturated surface dry weight of specimens in air 

(kg). 

 

2.4.4 Apparent density 

The apparent density at 28 days was measured in 

accordance with ASTM C642-21 [25], using 100 mm cubes, 

with the average of three tests per mix reported. The 

specimens were weighed and dried in an oven at 100-110℃ 

until a consistent weight was attained, cooled to 20-25℃, and 

weighed to determine the oven-dry weight (A). The 

specimens were then strung on a wire, and their apparent 

mass in water was documented (D). Eq. (3) was used to 

determine the specimens’ apparent densities: 

 

Apparent density =  
A

A − D
 ×  ρ (3) 

 

In which ρ is the density of water (1000 kg/m³). 

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Effect of attapulgite on fresh properties (slump flow 

test) 

 

The results of the mini slump flow test, which showed 

adequate flowability and filling ability for mixes (SCAT0, 

SCAT5, and SCAT10), are presented in Table 6. 

 

Table 6. Fresh properties of SCAT mortars 

 

Mixes 

Attapulgite 

Replacement 

(%) 

Mini 

Slump 

Flow (mm) 

w/b* 

Ratio 

%HRWR 

by Cement 

Weight 

SCAT0 0 260 0.33 1.0 

SCAT5 5 258 0.33 1.3 

SCAT7.5 7.5 255 0.33 1.34 

SCAT10 10 257 0.33 1.4 
*Note: A spread diameter value between 240 and 260 mm is needed for the 

mini slump flow test following EFNARC specifications. 

 

It is clear that using HRWR in reference mortar is 

important for producing self-compacted mortar. The 

extensive lateral chains of the carboxylic ether polymer in 

HRWR confer a significant negative charge, reduce the 

surface tension of adjacent water molecules, and improve the 

system’s fluidity when they adsorb onto cement particles. 

The inclusion of 5%, 7.5% and 10% attapulgite as a partial 

cement substitute in mixes (SCAT5, SCAT7.5 and SCAT10) 

results in diminished workability due to attapulgite’s 

elevated surface area, necessitating an increased dosage of 

high-range water reducer (HRWR) to achieve a comparable 

spread diameter of 240 to 260 mm for the mini slump flow 

test, following EFNARC standards [22]. 

 

3.2 Effect of attapulgite on hardened properties 

 

3.2.1 Compressive strength  

Results of the compressive strength test for mortar mixes 

containing 5%, 7.5%, and 10% attapulgite replacement at 7 

and 28 days are shown in Figures 7 and 8. It is clear that 

strength increases gradually at lower replacement 

percentages, reaches a maximum at 7.5%, and then decreases 

as the percentage increases to 10%. Compressive strength 

increased to 45.65 MPa. At 7 days, reaching 67.3 MPa at 28 

days with 7.5% replacement, and 55 MPa. with 10% 

replacement. This behavior can be clarified by the physical 

and chemical effects of attapulgite within the cement paste’s 

microstructure. The increase in compressive strength with 

5% attapulgite replacement is attributed to the elevated 

fineness of the attapulgite particles, which act as a physical 

filler by occupying fine pores. In addition, the pozzolanic 

activity of attapulgite interacts with calcium hydroxide 

produced during cement hydration. It contributes to the 

formation of additional calcium silicate hydrate (C-S-H). 

This reaction leads to a more compact microstructure in the 

cement mortar, thereby enhancing the compressive strength 

of the mortar mixes. At 7.5%, attapulgite optimizes particle-

size distribution via a micro−filler effect, filling micropores 
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and reducing capillary voids, thereby decreasing 

permeability and increasing density. Likewise, its active 

silica content participates in the pozzolanic reaction with 

calcium hydroxide (CH₂) produced during hydration, shaping 

secondary calcium silicate gels (C-S-H), which are the 

primary factor in compressive strength development. 

Otherwise, increasing the replacement percentage beyond 

10%) decreases in strength due to many factors acting in 

combination. The most substantial effect was the reduction 

in effective cement content. This leads to a deficiency of free 

water necessary for hydration and the formation of internal 

voids after hardening. Furthermore, the available calcium 

hydroxide becomes insufficient to react with the entire silica 

content, thus reducing the efficiency of the pozzolanic 

reaction. 

Therefore, a 7.5% replacement is considered the best, 

achieving a balance between enhancing the microstructure 

and increasing the effective hydration products without 

negatively affecting the cement content or workability. This 

directly leads to reaching the highest compressive strength 

according to the parameters of this study. 

Table 7 shows the ANOVA p-value for compressive 

strength tests, indicating that the p-value is < 0.05, indicating 

that the difference is significant and provides strong evidence 

of the success of adding attapulgite to the mixes. 

 

Table 7. ANOVA P-value for compressive strength tests 

 
Groups Count Sum Average Variance   

SCAT0 3 83.37 27.79 1.9551   

SCAT5 3 115.11 38.37 0.6925   

SCAT7.5 3 136.68 45.56 0.2983   

SCAT10 3 97.5 32.5 1.4908   

ANOVA 

Source of Variation SS df MS F P-value F-crit 

Between Groups 529.9575 3 176.6525 159.2648 1.8E-07 4.066181 

Within Groups 8.8734 8 1.109175    

Total 538.8309 11     

 
 

Figure 7. Compressive strength of mortar mixes with 

different attapulgite replacement, mean average ± SD 

 

 
 

Figure 8. Relationship between compressive strength 

(MPa) and age of curing (days) 

 

3.2.2 Flexural strength (modulus of rupture) 

Figures 9 and 10 present the test outcomes for all mixes. 

An improvement in the modulus of rupture was observed in 

SCAT mixes containing attapulgite as a partial cement 

replacement at 7 and 28 days, with replacement levels of 5%, 

7.5%, and 10%. At 28 days, the strength of mixes (SCAT5, 

SCAT7.5, and SCAT10) reaches 5.4, 5.8, and 4.8 MPa, 

respectively, which are higher than the SCAT0 mix at 4.3 

MPa. The test results also showed that the highest value was 

obtained at a cement replacement ratio of 7.5% with 

attapulgite. This improvement in the modulus of rupture is 

due to the pozzolanic effect of attapulgite, which strengthens 

the transition zone between the cement paste and aggregates 

with voids greater than the cement paste. In addition, 

pozzolanic materials serve as fillers for existing voids due to 

their extremely fine particle size, which improves stress 

transfer from the paste to the aggregate. Also, these materials 

react with calcium hydroxide produced during the hydration 

of the principal cementitious compounds (C3S and C2S), 

forming a homogeneous secondary (C-S-H) gel network that 

enhances the paste's cohesion and resistance to buckling and 

flexion. Furthermore, the reduction in capillary porosity at 

this ratio helped limit stress concentration and delay crack 

initiation and propagation. Vice versa, overriding the 7.5% 

replacement led to a dilution effect; water absorption 

increased, resulting in weakened internal bonding and 

leading to failure acceleration of the concrete cross-section 

under flexural loads. Since the ANOVA P-value (P < 0.05) 

is very low, this indicates that the addition of attapulgite 

effectively affects flexural strength, as shown in Table 8. 

 

 
 

Figure 9. Flexural strength of mortar mixes with different  

attapulgite replacement, mean average ± SD  
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Figure 10. Relationship between flexural strength (MPa) 

and age of curing (days) 

 

3.2.3 Apparent density 

The apparent density test results for all mixes at 28 days 

with 0%, 5%, 7.5%, and 10% attapulgite replacement are 

presented in Figure 11. The incorporation of attapulgite clay 

increases density, with the increase greater at higher 

replacement levels. This is due to the highly fine particles of 

attapulgite, which envelop the voids in cement particles and 

make the cement paste’s microstructure denser. Table 9 

shows that the ANOVA P-value (P < 0.05) is very low, which 

indicates that the addition of attapulgite effectively affects the 

apparent density and not the transverse values. 

 

 
 

Figure 11. Apparent density of mortar mixes with different 

attapulgite replacement, mean average ± SD 

 

Table 8. ANOVA P-value for flexural strength tests 

 
Groups Count Sum Average Variance   

SCAT0 3 99 33 0.3061   

SCAT5 3 193.5 64.5 1.0816   

SCAT7.5 3 202.44 67.48 0.2224   

SCAT10 3 165 55 1.4092   

ANOVA 

Source of Variation SS df MS F P-value F-crit 

Between Groups 2190.001 3 730.0003 967.112 1.41E-10 4.066181 

Within Groups 6.0386 8 0.754825    

Total 2196.04 11     

 

Table 9. ANOVA P-value for apparent density 

 

Groups Count Sum Average Variance   

SCAT0 3 6810 2270 496   

SCAT5 3 6930 2310 271   

SCAT7.5 3 6990 2330 25   

SCAT10 3 7035 2345 19   

ANOVA 

Source of Variation SS df MS F P-value F-crit 

Between Groups 9506.25 3 3168.75 15.62885 0.001044 4.066181 

Within Groups 1622 8 202.75    

Total 11128.25 11     

 

Table 10. ANOVA P-value for water absorption tests 

 
Groups Count Sum Average Variance   

SCAT0 3 11.7 3.9 0.01   

SCAT5 3 10.5 3.5 0.03   

SCAT7.5 3 9.6 3.2 0.07   

SCAT10 3 8.1 2.7 0.01   

ANOVA 

Source of Variation SS df MS F P-value F-crit 

Between Groups 2.3025 3 0.7675 25.58333 0.000188 4.066181 

Within Groups 0.24 8 0.03    

Total 2.5425 11     

 

3.2.4 Water absorption 

The test results of water absorption for all mixes were 

measured at 28 days, as shown in Figure 12, which shows a 

reduction in water absorption of mixes containing attapulgite 

replacement compared with the mix without attapulgite, and 

the amount of reduction increases when the attapulgite 

replacement increases from 5% to 7.5% and 10%. The 

increased surface area of attapulgite particles enhances cement 

hydration, leading to greater formation of hydration products 

that occupy voids and reduce water absorption. This is also due 
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to the denser microstructure of cement mortar containing 

attapulgite. Table 10 shows that the ANOVA P-value (P < 

0.05) is very low; this indicates that the addition of attapulgite 

has a profound and significant effect on the absorption test, 

and these are not coincidental values. 

 

 
 

Figure 12. Water absorption of mortar mixes with different 

attapulgite replacement, mean average ± SD 

 

 

4. CONCLUSIONS 

 

Current research allows us to conclude the following 

outcomes:  

Attapulgite clay, which is readily accessible, may be used 

to make self-compacting mortar utilizing the mix proportion 

of (1:1) (cement: sand), 850 kg/m³ cement, 850 kg/m³ sand, a 

w/b ratio of 0.33, HRWR, and two different percentages of 

cement replacement by attapulgite (5%, 7.5% and 10%). And 

7.5% replacement of cement with attapulgite yields optimal 

properties. 

For the mini slump flow test, incorporating 5, 7.5, and 10% 

attapulgite in mixes required increasing the HRWR dosage at 

the same 0.33 water/binder ratio to achieve similar spread 

diameter values of 240-260 mm. 

The hardened properties (compressive strength, modulus of 

rupture, apparent density, and water absorption) reach 67.3 

MPa, 5.8 MPa, 2330 kg/m³, and 3.2%, respectively, for the 

mix (SCAT7.5) with 7.5% attapulgite replacement at the age 

of 28 days. 

Cement mortars incorporating (5, 7.5, and 10%) attapulgite 

have a higher density than the reference mix. The densities of 

the attapulgite mixes range from 2215 to 2335.4 kg/m³. 

The water absorption of cement mortars decreases with 

increasing attapulgite replacement from 5% to 7.5% and 10%. 

It reaches 3.5%, 3.2%, and 2.7%, compared with 3.9% for the 

reference mix. 

Incorporating attapulgite improves the flexural and 

compressive strengths of cement mixes compared with the 

reference mix. The increases in compressive strength of the 

mix with 5%, 7.5% and 10% attapulgite replacement reached 

64.5 MPa, 67.3 and 55 MPa, respectively, compared with the 

reference mix of 33 MPa at 28 days, while the increase in 

flexural strength of the mix with 5%, 7.5% and 10% 

attapulgite replacement was 5.4 MPa, 5.8 MPa and 4.8 MPa, 

respectively, which was higher than that of the reference 

mixture. 

Using 7.5% attapulgite replacement yields higher 

compressive and flexural strength values for cement mixes 

than 5% or 10% replacement. 

The present study is designed to evaluate the effect of using 

Iraqi attapulgite clay on the performance of self-compacting 

cement mortar up to the age of 28 days; therefore, long-term 

strength, shrinkage, and sulfate resistance need to be verified 

in the future. Also, future studies will use SEM/XRD to 

quantify CH consumption and further corroborate the 

proposed mechanism.  
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