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Abstract 

This paper investigates the comparative influence of mica minerals—Muscovite and Biotite—on the 
performance of cement-based concrete, with emphasis on compressive strength, durability, and 
microstructural integrity. Experimental investigations and literature-based analysis highlight the 
variation in mechanical properties when these minerals are incorporated as partial cement or fine 
aggregate replacements. Results indicate that Muscovite, with its platy morphology, tends to reduce 
strength more significantly than Biotite due to weaker interfacial bonding. A flow diagram, comparative 
tables, and graphical representations illustrate the key differences and engineering implications. 
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Introduction 

Concrete is the most widely used construction material in the world, and its performance is largely 

determined by the composition and quality of its constituents. The mineralogical composition of 

aggregates and additives can significantly alter the properties of concrete, particularly its compressive 

strength and durability. Among the various minerals that can be present in aggregates, mica minerals, 

particularly Muscovite and Biotite, are of interest due to their layered silicate structure. These minerals 

are commonly encountered in geological formations and, consequently, in aggregates used for concrete 

production. The present study focuses on a comparative evaluation of Muscovite and Biotite in cement-

based concrete.Mica minerals, particularly muscovite (KAl₂(AlSi₃O₁₀)(OH)₂) and biotite 

(K(Mg,Fe)₃(AlSi₃O₁₀)(OH)₂), belong to the phyllosilicate group characterized by sheet-like crystal 

structures. These structures impart flexibility, cleavage, and hydrophilic surface properties (Grim, 1968). 

Previous mineralogical studies have shown that muscovite exhibits higher chemical stability compared 

to biotite, which tends to weather more rapidly due to the presence of Fe²⁺ and Mg²⁺ (Deer et al., 1992). 

The differences in mineral stability directly influence their behavior in cementitious composites. 

(This paper  Received in the month of September 2025 and Published in Oct.-2025) 

 

 Literature Review 

Several studies have examined the effect of mineral admixtures on the performance of cement 

concrete. Muscovite and Biotite belong to the mica group, which is characterized by a sheet-like crystal 

structure. Muscovite is typically light-colored and has a high silica content, whereas Biotite is darker due 

to its iron and magnesium composition. The presence of Muscovite in concrete has often been 

associated with reduced strength, as its smooth surfaces and platy morphology interfere with the bond 
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between cement paste and aggregates. Biotite, while also a mica mineral, has slightly better bonding 

characteristics due to its relatively higher specific gravity and chemical composition. However, 

comprehensive comparative studies focusing on their quantitative effect on compressive strength are 

limited, warranting the present investigation. 

Materials and Methods 

The materials used in this study include Ordinary Portland Cement (OPC 43 grade), river sand as fine 

aggregates, and 20 mm down coarse aggregates. Muscovite and Biotite powders were obtained by 

grinding natural mica samples to pass through a 75 µm sieve. The water used was potable. M25 grade 

concrete was chosen as the control mix, and cement was replaced by Muscovite and Biotite powders at 

levels of 5%, 10%, and 15% by weight. Concrete cubes of size 150 mm × 150 mm × 150 mm were cast 

and cured in water for 7, 14, and 28 days. Compressive strength tests were performed using a 

compression testing machine as per IS 516. 

 

 

Figure 1: Testing of Sample in Concrete Lab in CED, GGI Amritsar 

Flow Diagram of Methodology: (Material Collection → Mix Design → Cas�ng → Curing → Tes�ng → 

Analysis) 

Influence of Mica on Cement Hydration 

The presence of mica flakes in concrete has been associated with interference in cement hydration 
processes. According to Neville (1995), the layered structure of mica tends to absorb water and delay 
hydration. Research by Gokce & Agarwal (2010) suggested that muscovite has lower reactivity and 
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hence a less pronounced impact, while biotite tends to interact more strongly, occasionally leading to 
localized weakening of the cement matrix due to expansion and secondary mineral formation. 

 

Mechanical Strength and Durability Aspects 

Several researchers have studied the effect of mica-rich aggregates on compressive strength. A study by 
Bhattacharjee et al. (2003) on North-Eastern Indian aggregates reported that mica content above 3% led 
to a 10–15% reduction in compressive strength of concrete. Muscovite was found to be less harmful 
compared to biotite, which resulted in micro-cracking due to its iron content and higher weatherability. 
Durability studies (Kumar & Rao, 2011) further indicated that biotite-containing aggregates exhibited 
higher porosity and lower resistance to freeze-thaw cycles, whereas muscovite, being more chemically 
inert, contributed less to long-term deterioration. 

Microstructural Investigations 

Scanning Electron Microscopy (SEM) studies by Singh & Sharma (2015) demonstrated that mica flakes 
create weak interfacial transition zones (ITZs) in concrete, disrupting the bond between cement paste 
and aggregate. Muscovite’s smooth cleavage planes hinder bonding, while biotite’s alteration into 
chlorite and iron oxides accelerates microstructural decay. X-ray diffraction (XRD) and FTIR analyses 
further confirmed the persistence of muscovite in hydrated matrices, whereas biotite partially 
transforms, releasing Fe and Mg ions into the pore solution (Zhang et al., 2017). 

Results and Discussion 

Table-1: 

Mix ID 
Replacement 
(%) 

7 Days 14 Days 
28 
Days 

Observation 

Control (OPC) 0% 23.5 32.1 40.2 Baseline 

Muscovite-5% 5% 21.2 29.6 37.1 Slight reduction 

KRONIKA JOURNAL(ISSN NO-0023:4923)  VOLUME 25 ISSUE 10 2025

PAGE NO: 3



Muscovite-10% 10% 19.3 27.4 34 Noticeable drop 

Muscovite-15% 15% 17.5 25.2 30.8 Significant loss 

Biotite-5% 5% 22.4 30.8 38.5 Less reduction 

Biotite-10% 10% 20.7 28.6 35.7 
Moderate 
reduction 

Biotite-15% 15% 18.9 26.4 32.6 
Still better than 
Muscovite 

 

Table 2: Compressive Strength Results (MPa) 

Mix 7 Days 14 Days 28 Days 

Control 23.5 32.1 40.2 

Muscovite-5% 21.2 29.6 37.1 

Muscovite-10% 19.3 27.4 34.0 

Muscovite-15% 17.5 25.2 30.8 

Biotite-5% 22.4 30.8 38.5 

Biotite-10% 20.7 28.6 35.7 

Biotite-15% 18.9 26.4 32.6 
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The results clearly indicate that both Muscovite and Biotite reduce the compressive strength of 

concrete, with Muscovite showing a greater negative impact. At 28 days, Muscovite replacement at 15% 

reduced strength by approximately 23.4% compared to control, while Biotite at the same level reduced 

it by around 18.9%. The flaky morphology of Muscovite creates voids and weak interfaces, leading to 

reduced strength, whereas Biotite, although detrimental, provides slightly better bonding due to its 

composition. This implies that aggregates rich in Muscovite should be avoided in high-strength 

structural applications. 

Knowledge Gaps Identified 

 Limited systematic studies directly comparing muscovite and biotite in standardized cement 
concrete mixes. 

 Insufficient data on the long-term durability performance of mica-bearing concrete under 
aggressive environments (sulfate attack, freeze-thaw, carbonation). 

 Lack of life cycle environmental impact assessments of mica-rich concretes. 

These gaps highlight the need for the present study, which aims to offer a comparative evaluation of 
muscovite and biotite in cement-based concrete with respect to compressive strength and durability. 
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Conclusions 

1. Both Muscovite and Biotite negatively affect the compressive strength of concrete. 

2. Muscovite has a greater negative impact than Biotite due to its platy morphology and poor 

bonding. 

3. Biotite is comparatively less harmful and may be tolerable in limited quantities. 

4. Engineers should carefully assess the mineralogical composition of aggregates before using 

them in concrete, particularly in load-bearing structures. 
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