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ABSTRACT 

 

 

In Portland cement mortars it is of paramount importance to investigate the bond 

strength between mortar and masonry by means of the study of interfaces and 

surfaces that make up the system mortar/ceramic block. In this work the aim was to 

characterize the chemical compositions, microstructures, surfaces and interfaces of 

mortars applied on ceramic blocks. Therefore, two important characterization tools 

were used: field-effect gun (FEG) scanning electron microscope (SEM) - FEI Quanta 

200 with energy-dispersive (X-ray) spectrometer (EDS) and SEM system with EGF 

Nanofabrication FIB - FEI Quanta 3D FEG also with an EDS coupled. To date the 

results obtained from the research show that the characterization of cementitious 

materials with high resolution SEM is an important tool in the detection and 

differentiation of hydrated calcium silicates (CSH), calcium hydroxide (Ca(OH)2), 

ettringite and calcium carbonate by means of morphological, topographical and 

chemical data, thus providing extremely reliable as well as qualitative data from the 

structure of cementitious materials. 

 

Keywords: Microstructural characterization, mortar, scanning electron microscopy, 

interfaces and surfaces, cementitious materials. 
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1. INTRODUCTION 

 

The need for research and characterization of materials aimed to the 

construction industry has been growing due to the need for proper selection of 

materials, based on the performance of the system under study, as well as the 

increasingly constant shortage of raw materials and market demand for products with 

adequate performance and durability. Only the evaluation of mechanical properties 

such as tensile strength of the mortar is not enough to ensure proper performance of 

mortar coating systems, especially in Portland cement mortars that have micro and 

nanostructures still little explored. Thus, this paper proposes to contribute on the 

microstructural characterization of surfaces and interfaces of Portland cement 

mortars used for coating in construction works. 

                                                                                                           

2. PORTLAND CEMENT MORTAR 

 

The cement paste and concrete in themselves are very complex 

heterogeneous materials with different structures ranging from nanoscale to 

macroscopic scale. They consist of amorphous and crystalline phases and pores [1]. 

The mixture of cement particles in water triggers a series of chemical reactions that 

occur at different speeds and are influenced by each other, leading to physical, 

chemical and mechanical changes within the system. The products of these 

reactions - stable hydrated compounds - adhere to each other giving the cement 

adhesive and cohesive properties [2]. 

2.1 Microstructure of Portland cement mortars 

 

In analyses with the scanning electron microscope (SEM), in mortars applied 

on ceramic blocks, it is possible to identify a predominance of ettringite crystals in the 

regions near the interface. This localized increase in concentration is due to the fact 

that by mixing Portland cement with water, gypsum used as a set regulator in cement 

dissolves slightly and releases sulfate ions (SO4
2-) and calcium (Ca2+). Then 

aluminate ions (AlO-) and calcium (Ca2+), from the dissolution of C3A phase are 

released. Through the suction effect imposed by the porous substrate, these ions are 

carried to the pores, and this phenomenon depends on the interaction between water 
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and masonry mortar, temperature, water retention, composition of the mortar and the 

construction process. With precipitation of ettringite, the pores are filled primarily by 

this phase, leaving less space for the precipitation of other products of cement 

hydration in this region, such as CSH, or even later products of carbonation of lime 

[3] [4]. 

There is also another mechanism of adhesion between the mortar and the 

substrate, chemical adhesion, where the resistance is provided by covalent bonds or 

van der Waals forces. This mechanism is about 1/10 of the total resistance of 

adhesion. However, the chemical system can be substantially improved by the 

introduction of adhesive additives [5]. 

The contribution of interlocking to the strength of adhesion is much larger than 

the contribution of chemical bonding. Furthermore, usually there is no important 

chemical reaction between ceramic substrates and inorganic mortars. The adhesion 

is controlled by the characteristics of the substrate and mortar, penetration of the 

paste into the pores of the substrate and the nature of the hydration products formed 

at the interface [5]. 

2.2 Scanning electron microscope with high-resolution (SEM-FEG) 

 

The most important innovation in the field of scanning electron microscopy in 

recent years was the introduction of high-resolution SEM. The key part to this 

improvement was the source of the electron beam with the system called field-

emission gun – FEG. In this variant of the SEM, now called SEM-FEG, this gun 

replaced the conventional filament. The FEG tip consists of a extremely thin tungsten 

point, leading to a much better resolution than the conventional filament. 

Thus, with the SEM-FEG nominal resolution of at least 1.8nm is achieved, but 

good current instruments can reach 0.8nm. Moreover, it has a large electron 

emission and consequently a high current density, approximately 105A/cm2, 

compared with tungsten filament which is 3A/cm2. 

 

3 CHARACTERIZATION OF PORTLAND CEMENT MORTAR WITH THE USE OF 

SCANNING ELECTRON MICROSCOPY OF HIGH RESOLUTION (SEM - FEG)  
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The scanning electron microscopy, high-resolution (SEM-FEG) was used to 

clarify the micro and nanometric details of cementitious material in Portland cement 

mortars. Special emphasis was given to the CSH phase of hydrated cement, due to 

its extremely fine fabric, at the nanoscale, and its predominantly amorphous 

structure. 

3.1 Equipment used for the characterization 

 

Two high resolution SEM-FEG instruments belonging to UFMG’s Microscopy 

Center have been used, which are listed below: 

a) scanning electron microscope with field emission gun (FEG), FEI brand, 

Quanta 200 FEG model, called hereafter as SEM-FEG Quanta, with resolution of 

1,6nm at 30kV in high vacuum. 

b) dual beam scanning microscope with ion gun and electron field emission 

gun (FEG), FEI brand, Dual-FIB Quanta 3D model, called hereafter as SEM-FEG 

Dual-FIB, with resolution (electron beam ) of 0,8nm at 30kV in high vacuum. 

All the photomicrographs shown in this work were obtained with secondary 

electrons image (SEI). 

3.2 Preparation of the samples of Portland cement mortar 

 

Three panels of masonry were built and mortar was applied over them with 

roughcast trait (1:3) of Portland cement and washed river sand: on top of these, three 

different coatings were further applied, one for each panel: 

a) a plaster cladding with stroke (1:6) of Portland cement and washed river 

sand; b) a mortar coating (1:1:4) of cement, lime and sand; c) a mortar lining with a 

stroke (1:2:8) of cement, lime and sand. 

For sample preparation, approximately 12cmx12cm pieces of the panels 

containing the complete system, ceramic block, roughcast mortar and mortar 

coatings. After the removal, the 12cmx12cm samples were fragmented and reduced 

to approximately 6,5cm. Sample fracture was used instead of cutting hard, not to 

interfere with the sample surfaces. 

After that, the fragmented samples were prepared for analysis in the two 

scanning electron microscopes. 
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Three sample preparation techniques were used, regarding the deposition of a 

conducting film: a) 5nm-thich carbon film; b) 10nm gold thin layer. The third 

technique consisted of not using any kind of coating, and analyzing the samples 

under low vacuum in the SEM. This technique was used to obtain unbiased chemical 

microanalyses by the energy-dispersive (X-ray) spectrometer (EDS), due to the 

absence of carbon or gold films. In some situations these elements could yield 

biased results (carbon), or mask low atomic number elements present in the sample 

(gold). 

Thus the three preparation techniques were essential for reliable results and 

quality since they are complementary in the research. 

 

4 RESULTS 

 

In Fig. 1A and 1B, one can very clearly see the superficies mortar plastering 

with an approximate 5,000 magnification. The scale in the figures is used to check 

the sizes of the microstructure features, since the photos’ aspect ratios were 

preserved. Also, in this case, find themselves the important phases: ettringite 

(acicular crystals), portlandite (platelike) and calcite (grainy). 

 

   

Figure 1 – Photomicrographs, SEM-FEG Dual 3D-FIB: A and B mortar plastering 

(carbon coating). 

 

In photomicrograph Fig. 2A, an increase of 4,000x, there is the presence a 

unique calcite crystal, i.e. a particle of filler present in the mortar is depicted. 

A B 
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Already, in photomicrographs Fig. 2B, an increase of 1,000x, are observed 

euhedral calcite crystals. Probably, this is the original calcite, added as filler. 

 

   

Figure 2 – Photomicrographs, SEM-FEG Dual 3D-FIB: A and B mortar plastering 

(carbon coating). 

 

In Fig. 3A and 3B are photomicrographs increases in 1000 and 20,000x on the 

surface of the mortar coating with lime on trace, clearly showing the presence of 

portlandite with minor calcite. In fotomicrogtafia 3B, all crystallites are nanosized; 

This last photo shows extremely small lamellae portlandite. 

 

   

Figure 3 – Photomicrographs, SEM-FEG Quanta: A and B mortar plastering (carbon 

coating). 

 

A B 

A B 
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In Fig. 4, with a 7,500 magnification, the characteristic platelike morphology of 

portlandite and tapes of ettringite is seen. The EDS microanalysis in Tab. 1 shows 

high concentrations of calcium and oxygen, as expected, but also significant amounts 

of silicon and sulfur. This is probably due to the electron beam volume interaction 

with unseen phases, possibly located underneath the portlandite layers; these 

phases would be CSH and ettringite. 

 

 

Figure 4 – Photomicrographs, SEM-FEG Dual 3D-FIB: of the region near the 

interface roughcast mortar/lime mortar coating (uncoated).  

 

Table 1 – Microanalysis EDS, da Figure 4. 

Microanalysis EDS (%) mass 

 C O Mg Al Si P S Ca K Fe 

Region 1 9,6 46,5 0,4 1,4 5,2 0,0 0,7 35,6 0,0 0,7 

Region 2 7,0 54,4 0,7 4,4 5,9 0,0 0,5 26,4 0,0 0,8 

 

5 CONCLUSION 

 

Using high-resolution scanning electron microscope (SEM-FEG) proved 

extremely important in the characterization of cementitious materials, as in the case 

of this study, Portland cement mortars. The technique of sample preparation is 

relatively simple compared to other methods and allows the analysis of samples in a 

natural state which ensures ideal conditions for the characterization of the material. 

Moreover, the quality of the photomicrographs is substantially better than with the 
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conventional SEMs, which combined with the chemical microanalysis by energy-

dispersive (X-ray) spectrometer (EDS), allows a substantial advance in the research 

and characterization of cementitious materials. 

In observations using high resolution scanning electron microscope (SEM-

FEG), magnifications of about 80,000x with great quality have been possible, in this 

work. Even the the visualization of nanopores in mortar matrix could be done, as 

proved in some cases. 

Photomicrographs made with the SEM-FEG Dual-FIB and SEM-FEG Quanta 

have confirmed the predominance of euhedral crystals of ettringite in the block-

ceramic mortar interface region, characterized by their morphology of hexagonal 

acicular crystals. Also, the typical morphologies of portlandite, calcite and CSH have 

been observed with great detail and quality in other samples of the mortars studied. 
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