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ABSTRACT 

Concrete has to-day very demanding performance requirements. In fresh concrete, 

it is essential to have a fairly high degree cohesiveness, pump-ability, slump retention and also 

self-compacting nature. In hardened concrete, properties such as high early strengths and late 

strengths, high elastic modulus, low creep, dimensional stability, low permeability, sulphate and 

chloride resistance, chemical resistance, frost resistance and abrasive resistance are required in 

combinations depending on the type of structure being constructed and its environment. In view 

of the above requirements, the material technology in concrete has undergone a tremendous 

change. One of the important changes is the introduction of micro-technology for High 

Performance Concrete (HPC) with ultra-fine and various other micro-sized and fine 

Supplementary Cementitious Materials (SCMs). It is now possible to achieve excellent particle 

packing and thereby comply with the demands for performance in concrete both in fresh and in 

the hardened state. This paper summarizes the microstructure study of HPC of grades M80 & M90 

mixes by using Scanning Electron Microscope (SEM) & Energy Dispersive X-ray Spectrometry 

(EDS) tests. The microstructures revealed dense cementitious matrices conformed of reaction 

products. Energy dispersive spectroscopy and X-ray diffraction showed the formation of 

amorphous Silicoaluminate reaction products. 
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INTRODUCTION 

 

The concrete durability crisis which started to attract public attention forced the engineers to 

think about the performance of the concrete. If the concept involves an end product approach to 

ensure performance as specified, it is known as High Performance Concrete (HPC). The 

construction practices in India is continuously in pace with the development and challengers 

from consumer‟s special requirements, environmental constraints, sustainability guidelines etc. 

Most of high rise structures and Ready Mixed Concrete (RMC) producers prefer standard 
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strength concrete with high flow-ability and segregation resistance and large range of workability 

retention. Use of „green materials‟ such as fly ash , slag, silica fume, artificial sands, recycled 

materials, smart materials inclusion in concrete etc. are gaining momentum in recent past. 

Structures in aggressive environment demand low permeable and durable concretes. Special 

concretes like HPC, Reactive Powder Concrete (RPC), Self Compacting Concrete (SCC) and 

cement based grouts etc need to have ultra fine materials for their effective performance. All 

these leads to exploring and development of new / modified concrete ingredients to satisfy the 

demands. 

 

Experience and studies all over the world strongly consider that high durable concrete needs 

perfect particle packing which is possible with the Portland Cement-Pozzolanic/Cementitious 

Micro materials composite system rather than the Portland cement system only [1, 2]. It is 

applicable to high performance concretes also, as most of them demand low permeability, high 

strength etc. Combinations of normal fineness, micro fine, ultrafine and even Nano scale (if 

required) materials provide a satisfactory packing effect and thus produce durable concretes 

irrespective of strengths. Micro technology plays a pivotal role in this respect. The term „micro 

technology‟ means that either grinding or the classification of materials particles to micronilized 

size. There are several ways to get materials at micro size. The traditional way of doing is by 

mechanical grinding. The other ways are-collection of fumes/exhaust dusts through high efficient 

bag filters/ Electro Static Precipitators (ESPs), introducing high efficiency classifiers while 

grinding etc. Grinding with classifier system is the most efficient system as it helps to control the 

size of particles and the desired range of particle size can be achieved. Thus significance of 

implementing microtechnology in cement / concrete is to make tailor made concrete and enhance 

durability characteristics and service life. 

 

The concrete durability crisis which started to attract public attention forced the engineers to 

think about the performance of the concrete. If the concept involves an end product approach to 

ensure performance as specified, it is known as High Performance Concrete (HPC). Proper mix 

design and careful construction using the best available materials and technologies are necessary 

to achieve quality concrete structures. A structure must be strong and safe enough to carry the 

loads that it may reasonably be expected to carry during its lifetime. This article discusses 

various ingredients which are used for the production of HPC. Role of SCMs in HPC, its 

physical and chemical properties are discussed.  

 

The production of alkali activated cements allows the use of a wide range of materials (minerals 

and by-products) with compositions within the systems SiO2–Al2O3 or SiO2–Al2O3–CaO, such 

as Metakaoline, Fly ash, Blast Furnace Slag or mixtures of them. Many of these materials require 

only milling and no thermal processing to be used as binders, which reduces even more their 

environmental impact. Whether the starting materials bear CaO, such as BFS or some FA, the 

reaction products may also contain hydrated calcium silicoaluminates. As binders, the HPC 

offers a series of advantages such as: high mechanical strength of up to 100 MPa after 28 days 

curing at 20
0
C or 62–66 MPa after curing at 60–75

0
C for 24 h, chemical resistance to sulphates 

and acids, resistance to high temperatures, etc. Base on the above, the alkali activated materials 

are suitable materials to replace PC from the ecological and technological perspectives [3]. 

 

 



International journal of advanced scientific and technical research                              Issue 2 volume 5, October 2012          

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 

 Page 437 
 

MATERIALS USED IN THE PRESENT STUDY 

 

Cement 
Ordinary Portland cement Zuari-53 grade conforming to IS: 12269-1987 [4] was used in 

concrete. The physical properties of the cement are listed in Table  1. 

 

Table 1. Physical Properties of Zuari-53 Grade Cement 

Sl. No. 1 2 3 4 5 

Properties Specific 

 gravity 

Normal  

consistency 

Initial setting 

 time 

Final setting  

time 

Compressive strength 

(Mpa) 

Values  3.15 32% 60 min 320 min 
3 days 7 days 28days 

29.4 44.8 56.5 

 

Aggregates 

A crushed granite rock with a maximum size of 20mm and 12mm with specific gravity of 2.60 

was used as a coarse aggregate. Natural sand from Swarnamukhi River in Srikalahasthi with 

specific gravity of 2.60 was used as fine aggregate conforming to zone- II of IS 383-1970 [5]. 

The individual aggregates were blended to get the desired combined grading.  

 

Water 

Potable water was used for mixing and curing of concrete cubes. 

 

Supplementary Cementing Materials 

 

Flyash 

Fly ash was obtained directly from the M/s Ennore Thermal Power Station, Tamilnadu, India. 

The physicochemical analysis of sample was presented in Table 2. 

 

Table 2 . Physicochemical properties of Flyash sample. 

Sample Specific 

Gravity 

Specific 

Surface area 

(m2/g) 

Moisture 

Content 

(%) 

Wet 

density 

(gram/cc) 

Turbidity 

(NTU) 

pH 

Flyash 

2.20 1.24 0.20 1.75 459 7.3 

Chemical Composition, Elements (weight %) 

SiO2 Al2O3 Fe2O3 CaO K2O TiO2 Na2O3 MgO 

56.77 31.83 2.82 0.78 1.96 2.77 0.68 2.39 

 

Silica Fume 

The silica fume used in the experimentation was obtained from Elkem Laboratory, Navi 

Mumbai. The chemical composition of Silica Fume is shown in Table 3. 
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Table 3. Chemical composition of Silica Fume. 

Chemical 

Composition 

Silica  

(SiO2) 

Alumina  

(Al2O3) 

Iron Oxide 

(Fe2O3) 

Alkalies as  

(Na2O + K2O) 

Calcium 

Oxide (CaO) 

Magnesium  

Oxide (MgO) 

Percentage 89.00 0.50 2.50 1.20 0.50 0.60 

 

Metakaoline 

The Metakaoline was obtained from M/s. 20 Microns Limited, Baroda, India. The chemical 

composition of Metakaoline is shown in Table 4. 

 

Table 4. Chemical composition of Metakaoline 

Chemical 

Composition 
SiO2 Al2O3 Fe2O3  TiO2 CaO MgO SO3 Na2O K2O LOI 

Mass 

Percentage 

52 to 

54% 

42 to 

44% 

< 1 to 

1.4% 

< 

3.0% 
0.1% 

< 

0.1% 

< 

0.1% 

< 

0.05% 

< 

0.4% 

 

< 

1.0% 

 

Blast Furnace Slag 

The blast furnace slag was obtained from Sesa Goa Limited. Goa. The chemical composition of 

Blast Furnace Slag is shown in Table 5. 

 

Table 5. Chemical composition of Blast Furnace Slag. 

Oxides SiO2  P2O5 CaO MnO FeO Fe2O3 

Mass Percentage 11 10 51 08 10 04 

 

Super Plasticizer 

VARAPLAST PC100: A high performance concrete superplasticizer based on modified 

polycarboxilic ether, supplied from M/s Akarsh specialities, Chennai. 

 

 

Scanning Electron Microscopy (SEM)  

A typical SEM instrument, showing the electron column, sample chamber, EDS 

detector, electronics console, and visual display monitors. The scanning electron microscope 

(SEM) uses a focused beam of high-energy electrons to generate a variety of signals at the 

surface of solid specimens. The signals that derive from electron-sample interactions reveal 

information about the sample including external morphology (texture), chemical composition, 

and crystalline structure and orientation of materials making up the sample. In most applications, 

data are collected over a selected area of the surface of the sample, and a 2-dimensional image is 

generated that displays spatial variations in these properties. Areas ranging from approximately 1 

cm to 5 microns in width can be imaged in a scanning mode using conventional SEM techniques 

(magnification ranging from 20X to approximately 30,000X, spatial resolution of 50 to 100 nm). 

The SEM is also capable of performing analyses of selected point locations on the sample; this 

approach is especially useful in qualitatively or semi-quantitatively determining chemical 

compositions (using EDS), crystalline structure, and crystal orientations (using EBSD). The 

http://serc.carleton.edu/research_education/geochemsheets/electroninteractions.html
http://serc.carleton.edu/research_education/geochemsheets/eds.html
http://serc.carleton.edu/research_education/geochemsheets/ebsd.html
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design and function of the SEM is very similar to the EPMA and considerable overlap in 

capabilities exists between the two instruments 

 

Energy Dispersive X-ray Spectrometry (EDS) 

 

EDS makes use of the X-ray spectrum emitted by a solid sample bombarded with a focused 

beam of electrons to obtain a localized chemical analysis. All elements from atomic number 4 

(Be) to 92 (U) can be detected in principle, though not all instruments are equipped for 'light' 

elements (Z < 10). Qualitative analysis involves the identification of the lines in the spectrum 

and is fairly straightforward owing to the simplicity of X-ray spectra. Quantitative analysis 

(determination of the concentrations of the elements present) entails measuring line intensities 

for each element in the sample and for the same elements in calibration Standards of known 

composition. By scanning the beam in a television-like raster and displaying the intensity of a 

selected X-ray line, element distribution images or 'maps' can be produced. Also, images 

produced by electrons collected from the sample reveal surface topography or mean atomic 

number differences according to the mode selected. The scanning electron microscope (SEM), 

which is closely related to the electron probe, is designed primarily for producing electron 

images, but can also be used for element mapping, and even point analysis, if an X-ray 

spectrometer is added. There is thus a considerable overlap in the functions of these instruments.  

 

 

METHOD OF SAMPLE PREPARATION  

 

Since the electron probe analyses only to a shallow depth, specimens should be well polished so 

that surface roughness does not affect the results. Sample preparation is essentially as for 

reflected light microscopy, with the provision that only vacuum compatible materials must be 

used. Opaque samples may be embedded in epoxy resin blocks. For transmitted light viewing, 

polished thin sections on glass slides are prepared. In principle, specimens of any size and shape 

(within reasonable limits) can be analyzed. Holders are commonly provided for 25mm (1") 

diameter round specimens and for rectangular glass slides. Standards are either mounted 

individually in small mounts or in batches in normalsized mounts. Many samples are electrically 

non-conducting and a conducting surface coat must be applied to provide a path for the incident 

electrons to flow to ground. The usual coating material is vacuum-evaporated carbon (~10nm 

thick), which has a minimal influence on X-ray intensities on account of its low atomic number, 

and (unlike gold, which is commonly used for SEM specimens) does not add unwanted peaks to 

the X-ray spectrum. However, steps should be taken to maintain as constant a thickness as 

possible. 

 

 

RESULTS AND DISCUSSIONS 

 

In the present work, proportions for HPC mix design of M80 and M90 were carried out according 

to IS:10262-2009 [6] recommendations. The mix proportions are presented in Table 6 and Table 

7. 

 

 

http://serc.carleton.edu/research_education/geochemsheets/techniques/EPMA.html
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Table 6. Mix Proportion for M80 Concrete. 

 Cement 
Fine 

aggregate 

Coarse aggregate 

(20mm 20% & 

12.5mm 80%) 

water 

Secondary 

Cementing  

Materials 

Super- 

plasticizer 

Composition 

in Kg/𝑚3 
539 685.274 986.126 153 135 9.70 

Ratio in % 1 1.271 1.829 0.283 0.250 0.018 

 

Table 7. Mix Proportion for M90 Concrete 

 Cement 
Fine 

aggregate 

Coarse aggregate 

(20mm 20% & 

12.5mm 80%) 

water 

Secondary 

Cementing  

Materials 

Super- 

plasticizer 

Composition 

in Kg/𝑚3 
585.4 651.572 942.16 153 146.350 10.537 

Ratio in % 1 1.113 1.609 0.261 0.25 0.018 

 

. Figure 1 and Figure 2 represents the SEM micrograph showing Dense 

Microstructure and Air Voids of HPC respectively. 

 

 

 
 

Fig 1. SEM micrograph showing Dense Microstructure of HPC 
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Fig 2. SEM micrograph showing Air Voids of HPC 

 

SCMs in concrete by two distinct mechanisms. As noted, the key to its performance in these 

roles is its very small particle size and its high silicon dioxide content. Physical effect is by 

particle packing or micro filling between cement particles.  

 

Chemical effects of SCMs in cement matrix are shown in the following reactions: 

 

Portland cement + Water = Calcium hydroxide + Calcium silicate hydrate--- (1) 

    (CH)   (C-S-H) 

Pozzolana + Calcium hydroxide + water = Calcium silicate hydrate gel---  (2) 

       (C-S-H) 

 

The C-S-H (Calcium silicate hydrate) gel formed in second reaction is essentially identical to 

that formed in first reaction of Portland cement and water. Minute particles of silica fume 

provide nucleation sites for CH crystals.. 

   

The weakest component and the most permeable area in conventional concrete is the Transition 

Zone. The transition zone is a thin layer (of about 50 to 100 microns) between the bulk hydrated 

cement paste and the surface of aggregate particles in concrete. The transition zone in a 

conventional concrete has uniformly sized cement grains which are not packed as densely as they 

are in bulk zone. This “wall effect” is one of the reasons for the relatively weakness and 

permeability of cement paste in the transition zone. When silica fume is added to the concrete, 

better particle packing occurs in this area. The silica fume in this area can further refine the 

transition zone through its pozzolanic action.  

 

Another reason of weakness of transition zone is that relatively more CH is found in this zone 

and CH crystals tend to grow large in size and parallel to surface of aggregate. CH is relatively 
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weaker than C-S-H gel in hydrated cement matrix. The transition zone is improved by Physical 

and Chemical effects of silica fume. Filler effects and pozzolanic reaction of silica fume refine 

the matrix in concrete thereby enhancing the degree of impermeability and the strength 

characteristics of concrete. When silica fume added to concrete, better particle packing occurs. 

The structure becomes homogeneous and dense without presence of a massive CH rim or gaps. 

Figure 7 shows a socket where a sand grain has been pulled away from cement paste in 1-day old 

mortar. The sand grain was originally at the top of the picture. Note the open structure and the 

presence of crystals of calcium hydroxide in this region. 

 

When a sand grain has been pulled away from cement paste in 28-day old mortar containing 

silica fume. The sand grain was originally at the top of the picture. When 15% silica fume by 

weight of cement is added to the mortar, the microstructure of the interfacial zone is significantly 

changed. These changes can be the result of the suppression of bleeding in the fresh mortar and 

the ability of the silica fume particles to fill the space in the vicinity of the sand grain surface 

much more efficiently than the bigger cement particles. The effect of silica fume on densifying 

and homogenizing the microstructure of the interfacial zone may have a considerable influence 

on the performance of mortars and concretes. 

 

Therefore, when the effects of silica fume on mortars and concretes are considered, the 

interfacial effects should be taken into account in addition to the influence of the silica fume on 

the bulk paste matrix. The improvement in the structure of the transition zone can be seen, as in 

figure 9, when broken test specimens are examined. Usually for high-strength silica fume 

concrete, most broken test specimens are examined. Usually for high-strength silica fume 

concrete, most of the aggregate particles will be fractured, very few will be pulled out of the 

matrix. The better bonding of the aggregate into matrix results in higher concrete strengths and 

higher modulus. 

   

Figure 3 showing the EDS patterns of HPC and Table 8 representing the chemical elements with 

relative weight and atomic percentages of HPC. 

 

Fig 3. EDS patterns of HPC 
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Table 8. The chemical elements with relative weight and atomic percentages of HPC. 

 

Element Weight% Atomic% 

C K 8.68 14.06 

O K  52.45 63.77 

Na K 0.5 0.42 

Mg K 0.38 0.31 

Al K 2.92 2.11 

Si K 11.96 8.28 

S K 0.28 0.17 

K K 1.4 0.69 

Ca K 19.99 9.7 

Fe K 1.45 0.5 

Totals 100   

 

 

CONCLUSIONS 

 

HPC specimens when examined using SEM showed dense microstructure compared to the 

microstructure of conventional concrete. This may be due to the bond between the aggregates 

and hydrated particles. The incorporation of SCMs acts as super filler and induces high 

pozzolanic reaction, which consumes the CH crystals produced during hydration and converts to 

C-S-H gel. The capillary voids found to be very due to lesser W/B ratio. This may be reason for 

improvement in the mechanical properties.  

 

The SEM study reveals that, incorporation of SCMs enhance the compactness of matrix. The 

SCMs and superplasticizers influence the mechanical and durability properties of HPC. The 

SEM microstructure of HPC shows dense microstructure with thin transition zone and less air 

voids. The microstructures revealed dense cementitious matrices conformed of reaction products. 

Energy dispersive spectroscopy and X-ray diffraction showed the formation of amorphous 

Silicoaluminate reaction products. 

 

In practice, High strength concretes, and many of the so-called HPCs are characterized by high 

cement factors and very low water/cement ratio‟s. With such concretes it is extremely difficult to 

obtain proper workability and to retain the workability for sufficiently for long period of time, 

hence high range water reducing agents like Superplasticizers are necessary for making HPCs.  
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