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ABSTRACT 
 

The effect of cement particle size of Portland cement on the 

properties  of  cement  mortar  and  paste  were  investigated.  This 

was done at a definite mix and water-cement ratio. Fresh clinkers 

collected from Dangote Cement Factory was ground together with 

3% gypsum using disc grinder. The chemical compositions of the 

clinker  and  gypsum  were determined using  XRF. Five different 

sieve  sizes  comprising  (212,  180,  90,  63,  45) m  were  used  to 

characterize  the  cement  sample  fineness.  Three  samples  from 

each  of  the  sieve  sizes  were  used  to  produce  mortar  block  of 

(40x40x160)mm prism as specified by European standard, These 

were  used  to  test  for  compressive  strength  for  different  days. 

Other experimental processes were conducted according to 

standard procedures. The resultant pastes were then subjected to 

physiochemical analysis. When compared with NIS values of 16.0 
N/mm2 and  32.5 N/mm2 for 7th and 28th day age respective 

strength. It was found that at 2nd day age 45 m size could give 

strength value obtainable in NIS specification while at 7th day,(63 

and 45 m size gave acceptable strength values and at 28th day 

(90,63 and 45 m yielded good values. Hence, compressive 

strength  of  cement  mortar  generally  increases  with  increasing 

fineness and likewise increase in fineness yielded better 

physiochemical properties. However, graphs plotted did not give a 

linear relationship, showing that other factor like oxide 

composition and burning conditions also affect the strength 

Also, results obtained from tests on strength property of cement 

from other cement manufacturing companies showed that some 

have better strength quality than others. 

 

Key words: Compressive strength, clinker, gypsum, mortar, 

fineness. 
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CHAPTER ONE 

INTRODUCTION 

1.1 BACKGROUND INFORMATION 

 Portland cement is the most common type of cement in 

general use around the world, because it is a basic ingredient 

of concrete and mortar. 

 It is a fine powder produced by grinding Portland cement 

clinker (more than 90%), a limited amount of calcium sulphate 

which controls the set time, and up to 5% minor constituents 

(as allowed by various standards).(Chetan,2008). 

 The European standard (EN 197.1) defined Portland 

cement clinker as a hydraulic material which shall consist of at 

least  two  thirds  of  mass  of  calcium  silicates  (3CaO.SiO2 and 

2CaO.SiO2),  the  remainder  consisting  of  aluminium  and  iron- 

containing  clinker  phases  and  other  compounds.  The  ratio  of 

CaO to SiO2 should not be less than 2.0.The magnesium 

content (MgO) should not exceed 5% by mass (German 

standard issued in 1909). 

The magnesium oxide and iron oxide are present as flux and 

contribute little to the strength. The clinkers are nodules 

(diameter 5-25) mm of sintered material that is produced when 

1 

 



 

a raw mixture of predetermined composition is heated to high 

temperature. 

 The major raw material for the clinker-making is usually 

(CaCO3) mixed with a second material containing clay as 

source of aluminosilicate. Normally, an impure limestone which 

contains clay or silicon oxide is used. The calcium 

trioxocarbonate content of these limestones can be as low as 

80%.  Second  raw  materials  (materials  in  the  raw  mix  other 

than limestone) depend on the purity of the limestone. Some of 

the second raw materials used are: Clay, shale, sand, iron ore, 

bauxite, fly ash and slag (Portland cement –wikipedia 

encyclopedia). 

 Cement being an essential ingredient of an important 

engineering material like mortar and concrete should be aimed 

to have a desired strength in the process of production 

regarding its industrial application. To achieve this, it is 

absolutely necessary that the study on the particle size 

distribution which most of the mechanical and physicochemical 

properties of the cement mortar depend should be taken into 

consideration. These formed the basis of this work. 
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1.2 PROBLEM STATEMENT 

 Measuring and controlling the particle size distribution of 

cement is important both in order to achieve the desired 

product performance and to control manufacturing cost. 

Unfortunately, very limited research is found on the effect of 

the particle size of cement on high strength mortar. Hence the 

under listed points became the focus of this work. 

1. Good knowledge of particle size distribution and its effects 

on the mechanical and physicochemical properties of 

Portland cement like compressive strength, setting time, 

consistency, soundness etc. has not been known to some 

industrialists who are into Portland cement manufacturing. 

Hence there have been variation in the above properties 

of individual products making it practically difficult to meet 

the required standard for different construction purposes. 

2. There is high need to optimize the packing of the particle 

size distribution in order to minimize void spaces and hence 

improve the workability and consequently the strength. 

3. There have not been a well defined engineering relationship 

that exist between the particle size distribution and 
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strength development for our local materials used by the 

indigenous industries. 

4. The need to establish manufacturing standard in relation to 

particle  size  distribution  for  our  local  industries  to  meet 

Nigeria  industrial  standard  (NlS)  for  good  quality  product 

that will either reduce or eliminate problem of failure in the 

construction industries. 

1.3 OBJECTIVES OF STUDY 

 Based on the above stated problems, the pursuit to find 

solutions to them gave rise to the purpose and objectives of 

this research work. These are to: 

1. Analyse and determine the chemical composition of the 

limestone  and  gypsum  used  in  the  manufacturing  of  our 

locally made Portland cement and how the composition could 

affect the product. 

2. Have optical microscopic examination of the internal 

structure  of  product  of  different  particle  sizes  in  order  to 

determine  how  the  morphology  and  microscopic  structure 

could be affected by variation of particle size. 

3. Obtain products made of different particle sizes and 

determine how that could affect their mechanical and other 
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physicochemical properties in order to establish from 

experimental work the relationship between the fineness of 

cement and the properties of high strength mortar. 

4. Since the work of some researchers on effect of particle size 

of  cement  on  the  strength  of  mortar  was  done  on  foreign 

cement, examine the trend of locally branded cement 

manufactured by using indigenous material and establish the 

result as it applies to our local environment. 

5. Establish new concept and ideas as from this work which will 

be  applied  in  our  local  industries  to  meet  Nigeria  industrial 

standard for construction purposes. 

 

1.4 JUSTIFICATION OF STUDY 

Cement is an important ingredient of engineering materials like 

mortar and concrete which have a wide application in 

construction industries. It becomes very necessary to 

understudy the effect of such particle sizes on the compressive 

strength and other physiochemical properties of Portland 

cement  with  the  aim  of providing  a  clearer  understanding  of 

the relationship that exist between them. 
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 The study also explains how the particle size distribution 

could  be  regulated  to  achieve  the  required  property  for  any 

particular engineering application. 

 Therefore this work makes it possible to improve 

manufacturing standard of local cement product since the 

materials were restricted to our local ones. Hence it is useful in 

the construction industry. 

 

1.5 SCOPE OF STUDY 

 This work is centered on the effect of fineness or particle 

sizes of Portland cement on the compressive strength and 

other physicochemical properties like setting time, soundness 

and consistency of cement mortar when other factors like 

water-cement ratio and cement composition were kept 

constant and aging time taken into consideration. 

 The results obtained were used to determine the extent 

which the particle size is related to the strength development 

of  cement  mortar  and  also  other  related  properties  useful  in 

engineering application. The focus of this work was based on 

chemical analysis of material using XRF and XRD, particle size 
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analysis using sieve, sample preparation, compressive strength 

test, setting time test, soundness and consistency test. 
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CHAPTER TWO 

LITERATURE REVIEW 

 

2.1 BACKGROUND 

The history of cementing material is as old as the history of 

engineering  construction.  Some  kind  of  cementing  materials 

were used by Egyptians, Romans and Indians in their ancient 

constructions.  It  is  believed  that  the  early  Egyptians  mostly 

used cementing materials, obtained by burning gypsum. In the 

early period, cement was used for making mortar only, Later 

the use of cement was extended for making concrete. As the 

use  of  Portland  cement  was  increased  for  making  concrete, 

engineers demanded for consistently higher standard material 

for  use  in  major  works.  Association  of  Engineers,  consumers 

and  cement  manufacturers  have  been  established  to  specify 

standards for cement.(Chetan, 2008) 

 The  German  standard  specification  for  Portland  cement 

was drawn in 1877. The British standard specification was first 

drawn up in 1904. The first ASTM specification was issued in 

1904. 
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The early scientific study of cements did not reveal much about 

the chemical reactions that take place at the time of burning. A 

deeper study of the fact that the clayey constituents of 

limestone are responsible for the hydraulic properties in lime as 

established by John Smeaton was not taken for further 

research. It may be mentioned that among the earlier cement 

technologists, Vicat, le Chatelier and Michaelis were the 

pioneers in the theoretical and practical field. 

 Systematic work on the composition and chemical reaction 

of Portland cement was first begun in the United States. The 

study on setting was undertaken by the Bureau of standards 

and  since  1926  much  work  on  the  study  of Portland  cement 

was also conducted by the Portland cement Association United 

Kingdom.  By  this time,  the  manufacture  and  use  of Portland 

cement had spread to many countries. Scientific work on 

cements  and  fundamental  contributions  to  the  chemistry  of 

Portland cements were carried out in Germany, Italy, France, 

Sweden, Canada and USSR in addition to Britain and USA. In 

Great Britain with the establishment of Building Research 

station in 1921 a systematic research programme was 
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undertaken  and  many  major  contributions  have  been  made. 

(Shetty, 1982). 

 Portland cement was developed from natural cements 

made in Britain in the early part of the nineteenth century, and 

its name is derived from its similarity of Portland stone, a type 

of building stone that was quarried on the isle of Portland in 

Dorset, England. It was Joseph Aspdin, a British bricklayer from 

Leeds  in  1824  who  was  granted  a  patent  for  a  process  of 

making a cement which was called Portland cement. His 

cement  was  an  artificial  cement  similar  in  properties  to  the 

materials known as Roman cement (patented in 1796 by James 

Parker) and in his process was similar to that patented in 1822 

and  used  since  1811  by  James  Frost  who  called  his  cement 

British cement.(Chetan,2008). 

Aspdin‟s son, William in 1843 made an improved version of this 

cement  and  initially  patented  it  as  Portland  cement.  It  was 

generally accepted that Portland cement was first 

manufactured by William Aspdin at North fleet, England  in 

about  1842  .The  German  Government  issued  a  standard  on 

Portland cement in 1878. 
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John Smeaton made an important contribution to the 

development of cements when he was planning the 

construction  of  the  third  Eddystone  light  house  (1755-1759) 

when the English needed a hydraulic mortar that could set and 

develop some strength in the twelve hour period between 

successive high tides. He performed an exhaustive market 

research on the available hydraulic limes, visiting their 

production site and noted that the hydraulicity of the lime was 

directly related to the clay content of the limestone from which 

it was made. 

 The same principle was identified by Louis Vicat in the first 

decade of the nineteenth century. 

Vicat went on to devise a method of combining chalk and clay 

into an intimate mixture, and burning this, produced an 

“artificial cement” in 1817. 

 The  investigations  of  L.J.  Vicat  led  him  to  prepare  an 

artificial hydraulic lime by calcining an intimate mixture of 

limestone and clay. This process may be regarded as the 

leading knowledge to the manufacture of Portland cement 

(Shetty, 1982). 
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James Frost working in Britain produced what is called “British 

cement” in a similar manner around the same time but did not 

obtain  a  patent  until  1822.  All  the  above  products  could  not 

compete  with  lime/pozzolan  concrete  because  of  fast  setting 

(giving insufficient time for placement) and low early strength 

(requiring a delay of many weeks before form work could be 

removed). 

Hydraulic  limes  “natural”  cements  and  “artificial”  cements  all 

rely upon their belite content for strength development. Belite 

develops strength slowly. Because they were burned at 

0 temperatures below 1250 C, they contained no alite, which is 

responsible for early strength in modern cements. 

 This first cement that consistently contains alite made by 

Joseph Aspdin Son William in the early 1840s is what is today 

called “Modern Portland cement. 

Though,  Vicat  and  Johnson  have  claimed  precedence  in 

this invention owing to the air of mystery with which William 

Aspdin surrounded his product, recent analysis of both his 

concrete  and  raw  cement  have  shown  that  William  Aspdin‟s 

product was a true alite based-cement. However, Aspdin‟s 

methods were a “rule of thumb”, Vicat is responsible for 
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establishing the chemical basis of these cements and Johnson 

established the importance of sintering the mix in the kiln. 

ASTM defines Portland cement as “hydraulic cement 

(cement that not only hardens by reacting with water but also 

forms a water-resistant product) produced by pulverizing 

clinkers consisting essentially of hydraulic calcium silicates 

usually containing one or more of the forms of calcium sulphate 

as an inter ground addition. 

 European standard EN197.1 also defined Portland cement 

clinker as a hydraulic material which shall consist of a least two 

third by mass of calcium silicate (3CaO.SiO2 and 2CaO.SiO2), 

the remainder consisting of aluminium and iron containing 

clinker phases and other compounds. The ratio of CaO to SiO2 

should  not  be  less  than  2.0.  The  magnesium  oxide  and  iron 

oxide are present as a flux and contribute little to the strength. 

 

2.2 TYPES OF PORTLAND CEMENT 

Different  types  of  Portland  cement  are  manufactured  to 

meet different physical and chemical requirements for specific 

purposes, such as durability and high early strength. If a given 

type of cement is not available, comparable result can 
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frequently be obtained by using modification of available types. 

The various types of Portland cement are: 

A. PORTLAND BLAST FURNANCE CEMENT 

 This type of Portland cement contains up to 70% ground 

granulated blast furnace slag, with the rest Portland clinker and 

a little gypsum. 

All  compositions  produce  high  ultimate  strength,  but  as  slag 

content is increased, early strength is reduced, while sulphate 

resistance  increases  and  heat  evolution  diminishes.  They  are 

used as an economic alternative to Portland sulphate resisting 

and low heat cements. 

B. PORTLAND FLYASH CEMENT 

 This  type  contains  up  to  30%  fly  ash.  The  fly  ash  is 

pozzolanic, so that ultimate strength is maintained. Because fly 

ash addition allows a lower concrete water content, early 

strength can also be maintained. Where good quality cheap fly 

ash is available, this can be an economic alternative to ordinary 

Portland cement. 

 

 

 

14 

 



 

C. PORTLAND POZZOLAN CEMENT 

 This includes fly ash cements, since fly ash is a pozzolan, 

but also includes cements made from other natural or artificial 

pozzolans.  It  is  the  most  common  form  in  use  in  countries 

where  volcanic  ashes  are  available  like Italy,  Chile,  Mexico 

Philippines. 

D. PORTLAND SILICA FUME CEMENT 

 This is a type of Portland cement that has addition of silica 

fume  that  yield  exceptionally  high  strength.  They  contain  5- 

20% silica fume and are occasionally produced. 

E. MASONRY CEMENT 

 This  type  is  used  for  preparing  bricklaying  mortars  and 

must not be used in concrete. They are usually complex 

proprietary formulations containing Portland clinker and a 

number of other ingredients that may include limestone, 

hydrated lime, air entrainers, retarder, waterproofers and 

colouring agents. They are formulated to yield workable 

mortars  that  allow  rapid  and  consistent  masonry  work.  They 

are designed to produce controlled bond with masonry blocks. 
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F. EXPANSIVE CEMENTS 

This  type  contain  in  addition  to  Portland  clinker,  expansive 

clinkers (usually sulphur aluminate clinkers, and are designed 

to offset the effects of drying shrinkage that is normally 

encountered  with  hydraulic  cements.  This  allows  large  floor 

slabs (up to 60m square) to be prepared without contraction 

joints. 

G. COLOURED CEMENTS 

This is used for decorative purposes. In some standards, the 

addition  of  pigments  to  produce  coloured  Portland  cement  is 

allowed. In other standards (e.g. ASTM), where pigments are 

not allowed constituents of Portland cement, coloured cements 

are sold as blended hydraulic cements. 

H. WHITE BLENDED CEMENT 

This is made using white clinker and white supplementary 

materials such as high purity metakaolin. 

2.3 PORTLAND CEMENT MANUFACTURING PROCESS 

 Portland  cement  is  a  gray,  finely  ground  manufactured 

mineral  product which,  when mixed  with water,  sand,  gravel 

and other materials (sometimes including cement substitutes) 

form concrete. This composite material is the most flexible and 
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widely used construction material in the world. The cement is 

the glue which binds the other ingredient together. 

(Telford,1999). 

In the general sense the raw materials used to produce cement 

are primarily limestone, shale, clay and silica sand. These 

materials  are  crushed,  proportioned  to  the  correct  chemical 

composition, and ground to a fine consistency. Small quantities 

of iron oxide and/ or alumina may be added to adjust the raw 

material  mixture.  The  mixture  is  heated  to  a  temperature  of 

0 1500 C in large rotary kiln to produce the hard granular 

intermediate  product  (cement  clinker)  which  is  ground  with 

approximately 5% gypsum (which controls the setting time) to 

produce cement. 

 Historically, the development of the cement 

manufacturing processes are categorized in four process routes 

namely. 

 Dry process 

 Wet process 

 Semi wet process 

 Semi dry process 
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Of all these technique, dry process is the most economical and 

advanced , though, it has its demerit. 

2.31 DRY PROCESS 

Cement  manufacturing  in  this  process  begins  with  the 

mining of raw materials, mostly limestone. The large limestone 

from  the  quarry  is  crushed  using  electric  power  to  drive  the 

machinery. 

When the limestone is further crushed/ground into smaller 

pieces,  thermal  energy  is  used  to  dry  the  resulting  fines  to 

keep them from caking and allow the material to be handled 

more easily. The drying is also needed so that wet materials 

are not introduced into hot kiln, which could lead to an 

explosion. 

 In some other cases, raw materials ground and dried in 

tube  mills  or  vertical  roller  mill  in  the  presence  of  hot  kiln 

exhaust gases or cooler exhaust air for drying. Prior to being 

fed to the kiln, the raw meal is homogenized or blended either 

in  batch  type  or  in  continuously  operating  homogenizing  silo 

systems. 

In suspension preheater kilns, the raw mill is fed to the top of a 

series of cyclone passing down in stepwise counter-current flow 
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with  hot  exhaust  gases  from  the  rotary  kiln  thus  providing 

intimate contact and efficient heat exchange between solid 

particles and hot gas. The cyclone thereby serve as separators 

between  solids  and  gas.  Prior  to  entering  the  rotary  gases 

0 leave  the  preheater  at  a  temperature  of  300-360 C  and  are 

further  utilized  for  raw  material  drying  in  the  raw  mill.  Six 

stage  preheater  kilns  are  susceptible  to  blockages  and  build 

ups  caused  by  excessive  input  of  elements  such  as  sulphur, 

chlorides or alkalis which are easily volatilized in the kiln 

system.  This  input  has  to  be  carefully  controlled.  Excessive 

input may require the installation of a system which allows part 

of the rotary kiln gases to by pass the preheater. Thereby part 

of the volatile compounds are extracted together with the gas. 

A bypass system extracts a portion (5-15%) of the kiln gases 

from the riser pipe between the kiln and preheater. This gas 

has a high dust burden. It is cooled with air, volatile 

compounds  are  condensed  into  the  particulates  and  the  gas 

then passes through a dust filter. Modern suspension preheater 

kilns usually have four cyclone stages with a maximum 

capacity limited to approximately 4000 ton/day. In some cases, 

2-stage cyclone preheater or I stage preheaters supported by 
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internal  chain  heat  exchanger  are  also  used.  A  considerable 

capacity can be increased with precalanier kilns with a second 

combustion device between the rotary kiln and the preheater 

section. Kiln systems with five to six stage cyclone preheater 

and  precalciner  are  considered  standard  technology  for  new 

plants today, as the  extra cyclone stages  improve thermal 

efficiency. In some cases, the raw mill is fed directly to a long 

dry kiln without external preheater. A system of chains in the 

inlet part of the rotary kiln provides the heat exchange 

between  the  hot  combustion  gases  from  the  hot  zone of the 

kiln and the kiln feed. Long dry kilns have high heat 

consumption and high dust cycles requiring separate dedusting 

cyclones. 

2.32 SEMI DRY PROCESS 

In the semi-dry process, dry meal is pelletised with 10- 

12% of water on an inclined rotary table (granulating disc) and 

fed  to  a  horizontial  traveling  grate  preheater  in  front  of  the 

rotary kiln (lepol system). The pelletised material is dried, 

preheated  and  partly  calcined  on  the  two  chamber  traveling 

grate  making  use  of  the  hot  exhaust  gases  from  the  kiln.  A 

higher degree of calcinations can be achieved by burning part 
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of  the  fuel  in  hot  chamber  of  the  grate  preheater.  The  hot 

exhaust gases from the kiln first pass through a layer of 

preheater pellets in the hot chamber. After intermediate 

dedusting in cyclones, the gases are drawn once again through 

a layer of moist pellets in the drying chamber of the grate. As 

much  of  the  residual  dust  is  precipitated  on  the  moist  pellet 

bed. The total dust load of the exhaust gases at the preheater 

outlet is low. 

 As  a  draw  back  of  the  semi  dry  process,  kiln  exhaust 

gases can not  be fully utilized in the raw  mill drying and 

grinding system due to the low temperature level. The 

maintenance costs of grate preheaters are high. Modern 

installations rarely use semi dry process. (Chetan, 2008). 

 

2.33 WET PROCESS 

Conventional wet process kilns are the oldest type of 

rotary kilns to produce clinker. Wet kiln feed (raw slurry) 

typically contain 28 to 43% of water which is added to the raw 

mill (slurry drums, wash mills and tube mills). 

Batch blending and homogenization is achieved in special slurry 

silos or slurry basins where compressed air is introduced and 
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the slurry is continuously stored. The slurry is pumped into the 

rotary kiln where the water has to be evaporated in the drying 

zone at the kiln inlet. 

The drying zone is designed with chains and crosses to 

facilitate  the  heat  exchange  between  the  kiln  feed  and  the 

combustion  gases.  After  having  passed  and  drying  zone,  the 

raw material moves down the kiln to the calcined and burnt to 

clinker in the sintering zone. Conventional wet kiln technology 

has  high  heat  consumption  and  produces  large  volumes  of 

combustion  gases  and  water  vapour.  Wet  rotary  kilns  may 

reach a total length of up to 240m compared to short dry kilns 

(55-65m). In modern wet kiln systems, the raw slurry is fed to 

slurry drier where the water is evaporated prior to the drier raw 

meal entering a cyclone preheater/precalciner kiln. Modern wet 

kiln systems have a far lower specific heat consumption 

compared to conventional wet kilns. 

 

2.34 SEMI WET PROCESS 

 In this process the raw slurry is dewatered in filter 

presses. Typically, modern chamber filtration systems produce 

filter cakes with a residual moisture contents of 16-21%. In the 
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past, filter cakes were further processed in extruders to form 

pellets which were then fed to grate preheater kilns with three 

chambers. 

In modern cement plants, slurry filtration is applied only where 

raw materials have a very high natural moisture content. 

Filter cake coming from the filter presses is kept in 

intermediate storage bins before it is fed to heater crushers or 

dryers  where  a  dry  raw  meal  is  produced  which  is  fed  to  a 

modern preheater or precalciner kiln. With the dryers/crusher 

operating full time in parallel with the kiln (compound 

operation), these systems have a very good energy recovery 

by  making  full  use  of  the  kiln  exhaust  gases  and  the  cooler 

exhaust air. 

 

2.40 CHEMICAL COMPOSITION OF PORTLAND CEMENT 

 The  raw  materials  used  for  the  manufacture  of  cement 

consist  mainly  of  lime,  Silica,  Alumina  and  iron  oxide.  These 

oxides interact with one another in the kiln at high temperature 

to form more complex compounds. The relative proportions of 

these  oxide  compositions  are  responsible  for  influencing  the 
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various properties of cement, in addition to rate of cooling and 

fineness of grinding. 

Table  2.1: Approximate  oxide  composition  limits  of  ordinary 

Portland cement. 

Oxide Percentage content 

CaO 60 – 67 

SiO2 17 – 25 

Al2O3 3.0 – 8.0 

Fe2O3 0.5 – 6.0 

MgO 0.1 – 4.0 

Alkalies (K2O.Na2O SO3 1.3 – 3.0 

 

The oxide present in the raw materials when subjected to high 

clinkering temperature combine with each other to form 

complex compounds. The identification of the major 

compounds is largely based on Bogue‟s work and hence it is 

called Bogue‟s compounds. There are four compounds usually 

regarded as major compounds. 
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Table 2.2: Bogue‟s Compounds. 

 

Tricalcium Silicate 3Cao.Sio2 C3S 

Dicalcium Silicate 2CaO.SiO2 C2S 

Tricalcium Aluminate 3CaO.Al2O3 C3A 

Tetracalcium aluminoferrite 4CaO. Al2O.Fe2O3 C4AF 

 

It is noted that for simplicity sake, abbreviated notations are 

used. C stands for CaO, S stands for SiO2, A for Al2O3, F for 

Fe2O3 and H, for H2O. 

The equations suggested by Bogue for calculating the 

percentages of major compounds is stated as: 

C3S  = 4.07 (CaO) – 7.60 (SiO2) – 6.72(Al2O3) – 

1.43(Fe2O3)-2.85(SO3) 

C2S = 2.87(SiO2) – 0.754 (3CaO.SiO2) 

C3A  = 2.65(Al2O3) – 1.69(Fe2O3) 

C4AF = 3.04(Fe2O3) 

The oxide shown within the brackets represents the percentage 

of the same in the raw materials. 
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Table 2.3: Oxide composition of a typical Portland cement and 

the corresponding calculated compound composition. 

Oxide composition percent Calculated  compound  composition 

using Bogue‟s equation percent 

CaO     63 C3S        54.1 

SiO2 20 C2S       16.6 

Al2O3 6 C3A      10.8 

Fe2O3 3 C4AF    9.1 

MgO    1.5 

SO2 2 

K2O 

1.0 

Na2O 

 

In addition to the four  major  compounds, there are  many 

minor compounds formed in the kiln but their influence on the 

properties of cement or hydrated compounds is not significant. 

Two of the minor oxides namely K2O and Na2O referred to as 

alkalis in cement are of some importance. 

 Tricalcium silicate and dicalcium silicate are the most 

important compounds responsible for strength. They constitute 

70-80 percent of cement. The average, C3S content in modern 
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cement is about 45% and that of C2S is about 25%. The sum of 

the contents of C3A and C4AF has decreased slightly in modern 

cements. According to cement science, the typical lime 

saturation factor (ratio of Calcium oxide to those of other 

oxides)  for  modern  clinker  ranges  from  0.92-o.98.  Excess  of 

one indicate the presence of free lime that did not react. 

 The calculated quantity of the compounds in cement 

varies greatly even for a relatively small change in the oxide 

composition of the raw materials. Manufacturing of cement of 

stipulated compound composition entails closely controlling the 

oxide composition of the raw material. Hence, an increase in 

lime content beyond a certain value makes it difficult to 

combine  with  other  compounds  and  free  content  beyond  a 

certain value makes it difficult to combine with other 

compounds and free lime will exist in the clinker which causes 

unsoundness in cement. 

An increase in silica content at the expense of the content of 

alumina and ferric oxide will make the cement difficult to fuse 

and form clinker. Cement with a high total alumina and high 

ferric  oxide  content  is  favourable  to  the  production  of  high 

early strengths in cement which might be due to the influence 
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of these oxides for the complete combining of the entire 

quantity of lime present to form tricalcium silicate. 

 The recent advancements made in science and technology 

have recognized and revealed the micro structure of the 

cement  compounds  before  hydration  and  after  hydration  and 

the crystalline or amorphous structure of the unhydrated and 

hydrated cement. 

 Both Le Chatelier and Tornebohm observed four different 

kinds of crystals in thin sections of cement clinkers. Tornebohm 

called  these  four  kinds  of crystals  as Alite,  Belite,  Celite  and 

Felite. Tornbohm‟s description of the minerals in cement was 

found to  be  similar to  Boques  description of  the  compounds. 

Therefore,  Bogue‟s  compounds  C3S,  C2S,  C3A  and  C4AF  are 

sometimes called in literature as Alite, Belite, Celite and Felite 

respectively. 

 

2.50 CEMENT HYDRATION 

Hydration involves many different reactions, often occurring at 

the same time. As the reaction proceeds, the products of the 

cement hydration process gradually bond together the 
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individual sand particles and other components of the mortar or 

concrete to form a solid mass. 

REACTION 

Ca3SiO5 + H2O (CaO).SiO2).H2O gel  + Ca(OH) 2 

2Ca3SiO5 + 7H20 3(CaO). 2(SiO2).4(H2O)gel + 3Ca(OH)2 

The combination of water with a cementious material forms a 

cement paste by the process of hydration. 

The product of the above reaction forms chains of interlocking 

crystals.  These  continue  to  react  over  time  with  the  initially 

fluid gel often aiding in placement by improving workability. 

As the concrete/mortar sets, the chains of crystals join up and 

form a rigid structure, glueing the aggregate particles in place 

hence then to cure. 

 Hydration  and  hardening  of  cement  mortar  continue  till 

around  three  weeks  when  over  90%  of  the  final  strength  is 

typically  reached,  though  it  may  continue  to  strengthen  for 

decade. Hydration and hardening of cement mortar within this 

period  of the  first  three days is  critical,  hence abnormal  fast 

drying and shrinkage due to factors such as evaporation from 

wind during placement may lead to increased tensile stresses 

at  a  time  when  it  has  not  get  gained  significant  strength, 

29 

 



 

 

resulting  in  greater  shrinkage  cracking.  Therefore,  the  early 

strength of the cement mortar can be increased by keeping it 

damp  for  a  longer  period  minimizing  stress  prior  to  curing 

minimizes cracking. High early strength concrete  is designed 

to  hydrate  faster,  often  by  increased  use  of  cement  which 

increases shrinkage and cracking. 

During this period, concrete needs to be in conditions with a 

controlled temperature and humid atmosphere. In practice, this 

is achieved by spraying or ponding the concrete surface with 

water, thereby  protecting concrete mass from  ill effects of 

ambient conditions. This is achieved in two ways viz. 

 Ponding submerging setting concrete in water. 

 Wrapping in plastic to contain the water in the mix. 

 Properly curing concrete leads to increased strength, 

lower permeability, and avoids cracking where the surface dries 

out prematurely. Improper curing can cause sealing, reduced 

strength, poor abration resistance and cracking. 

2.6  MECHNISM OF CEMENT HYDRATION 

 Cement acquires its adhesive property only when mixed 

with  water.  The  chemical  reactions  that  take  place  between 

cement and water is referred as hydration of cement. 
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Anhydrous cement compounds when mixed with water, react 

with each other to form hydrated compounds of very low 

solubility. The hydration of cement is in two ways: 

The first is “through solution” mechanism in which the cement 

compounds dissolve to produce a supersaturated solution from 

which different hydrated products get precipitated. The second 

possibility is that water attacks cement compounds in the solid 

state converting the compounds into hydrated products starting 

from the surface and proceeding to the interior of the 

compound with time. 

It  is  probable  that  both  “through  solution”  and  “solid  state” 

types of mechanism may occur during the course of reactions 

between cement and water. The former mechanism may 

predominate in the early stages of hydration in view of large 

quantities  of water  being  available,  and  the later  mechanism 

may operate during the later stage of hydration. 

 

2.60 PRODUCTS OF CEMENT HYDRATION 

2.61CALCIUM SILICATE HYDRATES 

 During the course of reaction of C3S and C2S with water, 

calcium silicate hydrate (C-S-H) and calcium hydroxide 
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Ca(OH)2 are  formed,  calcium  silicate  hydrates  are  the  most 

important products. C2S readily react with water and produces 

more heat of hydration. It is responsible for early strength of 

concrete. 

Cement  with more C3S content is better for cold  weather 

concreting. The quality and density of calcium silicate hydrate 

formed out of C3S is slightly inferior to that formed by C2S. 

 C2S hydrates rather slowly. It is responsible for the later 

strength of concrete. It produces less heat of hydration. The 

calcium silicate hydrate formed is rather dense and its specific 

surface is higher. 

2.62 CALCIUM HYDROXIDE 

 The other products of hydration of C3S and C2S are 

calcium hydroxide. It is a distinctive hexagonal prism 

morphology and constitutes 20-25% of the volume of solids in 

the  hydrated  paste.  The  lack  of  durability  of  concrete  is  on 

account  of  the  presence  of  calcium  hydroxide.  It  also  reacts 

with sulphates present in soil or water to form calcium sulphate 

which further reacts with C3A and cause deterioration of 
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concrete (sulphate attack).  The advantage it has is that it is 

alkaline in nature and hence maintain pH value around 13 in 

the concrete which resists the corrosion of reinforcement. 

2.63 CALCIUM ALUMINATE HYDRATES 

Due to the hydration of C3A, a calcium aluminate system 

CaO-Al2O3 –H2O is formed. The cubic compound C3AH6 is 

probably the only stable compound formed which remains 

0 stable up to about 225 C. 

The reaction of pure C3A with water is very fast and this may 

lead to flash set.  To prevent this flash set, gypsum is added at 

the time of grinding the cement clinker. The quantity of 

gypsum added has a bearing on the quantity of C3A present. 

 The hydrated aluminates do not contribute anything to the 

strength  of  concrete.  On  the  other  hand,  their  presence  is 

harmful  to  the  durability  of  concrete  particularly  where  the 

concrete is likely to be attacked by sulphates. As it hydrates 

very fast it may contribute a little to the early strength. 

 On  hydration,  C4AF is  believed  to  form  a  system  of  the 

form CaO-Fe2O3 – H2O. A hydrated calcium ferrite of the form 
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C3FH6 is  comparatively more stable. It does not contribute 

anything to the strength. The hydrates of C4AF show a 

comparatively higher resistance to the attack of sulphates than 

the hydrates of calcium aluminate. 

 Considering both C3A and C4AF, the product formed in the 

presence of gypsum are similar. 

Gypsum and alkalies go into solution quickly and the solubility 

of C3A is depressed. Depending upon the concentration of 

aluminate and sulphate ions in solution, the precipitating 

crystalline product is either the calcium aluminate trisulphate 

hydrate (C6AS3H32) or calcium aluminate monosulphate hydrate 

(C4ASH18). The calcium aluminate trisulphate hydrate is known 

as ettringite. 

 Ettringite is usually the first to hydrate and crystallize as 

short prismatic needle on account of the high 

sulphate/aluminate ratio in solution phase during the first hour 

of hydration. When sulphate in solution gets  depleted, the 

aluminate concentration goes up due to renewed hydration of 

C3A and C4AF. At this stage ettringite becomes unstable and is 

gradually converted into mono-sulphate, which is the final 
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product of hydration of Portland cements containing more than 

5 percent C3A 

 

2.70 SETTING AND HARDENING 

When water is mixed with Portland cement, the product 

sets in a few hours and hardens over a period of weeks. These 

processes can vary widely depending upon the mix used and 

the conditions of curing of the product, but a typical concrete 

sets  (ie  becomes  rigid)  in  about  six  hours  and  develops  a 

compressive strength. The compressive strength and hardening 

time period is given be in the table below: 

Table 2.4: The compressive strength and hardening time. 

Hardening time period (hours) Compressive strength (MPa) 

24 8 

72 23 

168 35 

672 41 

Adapted from Portland cement wikipedia. 

In  principle,  the  strength  continues  to  rise  slowly  as  long  as 

water is available for continued hydration, but concrete is 
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usually allowed to dry out after a few weeks, and this causes 

strength growth to stop. 

Setting  and  hardening  of  Portland  cement  is  caused  by  the 

formation of water containing compounds forming as a result of 

reactions between components and water. Usually cement 

reacts in a plastic mixture only at water/cement ratios between 

0.25  and  0.75.  The  reaction  and  the  reaction  products  are 

referred to as hydration and hydrates or hydrate phases, 

respectively.  As  a  result  of  the  reactions  a  stiffening  can  be 

observed which is very small in the beginning, but which 

increases  with  time.  The  point  in  time  at  which  it  reaches  a 

certain  level  is  called  the  start  of  setting.  The  consecutive 

further consolidation is called setting, after which the phase of 

hardening begins. Stiffening, setting and hardening are caused 

by  the  formation  of  microstructure  of  hydration  products  of 

varying  rigidity  which  fills  the  water  filled  interstitial  spaces 

between  the  solid  particles  of  the  cement  paste,  mortar  or 

concrete. The behaviour with time of the stiffening, setting and 

hardening therefore depends to a very great extent on the size  

of the interstitial spaces, ie on the water/cement ratio. 

36 

 



 

 

The hydration products primarily affecting the  strength are 

calcium silicate hydrates (C-S-H phases). Further hydration 

products  are  calcium  hydroxide,  sulfate  hydrates  and  related 

compounds, hydrogamet, and gehlenite hydrate. Calcium 

silicates or silicate constituent make up over 70% by mass of 

silicate-based cements. The hydration of these compounds and 

the  properties  of  the  calcium  silicate  hydrates  produced  are 

therefore particularly important. Calcium silicate hydrates 

contain less CaO than the calcium silicates in cement clinkers, 

so calcium hydroxide is formed during the hydrates of Portland 

cement.  The  simplified  reaction  of  alite  with  water  may  be 

expressed as 

2Ca3OSiO4+ 6H2O 3Ca3O.2SiO3.H2O+3Ca(OH) 2 

This is a relatively fast reaction, causing setting and strength 

development in the first few weeks. 

The reaction of belite is 

2Ca2SiO4+ 4H2O      3CaO.2SiO2  + Ca(OH) 2 

This reaction is relatively slow and is mainly responsible 

strength growth after one week. Tricalcium aluminate hydration 
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is  controlled  by  added  calcium  sulphate,  which  immediately 

goes  into  solution  when  water  is  added.  Firstly,  ettringite  is 

rapidly formed, causing a slowing of the hydration. 

Ca3(AlO3)2 + 3CaSO4 +  32H2O Ca6 (AlO3)2 (SO4) 3.32H2O 

The ettringite subsequently reacts slowly with further tricalcium 

aluminate to form monosulfate-an “AFM phase” 

Ca6(AlO3)2 (SO4)3. 32H2O + Ca3(AlO3)2 + 4H2O 

3Ca4(AlO3)2 (SO4).12H2O. 

This reaction is complete after 1-2 days. The calcium 

aluminoferrite  reacts  slowly  due  to  precipitation  of  hydrated 

iron oxide. 

2Ca2AlFeO5 +  CaSO4 +  16H2O              Ca4(AlO3)2SO4.12H2O  + 

Ca(OH) 2 +2Fe(OH) 3. 

The  PH  value  of  the  pore  solution  reaches  comparably  high 

values and is of importance for most of the hydration reactions. 

Soon after Portland  cement is mixed with water,  a brief  and 

intense hydration starts (pre induction period). Calcium 

sulfates dissolve completely and alkali sulfates almost 
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completely.  Short,  hexagonal  needle.  Like  ettringite  crystals 

form at the surface of the clinker particles as a result of the 

reactions between calcium and sulphate  ion  with tricalcium 

aluminate. 

Further, originating from tricalcium silicate, first calcium silicate 

hydrates (C-S-H) in colloidal shape can be observed. Caused by 

the  formation  of  a  thin  layer  of  hydration  products  on  the 

clinker surface, this first hydration period ceases and the 

induction period starts during which almost no reaction takes 

place. The first hydration products are too small to bridge the 

gap between the clinker particles and do not form a 

consolidated microstructure. Consequently the mobility of the 

cement  particles in relation to  one another  is  only slightly 

affected;  i.e  the  consistency  of  the  cement  paste  turns  only 

slightly thicker. 

Setting  starts  after  approximately  one  or  three  hours,  when 

first calcium silicate hydrates form on the surface of the clinker 

particles, which are very fine-grained in the beginning. 
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After completion of the induction period, a further intense 

hydration of clinker phase takes place. 

This third period (accelerated period) starts after approximately 

four hours and ends after 12 to 24 hours. During this period a 

basic microstructure forms, consisting of C-S-H needles and C- 

S-H leafs, platy calcium hydroxide and ettringite crystals 

growing in longitudinal shape. Due to growing crystals, the gap 

between  the  cement  particles  is  increasingly  bridged.  During 

further  hydration,  the  hardening  steadily  increases,  but  with 

decreasing rate. The density of the microstructure rises and the 

pores fill. The filling of pores with respect to time and hydration 

increases the compressive strength of the cement. 

2.80  ENVIRONMENTAL  IMPACT  OF  PORTLAND  CEMENT 

PRODUCTION 

Cement manufacture cause environmental impacts at all 

stages  of  the  process.  These  include  emissions  of  air  bone 

pollution in the form of dust, gases, noise and vibration when 

operating machinery and during blasting in quarries and 

damage of country side from quarrying. Environmental 
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protection also includes the re-integration of quarries into the 

countryside  after  they  have  been  closed  down  by  returning 

them to nature or re-cultivating them. 

 On  the  climate,  cement  manufacture  contributes  green 

house  gases  both  directly  through  the  production  of  carbon 

dioxide when calcium carbonate is heated, producing lime and 

carbon dioxide, and also indirectly through the use of energy, 

particularly if the energy is sourced from fossil fuels. 

 Carbon dioxide emission is a major environmental concern 

for  the  manufacturing  of  cement.  It  comes  from  two  distinct 

sources, both related to converting the raw material into 

clinker. Limestone in the form of calcium carbonate (CaCo3) is 

the main raw material component of clinker. Both the lime can 

react with the oxide of silica and alumina, the limestone must 

be  broken  down  into  free  lime,  or  calcium  oxide,  (CaO)  and 

carbon dioxide (CO2). The CO2 is discharged to the 

environment leaving  the  CaO  free  to  react  with  other  oxides 

and form clinker. The process that decomposes limestone into 

CaO and CO2 is  called calcinations and requires temperatures 

0 of  900 C.  The  heat  required  to  obtain  these  temperatures  is 
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obtained through the combustion of fuels which produce 

combustion products including CO2. 

 On average, one ton of Portland cement clinker produced 

results  in one  of CO2 being released  into the atmosphere. 

About 60% is the result of calcinations, and the other 40% is 

combustion  products  from  the  fossil  fuel,  which  supply  the 

energy for calcinations. 

 To reduce emissions, the cement industry can reduce the 

amount of clinker used to produce a unit of concrete by 

replacing  it  with  flyash  (a  waste  product  from  the  coal  fired 

utility industry), granulated blast-furnace slag (a waste product 

from  the  production  of  steel)  or  with  limestone  inter-ground 

with clinker and gypsum in the finish grinding process. Flyash 

and slag may be introduced either by a concrete producer as a 

replacement for Portland cement, or inter-ground with clinker 

by the cement manufacturer to produce a composite cement. 

Either way results in a reduction in CO2 emission. 

 A 5% replacement of Portland cement clinker with flyash, 

slay, limestone, or other mineral admixtures (either blended by 
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the concrete producer or using composite cements) yields 

about  a  five  million  ton  reduction  in  CO2 emission  resulting 

form the manufacture of clinker. 

 Hence,  at  some  points,  as  this  process  continues,  the 

structural  and  other  qualities  of  cement  changes  which  has 

been the issue subject to research on today. 

2.90 PARTICLE SIZE ANALYSIS OF CEMENT 

Particle size in cement production is usually specified for 

each engineering application it is used for because of its effects 

on the properties of the products. 

Measuring and controlling the particle size distribution of 

cement is important both in order to achieve the desired 

product performance and to control manufacturing costs. 

2.9.1 MEASUREMENT TECHNIQUES 

Historic techniques to determine the particle size and 

surface area of cement includes sieves and air permeability, or 

Blanic test. Most recently laser diffraction is being developed in 

cement  laboratories  to  perform  particle  size  analysis.  Laser 
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diffraction has the advantages of being quick, easy and 

reproducible. In addition, laser diffraction provides a more 

complete description of the particle size distribution. 

Although it is  possible  to  correlate laser diffraction  results  to 

sieve and Blanic values, the correlation typically falls apart if 

the size distribution changes (Application Note, Horiba 

Instruments, Inc. (2007) P.1). 

2.10 COMPRESSIVE STRENGTH OF PORTLAND CEMENT 

The  compressive  strength  is  the  capability  of  a  cement 

manufactured article to bear pressures. When the compression 

ultimate strength is obtained, some fractures which may cause 

the  break  of  the  manufactured  article  are  generated  on  the 

surface. Since a good compression strength is very important, 

it becomes necessary to study the relationship of compressive 

strength with particle size distribution with the view of 

improving the former with the later in order to meet a 

particular engineering service. 
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Many studies have been conducted examining the relationship 

between Portland cement particle size distribution and 

hydration and hardened paste strength properties. 

D.P. Bentc, E.J Garboezi (1999) in their work noted that for a 

given  water  to  cement  (W/C)  ratio,  a  reduction  in  median 

particle size generally result in an increased hydration rate and 

therefore, improved early properties such as high early 

strengths. For this reason, Portland cement fineness have 

generally increased over the years. 

However, Mehta has pointed out that for durability 

considerations, finer cement may not always be preferable to 

coarse ones. Further more it has recently been argued that in 

high performance concretes into relatively low W/C ratios, 

coarse cements may offer equivalent long term performance to 

finer cements resulting in energy saving due to a reduction in 

grinding time. 

 According to A.M. Neville (1995), F.W. Locher et al (1966) 

and E.C. Higginson (1970) particle size has significant effect on 

strength  of  cement.  The  rate  of  hydration  depends  on  the 
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strength fineness of cement particles and for a rapid 

development of strength, high fineness is necessary. Also 

compressive  strength  increases  with  increasing  fineness  but 

this increases ceases at higher fineness values. 

 W.H.  Price  (1951),  H.C.  Entroy  (1964)  and  M.  Venyat 

(1961)  developed  curves  for  7days,  28  days,  90  days  and  1 

year  compressive  strength  versus  specific  surface.  They  also 

showed that influence of fineness on strength varies with 

water/cement and concrete mix ratios. 

 Liaqat Ali Qureshi and Saeed Ahmad (2005) studied the 

effect of fineness of cement on compressive strength of 

concrete  at  different  mix  and  water  cement  ratio  with  fresh 

clinker  of  uniform  chemical  composition  collected  from  local 

factory. Compressive strength of concrete cubes, cast from test 

samples was checked as the main property of hardened 

concrete. They produced curve showing the effect of fineness 

on compressive strength and how compressive strength 

increases with increasing fineness, at all mix and water cement 

ratio used. Their work proved that cement with finer particle 

have more surface area of cement grains available for 
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hydration hence has tendency of increasing compressive 

strength. Hence, cement hydration is more perfect and 

completes  earlier  with  higher  fineness  values,  resulting  into 

increased strengths of concrete as compared to those 

manufactured  by  using  cement  of  low  fineness  values.  Many 

factors  influence  the  rate  at  which  the  strength  of  concrete 

increases after mixing. 

 

2.11 FACTORS AFFECTING CEMENT MORTAR’S STRENGTH 

There  are  many  factors  that  can  affect  the  strength  of 

concrete some of them are: 

1. POROSITY 

Voids in concrete can be filled with air or with water. Air voids 

are an obvious and easily visible example of pores in concrete. 

The less porous the concrete, the stronger it will be as 

measured by compressive strength. Profitably, the most 

important source of porosity in concrete is the ratio of water to 

cement in the mix known as the water to cement ratio 
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2. WATER/CEMENT RATIO 

This is defined as the mass of water divided by the mass of 

cement  in  the  mix.  For  example,  a  concrete  mix  containing 

400kg cement and 240litres (240kg) of water will have a 

water/cement ratio of 240/400=0.6 it is abbreviate as w/c ratio 

or w/c. 

In mixes where the water /cement ratio is greater than 

approximately 0.4, all the cement can react with water to form 

cement hydration products. At higher w/c ratios it follows that 

the space occupied by the additional water above w/c=0.4 will 

remain as pore space filled with water, or with air if the 

concrete dries out. Consequently, as the w/c ratio increase, the 

porosity of the cement paste in the concrete also increase. As 

the porosity increase, the compressive strength of the concrete 

will decrease. 

 

3. AGGREGATE-PASTE BOND 

The strength of the bond between the paste and the aggregate 

is critical. If there is no bond, the aggregate effectively 

represents a void and reduces strength in cement concrete. 
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2.12 CEMENT RELATED PARAMETERS THAT AFFECT 

STRENGTH GROWTH 

Many parameters relating to the composition of the 

individual cement minerals and their proportion in the cement 

can affect the rate of strength growth and the final strengths 

achieved. They include: 

Alite content. 

Alite and belite reactivity 

Cement sulfate content 

Since alite is the most reactive cement mineral that contributes 

significantly to concrete strength, more alite should give better 

early  strengths  (up  to  7days)  but  this  depends  on  burning 

condition  in  the  kiln.  It  is  possible  that  lighter  burning  of  a 

particular  clutter  could  result  in  higher  early strength  due  to 

the formation of more reactive alite. For a particular cement, 

there  will  be  optimum  sulfate  content  or  optimum  gypsum 

content. these sulfate in cement, both the clinker sulfate and 

added gypsum, retards the hydration of the aluminate phase. 

With in sufficient sulfate, a flash set may occasion conversely, 

too much sulfate can cause false setting. Hence a balance is 

required between the ability of the main clinker minerals, 
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particularly the aluminates phase, to react with sulfate in the 

early  stages  after  mixing  and  the  ability  of  the  cement  to 

supply the sulfate. The optimum sulfate content will be affected 

by many factor including aluminates content, aluminates 

crystal size, aluminates reactivity, stability of the different 

source of sulfate, sulfate par tile sizes and whether admixture, 

are used. 

 

2.13 CEMENT FINENSS 

Addition to compositional parameters, physical 

parameters are considered important in determining the 

cement  strength.  This  include  particle  size  distribution.  The 

fineness to which the cement is ground will evidently affect the 

rate at which concrete strengths increase after mixing. 

Grinding  the  cement  more  finely  will  result  in  a  more  rapid 

increase in strength.  Fineness is  often expressed in  terms  of 

2 total particle surface area m /kg. However, particle size 

distribution of cement is of more important factor in that simply 

drying on surface area measurements can be misleading. This 

is because, some 
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Minerals, gypsum for example, can grind preferentially 

producing a cement with a high surface area. Such a cement 

may contain very finely ground gypsum but also relatively 

coarse clinker particles resulting in slower strength 

development.  Based  on  these,  further  research  works  were 

done  on  the  area  effect  of  particle  size  on  the  compressive 

strength F. Skvraet al (1980) studied the technological 

properties  of  pastes  and  mortar  with  low  water –to  cement 

ratio depend upon clinker particle size distribution. These 

properties cannot be described explicitly as a function of 

specific surface area. The granulometric composition of clinker 

particles according to idealized curves represent a specific 

optimum state to be reached at given water volume as well as 

maximum short term strength value. 

P.Dale  bentz  (1963)  observed  that  the  original  size  partial 

distribution, and composition of Portland cement particles have 

a  large  influence  on  hydration,  microstructure  development, 

and ultimate properties of cement base materials. The effects 

of cement particle size distribution on a variety of performance 

properties  are  explored  via  computer  simulation  and  a  few 

experimental strides. Properties examined include setting time, 
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heat release, capillary porosity percolation, diffusivity, chemical 

shrinkage, autogenouo shrinkage and internal relative humidity 

evolution. The computer simulation are conducted using seven 

cement  particle  size  distributions.  Apart  from  these  studies, 

three  different  water  to  cement  (w/c)  ratios.  ie  0.5,0.3,  and 

0.246 are also reported. For lower w/c ratio systems, the sue 

of coarser cements may offer equivalent or supernova, 

performance, as well as reducing production costs for the 

manufacturing.  Inclusion  size  effect  was  reported  by  central 

des points chausses in light weight concrete. According to them 

the compressive strength of expanded polystyrene (EPS) light 

weight concrete increases significantly with a decrease in EPS 

bead size for the same concrete (macro) porosity. To confine 

that the scaling phenomenon is an intrusive particle size effect 

and is related to the EPS bead size. A compressive tests have 

been craned out on homothetic EPS concrete specimens 

containing homothetic EPS beads. Moreover, five concrete 

(macro) porosities ranging form 10% to 50% have also been 

investigate. Compressive tests results have conformal that 

presence of a particle size effect on the EPS concrete 

compressive  strength.  Further  more,  it  is  observed  that  the 
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size  effect  is  very  pronounced  for  low  porosity  concrete  and 

becomes  legible  for  very  high  porosity  concretes.  The  study 

was conducted on various samples. The result shows the 

similarity with experimental result. 

Hanifi  binici  et  al  (2007) examined  the effect  of  particle  size 

distribution on the properties of blended cements incorporating 

ground granulated blast furnace slag (66BFS)and natural 

pozzolan  (NP). Pure portland cement (ppc), Natural pozzolan 

and ground granulated blast furnace slag were used to obtain 

blended cements that contain 10, 20, 30% additives. The 

cement were produced by intergrinding and separate grinding 

and then blending. Each group had two different blain fineness 

2/ 2 of 280m g and 480 m /g. According to the particle size 

distribution curves, 46% of the coarser specimens and 6g% of 

the  finer  specimens  passed  through  the  20ym  sieve.  It  was 

observed that the separately ground specimens were relatively 

finer  than  the  interground  ones  and  had  higher  compressive 

straight and sulphate resistance. The separately ground 

courser specimens had the  lowest  heat of hydration.  The 

separately ground finer specimens, which has the highest 

compressive straight and sulphate resistance, had the highest 
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percent passing for each size. For three specimens 

34,69,81and 99%.passed through 5,20,30,55pm series, 

respectively.  For  the  interground  specimens,  which  had  the 

same  fineness, the respective values for the same sieves were 

32,68,75,and  94%.  Compressive  strength  and  density  of  no 

finer concrete mixture depend on the processing and degree of 

compaction. The role of cement content in bonding the coarse 

aggregate and in controlling the straight and density of no finer 

concretes  is  illustrated.  The  optimum  water  cement  ratio  for 

different compaction methods was determined. 

N Moayed et al studied the effect of particle size of aggregate 

and  low  water  cement  ratio  on  paste  falling  quantity,  void 

content,  flow  value,  and  compressive  strength  and  blending 

strength which are physical properties of porous concrete. They 

concluded  that  increase  in  voids  decreases  the  compressive 

strength  of  the  sample.  Smaller  particle  size  exhibits  higher 

compressive strength. 

 Ginebra et al showed that the small aggregate is a 

necessary ingredient in concrete. In Oklahoma there are 

several different types of sands that can be wed. Various types 

of sand were mixed with concrete and study the effect on the 
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compressive strength of the concrete. This test was repeated 

after 3 days, 7 days and 28 days. The sands were then 

screened to determine the particle size of each sand. Based on 

the data collected for this project, the following conclusion has 

been drawn. The sand in the concrete influence the strength of 

concrete. However variation in the particle size of sand could 

not show appropriable effect on the strength. 

P.K Panigraphy et al studied the relationship between the 

particle  size  distribution  and  their  physical  properties.  It  was 

found that the cement grind in different mills shows variation in 

the strength. Particles between 5 and 10pm sizes show almost 

linear relationship with strength. 

Ahmet Cavdar and Sukru Yetgin, (2009) worked on the effect 

of particle fineness on properties of Portland Pozzolan cement 

mortars. Based on their study, it was concluded that the 

increase in particle fineness of cement including 25% natural 

pozzolan has influences on the following properties if it: 

The increase in cement mixtures strength is especially 

influenced up to seven days because of the increase in particle 

fineness. Increase in particle fineness does not have a 

significant contribution to strength results obtained after seven 
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days. The increase in particle fineness does not have an 

influence on Portland pozzolan cement initial set significantly. 

However,  it  considerably decreases  final  set  time  of  Portland 

pozzolan cement. 

Volume  expansion  values  of  Portland  pozzolan  cements  are 

lower than Portland cement‟s volume expansion which has the 

same fineness. When particle fineness increases, volume 

expansion values increases a little. 

 

2.14 IMPACT OF PARTICLE SIZE 

The properties and performance of blended cements are 

affected  by  the  proportions  and  the  reactivity  of  the  mineral 

additions but also to a large extent by the particle size 

distribution. 

The different components of the blended cement each need to 

obtain certain fineness in order to be hydraulically effective. 

The particle size distribution of blended cements also plays an 

important role in optimizing the water demand and the 

workability of concrete. 

 By  adapting  the  particle  size  distribution  of  the  mineral 

additions and clinker to each other, the packing can be 
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optimized and the void space between the cement particles can 

be minimized.  The water formerly filling the voids between the 

cement particles, can as lubricant and coat the particles with a 

film water so that the constituent particles can move freely. 

 Consequently, the workability is improved for a given 

water cement ratio and alternatively the water demand. 

 

Ahmet  and  Sukru,(2009)  in  their  work  on  effect  of  particle 

fineness  on  properties  of  Portland  pozzolan  cement  mortars 

noted that as particle size  decreases, the first seven  days 

compressive strength increases and their setting time 

decreases. They also added that with increase in particle 

fineness, volume expansion values increases a little. 

Liaqat,(2005) worked on the effect of particle size on 

compressive strength of concrete with different mix and water 

cement ratios and confirmed that for 1:2:4 mix ratio, 

compressive strength for 0.65 and 0.70 w/c ratios is same at 

lower  particle  size  values.  How  ever,  for  lower  particle  size 

values it is greater for 0.65-w/c ratio. 

Jawad,Bukhari,Munir and Qureshi,(2006) in their research work 

on variation of particle size of Portland cement and its effect on 
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properties  of high  strength  concrete stated  that the effect  of 

particle  size  on  strength  is  greater  at  early  ages,  decreasing 

with time as the hydration proceeds. They also added that at 

later  ages,  the  cement  grains  are  surrounded  by  dense  CSH 

gel, which retard diffusion of water and thereby slows down the 

hydration process. 
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CHAPTER THREE 

3.0 MATERIALS AND METHOD 

3.1  INTRODUCTION 

 All experiments except those involving grinding were 

carried  out  in  Dangote  cement  factories  Obajana  Kogi  state, 

Standard  Organization  of  Nigeria  (SON)  Enugu,  Engineering 

Materials Development Institute (EMDI) Akure Ondo State and 

Civil Engineering Laboratory, FUTO. 
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PROCEDURE 

3.2    MATERIALS AND EQUIPMENT 

 Some of the materials and equipment used for this work 

include X-ray diffraction (XRD), X-ray fluorescence (XRF), Disc 

grinder,  digital  weighing  machine,  mortar  mixer,  compacting 

machine, humidity Cabinet, curing tank, compressive strength 

machine, optical microscope. Some of them are shown on plate 

in this work. 

 

3.3 SAMPLE PREPARATION 

 Clinker sample of 5kg weight was collected and dried. It 

was first ground in a grinding mill to reduce the particle size. 

Gypsum sample of 30g weight was added (3% weight of the 

clinker) to the clinker sample and inter ground together. 

With  the  help  of  XRF  machine,  the  element  analysis  of  the 

(chemical  composition)  of  the  sample  was  determined  after 

which the particle size analysis was done using sieve 

apparatus. 
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3.4 X-RAY FLUORESCENCE ANALYSIS 

 X-ray Fluorescence is a very versatile instrument to 

analyze  the  chemical  composition  of  given  sample.  It  is  non 

destructive technique. 

The mechanism of XRF are given in the figure below. 

 

X-ray Source Analyzing crystal 
 

   
 
x-rays 

Focusing 
Sample 

 

Detector Electronic Computer 
 

 

Figure 3.2: Mechanism of XRF 

 

3.4.1 X-RAY FLUORESCENCE 

The basic principle of XRF analysis is simple. 

When a sample of cement is radiated with a beam of x-rays, 

the x-ray beam will cause other x-rays to be generated within 

the cement, some of these x-ray escapes from the cement and 

are collected by a suitably positioned x-ray detector. 
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Many of these collected x-rays have energies which are 

characteristic of the atomic number of the atom in which they 

were  generated.  Hence  by  measuring  the  energies  of  the  x- 

rays, it becomes possible to tell the element they came from. If 

these energies are measured under carefully controlled 

conditions, one can count the x-rays from each element over a 

period of time and from this, the proportions of each elements 

in the cement sample are being calculated. 

 Based  on  atomic  level,  if  beam  of  x-rays  zapping  the 

target cement specimen excite the atoms within the target by 

removing an electron from an orbital „shell‟ around the atom. 

This electron is replaced by another from a different shell; the 

transfer of electrons from one shell to another result in a loss 

of  energy  specific  to  those  shells  and  that  element.  The  lost 

energy is radiated from the atom in the form of an x-ray.It is 

this process in which one x-ray excites another X-ray, called x- 

ray fluorescence. 

3.5 WORKING PRINCIPLES OF X-RAY DIFFRACTOMETRY 

 X-ray diffractometer (XRD) is a versatile, non destructive 

technique that reveals detailed information about the chemical 

composition and crystallographic structure of material. In this 
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technique, a sample is radiated with a collimated beam of x-ray 

(with wavelengths between 0.5 -2.0 Å) and  the scattered x- 

rays are detected. Depending on the orientations of the sample 

and detector, and the specific crystal structure of the sample 

material, XRD pattern can be recorded. Such a pattern consists 

of peaks in the scattered x-ray intensity plotted as a function of 

scattering x-rays. In XRD, the x-rays are diffracted by the 

crystalline material according to Bragg‟s law (Goldstein et al., 

1999) 

 2d sinø =nλ 

Where λ is the wavelength of the beam (1.5418 Å) with copper 

target being used as a source of Cuk & radiation. 

d is the interplaner distance and ø is the half of the diffraction 

angle (2ø). 

Hence, this determines information on phases, crystal structure 

defect, size crystal orientation and strain from such x-ray 

diffraction patterns. 

The phase identification involves comparing the derived peak 

intensities  from  the  diffraction  spectra  with  those  for  known 

standards. (Moffat et al., 1964). 

64 

 



 

Preferred  grain  orientation  can be  obtained  from  the  relative 

peak  intensities  of  the  crystallographic  directions,  while  the 

grain and crystal size can be characterized by the position and 

width of the diffraction peaks. 

3.51 DETERMINATION OF THE PHASE ANALYSIS USING XRD 

 The x-ray diffraction (XRD) analysis of the samples was 

determined using the x-ray MD 10 mini x-ray Diffractometer 

version 2.00 at Engineering Materials Development Institute 

(EMDI), Akure. 

The diffractometer uses high voltage source of 25kv with 

copper target source radiation of wavelength of 1.54178 Å. The 

scanning angle ( 2ø ) was in the range of 150 -750. 

 The block sample was ground to a powered sample using 

an agate mortar for uniformity. The ground sample was 

compacted in the curvette and placed inside the sample holder 

of the machine after the machine has been calibrated with the 

standard sample, corundum (A203). 

 The sample was exposed to the radiation of the machine 

Copper K alpha average at wavelength of 1.541178 Å for 120 

seconds. The spectrum and the parameters was obtained after the 

running of the sample and the result of each sample was further 
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analyzed using the software containing the data base supplied by the 

international centre for Diffraction Data (ICDD) which is installed in the 

computer attached to the machine. 

 

3.6  GRINDING / MILLING  

 The whole cement sample was ground using motorized disc 

grinder. This was taken as an alternative to ball milling because the later 

was not within the reach during the period this work was done. 

 The clinker sample was interground with the gypsum. Both were 

mixed together in the motorized disc grinder and were interground for 

about 5-10 minutes, when the grinder was electrically powered. 

After the grinding, the material proceeded for sieve analysis. 

3.7   SIEVE ANALYSIS. 

 The  sieve  analysis  test  was  used  to  determine  the  particle  size 

distribution of the granulated materials. 

 The  sieve  analysis  was  done  at  the  Engineering  laboratory  of 

Standard  Organization  of  Nigeria  (SON)  Enugu.  It  involved  a  nested 

column of sieves with wire mesh cloth (screen). The sample was sieved 

by using a set of sieves of 212µm, 180µm, 90µm, 63µm and 45µm. 

 The representative weighed cement sample of 1005g weight was 

used for the analysis which was poured into the sieve unit that has the 
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largest screen openings. Each of these sieve was arranged in 

descending order of the sieve sizes and a receiver of round pan was 

placed at the base. 

 The column was placed on a mechanical shaker which was 

electrically  powered.  The  shaker  vibrated  and  shook  the  column  for 

about 5-10 minutes after which the materials in each sieve was 

weighed. The weight of the sample of each sieve was divided by the 

total weight to give a percentage retained on each sieve. 

 The   result of this analysis was used to describe the particle size 

distribution  of  the  sample  for  further  investigation  in  this  work.  With 

this, it was possible to determine the percentage of material passing 

through each sieve using: 

 % Retained = W (sieve) x 100%. 

 W (Total) 

 W(sieve) = weight of material in the sieve 

 W(Total) = Total weight of the material. 

Then  the  cumulative  percent  of  material  retained  in  each  sieve  was 

gotten by adding up the total amount of materials that is retained in 

each sieve and the amount in the subsequent sieves units. Cumulative 

percent passing of the material was found by subtracting the percent 

retained from 100%. 
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 % Cumulative passing = 100% - % cumulative retained. 

The values are then plotted on a graph with cumulative percent passing 

in the y-axis and logarithmic sieve size on the X-axis. 

 

3.80  EXPERIMENTAL SPECIFICATIONS AND PROCEDURES. 

 The specifications for this work was chosen considering the factors 

that could affect the strength of cement being investigated in order to 

achieve a reliable result. These are: 

 

3.8.1 WATER-CEMENT RATIO (W/C) 

 The water-cement ratio (w/c) which is the mass of water divided 

by the mass of cement in a mix was obtained by mixing 450g of cement 

sample with 225g of water to have w/c value of 0.5 which was 

appropriate in that at such value, all the cement particles can react with 

water to form cement hydrated product that leaves no space for 

water/air  filled  pores  which  may  give  rise  to  porosity  in  the  internal 

structure of the cement mortar, hence may affect the strength. 

 

3.8.2 MOULD SIZE 

 The  mould  size  used  was  based  on  the  European  standard  for 

cement manufacture (EN 197) which specifies the test procedure based 

on mortar prisms. 
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Based  on  the  above  (EN  197)  specification,  a  prism  mould of  40mm 

width, 40mm height and 160mm length was used for the mould of the 

block sample. 

 

3.8.3 MORTAR RATIO 

 The mortar ratio is the ratio of cement and sand in the mortar mix, 

450g of cement was mixed with 1350g of sand with 225g of water to 

have  mortar  ratio  1:3.  The  mortar  was  mixed  in  mortar  mixer  and 

compacted in the compacting machine. 

The compaction was done to ensure that voids filled with water and air 

were eliminated. 

 

Figure 3. 3 mortar mixer 

 

3.8.4 ATMOSPHERIC HUMIDITY 

 After moulding, the samples were kept in humidity Cabinet for 24 

hours  to  ensure  that  the  curing  temperature  is  typically  maintained 

0 within the range of 20 c and 90% humidity. 
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This  was  done  to  avoid  abnormal  fast  drying  and  shrinkage  due  to 

evaporation at this stage could lead to increase in tensile stresses at the 

time it has not yet gained significant strength thereby resulting in 

greater shrinkage cracking. 

 

3.8.5  CURING 

 The samples after moulding were immersed in curing tank till they 

mature for strength testing in their respective stipulated ageing time of 

2,7, and 28 days. This was done also to avoid further abnormal fast 

drying  and  shrinkage  due  to  evaporation  from  wind  and  also  to  aid 

hydration. 

 Also early strength of cement mortar could be increased by 

keeping it damp for longer period during the curing process. This was to 

minimize stress prior to curing which will also reduce cracking. Hence it 

was necessary that at such period, the samples need to be in conditions 

with a controlled temperature and humid atmosphere which could be 

done either by spraying with or ponding as was done. 

3.90 COMPRESSIVE STRENGTH MACHINE 

 The compressive strength testing machine can get the 

compressive strength of mortar or concrete sample up to 200kN. The 

test is used to determine whether cement meets the compressive 
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strength requirements for international standards like American 

Standard for Testing Materials(ASTM) for specific engineering service. 

 The test involved allowing the specimen samples to cure 

within  the  curing  period  of  2,7,28  days.  After  each  of  these 

days, the respective samples were crushed on the compressive 

strength testing machine to measure the compressive strength. 

 The  corresponding  load  impact for  each  samples  were 

indicated and recorded by the machine. 

 Based  on  the  respective  values  of  the  load  impact,  the 

values of the corresponding strength was calculated using the 

formula. 

 R  =   Fc c 

 1600 

where R  = compressive strength in megapascalc 

 F   = The maximum load at fracture in Newtonc 

 1600 = Area of the auxiliary plate (40x40) mm. 

3.10 SETTING TIME 

 This test was done with the help of Vicat apparatus. The 

following procedures were adopted. 

 450g of cement sample was mixed with 1350g of sea sand 

and 225g of water which is required to produce cement paste 

of good consistency. 
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 The paste was gauged and filled into the Vicat mould in 

specified manner within a time range of about four minutes. 

Stop watch was used to note the start and stop of time from 

the moment water was added to the cement and setting time 

was recorded. 

The temperature of water and that of the room was taken. 

3.10.1 INITIAL SETTING TIME 

 The initial setting time was obtain by lowering the needle 

gently and bringing it in contact with the surface of the test 

block sample and quickly releasing it. At the beginning, the 

needle appeared to completely pierce through the test block 

but with time when the paste began to loose it plasticity, the 

needle started penetrating to a depth. 

When the needle penetrated a depth of 35mm from the top, 

the time lapse between the time when water was added to the 

cement and the time at which such depth was penetrated in 

the test block was noted as the initial setting time. 

This was repeated to all the samples from different sieve sizes 

and corresponding results were obtained and recorded. 
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3.10.2 FINAL SETTING TIME 

 The test for final setting time was done by replacing the 

needle of the Vicat apparatus by a circular attachment. 

The whole procedure was repeated as before but by lowering 

the attachment gently over the surface of the test block. The 

final setting time was determined when the centre needle made 

an impression, while the circular cutting edge of the 

attachment failed to do so. In other words, the paste attained 

such hardness that the centre needle could not piece through 

the paste more than 0.5mm. 

 

3.11 SOUNDNESS TEST 

 This  test was  done  to investigate  the  change in  volume 

undergone by the sample after setting. This was to ensure that 

cement do not undergo a large expansion after setting which 

could cause disruption of the set and hardened mass which has 

tendency  of  causing  serious  difficulties  for  the  durability  of 

structures when such cement is used. 

The apparatus consists of a small split cylinder of spring brass. 

It is 30mm in diameter and 30mm high. 
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On  either  side  of  the  split  are  attached  two  indicator  arms 

165mm long with pointed ends. The cement paste was gauged 

as in other test and filled into the mould kept on a glass plate. 

The mould was covered on the top with another glass plate and 

the whole set up was immersed in water at a temperature of 

0 27 c and kept there for 24 hours. 

 Measure of the distance between the indicator points was 

taken  and  the  sample  was  submerged  in  water  again.  Heat 

source was introduced to the water to bring it to boiling point 

in about 30 minutes and was left boiling for 3 hours. The mould 

was then removed from the water and allowed to cool and the 

distance between the indicator point was taken again. 

 The difference between these two measurement 

represented the expansion of the cement sample. 

 

3.11 CONSISTENCY TEST 

 The standard consistency test is a parameter used to find 

out  initial  setting  time,  final  setting  time  and  soundness  of 

cement. 

The  standard  consistency  is  therefore  that  consistency  which 

will permit a Vicat plunger having 10mm diameter and 50mm 
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length to penetrate to a depth of 33-35mm from the top of the 

mould. The consistency of a cement paste is the percentage of 

water required to produce a cement paste of standard 

consistency. 

 The  following  procedures  were  adopted  to  find  out  the 

standard consistency for different samples of the cement. 

450g  of  cement  was  collected  and  prepared  with  quantity  of 

water weighing about 24 percent by weight of cement for the 

first time. 

The paste was filled into the Vicat mould within 3-5 minutes 

and  was  shaken  to  expel  air.  A  standard  plunger  of  10mm 

diameter, 50mm long is attached and brought down to touch 

the surface of the paste in the test block and quickly released 

allowing it to sink into the paste by its own weight. The reading 

was taken by noting the depth of penetration of the plunger. 

 The same process was repeated with 25 percent of water 

and  the  depth  of  penetration  of  plunger  noted.  Similar  trials 

were conducted till the penetration got to 35mm from the top 

and that particular percentage of water which allowed the 

plunger to penetrate only to that depth of 35mm becomes the 

consistency of the cement sample. 
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3.13 OPTICAL MICROSCOPIC EXAMINATION 

 This test was carried out with optical microscope model No 

70290 with the aim of observing the internal structure of each 

of  the  sample  in  order  to  ascertain  how  the  variation  in  the 

particle  size  distribution  could  affect  the  morphology  of  the 

internal structure. 

The procedure for the test is as follows: 

The section of the samples were cut via a bench vice with hack 

saw. 

The cut out section was rough ground to prepare it for 

positioning  of  microstructures  after  which  they  were  smooth 

ground to reveal the grain structures for more identification. 

The  sample  was  positioned  for  examination  when  the  optical 

Daheng  Software  Microscope  took  the  microstructure  of  the 

material. 

Finally, the photograph was taken for development while 

viewing with optical Daheng Software driven microscope to the 

magnification of 200x and 400x. 

The  results  obtained  were  displayed  to  reveal  the  structural 

detail of sample material. 
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CHAPTER FOUR 

4.0 RESULTS AND DISCUSSION 

4.1 EXPERIMENTAL RESULTS 

The results obtained for the various tests are presented in the 

following section in tables, figures (graphs) and pictures. 

4.1.1 CHEMICAL COMPOSITION 

X-ray florescence (XRF)  is used to determine the chemical 

Composition of the sample. The results obtained from the 

elemental analysis of the sample has the values as in table 4.1 

TABLE 4.1 CEMENT SAMPLE 

 

Sample SiO2 Al2O3 Fe2O CaO SO3 K2O Na2O Cl MgO LOI IR Total 

Composition 2O.60 5.50 3.84 60.23 1.80 0.18 0.24 0.02 0.10 6.76 1.23 99.27 

 

TABLE 4.2 CLINKER 

 

Sample SiO2 Al2O3 Fe2O3 CaO Mgo K2O Na2O SO3 LOI IR Total 

Composition 21.02 5.61 3.86 64.47 1.0 0.56 0.25 0.65 0.34 1.24 99.0 

 

The difference in percentage composition accounts for the 

undetermined elements which are not major component of the 

sample. 

77 

 



 

 

4.2 COMPOSITIONAL PARAMETERS 

From  the  result  obtained  from  the  elemental  analysis,  some 

important  parameters  based  on  the  oxide  composition  were 

determined. These parameters were very useful in determining 

the compressive strength of the cement. 

 

4.2.1 LIME SATURATION FACTOR 

The lime saturation factor is the ratio of CaO to the other three 

main oxides and it was calculated thus- 

LSF = CaO 

 2.8 (SiO2) + 1.2 (Al2O3) + 0.65(Fe2O3) 

 

63.47 

2.8 (21.02) + 1.2 (5.61) + 0.65 (3.86) 

 

63.47 = .932 

68.1 

 
 

The  LSF  controls  the  ratio  of  tricalcuim  silicate  to  dicalcuim 

silicate  in  the  clinker,  conventionally,  LSF  value  for  a  typical 

modem clinker ranges from 0.92 – 0.98 according to cement 

science and excess of one indicate the presence  of free lime 

that did not react. Hence it can be seen that free lime must 

have  combined  with  belite  to  form  alite  and  that  is  why  the 

value C3S from bogue calculation is more. This also must have 
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contributed to the soundness value since there is no presence 

of excess lime unreacted. 

 

4.2.2 SILICA RATIO (SR) 

The silica ratio is defined as 

SR  =   SiO2 

 Al2O3 + Fe2O3 

 

 

21.02 = 21.02 = 2.22 

5.61 +3.86 9.47 

 

The    value  of  silica  ratio  indicate  that  the  clinker  has  more 

calcium silicate and less aluminate and ferrite. 

 

4.2.3 ALUMINA RATIO (AR) 

The alumina ratio is defined as 

 

AR = AL2O3 

 Fe2O3 

5.61   = 1.43 

3.86 

For ordinary Portland cement clinker, the AR is usually between 

1 and 4. From the result obtained from this work, the value of 

AR is 1.43 showing that the proportion of aluminate phase is 

more than that of the ferrite phase. 
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4.30 PHASE COMPOSITION OF CLINKER: THE BOGUE 

CALCULATION 

From  the  result  obtained  from  the  compositional  analysis  of 

the  clinker  sample  in  Table  4.2.  the  Bogue  calculation  which 

assumes that clinker has four main pure phases was done to 

get  the  compositions  of  the  alite  C3 S,belite  C2S,  Aluminate 

C3A, ferrite phases C4AF 

 

APPLYING BOGUE’S METHOD 

Combined CaO = 64.47 – 1.0 (free lime) = 63.47% 

From the result: CaO = 63.47 

 SiO2 = 21.02 

Al2O3= 5.61 

Fe2O3 = 3.86 

 

From Bogue formula 

C3S = 4. 0710 CaO–7.6024 SOi 2-1.4297 Fe2O3–6.7187 Al2O3 

= 55.37% 

C2S = 8.6024 SOi 2+1.0785 Fe2O3+5.0683 Al2O3 – 3.071CaO 

 = 15.51% 

C3A = 2.6504 Al2O3 1.6920 Fe2O3 = 8.08% 

C4AF = 3.0432Fe2O3 = 11.69%. 
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4.40 SIEVING RESULTS 

100% = 1020g. 

Table 4.3: Result of sieve analysis 

Sieve Weight %Retained   Cum% Cum% Log X 

size(X)   retained retained passing 

212 510 50.00 50.00 50.00 2.33 

180 345 33.82 83.82 16.18 2.26 

90 90 8.82 92.64 7.37 1.95 

63 40 3.92 96.56 3.44 1.80 

45 20 1.96 98.52 1.48 1.65 

 

From  the graph  it was determined that 50% of particles have 

sizes finer than 212µm. ie log x -2.33. and 25% of the particle 

have sizes finer than 178µm ie logx-2.55 
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Figure 4.1 

Table 4.3 Compressive Strength of the block samples. 

 RESULT OF COMPRESSIVE STRENGTH 

Compressive strength (N/mm) 

Ageing time 212µm 180µm 90µm 63µm 45µm 

(days) 

2 2.0 2.90 3.20 3.60 12.20 

7 7.0 7.50 9.20 13.10 21.20 

28 20.3 30.80 31.00 32.00 36.10 

 

 

82 

 



 

 

 

14 

 

12 

 
10 

 
8 

 
6 

 
4 

 2 

 0 

0 50 100 150 200 250 

 Sieve sizes 

Fig. 4.2: Graph of compressive strenght vs sieve sizes for 2 days 
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Fig. 4.3: Graph of Compressive strenght vs sieve size for 7 days 
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Fig. 4.4: Graph of compressive strenght vs sieve size for 28 days 

 

4.5 COMPRESSIVE STRENGTH RESULT 

The compressive strength of the cement mortar cast from test 

samples was investigated as the main property of the cement 

and result is shown on table 4.3. 

From  the  result  obtained,  it  was  observed  that  at  all  age, 

compressive  strength  increased  with  increasing  fineness  with 

w/c kept constant. The reason could be due to the more 

surface area of the cement grains which was made available for 

chemical reaction (hydration) with increasing fineness values, 

hence resulting into strength increase. 
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It can therefore be established that increased fineness is 

associated  with  a  greater  surface  area  that  is  left  in  direct 

contact with water. Hence the rate of hydration, and the 

associated strength development were increased. 

 Investigation also showed that fineness increase showed 

appreciable  increase  in  compressive  strength  for  all  samples. 

Eg sample 212µm size gave 2N/mm for the 2nd day and 

20.3N/mm  for  the  28th day  and  likewise  sample  45µm  gave 

12.2N/mm on 2nd day and 36.10N/mm on the 28day. 

 

 OTHER PHYSIOCHEMICAL PROPERTIES 

Table 4.5: Physiochemical properties 

Particle Consistency(%)  Soundness initial Final 

size (mm) setting Setting 

(µm) time time 

(min) (min) 

212 26.4% 1.2 193 217 

150 27.0% 1.0 167 194 

75 27.4% 0.5 150 172 
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Figure 4.5: 
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Figure 4.6: Graph of Physiochemical Properties against particle size 

 

 

4.6 PHYSIOCHEMICAL PROPERTIES RESULT 

The result obtained from the physiochemical properties of the 

cement sample are shown in table 4. 5 

As it could be seen from the result obtained for initial and final 

setting  time  that  increase  in  particles  size  fineness  generally 

gave decrease in setting time. 
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It was observed that both initial and final setting time between 

212µm  size  and  150µm  size  has  more  appreciate  difference 

when compared to that of 150µm size and 75µm. That shows 

that finer particle size has a shorter setting time and this could 

be  traceable  to  the  fact  that  more  surface  area  of  cement 

grains  is  available  for  hydration.  As  a  result,  hydration  rate 

became faster resulting to short setting time. 

It could also be seen that the increase in strength in respect to 

fineness  is  attributed  to  the  particle  strengthening  the  frame 

work by filling the micro pores in cement matrix. 

 

Table 4.6.NIGERIA INDUSTIAL STANDARD (NIS) 

SPECIFED STANDARD FOR CEMENT         STRENGTH. 

2 Days Not specified 
 

7 Days 16.0N/mm2
 

28 Days 32.5N/mm2
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Table 4.7: Cement strength for various cement 

manufacturing companies. 

Cement sample Cement strength for specific days 

 2days 7 days  28 days 

BUA 10.0 12.0 12.5 

IBETO 15.5 16.0 16.2 

UNICEM 11.3 12.1 13.5 

 

From the specification provided by Nigeria industrial standard, 

when compared to the obtained result, it could be seen that, 

the required strength for cement mortar could be obtained with 

in the neighborhoods of the 63 and 45µm size, Hence it could 

be recommended for industrial application. 

4.7 VOLUME EXPANSION / SOUNDNESS 

According to the result obtained, Portland cement sample‟s 

volume  expansion  amount  increased  with increase  in  particle 

size. 

This is in agreement to the work done in the past by Ahmet 

and Sukru (2009) on the effect of particle fineness on 

properties of Portland pozzolan cement mortars. 
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From table 4.4 sample with  size 212µm has  soundness of 

1.2mm,  sample  with  size  150µm  has  soundness  of  1.0mm 

while that of 75µm has 0.5mm. Hence, it could be established 

that better soundness value resulted from increase in fineness. 

 

4.8 CONSISTENCY 

The result obtained from the consistency test (table 4. 4) 

showed that there was only small increase in consistency 

(26.4%) – 27.4%) with decrease in particle size (212-75)µm.. 

These results show that there was no much difference in 

consistency value with change in fineness. However it could still 

be seen that finer particles showed a higher consistency value. 
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4.8 OPTICAL MICROSCOPIC EXAMINATION 
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Figure 4.7 Result for optical microscopic Examination 
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Result obtained from the optical microscopic examination 

shows that finer particle size like 45µm has the most 

homogenous and uniform microstructures. 

Coarse  particles  like  212µm  and  180µm  have  some  spoted 

point littered in the microstructure and these could be 

unreacted particle which affect the uniformity in the 

microstructure. This could be inclusion which may have 

tendency to initiate crack when stress is applied on the 

material during service thereby making the material 

undesirable for wider applications. 
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CHAPTER FIVE 

5.0  CONCLUSION AND RECOMMENDATION 

5.1  CONCLUSION 

This research work investigated the effect of particle size 

on the compressive strength and other physiochemical 

properties  of  Portland  cement.  The  result  obtained  gave  an 

elaborate detail of the response or the behavior of the 

compressive strength and other related physiochemical 

properties of the cement mortar with respect to variation in the 

particle size. 

Based on the experiments and the corresponding results 

obtained, the following conclusions were made: 

1. For all the five cement samples tested, strength generally 

increased with time showing that hydration which strength 

development depends on was taking place within the time 

range the experiment was done. 

2. In all the samples, the values of compressive strength 

increase/improved with decrease in particle size showing that 

finer particles with more surface area for reaction to take place 

aided hydration process thereby enhancing strength 

development. 
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3. At 2 days test, the compressive strength value for particle 

sizes of ( 212,180,90, 63)µm were within a closer range while 

that of 45 µm ( the finest) was far more than others. 

4. At 7 days test, that of (212,180, 90) µm were below the NIS 

specified value while those of ( 63 and 45) µm were within the 

range of value acceptable in NIS values. 

5. With increase in ageing time, the strength for all the 

samples increased but those of the finest were more 

appreciable. 

6.  The  results  obtained  from  physiochemical  properties  test 

showed that finer particles gave better properties. 

7. Result obtained from the test conducted on the three cement 

samples  bought  from  BUA,  IBETO  and  UNICEM  showed  that 

IBETO proved to have the best quality in strength among the 

three for the aging period, this was seconded by UNICEM while 

BUA showed the least quality in strength. Among the three, it 

is only IBETO product that has strength that conformed to NIS 

th requirement for the 7 day. 

 

From  the  information  obtained  from  the  experiment,  it  was 

established that increase in fineness i.e. reduction in the 
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particle size yields appreciable increase in compressive 

strength of Portland cement mortar which is in agreement with 

the work of foreign researchers like Dale and Chigg (1999). 

Furthermore, it was established also that a better 

physiochemical properties could be obtained in the same trend 

with  the  more  homogenous  and  uniform  micro  structure  of 

cement block sample for good structural applications. 

However,  it  was  noted  that  fineness  is  not  the  only  factor 

affecting  the  properties  of  Portland  cement  strength.  Other 

factors like the rate of cooling or burning condition and 

proportion  of  oxides  composition  are  also  important  factors 

when defining the properties of Portland cement. These factors 

mentioned must have affected the results obtained. Hence, the 

result  did  not  yield  a  linear  relationship  showing  that  such 

result might depend on those factors. 

 

5.2 CONTRIBUTIONS TO KNOWLEDGE 

The performance of Portland cement could be improved by 

use  of  finer  particle  size  material  in  production  and  not 

necessary through the use of additive as many may have 

suggested 
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Compressive strength requirement for NIS could only bee 

obtain if fineness is within the range of 45µm and 63 µm 

during production process. 

Homogeneity and uniform internal structure are likely to 

be  obtained  through  the  use  of  finer  particle  size.  This 

homogenous structure provide optimum strength since it 

does  not  give  room  for  porosity  in  the  structure  which 

may be sources of stress raiser that may finally lead to 

failure of material during service. 

By regulating particle size, desirable properties of Portland 

cement could be obtained to enhance better performance 

in engineering application. 

 

5.3 RECOMMENDATION 

From  the  various  results  obtained  from  this  work,  it  is 

generally suggested that finer particles are preferable to coarse 

one  in  order  to  achieve  a  better  performance  of  product  in 

service. 

It  is  hereby  suggested  that  more  work  should  be  done  with 

finer particle since this work was limited to certain sieve sizes. 

If would be better if investigation is done with wider range of 
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sizes ranging from 400µm to 5µm to obtain the various 

behaviour at a wider range of particle size. 

It is also suggested that further work on this area will be made 

with  different  mortar  ratio  and  water  cement  ratio  and  also 

extended to concrete use. 

It is also necessary to include studies on properties like 

hydration kinetics, heat release, differently and chemical 

shrinkage as this will give a broader knowledge of this study. 

Finally,  I  recommend  that  further  work  on  this  area  should 

include other factors that affect cement strength like variation 

in chemical composition and also cooling rate or burning 

condition. 
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