
ACXRI '96

Quality Control of Clinker Products By SEM and XRF Analysis

Ziad Abu Kaddourah and Khairun Azizi MY9700786
School of Materials and Mineral Resources Eng., Universiti Sains Malaysia

31750 Tronoh, Perak, Malaysia.

ABSTRACT

The microstructure and chemical properties of industrial Portland cement clinkers
have been examined by SEM and XRF methods to establish the nature of the clinkers and
how variations in the clinker characteristics can be used to control the clinker quality. The
clinker nodules were found to show differences in the chemical composition and
microstructure between the inner and outer parts of the clinker nodules. Microstructure
studies of industrial Portland cement clinker have shown that the outer part of the nodules
are enriched in silicate more than the inner part. There is better crystallization and larger
alite crystal 9ize in the outer part than in the inner part. The alite crystal size varied
between 16.2-46.12um. The clinker chemical composition was found to affect the
residual >45um, where a higher belite content causes an increase in the residual >45um in
the cement product and will cause a decrease in the concrete strength of the cement
product. The aluminate and ferrite crystals and the microcracks within the alite crystal are
clear in some clinker only. The quality of the raw material preparation, burning and
cooling stages can be controlled using the microstructure of the clinker product.

INTRODUCTION

Examination of manufactured industrial clinkers using the Scanning Electron
Microscope (SEM) is usually conducted to study problems that can't be defined by the
normal quality control procedures. Such a study can be used to give better information
and knowledge about clinkers characteristics and how variations in the clinker
characteristics are affected by variations in the various stages during the manufacturing
process.

Portland cement clinker nodules usually show differences in the chemical
composition and microstructure between the inner and outer parts1"3. The outer part is
always enriched with A12O3 and Fe2O3, while the inner part is enriched with SO3, K2O +
Na2O and free lime2. Microcracks within alite crystal occur by shrinkage of the volume
during the crystallisation of the interstitial liquid "aluminate and ferrite", and it depends on
the rate and the extent of crystallisation during the cooling0 '2).

The degree of the raw meal grinding is affected by the cluster of free lime and
belite. It can be shown by the presence of large clusters of free lime or belite if the
grinding of the raw meal is not enough4. One5 concluded that the alite crystal was an
indication of the ratio of heating to the clinker temperature. Which if high, will result in
smaller crystals. Slow cooling will increase the alite crystal, cause resorption of alite, with
deposition of small crystals of belite as fringes on the alite crystal and in the interstitial
material, and also cause larger aluminate and ferrite crystals6. While fast cooling will
decrease the alite crystal size and cause small crystals of ferrite and aluminate, which will
be mixed on the small scale.(6'7)
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Beke and Opoczky8 and Meric9 have ground separately synthetic preparation of
alite, belite, aluminate and ferrite in a ball mill and found that alite was easier to grind,
while belite was more difficult to grind, aluminate and ferrite have intermediate behavior,
ferrite similar to belite and aluminate close to alite.

EXPERIMENTAL

Material
Twenty different industrial Portland cement clinker samples were collected over a

period of time. Five clinker samples were then selected from the twenty samples after
determining the chemical composition for all the samples using XRF. The five samples
chosen cover a wide range of chemical composition (amount of alite, belite, aluminate and
ferrite). Two clinker samples from the five samples taken have the same chemical
composition to examine the relationship between the chemical composition, and the
microstructure of the clinker products.

Method and Results

Chemical analysis
The chemical analyses of the clinker samples were determined using X-ray

fluorescence spectroscopy, then the mean phases (alite, belite, aluminate and ferrite) were
calculated according the Bogue10 equations. Results from the chemical analysis are shown
in Table 1.

The two parts of the clinker nodules were separated mechanically from each other.
Table 2 shows the chemical composition for the inner and the outer parts of the clinker
nodules, the inner part is enriched in belite content which make the inner part more
difficult to grind, while the outer part is easier to grind. The outer part is also enriched in
silicate( alite + belite) more than the inner part. The chemical composition of the clinker
product was found to affect the residual percentage >45um. Higher belite content will
increase the residual >45um, and will cause a decrease in the concrete strength of the
cement product. Figure 1 shows the relationship between the belite content and the
percentage of the residual >45um in the cement product.

Table 1. Results of the chemical analysis and the alite crystal size.

Chemical Composition

CaO
SiO2

SO3

A12O3

Fe2O3

F.CaO

Alite

Belite

Aluminate

Ferrite

Alite Crystal size

Clinker 1

66.89

21.07

0.06

5.15

3.82

1.05

67.8

9.34

7.2
11.61
46.12

Clinker 2

65.7

21.52

0.00

5.47

3.60

0.74

59.11

17.19

8.41

10.94

30.8

Clinker 3

65.5

21.55

0.65

5.25

3.56

0.60

58.73

17.56

8.40

9.91

39.7

Clinker 4

65.42
21.24

0.02

5.8
3.78

2.28

51.31

22.27

8.98
11.49

27.24

Clinker 5

65.18

21.21

0.52

5.8
3.75

2.94

46.46

25.84

9.03
11.4

16.2
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Table 2. Chemical composition of the inner and the outer parts of the clinker nodules.

Chemical composition
CaO
SiO2

SO3

A12O3

FeA
F.CaO
Alite
Belite

Aluminate
Ferrite

Inner part
65.07
21.72
0.25
5.68
3.33
4.2

39.16
32.82
9.43
10.12

Outer part
68.30
21.85
0.01
6.18
3.7

0.56
62.92
15.28
10.14
11.25

Microscopy

Polished section of the clinker nodules were prepared and coated with an
electrically conducting layer. The samples were then examined under SEM. The SEM
examination was carried out to examine the main phases, alite crystal size, belite clusters
and microcracks within alite crystal.

The crystal size was measured by taking the average diameter of more than 500
crystals for each sample, where the crystals covered small, medium and large nodules.
Typically, the average size of alite crystals is believed to be 15-20 um. But in practice,
they are much larger. The alite crystal size was found to vary between 16.2 - 46.12 urn.
Alite crystal size and belite clusters varies between samples (Table 1) and between the
inner and outer parts in the same nodules. In the inner part of the nodules, the alite
crystal size is smaller and the belite crystals aggregate to form large clusters, while in the
outer part of the nodules, the alite crystal size is larger and the belite crystals are
distributed without any clusters.

Microcrackes within alite crystals occur during the volume shrinkage as shown in
Figure 2. The SEM examination result can be used to estimate about the rate and the
extent of the crystallisation in the interstitial liquid during the nodulization.

Large cluster of belite crystals as shown in Figure 3, may mean that the degree of
the grinding of the raw material is not enough. The same clinker samples also show
different sizes of alite and belite crystals and the phases are not mixed properly
together(large clusters of belite crystals) as shown in Figure 4, and it can be estimated that
all of these may be caused by the burning condition. When the burning is not enough, the
material will not mixed properly together and will also cause different sizes of the same
phases in the same clinker sample. The larger alite crystal and the deposition of small
crystal of belite as fringes on the alite crystal is shown in Figure 5, and the larger
aluminate and ferrite crystals is shown in Figure 6. All of these can be used to estimate
that this clinker was processed under slow cooling.
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CONCLUSION

There is a difference between the inner and the outer parts of the clinker nodules.
The outer part contains larger alite crystal size and the belite crystals are distributed
without any clusters comparing with the inner part. Also there is a difference in the
chemical composition between the two parts. The outer part of the nodules are enriched in
silicate more than the inner part^Higher belite content in the clinker product will cause the
clinker product more difficult to grind, will increase the residual percentage >45u.m in the
cement product, and will cause a decrease in the concrete strength of the cement product.
SEM technique can be used to examine the microstructure of the clinker product, and both
SEM and XRP techniques can be used to control the raw material preparation, burning and
cooling stages during the manufacturing process of the clinker product.
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Residual >45//m %
Figure 1. Relationship between the percentage of the belite content and the

percentage of the residual >45p.m

Figure 2. Photomicrograph of a polished section of Portland cement clinker,

showing the microcracks within the alite crystal.
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^

Figure 3. Photomicrograph of a polished section of Portland cement clinker,

showing larger clusters of belite crystals (the rounded crystals).

Figure 4. Photomicrograph of a polished section of Portland cement clinker,
showing different sizes of alite and belite crystals; alite (the angular
crystals), belite (the rounded crystals).
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Figure 5. Photomicrograph of a polished section of Portland cement clinker,
showing the larger alite crystal and the deposition of small crystal of
belite as fringes on the alite crystal.

Figure 6. Photomicrograph of a polished section of Portland cement clinker,
showing the larger aluminate and ferrite crystals.
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