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I AHSTKACT
i

Thirteen different samples of raw

materials used in rnanuf actur ing of cement were

collected from south ELGabalain area where Rabak

cement raw materials available. The samples were

crushed, ground and sieved. The concentration of

the following elements and compounds were* deter-

mined using X -Ray Fluorescence technique (XRF) :

TiO2 , . Fe2O:» , MnO2 , CaO.SrO, K2O, CO, Cu, Zn, As, Y,

Zr, and Nb. XRF technique is found to be the
9

most stii table one becau s e it is non disstructive ,

more rapid and simi1tanous mlutielement determined

tool.
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1 . 1 GENERAL INTRODUCTION:-

Since the pre-historical ages, the Man began to

seek for loading to protect his life. He lived in
«

caves and then he built houses with mud and other

available materials which may stand better1. Greeks and

Romans were found that certain calcitic deposits if

finely ground, ' yield a mixture which can resist the

action of .water. Such efforts continued.by many other

people and they developed the industry of cement.

Cement may be defined as "adhesive" substances

capable of uniting fragments or masses of solid matter

to a compact unit1.' It can be prepared from one chemical

compound or a mixture of compounds. The raw materials of

cement industry are lime or lime stone, clay and gypsum.

The main components of these raw materials for the

Portland cement ( which is commandy used in Sudan ) are

the fol lowings :- ,..

Calcirun oxide (CaO), mainly obtained from the lime or

lime stone and few percentages' from clay.

Silicon dioxide (SiCh),' is commonely derived from the

clay. Also the aluminum trioxide (AI2O3) and iron oxide

(FeaOa) are from the clay.
The above four elements combined together in



the following formulae to form the stable structures

responsible for Ihe strength of cement specially when

mixed with water.

1 - Tricalcium silicate , Ca3SiOs ( C3S )

2 - Dicalcium silicate , Ca2SiO4 ( C2S )

3 - Tricalcium aluminate, Ca3Al2O6 ( C3A )

4 - Tetracalcium alumin.oferrate Ca4AlFe0s { C4AF )

The Portland cement contains MgO up to 5% , K2O and

NaaO from 0.5 to 1.3% Also TiO2 occurs to small extent,

about 0.2 to 0.3 % . Other trace elements may be present

depending on the type of the raw material us.ed e.g. Mn.

Cr. ..... etc.

1.2 DEPARTING OF THE CEMENT FROM EQUILIBRIUM :-

The cement might depart from the equilibrium state.

The reactions during burning between the lime and clay

which resulted in the production of what is known as

clinker may not be complete, thus would lead to a

deficiency in the amounts of I he most basic lime
• •--

compounds formed and to the presence of the

corresponding amount of imeombinod lime in the clinker.

The amount o<f. uncombined lime would be a measure of the
1

i n e f f i c i e n c y of the b u r n i n g . If the c o o l i n g p r o c e s s of

the c l i n k e r is t o o r a p i d for e q u i l i b r i u m to b e

m a i n t a i n e d b e t w e e n s o l i d and liquid p h a s e s t h e r e w i l l b e

a d e f i c i e n c y of C 3 S and small a m o u n t of free C a O w i l l

s e p a r a t e w h e n the liquid f i n a l l y s o l i d i f i e s . T h e

•3-



compounds content of cement in which the equilibrium is

assumed to be frozen from the clinker temperature can be

calculated, but if clinker ing temperature of 1400 c is

assumed, approximate correction for (he deviation of the

values can be. obtained. Also a defficiency in CaO might

occur leaving the other elements freely present as

oxides and not as calcium silicates <'•>.

From the above mentioned facts about the. importance

of each element in the cement and its role in the

property of the strength of the cement arises the

importance of their presize analysis and evluation. This

is why the importance of using n proper technique in the

analysis will be of great help such as the x-ray

fluorescence technique.

1.3 X - RAY FLUORESCENCE ANALYSIS ( XRF ) : -
ft

XRF spectroscopy is being increasingly employed

particularly where large number of samples are required

to be analysed. The sample is irradiated with a primary

high-energy x-ray beam and the secondary (fluorescent)

x-ray emitted will b»e detected. Each element has its

characteristic x-ray apectrm and thus it is possible to
i

be identified arid determined.

1.3.1 EMISSION OF CHARCTERISTIC X-RAY SPECTRA :-

When a sufficient energetic X-ray photon interacts

with an atom, several phenomena take place. One

interaction involves the transfer of the photon energy

to one of electrons in the atom (e.g K-shell electron)

-4-



causing its ejection from the atom (photoelectric)

1.3.2 X-RAY TRANSITION :-

Thej|. distribution of electron in the ionized atom is

then out of equilibrium and within an extremely short

time returns to the normal state by transition of

electrons from outer shells to inner shells. Each such

electron transfer, for example from L-shell to the K-

shell represents a loss in the potential energy of the

atom which appears in the form of a photon of energy

cqutil to the differences between l:ht: binding energies of

the initial and final shells.There is some relation

between the intensity and the concentration. If you

consider a beam of X-ray photons impeding onto a

homogeneous sample of a uniform thickness to ionize an

atom in a layer of known thickness, the characteristic

radiation emitted due. to ionization process measured by

the spectrometers system as intensity.

1.3.3 APPLICATION OF XRF:-

On condition thai. there is no ch.in^c in the total

absorption or enhancement over the range of the

calibration 1ine



ii . •

where

Cix concentration of an element

Ci * concentration of standard of c lenient i

Xi=the measured wave length

Ii* and Iis= the measured intensity of Xi in the

specimen and standard respectively

The above equation shows that a linear relationship "Will

exist between charactristic x-ray line intensity and

elemental concentration .

Since the total absorption range is dependant upon

the concentration range, it is clear that by limiting

the calibration ranges of all interfering elements,one

can limit the absorpt ion- range .Fi rial ly if the matrix of

the calibration standard is matched with that of the

unkown specimen,<x direct correlation between measured x-

ray intensity and elemental composition can be made.This

is the basis of the so called in-type or type-matching

analysis,which is by far the most commonly empolyed

method of qualitative analysis*2'3> .

1.3.4 COMPONENTS OF THE INSTRUMENT:-

1) X-RAY SOURCES :-

A - RADIOACTIVE SOURCE :-

-b-



Radio isotopes are commonly used. The monochromatic

radioactive sources such ,'is l()9('<l find 5M-'e.

The separation and collection of analytical lines

is performed, us ing (Si - Li) detectors**>.

B - TUBE EMITTED SOURCE :-

Here the excitation is obtained from the anode of

X-ray tube. Electron emitted from a heated cathode are

accelerated through a potential (V) focused to strike

the anode.

2- The (Si - Li) detector, is a useful one. It's

energy dispersive systems provide a wide flexibility for

analyzing the elements from sodium to uranium (Na - U)

3) ELECTRONICS :-

The function of the ; preamplifier is to collect

the charge pulses from the detector Ik provide the low

driving impedance necessary to pass the signal through a

co-axial cable to the main amplifier. The Wght of this

pulse is proportional to the energy of X-ray .

4) AMPLIFIER :-

Is applied for*- increasing the amplitude of the

preamplifier output signal

5) MULTI CHANEL PULSE HEIGHT ANALYZER ( MCA ) :-

The purpose of the MCA, is to measure the height of

each amplifier output, and to represent this amplitude

by an integ-ral number.
i

6) COMPUTER :-

Most quantitative fluorescence spectrometers,



include small digital computer. 11 is to perform fitting

of spectra and determining the net areas of the peaks of

the interest and finally for quantitative analysis of

samples.

Measurements of energies of the peaks in. X-ray

spectrum indicate what kind of atoms are present. The

number of a counts or the area of the peak is related to

the number of atoms in the sample allowing the

quantitative measurements to be made. if the X-ray

production and detection efficiency are known. This

method gives information about the samples irrespective

to their state of chemical combination or phases at

which they e x i s t ( 5 * r > > .

-8-
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CHAPTER TWO

METHOD AND RESULTS
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2.1 SAMPLE PREPARATION :-

About, (-..her teen diPPerent. samples were collected from

south EL Gabalain area where the Rabak raw materials for

cement lies ( see Table one ). The samples were, crushed

and ground to 100 um in grain size. One gram of each

sample was weighed and pressed into a pellet of 2.5 cm

in diameter and 1 mm in thickness applying a presure of

fifteen ton. The pellet then subjected to the XRF system

2.2 MEASURMENTS FOR THE DIFFERENT ELEMENTS USING (XRF)

p;ach sample pellet was loaded on the top of the Si

- Li detector and a sourse oP 1 0 9Cd was used for the

excitation of the different elements in the sample.

Time collection was 1000 seconds and Canbera Multi

Channel Analyser ( MCA- ) was used for the accumulation

of the spectra( see Fig 1 ). The data were transefered

to the computer and the net area for each element was

measured by the Axil program. Three different standards

were measured under^ the same conditions of the samples,

using the type matching method the concentration of each

elements was -calculated . The r'i-sul Is of the analysis

are shown in table (2).This results are concluded from

the spectra (2-17) and tables (.1-19), (see appendix).

-11-



TABLE ( 1 ) Shows t h e d i s c r i p t i o n of t h e s a m p l e s

col l e c t o r i .

X — — — —— — 4 . — — — — — — — — — — — — — — — — — —-_ J — — — — — -L —— — — — — — — — — —. J_
T f — — — — — — — — — — — — _ — -_ — -j — .-. — — — — ̂ - — — — — — — — — — _ w — — . . _ _ -p

SAMPLE
NUMBER

Ll
L2

L3

L4

L5
L6
L7

DISCRIPTION

•

Dolomite,whitish
Calcite, grey

= , pinkish

= , white

= . grey
= =
= , pinkish

SAMPLE
NUMBER

L8
L9

10

1 1 & 12

13

DISCRIPTION

Dolomite, grey
Clay, dark grey

*
Iron pe1 letsbrown

Calcite rejects
differentcoiour
Granit contacte
the calcite,

+ — _ _ — — — — X _ — — ^ _ — . • — — — _ — — — -_— — -_ — — _X— U . M _ _ _ O . ~ _ . . V _ M _ _ _ _ _ . _ _ - . M-J- _ ^ —. ̂  > ^ — r— —- - j - — — -p — — —• ^ — — —— — -



TABLE NUMBER ( 2 ) SHOWS THE ELEMENTAL ANALYSIS FOR
DIFFERENT COLLECTED SAMPLES.

+
[SAMPLE
!NUMf3ER

! TiO2
I Fe2O3

! MnO

! CaO

! SrO

! KJO

I Co

! Cu
t

! Zn

! As

! Rb

! Y

! Zr

1 Nb

J L

00

! - o o
! 31

00

00

to
1 03

09

02

- -

02

01

1

.98

.01

. 5 2

. 0 2

. 0 6

L

00

00

43

00

•00

09

04

05

- -

05

- -

08

04

2

.95

. 0 1

.0.1

. 11

. 2 1

[..

00

00

41

00

00

- -

04

06

__

0 7

__

02

— —

3

.93

. 0 1

. 0 2

. 0 2

. 1 2

L

00

00

44

00

00

10

04

12

__

- -

- -

05

— _

4

. 8 . 9

. 0 2

. 15

:o8

. 16

*

00
00

-

39

00

00

—

03

12

- -

04

__

10

_ — •*.
L 5 !

. 0 1 !

. 8 7 !

« 1

. 2 8 !

. 0 8 !

. 15!

— 1 3 —



TABLE NUMBER ( 2 ) C O N T I N U E .
T — _ _ _ _ _ —

SAMPLE
NUMBER

TiO2

FeiOa

Mno

CaO

SrO

K2O

Co

Cu

Zn

As

Rb

Y

Zr

Nb

! L6

• 01 .

0 0 .

4 4 .

0 0 .

0 0 .

. 09

01

10

13

_ _

• 0 4

* _ _

12

01

58

09

17

L7

01 .

0 0 .

3 9 .

0 0 .

0 0 .

07

04

07

09

03

01

0 3

15

01

80

02

14

L8

00

01

00

"34

00

00

11

02

10

- -

01

03

02

01

. 2 1

. 4 1

. 0 3

. 5 9

. 0 1

.21*

L9

00.70

05.73

1171*

05.52

140*

00.91

:

oi ;

33

21

32

29

65

22
X — — — — . _ _ _ — — _ _ _ _ — . — — — _ _ _ _ _ _ _ » — — — . • . » — —J—.—.-

- 1 4 -



TABLE NUMBER ( 2 ) CONTINUE.

! SAMPLE
[NUMBER

! T i O 2

1FC2O3
i
i

! Mno

i

!CaO
i
i

!SrO

!K2O
i
i

ico
jCU

[Zn

!As

'jRb

jY

!Zr
•

!Nb

! . 1 0

0 0 . 2 5
1 3 7 . 3 5

715*

190*

0-1.10

. 71

04

49

. 16

. 13
i

17 '

-.- 30

15

1 1

0 0 . 16
01 . 8 8

327*

1 8 . 5 6

175*

0 1 . 3 0

49

04

18

15

14

17

31

06

12

0 0 . 12
0 2 . 10

4 6 1 *

1 7 . 11

191*

01.31

37

06

17

16

18

19

27

09

13 {

—. — — —. — X

01.87J
33.10!

8701* !

00. 15!

08* !

00.35 !

490 !

05 !

06 !

24 I

02 !

47 !

41 !

12 !

* - CONCENTRATION IN MICROGRAM PER GRAM ( P P m )
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DISCUSSION AND CONCLUSION
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3.1 DISCUSSION AND CONCLUSION:-

The aim of these work is to analysed some

samples collected from different locations around

EL«abalain area.These samples fire generally used in

manufacturing of cement,The most important element which

is calcium shows relatively high conceritart ions_ in

samples L2,L5,L6 and L7 which may confirm the

classification of the mentioned samples as calcites.On

the other hand,samplfes LI and 13 have relatively low

concentration of calcium, there fore they may be

c!nsfl i fed as do 1 omit.es.

The concentration of other elements show acceptable

values according to literature (1).

The concentration of calcium in the two reject

sample is relatively low which might indicate the

predomenancy of dolomite.

Sample L8 and- 11 are. small grain in nature because they

are reject from the calcite ore.

XRF technique is proved to be the best method for

those;1 analysis because it is i\ time saving technique

and non distructive method as we; 1 I as it gives

acceptable results for many metals present in the same

sample simultaneously.There fore it covers large number

_ i Y_



of elements,depending on the sources and the conditions

of the samples.

Many information and conclusions can be drown

from the accompanied spectra and tables,but we justTthe

major component which is calcium as an example.

-18-
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! Cr-Ka
{•• Mf>-Ka
i: Fe-Ka
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6
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8
8
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14
.1.4
}.r.

16
17

0 0
. SPE
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KeV)
.313
. 631
. 503

9.'".(")

. 412

. 895

. 333

. 325

.472

. 04 J

. 63.1.
5:-:2

. 908

. 375

. 142 '
. 932 ,
. 746 '
. 5H3
. 443 !
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