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ABRSTRACT: Qualitative and quantitative analysis of clay minerals are important 16 the evaluationof the swelling potential
of expansive sabls. A relatively simple method for the quannification of clay minerals of Al-Khed (Northern Oman) Lsing an
Xe-ray thffraction method is descnibed in detall in this paper. The method s based on the additions of known internal standards
Lo the clay sample. The clay mvestigated m this study contamed montmorni!lonite, palygorskite, illie and kaolinie. Internal
standards of these minerals were mied with the clay-at different praporiions and intgnsities of reflected peak argas were
megsured: [twas found that the peak areas intensines relate linearly with additions of different proporiions of standards: From

these intensitics, the olay minerals presentin the clay of Al-Khod were estirmarted

E_v.pnnmw; soilsare widely spread in Northern Cman
associated mainly with Tertiary materials, Expansive
soils undergo volumetric changes upon wetling and
drying thus causing distress and damage to engineering
structures founded on them. A detailed information on
their distnbution and characteristics 1s provided by Al-
Rawas and Woodrow (1992}, Expansive clay minerals
such as moentmorillonite, illite, palygorskite etc, have
sreat nfluence on the swelling behaviour of the soil.
Maontmorillonite s the most "active" mineral and s
responsible for most of the swelling problems. Thus,
knowledge of the types and amounts of clay minerals
present 1n & soil 15 essential in the evaluation of the
swelling potential of the soil, In Oman, only qualitative
and semi-guantitative means of clay minerais analysis
using X-ray diffraction were used in the past. There
appears 1o be no published quantitative analysis available
in the literature prior to this study which may be due to
the complexity of the work, lack of expertise in this field
and time needed for such work.

Qualitative and semui-guantitative technigues were
mostly used worldwide for the analysis of clay
mineralogy, bul more accurate quantitative approaches
are needed o oorder to obtain reasonably, accurate
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estimates of clay minerals in a soil. However, quantitative
approaches based on the comparison of diffraction peak
heights or peak arcas can only be used as estimates due {o
the differences in :

(i} mass absorption coefficients of different minerals
() artentation of particles

(11t} thickness of samples

(1v) surface texture of samples

(v} degree of crystallimity of the munerals

(vi) chemical composition

(vii)  other factors

In quantitatuve techmques where internal standards of
known minerals are utilized, reasonable estimates can be
produced. Researchers who have investigated this work
reported that the results obtained must he considered to be
= 2, 5o 10% (Gibbs, 1963; Carral, 1970). Moore and
Reynolds, Jr. (1%89) stated thal quantitative analysis
should be considered pood if errors amount to £ 10% of
the proporlions present for major components, and + 20%
for minerals whose concentrations are less than 20%,

The following paper describes a quantitative method
tor the determination of the montmorillonite, illite,
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palygorskite and kaolinite concentrations of Al-Khod clay
(Northern Orman) based on the additions of proportions of
known internal  standards, This 1s part of an ongoing
investigation into concentration of clay minerals in
samples obtamed throughout Oman,

Review of Quantitative Methods

Several quantitative methods using X-ray diffruclion
techmgue were attempted by several researchers: The two
principal methods that were widely used are reported
herein, For detatled mformation on various quantitative
methods, the reader is referred to Burnett (1995},

THE METHOD OF KNOWN ADDITIONS OF AN INTERNAL
STANDARD: In thismethod, ditfering known weights of @
pure standard are added to a sample contaming the same
component, and the change in the X-ray diffraction
intensity is measured. The weight proporiion of that
component in the eriginal sample can then be-estimated,
This method was used by Brindley (1961), Klug and
Alexander{ 1974), Jackson (1936) and Dafalla and Al
(19913,

THE METHOD OF KNOWN ADDITIONS OF 5011 CLay! In
this method, mcreasing praportions of soil clay are added
10 a constant weight of a standard. and the change n the
X-ray diffraction intensity from 100% standard to 100%
soll clay is measured. The weight proportions of various
components of the soil clay can then be ¢stimated (Ruhe
and Olson. 1979},

Sinece the intensity of a particular component 1§
directly proportional to the coneentration of that
component, 1t was possible o develop methods for
quantitative analysis based on diffracted intensitres. Klug
and Alexander (1974} derived the following relatianship
between diffracted intensity and absorption:
I=KWi (1)

where I 15 the measured intensity of a diffraction hine
af a crystalline component of the sample, W 1s the weight
fraction of the component, ¥ is a constant for any
particular hme of & partcular mineral and y is the linear
absorption coefficient of the specimen.

Instrumentation - X-ray Diffraction

The X-ray diffractometer used in this study was the
PWI1700 Automated Powder Diffractometer. The
generator seltings were 40 kV and 40 mA and the Cuo
radiation (A) was equal to 1.5418A. A scanning rate of 2°
20 per mmute from 2° to 30° 20 was used for all
samples. The X-ray diffractometer used is attached to a
computer which gives beth a trace of the X-ray patterns
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of minerals and a computer output listing the d spacings,
angle of diffraction, intensities, ¢te. This information was
used in the enuhcanen of the minerals.

Sample Preparation and Treatment

Sample preparation consisted of washing the
carbanates, soluble salt, organic matter and iron oxides
from the soil, separating the clay fraction, preparng
onented samples. and treatments of enented samples, The
procedures used for washing the soil from the carbonates,
soluble salt, organic matter and iron oxides were as
descnibed by Kunze and Dixon (1986). This mmnial
treatment 15 important i order to eliminate or reduce the
effect of these components.

The soil obtained for X-ray diffraction was imitially
arr dried for several days. 1t was then crushed unul o
passes No, 200 sieve (75 ym). Then 135 g of the sieved
matenal (sl and clay) was placed in a beaker contaming
6O0-800 ml of distilled water and few drops of a
dispersing agent (hexametaphosphate) were added. The
suspension was then stirred thoroughly and left for at least
1% 10 ¢ight hours, The top 4 em of the suspension was
them transterred nto 30 ml centmfuge  wbes. Clay
fractions (<2 pm) ‘were obtained by centrifuse
fractionation (3000 rpm for 34 minutes).

For: the preparation of onented samples on glass
slides, 60 mg of the clay fraction (after it was ground to
a powder form) was mixed with 1 mi of distilled water
and stirred thoroughly, Approximately 30 me of the clay
10 the suspension was then carefully transferred o 2 2.6
% 2.3 cm wlass shde, The clay particles were allowed 1o
settle freely on the slide. Similarly, the remaining 30 mg
was also transferred onto another shide, For additional
mnformation on the samples preparation, the reader 13
referred to Whittig and Allardice (1986).

The samples mounted on the shides were allowed to
dry before exanunatton. Each sample was examined n
three forms; as an oriented clay sample (untreated), as an
oriented clay sample treated with ethylene glycol and as
an onented clay sample heated to 350°C for two hours:
Ethylene glveol and heat treatments were used 1o provide
additional information essential for the wentfeation of
clay minerals.

Clay Minerals ldentification

The data presented by Brown and Brindley (1980)
and Moore and Reynolds (1989) were used as a guide for
the identification of clay minerals. The ¢lay mineral
groups  of montmorillonite, illite, palygorskile and
kaohnite were 1dentified 1n the clay of Al-Khod by their
characteristic basal reflections. Non-clay munerals such as
quartz and calcite were also identified. The X-ray pattern
of Al-Khod Clay is shown in Fig. 1.
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Figure 1. X-ray diffraction patterns of Al-Khod clay sample with different treatments,
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MONTMORILLONITE:  Sedium  montmorillonite and
caleium montmornillonite are characterized by 12 and
14-15A peaks respectively. Montmonllonite expands to
1 7A upon glycolation and collapses to 9.5-10A when
heated 10 550°C for two hours.

[LLITE: Tlite has bhasal reflections of 10, 5 und 3.3A
which are unalfected by glycolation and heat treatments.

PalyGorssITE: Palyporskite has basil refiections of
1005, 6.36 and 447A which are unaftected by
glveolation. When subjected 1o heat treatment at 330°C
the intensity ol the main reflecuon decreases and at
600°C, the 10.5A completely disappears {(Wilson,
1987},

KaoLINTE: Kaolinite is characterized by 7 and 3.3A
peaks, Kaolinite 15 unaffected by glvcolation and
disappears when heated 1o 350°C for two hours.

Adopted Method and Procedures

In this study, the "Method of Knavwn Additians of an
Internal  Standard”  tor  the  determination ol
montmortllonite, lhte, palygorskie and  kaolmie
concentrations m the soil as stated by Dafalla and Al
(1991} was adopted. However, they only considered one
component, montmorillonite, whereas in this study four
components were analysed.

In this method, pure standards of the four identified
clay minerals were added to the soil ¢lay m different
percentages of 10, 20, 30, 40%, etc. By plotting the X-
ray diffraction intensities or peak areas against the
concentrations (percentages) added for each standard
mineral, we obtain a linear relationship from which we
can predict the concentrations of the actual minerals
present m the clay sample,

The internal standards chosen for this study and
ther chemical compositions are shown in Table 1, The
montmorillonite, 1llite and kaolinite standards were
produced by ECC International Lid of the United
Kingdom whereas the palygorskite sample was
produced by the Ministry of petroleum and Mmerals
(Sultanzte of Oman), The X-ray patterns of these
minerals combined were shown in Fig: 2. The X-ray
reflections of these minerals were found (o be stmilar to
thase produced by Al-EKhod clay.

Prior to the addition of the intermal standards, three
natural samples were tested to establish the repeatabihity
and reproducability of results. A representative sample
was chosen as a reference (Fig. 1), The internal
standards were added 1o the natural samples in order to
make mixtures of varymg proportions. Six mixes having
additional  concentrations  of  bentonne,  ilhte,
pelvgorskite and kaolinite (by weight) of 30, 40, 50, 60,
70 and 80% were made,

TABLE 1

Chemical analysis of the standards and clay used in the study.

Sample: Monumornllonire Mite Kaolinite Palygorskile Clay
Chentical

Rentonite {Hunparian) SP3 ATT-22 Al-Ehod
Amnalvsis

Fulgel (Surrey) {England) {Cnoman) ( Drman)
il 594 a2 48.0 48,30 40,94
AL, 1ol 31.1 A7.0 12.40 825
Feid; .41 (.64 0,70 580 5.60
T, 0.91 (FREL 003 i 1.65
Cal 2,59 ] 006 1.20 12.63
Mg 352 1.50 (-24 1070 2,52
K0 o4 8.91 1.50 0.70 0,592
Na. 0 327 016G 0.13 0.1y 122
Loyl 7.0 4.90 12.3 18,50 15.95
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Figure 2. X-ray diffraction parterns of the mernal standards used i the smdy treated with ethyvlene glycel.
TABLE 2
Peak arcas af Different Minerals far Different Additions of Standards,
Percentages Peak areas (cm’)
Montmorillonite Mite Kanlinite Palvgorskite
of standards
] 2.50 (.56 {6l 0.56
a0 5,95 1.23 381 1.23
40 £ (0 136 380 1.35
S0 Bl6 .40 439 |40
o0 BT 140 5.60 1,40
T0 B.25 1.80 5.40 1,50
80 8.32 173 6.25 1.75
Results rmixes are shown in Fig, 3. The traces were clean and
smooth which indicate the effectiveness of the chemical
The peak areas of minerals for different additions of pretreatment. Also, it is evident that the intensities of the
standards are given in Table 2. These peak arcas were compenents increased as the concentrations of the
plotted against the different additions of standards used internal  standards  increased. Montmorillonite and
and the change in X-ray diffraction patterns of the six kaolimte showed distinctive and separated peaks
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M = montmorillonite, P = palygorskite, [ = illite, K = kaolinite

Figure 3. X-ray diffraction patierns showing progressive changes from the clay, through a sequence of increasing additions of mtemnal
standards to the clay.
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whercas palygorskite and illite were overlapped n one
peak (Fig. 3). The peak areas were calculated by
multiplying the peak height above background times th
peak width at half height. This simple method yields
superior results and 1s used by many rescarchers. Since
palygorskite and 1llite were overlapped, their peak was
divided equally between them. Next, the percentages of
internal standards added were plotted against the peak
areas as shown in Figs. 4, 5. 6 and 7. From these figures.
linear relationships can be seen. Similar results were

|

The assumption made by Dafalla and Al (1991) was
used for the calculauons of the natural components n
thesample. Assuming that the concentration of
montmonllonite was (C), natural concentration of
montmonllonite was (C,), initial sample weight was (w)
and additional bentomite was (B), C can he written as:

C=[bw +C (w - bw)]iw (2)

resulting in
obtamed by Dafalla and Al (1991) in their study on the
gquantification of montmonillomte clay mineral. C=b+C_(1-b) and b= (C-C_¥(1-C)
10
g | y=00754x +32083
gl © =083
o 1 .
E 6 il
- & e
E = _,FF-"# ’ﬂ ’
n
g 4F . e
& 3} =
_'_'_'____..,-'-"""
2 _'__'_'_'_'__.,-o-'-""_"-
L =
ﬂ T | | | | J
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Additional Bentonite-Fulge! (monmmorillonite), %

Figure 4. Peak arca versus additional Bentonite - Fulgel (montmaorillonite),

y =00674x +1.0889
P =094

Peak area {cm?)
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Figure 5, Peak arca versus additional SPS (kaolinite)
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Figure 7. Peak area versus additional iilite.

Using hnear regression, the best fitting line 1s defined
by the equation:

[=0.0754 b+ 3.2083 (3)

For 1=0 and C=0, then b =3 2083/0.0754 and C_ = 43%,

Thie same method was used for caleulations of the 1llite,
palygorskite and kaolinite, The natural concentrations of
montmonllonite, kaolinite, palygorskite and illite in the
clay sample were calculated to be 43, 16, 23 and 23%
respectively. The total concentrations of the four
minerals was 105% which indicates an ¢rror ol only 3%,
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This s1ze of error 15 within the acceptable limits quoted
for good quantitative analyses (Moore and Reynolds, Tr.
1989). Therefore, this method scems 1o be very
suceessful not only for the quantification of a single clay
mineral, but also for a mixture of clay mimerals
{monimornllonite, palygorskite, illite and kaolinite.

Conclusions

This  paper  desembes  a  relabvely  simple
experimental method of gualitative and quantitative
analysis of clay minerals, The method was applied to a
sample of Al-Khod clay and the percentages were
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found, montmorillonite  43%,  kaolinite  [6%,
palygorskite 23% and illite 23%. The intensitics of
diffraction peaks measured through peak areas relate
directly to the concentration of clay minerals in a clay
sample. Furthermore, a linear relationship between
additions of proportions of internal standards and
increase of peak areas was established.
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