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Infra-red absorption technique has been used for estimating kaolinite in
five Indian and two foreign natural kaolins. The results have been compared
with those obtained by proximate rational analysis and differential thermal
analysis. At 5 per cent level of significance infra-red method was found to
give results not significantly different from either rational analysis or
differential thermal ansalysis. The merits and faults of the method are
discussed.

INTRODUCTION

In an earlier communication (Atma Ram, Bishui and Dhar 1963) esti-
mation of free quartz in clays by infra-red method was reported. It was
found that when the particle size of quartz present in clays was less than 10
microns estimation by differential thermal analysis (d.t.a.) method might
lead to erroneous results but this difficulty was obviated in infra-red method.

Previous studies on the application of infra-red methods for the quanti-
tative estimations of clay minerals are relatively few. Hunt and Turner
(1953) used this technique for determination of the mineral constituents of
rocks. Quantitative analyses within 10 per cent of the amount present
could be made for quartz, kaolinite, orthoclase, calcite and dolomite.
Tuddenham and Lyon (1960) outlined the importance of particle size in
infra-red measurement of minerals. Using X-ray, d.t.a., infra-red and
cation exchange capacity methods, Van der Marel (1960) concluded that it
is not possible to determine quantitatively the amount of kaolinite in samples
of different origins. Quantitative analyses of kaolinite were only possible
when dealing with samples of one and the same particle size, degree of crystal-
linity and composition.

In the present communication, the problem of the estimation of kaolinite
in clays by infra-red method was re-investigated. Estimations of kaolinite
present in 7 ceramic clays were made by infra-red method and compared
with the results of proximate rational analysis and differential thermal

analysis.

* Present address : Central Scientific Instruments Organization, Chandigarh.
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EXPERIMENTAL

For differential thermal analysis and infra-red absorption spectra, the
same procedure was followed as described in the earlier communication (Atma
Ram et al. 1963). Kaolinite estimation by d.t.a. method was made on the
basis of dehydroxylation peak area. For estimation by infra-red technique,
base-line optical density method (Wright 1941; Heigl, Bell and White 1947)
was used.

Throughout the investigation less than 1:4 microns fraction of the clays
was used. The chemical analyses of the clays have been reported earlier
(Atma Ram et al. 1963) which were used for calculating kaolinite by norm
method.

Between 2 and 15 microns, prominent characteristic peaks in the infra-red
absorption spectra. of kaolinite appear at 9-0, 9-7, 9-9 and 10-95 microns. The
peak at 10-95 microns was selected for drawing the calibration curves because
of the following reasons: (1) It is characteristic mostly of kandite group of
minerals only and is generally absent in other layer lattice or chain silicates.
(2) It is least influenced by impurities, such as, quartz, calcite, felspar, iron
bearing minerals, etc., commonly associated with natural kaolins. (3) The
strength of this absorption peak is normally quite high. (4) It does not seem
to be very much influenced by the degree of displacement along b direction in
kaolinite lattice. (5) The base line bounded by this peak is of small length.

The calibration curve was obtained from the infra-red runs of the
different concentrations of kaolinite in quartz matrix and using KBr pellet
technique. The following observations are important in this connection:

1. For obtaining reproducible results, instrument settings should not
be disturbed throughout the series of experiments. Any change
in the slit width or amplifier gain will affect the intensity of
the absorption peaks and disturb the calibration data.

2. To ensure uniform thickness ofthe pellet, for each run the same
quantity of the material should be pressed under the same load
and for the same interval of time.

3. By trial, it was seen that manual grinding of the sample with
KBr for 30 to 40 min produced visually transparent pellets.

4. Reproducibility was good when visually transparent pellets were
used. Lesser grinding resulted in poorly defined spectra, while
prolonged grinding caused excessive particle size reduction
resulting in too much absorption of moisture and fogging or
opacity in pellets. . '

Resurrs AND Discussion
Infra-red spectra of the clays are given in Fig. 1 and the calibration curve
_together with regression limits in Fig. 2. The per cent absorption at 15



1

461

700

/‘Z\
42
N
\
N
\\
»
>
7
aN
435

1

800

13

IA\
\

13

4

NP

~ e > w
@« W) ,\\\ < \ m
2 ) &S/ ) 3
by SP S(l\\.l,‘l) v

< S¢< 2
2 a0 . - £
® ' 8¢ ___ 39 3

1
NN SN AN EEN N S N G

900

L
\

WAVE NUMBER IN CM"

1000

{[e]0]

- e—""
\In\:l.\:\l.u.\\\\\.\\\.nnnnh.\....\...l\l e

ESTIMATION OF KAOLINITE IN CLAYS BY INFRA-RED METHOD

" 1300 {200

] ll’l‘llllllll“llllll(lllllllIlllllll

J\. AHHDIII A/

< KNVIILY3A Q30vIdSIa  SIAUND
NOILJHOSEY LN2D ¥H3d

-~
]
THAN

7
}

N
12

10
WAVE LENGTH IN MICRON

Infra-red absorption spectra of the elays.

Fia. 1.

P

NV

7 s



462 B. M. BISHUI, R. N. DHAR & J. PRASAD

microns is indicated at extreme right position on the top of each spectrogram
in Fig.1. Since the horizontal lines represent an absorption difference of 10
per cent, the absorption at other wavelengths can be known. As estimated
from proximate rational analysis, differential thermal analysis and infra-red
methods, the calculated kaolinite contents in the clays are given in Table I.
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Fi1a. 2. Calibration curve for the estimation of kaolinite
together with regression limits.
Tasie I

Estimated per cent kaolinite content of the clays by various methods

Method
Clay .

Rational D.t.a. Infra-red

analysis
Rajhara .. .- 58 54 52
Than .. .. 58 53 61
Extra White .. 69 63 72
Old Hickory .. 68 63 65
Bagagala. . .. 62 57 58
Bilaspur (1) .. 54 55 51
Bilaspur (2) .. 58 58 53

By least square method, the line of best fit to the experimental points
plotted in Fig. 2 is y = 78-084x—0-646 and the regression limits are +1-010.
The standard error is 0-363 and the correlation coefficient nearly 1.

The above results show that the plot between kaolinite concentration
versus apparent extinction coefficient (logyy 1o/1) is nearly a straight line

4B
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passing through the origin. This is in agreement with the theoretical
(Duyckaerts 1959) deduction that apparent extinction coefficient should be
directly proportional to the amount of the absorbing substance as long as
the granulometry is constant. For a particular value of 0-20 for log;, 1,/1,
there is 95 per cent probability that the amount of kaolinite estimated in the
clay lies between 13-80 and 15-90 per cent.

In order to see whether the kaolinite content estimated in the clays by
rational analysis, d.t.a. and infra-red methods differ significantly from each
other, Student ‘¢’ test (Freeman 1956) was employed. Table II gives between
the three possible combinations of different methods the calculated values of
this statistic { = ci/ n/Sa, where d is the average of differences, n is degree of
freedom, and Sz the standard deviation. The standard values (Freeman
1956) of ‘1’ at 5 and 10 per cent levels of significance pertaining to each case are
also given in Table II.

Tasre IT

Test of significance between various methods

Combination
*Parameter
‘e’ . . .
Rational ana- Rational ana- .
lysis/d.t.a. lysis/infra-red d.t.a./infra-red
Calculated 3-287 1-544 0-615

* From tables standard values of ‘¢’ at 5 and 10 per cent levels of
significance for 6 degrees of freedom are 2:447 and 1-943 respec-
tively.

The above analysis indicates that the estimated values of kaolinite in
different clays (Table I) obtained by rational analysis significantly differs
from d.t.a. However, infra-red method yields results which do not vary
significantly either with rational analysis or d.t.a. This suggests that, for
the clays considered, the estimation of kaolinite by infra-red method is within
5 per cent level of significance with rational analysis and d.t.a.

Advantages and disadvantages of the infra-red method

1. Tt is more rapid.

2. Because of the altogether different positions of the characteristic
absorption bands of kaolinite and quartz, simultaneous esti-
mation of these two minerals might be possible from a single
infra-red run of the clay.

3. The presence of free quartz in natural kaolins might affect the
estimation of kaolinite by d.t.a. method due to the overlapping



464 BISHUl ET AL.: ESTIMATION OF KAOLINITE IN CLAYS

of B to « inversion peak of quartz and the dehydroxylation
peak of  kaolinite. This difficulty is obviated in infra-red
method.

4. Kaolinite estimation by infra-red method might be difficult (or
even fail) when considering mixtures of clay minerals, especially
if kaolinite occurs in association with dickite/halloysite or such
other minerals as interfere with the Al-O-OH absorption peak
of kaolinite. However, in such a situation this is true even for
X-ray, d.t.a. or cation exchange capacity methods.

5. The method suffers from all disadvantages inherent in KBr pellet
technique (Duyckaerts 1959), such as distortion of the kaolinite
structure during grinding, random scattering by the specimen,
variation in thickness of the pellet, variation in dispersion of the
material in KBr medium, etec.

Despite the above limitations of infra-red method, it has been the expe-
rience of the authors that once the experimental procedures are completely
standardized and they are strictly adhered to, acceptable analyses of kaolinite
present in clays can be made using KBr pellet technique. .
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