Clays and Clay Minerals, Vol. 26, No. 2, pp. 139-143, 1978.

CHARACTERIZATION OF THE PARTICLE SIZE AND THE
CRYSTALLINITY OF CERTAIN MINERALS BY
IR SPECTROPHOTOMETRY AND OTHER INSTRUMENTAL
METHODS—II. INVESTIGATIONS ON QUARTZ
AND FELDSPAR

J. HLavAay, K. JoNas, S.

ELEK AND J. INCZEDY

Veszprem University of Chemical Engineering, Veszprem, 8201 Hungary

(Received 22

June 1976)

Abstract—Infrared spectra of two minerals; Urkut quartz (Hungary) and a Swedish feldspar, of different origin with dif-
ferent physical characteristics and crystallinity were studied. Samples were taken after appropriate grinding, and infrared
spectra, X-ray powder diffraction and water vapor absorption measurements were made along with electronmicrographs.
Quantitative conclusions were drawn from changes of particle size and the ratio of bands of the Si—O groups and also the
degree of crystallinity and changes of the particle size, respectively.
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INTRODUCTION

Some problems of the quantitative analysis of min-
erals by infrared spectrophotometry were reported in
Part 1. It was stated that the intensity of the character-
istic absorption bands of the kaolinites depends con-
siderably on the shape and crystalline state of the par-
ticles, as well as on their actual chemical composition.

Quantitative determination of quartz, by infrared
spectrophotometry, in dust, soil, other silicates and
powdered coal was reported by Larsen (1972), Small-
wood (1963), Hlavay (1976) and Tuddenham (1960). It
was established that accurate and reproducible deter-
minations can be carried out only on samples of strictly
identical particle size and crystallinity. No literature
data was found relating to a quantitative infrared anal-
ysis of feldspar.

In the present work infrared and X-ray spectra were
recorded, as well as water vapor absorption and scan-
ning electron microscopic measurements of the original
samples and of those subjected to grinding, in order to
reduce the particle size and the degree of crystallinity.

EXPERIMENTAL

Two minerals were examined: Urkut quartz (Hun-
gary) and a Swedish feldspar (orthoclase). The Urkut
quartz contains about 0.5-1% w/w amorphous material
and the Swedish feldspar contains about 2% w/w quartz
and other clay minerals as previously determined by X-
ray powder diffraction. All measurements were carried
out as described in Part 1.

RESULTS AND DISCUSSION

The infrared spectra of Urkut quartz and Swedish
feldspar are shown in Figures 1 and 2. Band assign-
ments are listed in Table 1. Band intensities were de-
termined by the baseline method and the characteristic
absorption values were calculated. No internal refer-

ence band was found in the infrared spectra of quartz
and feldspar because all band intensities were changed
by the action of grinding. Moreover, we cannot inves-
tigate the irregularities of the lattices along selected
crystal axes, because quartz and feldspar are not lay-
ered minerals. Changes of the band intensity taken at
802 cm™! as a function of the grinding time is shown in
Figure 3.

At the beginning, the absorption values considerably
increase. After a certain grinding time (in our case 4
days) they pass a maximum, then decrease again. The
explanation of this phenomenon was summarized in
Part I.

It is well known that in the infrared spectra of amor-
phous silica the symmetrical bending vibration of the
Si—O group taken at 695 cm™! is missing. As in the in-
frared spectra of crystalline quartz, the symmetrical
stretching vibration of the Si—O group at 800 cm™" can
be observed and the absorption ratic at A 800 cm™Y/A
695 cm™! can supply valuable information on the degree
of crystallinity of quartz (Nemecz, 1960). The ratio of
the above-mentioned absorption bands as a function of
the grinding time is shown in Figure 4.

The ratio of these absorption bands increases con-
siderably at first. Then after a certain grinding time only
a slight increase is observed. This is explained as fol-
lows: at the beginning of the grinding the main process
is the decrease of the particle size (band intensities in-
crease). Later, because of the crystallinity decrease the
695 cm~!band intensity decreases considerably and the
802/695 cm ™! ratio increases. During the grinding period
the completely amorphous silica state could not be
reached. After 10 days of grinding the intensity of the
absorption band at 695 cm™* could still be measured.
When the aggregation began, the grinding was not so
efficient and the ratio did not change appreciably. Other
analytical measurements confirm the conclusions
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Fig. 1. Infrared spectra of Urkut quartz.

drawn from the infrared spectra. The amorphitization
of the Urkut quartz was followed by observing the de-
crease in intensity of the X-ray powder diffraction peak
at 3.346 A. Changes of this peak area as a function of
the grinding time are shown in Figure 5.

At the beginning of the grinding there is a large
change, later followed by a slighter decrease in the
curve, i.e. the amorphitization of the quartz is contin-
uous. When quartz is ground, the aggregation only can
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Fig. 2. Infrared spectra of Swedish feldspar.

change of the crystallinity was found in the infrared
spectra of the feldspar studied.

The explanation of the forms of the curves may be
the same as that of the quartz. The decrease of the par-
ticle size and the agglomeratization of the Swedish feld-
spar was followed by stereoscanning electron micro-
scopic (SEM) measurements. The SEM photograph of
the original Swedish feldspar, and that of feldspar
ground for 10 days, are shown in Figures 8 and 9. Some

be observed later, compared to the grinding of clay
minerals (that is, the efficiency of the grinding and the
decrease of particle size is more pronounced with the
later clay). In this period of grinding the specific surface
area of quartz considerably increases. After 4 days of
grinding only a small increase can be observed (Figure
6). The reason behind this may be that quartz is a very
hard and brittle mineral and grinding breaks it into
smaller pieces, resulting in large changes in the infrared
and X-ray spectra as well as in the specific surface area
measurements.

Similar curves were obtained on the Swedish feld-
spar. Changes of the two most characteristic absorption
bands of the infrared spectra, at 735 and 570 cm™’, in
the characteristic reflection peak area of the X-ray
spectra, as well as changes of the specific surface area
as functions of the grinding time can be seen in Figure
7. No characteristic absorption ratio characterizing the
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Fig. 3. Changes of the band intensity at 802 cm™ (Urkut quartz).

Table 1. Band assignments of Urkut quartz and Swedish feldspar.

Wavenumber
Samples (cm™Y) Assignments
Quartz 1175, 1100 Si—O asymmetrical stretching vibrations
802, 785 Si—O symmetrical stretching vibrations
695 Si—O symmetrical bending vibrations
516, 470 Si—O asymmetrical bending vibrations
Feldspar 1200-950 Si—QO asymmetrical stretching vibrations
775, 735 Si—O—Al compounded vibrations
570 Si—O symmetrical bending vibration
538 Si—O asymmetrical bending vibration
648 Al—O co-ordination vibration
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Fig. 4. Changes of the absorbance ratio taken at A 800 cm~Y/A 695
cm™ (Urkut quartz).

large and irregular unground feldspar particles bearing
the characteristic forms can be recognized in Figure 8.

At the beginning of the grinding period these large
particles were broken and the small primary particles
adhered to the larger, original particles thereby de-
creasing the effect of grinding. Then the aggregation
and the degree of crystallinity become more pro-
nounced, as can be seen in Figure 9.

Similar to the kaolins mentioned in Part I, we have
attempted to establish correlations describing the par-
ticle size, the absorption ratio calculated from the in-
frared spectra and the loss in crystallinity calculated
from the X-ray spectra as functions of the grinding time,

7

6 ._\}
NE \+ 3.346 A° quortz
s o \"\+

~45— \+\+

[=] S~
[
53 T~
S

2 —
s

=

| ] ] ]
[¢] 2 4 6 8 10
Grinding time,  days

Fig. 5. Changes of the reflection peak area (3.346 A) as a function of
the grinding time.
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Fig. 6. Specific surface area of Urkut quartz.
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Fig. 7. Changes of the absorption bands of the infrared spectra (735
and 570 cm™); the reflection peak of the X-ray spectra and the specific
surface area of the Swedish feldspar.

Table 2. The correlation functions of quartz and feldspar.

Samples dvst yvsd xvsd y Vs X
Urkut quartz d = dpe 0237t y=02284%*+170 x =020d + 037 y= —254x2+ 753
a= 0
dy 2 um
Swedish feldspar d = doe™ 0147t x =0.034%% +0.22
a = 0.147
dy = 2.60 um

y, absorbance ratio calculated from infrared spectra (A 802 cm™%A 695 cm™).

x, degree of amorphism calculated from X-ray spectra.
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Fig. 8. SEM photograph of the original Swedish feldspar.

Fig. 9. SEM photograph of the Swedish feldspar after 10 days of grinding.
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Fig. 10. Absorption ratio, y, vs. particle size, d, function.

as well as to determine the absorption ratio vs. amor-
phism. The appropriate equation was described in Part
I. The particle size of the original and the ground sam-
ples was determined in Part I.

The peak area at 3.346 A (101), the characteristic re-
flection of the quartz and the peak area at 6.463 A of
the feldspar, were measured. The ratio of the peak
areas of the original and the ground samples serve as
a measure of the loss of crystallinity. The correlation
functions are listed in Table 2. No correlation was
found for the absorption bands of the infrared spectra
of the feldspar. Therefore characteristic absorbance
ratios could not be calculated.

The y vs. d (average particle size) function of the
Urkut quartz is shown in Figure 10. It can be seen that
changes of the particle size result in considerable
change of the absorption ratio of the quartz. The cor-
relation function is a parabolic one with an asymptote
at 7.0. This means that the values of y calculated from
the infrared spectra may not be larger than 7.0 if the
particle size of the sample is below the 0.3 wm limit.

The relationship between the degree of amorphism
(x) calculated from the X-ray spectra and the particle

PesiomMe- HU3yuanuch HHPPaAKpacHHE CIEKTPH OBYX MHHEDPAJIOB:
pI/IFI/ H [BeAckoTo NOJIEBOTO uaTa, Pa3/IHYHOTO MPOUCXOXIEHUS C Pa3JIHYHEMH
3UYeCKHMH CBOWCTBAaMH H KPHUCTAJUIUYHOCTBIO.
H 3aTeM NPOBENCHH UW3IMEePeHUus HHOpaKpaCHHX CIHEKTPOB,PEHT—
NOJIyYeHHHX ITOPOWKOBEM METOAOM OUPPaKIIMM,H H3MEepeHUA ab-
OIHOBPEMEeHHO C H3yYeHHEeM MeTOJIOM 3JIEKTPOHHOM MHKDPO-
BEUIM MONIYYEHH KOJIMYECTBEHHHe NaHHHE 6jlaromapsa U3YYEeHHI H3MeHeHUH

Xamero H3MeJIbYeHHs,
I'eHOBCKHUX CHeKTpPOB,
COpPOLIHY BOISHOTO Iapra,
rpaduu.

pasMepoB YacCTHL M OTHOWEHHA cBA3eM rpynn Si-o,
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size (d) of the quartz is a linear function. The reason for
this is that the quartz breaks into smaller pieces, de-
creasing the state of its crystallinity during the whole
grinding period. These changes are proportional to the
decrease of the particle size.

A parabolic function was found to exist between the

y and x values of quartz. From the shape of the function

it can be concluded that the changes in crystallinity of
the quartz can result in a considerable change of the
absorption ratio taken at A 802 cm™YA 695 cm™.

The x vs. d function of feldspar was calculated as a
polynomial function. From this function the particle
size of the samples can be determined if the x values
are known.

In conclusion, we can state (similar to our earlier ob-
servations made in connection with kaolins, Part 1),
that if the particles are below the two micron size limit,
the infrared bands intensities of quartz and feldspar
depend on the average particle size of the primary par-
ticles, on the crystalline state of the particles and on the
mechanochemical activation.
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KBaplia YpkyT /BeHr-

ou-
O6pas3lu 68UIM OTOOPAaHH [OCHe Hanje-

a TaKxXe cTeneHH KPHCTAaJIHYHOC—

TH U COOTBETCTBYIOmMHUX H3MEeHEHU¥ pa3Mepa uvacTHul.

Kurzreferat~ Infrarotspektra zweier Mineralien, Urkutquartz

(Ungarn) und

ein schwedischer Feldspat, von verschiedener Abstammung mit unterschied-
lichen physikalischen Eigenschaften und Kristallformen wurden untersucht.
Nach angemessenem Mahlen, wurden Proben genommen und Infrarotspektra,
ROntgenpulverdiagramme, und Elektronenmikrographien aufgenommen und Wasser-
dampfabsorptionen gemessen. Von der Veranderung der TeilchengroBe, dem Ver-—
h&ltnis der Schwingungen von den Si-O Gruppen und auch dem Grad der
Kristallinitdt, bzw. der Veranderung der TeilchengrdBe, wurden guantita-

tive Schliisse gezogen.

https://doi.org/10.1346/CCMN.1978.0260209 Published online by Cambridge University Press


https://doi.org/10.1346/CCMN.1978.0260209



