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ABSTRACT

Ageirg has become an industrial praciice for the ine-
provement of plasticity of clays and bodies bosh in
the siuwry and plastic siates but no proper explana-
Won exits. Experiments were conducted on Aged and
Unaged clays te determine whether chemical bonds
were broken at oll. Results of X-ray diffraction, Infra-
red spectroscopy, Differential thermal analysis
(D.T.A.) indicate that ageing affects both the miner-
alogical and structural aspects of clays. It is there-
Jore very likely that ageing is more of a physical phe-
nomenon than chemical activity.

KEYWORDS: Ageing, Mineralogical investigations,
Industrial Kaolinites,

LITERATURE REVIEW
X-ray Diffraction

Worrall [1] indicates that the irreversible changes as-
sociated with ageing are caused by a progressive and
irveversible breakdowa of aggregated clay particles
by the action of water and in some cases, assisted and
‘acoslersted by shearing. In X-ray diffraction analy-
8is, it is known that clay minerals exist for the most
part only as very fine particles,  Therefore, due to
ﬂuinhautdmamistiesoﬁbeclaynﬁnuals.spo-
cial chmeras and spocial techniques are frequently re-
q.li:edfa:;.laymhmlmrk Mal:lyinvuﬁgﬂmﬁ;
Bragg [2,3] Buerger|4] James[5) Wilson [6)

[7] discussed X-ray methods as applied to clay rais-
eral research. Carroll [9] pointed out that clay min-
eral reflections occur in the range from 20 to 37929,
Brindley[8] suggested that in many clay mineral stud-
ies, it suffices to scan from Bragg angles 20 2°10
620 with Cu K & radiation at the rate of 29 per minute.

The first order basal reflections of the Kaalin group
of minerls occur ia the range of 7.14 A® . 7,200

INFRA- RED SPECTROSCOPY

In infra-red spectroscopy, molecular groupings within
the crystal often have characteristic vibrations which
are accompanied by change in dipole moment. This
vibration ocours either due to the di

when radiation of the same frequency as the vibra-
tion is passed through the crystal, the radiation is ab-
sotbed,nlwmhjecﬁngamim!hamseofm
chromatic rodistion frequeacies several absorption
bands can be rocordod. The important region for
studying minerals and crystals is the region 2-25 mi-
Qrons; or ¢ it i mmenl¥expmedin thé
frequency mago of 400-4000 cn”

For the kaolinites under study, these is a group of ab-
sorption bands botween 3750 an-1-3ad 3500 cm-1
due to the strotohing vibrations nﬂlu@kl;mups

Farmer and Russel{10] Roy/ andRoy (11} found that
the spectra of kaolin mineral of the OH group were
much more complex than at first expextad, They could
hardly explain the presence of multiple absorption
bands in terms of X-ray diffraction structure and'con-
cluded that there was no simple correlation of OH
abmptmﬂequmcmwiththe_typesofpﬂ'wps
or the extent of hydrogen bonding in the structure.

In Wolf's studies of the OH stretching vibrations of
kaclinites in genesal, three bands ion were
rocognisod 3704, 3663, 3635 cm! in order of de-
fﬂﬂqmm 'Ilnnhand_n}??-’oqn'

lmwuﬁh{lﬂbydemmtbnafhnlinite
coafirmed that the sbaorption of hydroxyl group gave
rise to three high frequency bonds at 3697, 3669 and
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3652 can”! Van der Mavel and Krohmer [14) found
that OH stretching region has four bands at 3693,
1668, 3652 and 3620 cm®! for well-ordered Kaolin-
ite. The less ordered Kaolinite has absor[l’tion peaks
at 3695, 3667, 3652 (3653) and 3620 cm™" - fine clay
mineral at 3696,3668,3653 and 3621 cm"! and ball
clay at 3697, 3652 and 3621 cm™}

From the foregoing, it is clear that there is still some
disagroement about the assignment of the absorption
bands in this region. However, Farmer and Russell
[10} using & grating infra-red spectrophotometer re-
solved four absorption bands in this region 3750-3500
em™!  To the throe highest absorption peaks at
3697,3669 and 3652 cm™! respectively, they assigned

the stretching vibration of the inner surface OH groups
and to the lowest 3620 cm™' These seem ta be
generally accepted.

DIFFERENTIAL THERMAL ANALYSIS
(D.T.A.)

Differential thermal analysis indicates that the clay
minerals when heated, undergo physical or chemical
change at a characteristic temperature which involves
a change of encrgy. Usually such changes are mani-
fested by either the absorption or liberation of heat
and it is the accurate measurement of this effect which
forms the basis of the thermal analysis. Many inves-
tigators have used this method to identify clay miner-
als. The work of Mackenzie [15] Smykatz-Kloss
[16] and Grim [17] were relatively outstanding, and
agreed on this experimental results. The endother-
mic reaction for kaolinite usually occurs between 500
OC and 700 °C corresponding to dehydrozylation
forming metakaolin, whilst the exothermic reaction
occurs at 900 °C to 1000 °C corresponds with crys-
tallization of silicon spinel and/mullite formation.

MATERIALS AND METHODS

The materials used were supreme china clay from E.C.
days, Light bluc clay from Watts Blake Beame Co.
Lid. Fire clay from West Yorkshire clay and Brick
elay from Loadon Brick clay. The aged clays were
stored in a moist state up to 6 months before testing.

X-RAY DEFFRACTION
Experimental Procedure

Both aged and unaged clays were sicved through 63
micron mesh and pressed into x-ray aluminium sample
holder with special care to keep the orientation of the
particics at the minimum.  This is the unoriented
mathod. For comparison of the interstices of both
aged and unaged clays the choice of the cavity of the
aluminum holder should be as close as possible whea

measured. X-ray patterns were obtained-using a
Philips X-ray Deffractometer with filtered Cu Ka
radiation nt 40kv and 20 mA with-a Scanning speed
of 10° 20 per minute. To produce monochromatic
X-m)x.nnmﬂial{temmdzﬁltu)ilwhdedwhich
transmits the Ko rays and absorbs the Ka. Copper
Ka radiation, ¢.§. can be produced by introducing a
sheet of nickel foil into the beam, which effectively
blocks the Ka rays.

INFRA- RED SPECTROSCOPY
Experimeatal procedure

anofﬁnmkwmnulywi;hodwinhl
small agaic mortar using & five figure balance 0.4g of
ﬂaepuvimllywmdnnddrhdmuiunm
tents were throughly mixad in a mortar with a postle
for 10 minutes..0.2g of this mixture was weighod out
into a small container and dried overnight at 110° C.
Discs were made by pressing the mixture under
vacuum in a 13mm diameter dic at a pressure of 8
tons The infra-red absorption spectrum of each
smnplcwu:hmrmdeduh!almlbimw
trophotometer (Spl 100). This instrumant was able
to scan from 400 to 4000 cu-1 which made identifi-
cation of the clmy mincrals possible. m;u?m
ofCuabnapﬁmbandsﬂJ?OOndOllCm‘ were
determined by the target base line mothod as shown
in fig] 1] which is in line with Neal[8] as aa altema-
tive crystallinity index.

DIFFERENTIAL THERMAL ANALYSIS
Experimental procedure

A Station Rederoft DTA 6734 was the instrument vsed.
Both aged and unaged clays were examined in these
experiments. 0. Ig of the specimen and 0.1g of the inert
material (cakcined alumina poweder) were packed into a
mphﬁmmonﬂhudajjaﬂypludhthﬂ
machine. The fumace was ambiont ais and
the heating was carried out 2t a rate of 10 degrocs por
minute and a chart speed of 120mavh

RESULTS AND DISCUSSION

X-ray discussion data for the clays iovestigated
showed some basic difference in the interploner dis-
tance between aged and unaged china clny and brick
clay whilst, ball clay and fire clay showed the same d
spacings.

Aged brick clay had 7.20A% d spacing for the 001
reflection whilst unaged brick clay gave 7.14 A°
Aged china clay has 7.23 AP whilst unaged chine clay
is 7.20A° for the same reflection planes. Generally
the aged clay showed more well defined refloctions
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than the unaged clays. Tables 1-4 show the x-ray
power data for Kaolinite of aged and unaged clays.
An attempt was made to calculate the crystallinity
index values of all the clays used by infra-red ab-
sorption method.  There appeared to be a great dif-
ference in the crystallinity index values. The IR spec-
tra are shown in figs 2-5 and the crystallinity index
values were determined 35 shown in fig 1. Table §
has the values fior the erystallinity index for both aged
and unaged clays.

It could be seen that unaged china clay has the high-
est value of crystallinity index (1.08) compared with
agod china clay (0.78). On the whole, aged clays
have lower crystallinity index values than the unaged

clays.
The infra-red absorption ms portrayed higher
ahsorption bands a1 3720cm™ inall the unaged elays

mvestigated than the aged clays. According to Neal
and Worrall [18] the effect of isomorphous substitu-
tion in the octahedral luyer would be to cause a de-
crease in the intensity of both the absorptioa band at
3720 cm-1 and that at $00cm-1 since the inner and
basal hydroxyl groups would be co-ordinated e.g. to
magnessium other than Aluminium, These investi-
gators concluded that as the'amount of the octahedral
substinution increases the amount of disorder increases
the ratio of the absorption band at 3700 cm-1 o that
of 910 cm-1 (the crystallinity index is the measure of
thig change).

Also, since the substituent ion is slightly larger than
Al it is reasonable to suppose that the replacement
of the latter by Mg could result in local distortion of
the kaolinite structure. It could therefore be argued
with caution that the plasticity of clays increases due
to because of the amount of disorder inhercot in a
clay.

In the Differential Thermal Analysis (D T.A.) there
appears to be a change in the peak temperatures be-
ween the aged and unaged clays. It is a known ten-
dency that a great deal of energy is needed 1o break
bonds holding lattice water, therefore there is an in-
crease in the peak which is also & func-
tion of crystallinity, In addition, it is also known that
the greater the proportion of kaclinite in the clay the
more the peak temperature is affected. In this inves-
tigation there appears to be a larger endothermic peak
in all the aged clays, in spite of the same weight of
material being used,

Dean [20] Robertson Brindicy and Mackenziel[15]
and smykatz-Klosa[16] have shown that on increas-
ing the amount of reacting material in the sample the
endothermic peak shifts to a higher temperature,
Table (6) shows peak temperatures higher in all the
aged clays investigated than in the unaged clays.

CONCLUSION

The X-ray results show that there is & slight incrosse
in the d spacing of aged Brick and China clays =t
001, 002 and 020 basal reflection which indicates sm
entry of some reacting material into the basal struc-
ture after some ageing. However, in the

001, 003 and 020 planes have shown no change in
the aged or unaged form, except in the 012 plane
which recorded a shift of 3 565A° for the unaged
3.573A° for aged onc,

E

g

In the fire clay, the only increase i the d spacing was
observed at 020 plane which was 4 48A° for unaged
and 445A° for the aged which is rather surprising
because all the other clays have shown a grester
spacing o the aged form.  On the whole, oue
definitely observe that there is a changs takiog
in the aged clays

Crystallinity indexes portrayed by all the clays afler
thaz ageing has some cffect on clays. There is ia fact
plasticity. The results are from 1.08 to 0.78 for chisa
clay; 0.71 to 0.59 for fire clay 0.62 to 0.53 for ball
clay and 0.44 to (.30 for Brick clay,

3

Results obtained from D.T.A. coafirm Dean [20]
Robertson, Brindley and Mackenzie etc assertion that
increase in the amount of reacting materials shifl en-

dothermic peaks to higher temperatures.  These re-
acting materials could only be introduced while age-
ing takes place,

From the above resuits there is no doubt that ageing
affects both the mineralogical and structural aspects
of clays.

TABLE 1: X-RAY POWDER DATA FOR THE
KAOLINITE OF AGED AND UNAGED

BRICK CLAY
Aged Aged Unaged  Unaged
- d(A) bkl d(A%) hid

7,20 001 7.41 0ol
4,44 020 447 020
1.56 002 2.245 132, 040
2.287 131,131 2132 023
2.243 132,040 1,981 203,132
2,132 023 1.546 134
1.546 134 1.386 333
1.386 133 1.37% 134
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TABLE 1z X-RAY POWDER DATA FOR THE TABLE 4: X-RAY POWDER DATA FOR THE

KAOLINITE.OF AGED AND KAOLINITE OF AGED AND UNAGED
: UNACED BALL CLAY FIRE CLAY .
Ti Aged  Unaged Unaged Aged Aged Unaged Unaged
- &A%Y M AA9) hkl HA?) hkl d(A®)
hkl
1.2§ 001 7.25 001
4.461 020 4.461 020 7.254 001 7254  00]
3.573 002 3.565 002 445 020 448 020
2.38 003 238 003 437 110 3.57 002
2.48 132,040 2287 131,131 3579 002 2243 132,040
1.546 134 2.132 023 2.338 202,131 2,137 023
1.43%6 % 1.544 134 2287 131,131 1985 203,132
1.492 060,331 2.249 132,040 1.661 204,133
1,492 060,331 2.338 023 1546 134
1.989 203,132 1457 330
331 1.549 134
1,457 330 1.459 330
1.291 131,131

TABLE % X-RAY POWDER DATA FOR THE
KAOLINITE OF AGED AND UNAGED

CHINA CLAY TABLE 5: INFRA-RED CRYSTALLINITY
INDEX VALUES
Aged Aged Unaged Unaged
&A®) b &(AO) b
“Type ol clay Nature of clay Cryskallinity Index

7.254 001 7.196 001
“n 020 4.44 020 China cley Aged 0.78
3.586 002 435 010 Unaged .08

3.376 11 4171 111
1.223 203,132 3.56 002 Fire clay Aged 0.57
1.822 133 3,376 11 Unoged 2L

1.667 204,133 2755 022
1.585 134 1.993 203,132 Wiy 3‘:;‘:,, ﬁ:

1.490 060,331 1.899 133
Brick clay Aged 0.30
331 1.667 204,133 Unaged 044

1.431 005 1585 134

1.488 060

331

331

1.453 330

1.431 00S
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" TABLE é: D.T.A. DATA FOR IDENTIFICA-
TION OF AGED & UNAGED CLAYS

| Tpeotcloy Naturs of clay qu:icrmp Paak Temp
o

Fire clay Aged 4“0 616
Unuged 411 802

- Ball cley Aged 468 583
Unaged T R

Brick clay Aged 155 560
Unaged 450 547

Ching clay Aged al 67
Unaged 468 625

- ———,
4000 3600 1000 00 800
WAVE NUMBER

#15 1 METHOD FOR  DETERMING CRYSTALUNITY {NDE X :C
BY INFRARED  ABSORPTION
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