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KAOLINITE DEHYDROXYLATION STUDIES
'ON COMPACT SPECIMENS

Gautam Bandyopadhyay
- Inorganic Materials Research Division, Lawrence Radiation Laboratory,
and Department of Materials Sc1ence and Engineering,’
College of Engineering, University of Callfornla, '
Berkeley, California

ABSTRACT

'Kaolinite dehydroxylation reaction on compact specimens has been

-studied by gradient firing technigue and thermogravimetric anelysis.

Gradient firing téchniQue is a new dnalyzing method, where the main
control is a fixed temperature gradient through the specimens. In both
these methods, the reaction rate was found to be determined by a.com-

bined effect of permeability and watef vapor pressure gradient through

“the body. It has been further shown that two different slow steps,

namely permeation and the reaction step, may control the dehydroxylation

process depending on the porosity, temperature of the reaction, and the

total amount of water present in the body.



I. INTRODUCTION

Firing is an important step'in ceramic processing. During this
opefation,‘in mahy_cééés, thermal reactions and decomposition take place.
For example, during‘firing operation in brick industries, evolution of
white smbke indicé€es the decomposition'of #arious clay minerals to pro-
duce water‘vapor. It is essential to control the firing conditions at
this decompoéitianStage and is usually controlled by shutting off the
fufnace temporarily. Cleys are used in various ceramic‘indusﬁriés,
such as in brick, whiteware, pottery, and electrical porcelain industries.
Kaolin clay, Which'predominantiy consists of kaélinite, is one of the
most widély.used clays. Kaolinite dehydrates tb'an amorphous material

"metakaolin" at about 550°C according to the reaction:
A1203°28102°2H,0 = A1203°28i0, + 2H,0.

"Although the above‘reéction has beenrexpressedAas a reversible one,
the reverse reaction of rehydration requires considerable water vapor
pressure at temperatures not exceeding about 400°C in order to recon-
stitute crystalline kaolinite in a relaﬁively short period.l Previous
studiesa‘6 have shown that the above reaction.ié extremely sensitive to
the water vapor pfeséure. This fact would have pronounced effect on
firing and should be considered in the firing operation. The main para-
meters during firing are teﬁperature.of the system, heating schedule,

" time at.temperature, the gas environment and thg partial pressures of v‘
- the gaseous comporients in the immediate vicinity of the cérémic vare,

In order to know the proper firing conditions, the basic mechanism of



reactions taking place during firing shoﬁld be known, The present work
Aeals with the fifing of kaoliﬁite clay‘because of its importance in
various ceramic industries. =

Thé kaolinite dehydroxylation reaction has been_stuﬁied extensively
by the'thermégravimeﬁfic analysis (TGA) and by differential thermal
enalysis (DTA). Previous studies recognize the fact that the best con-
ditions for studyipg the dehydroxylation reaction are, to use loosely |

2“5 ,7

compact specimens and & low reaction temperature,S as both of these
avoid some‘of the complexities of the reaction. Unfortunately, in in-
dustries, loosely ‘compact specimens are rarely used and as the comrac-
tion of the body affects the reaction rate considerably, studies on com~ -
pact speciméns:ﬁould be a better approacﬂ'to understand the firing
process When.dehydroxylation occurs. |

25,1 reported that the dehydroxylation

Most of the previous workers
~ of kaolinite follows a first order reaction kinetics, that is, n=1 in

the equation

" de _ n |
Where C =.conéentration, t = time; k = rate constant, and n = order of
‘reaction. Weber and Roy8 enalyzed their data in terms of this equation
and reported values of n from less than 1 to 3.

Brindley and Nakehira>

found that the reaction only approximately -
followed first order kinetics. They furthermore pointed out the marked
dependence of rate constants, determined from isothermal weight loss

measurements, on specimen size, shape and compaction. They experimented



with & series of discs of kaeolinite of constant diameter but of differing
thickness, . and reporfed'that the rate constant waé inversely broportional

to the specimeh thickness:
1/k = a + bx o (2)

where k is the rate cbnstant,’x is the specimen thickness and a and b

are constants. In this way they obtained a k value for an infinitely

" thin disc by extrapolation. It was further pointed out that by fhis
-ﬁethod #he‘iqfluence of accumﬁlation of water within the sample could be
néglected; Evéns and Whiteh also pointed to the impoftance of specimen

- size, shapg; and coméactibn. They showed fhat a léosely packed specimen
more néarl& followed a first order kinetics. |

Although Brindley and Nekehira® >

and Evans and Whitell discussed the
importance of water vapor on the kaolinite dehydroxylation reaction,
Holt et al;6 for fhe first time used éontrolled water vapor pressure to
study the kinetics of the reaction. They showed that at low vépor

' pressures, percent dehydroxyiation and time have_a "simple parabolic

relation consistent with a diffusion'process through en increasingly

developing product layer."

Di(a) =a? =K1t | , (3)
|
where 0 is percent reacted, t is time and ki is a constant involving a
diffusion coefficient, which is treated as a material constant and ‘

which does not change as the reaction proceeds. This equation may be



b

obtained directly ffom fhé Fick's law or from the facﬁ thatvthe rate of
reaction'%%.is inversely propoftional t§ %; It may be applicable td the
dehydroxyiation bf kaolinite if the reaction proceeds mainly in the direc-
_tion(normal'to (001). But according to Brindley et al,g probably diffu-
.sibn parallel to the plates is easier as it does not requirewater to
éass throughxthé A1203°8i0, framework ana "in.thi§ICase a.cyliﬁdrical

model with radial diffusion and constant flux of the diffusing spepiés‘

_may be more'appropriaté."' Holt et a1.6'derived the equation
Da(a) = (1-a) 1n (1-0) +a = kot Y

The corresponding equation for a reéctiﬁg sphere has been given byvﬂ

various suthors ®’'’ and can be written as

Difa) = (1'_‘3—?-) - (l—a)2/3 = k3.t | | - (5)

ko and k3 are some sort of constants as k; is.

9 reported that either Eq. (4) or Eq. (5) gives

Brindley et al.
best fit to their data although the daﬁa points deviate at = 0.6.

They also tried to fit their data in the equation
Fla) = - In(1-a) = k.t - (6),

in the o vs t/to.s plot and found that this equation does not. agree in

any way with the actual plot. Thus they ruled out the idea of first
_ . c o : : , i
order kinetics. To justify this fact they furthermore reported that
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the diffusion equationé ¢ould be approximately expressed in the form
- 1n (1) =k_+ kit o (1)

‘ for sufficientiy large‘values of t and only linear relation between

log (1-0.) and t is not sufficient for first order kinetics, but the line
should also pess through the point a = 0 et t = 0. Thus determining the
effectiVe:starting time of the reaction becomes very important.

" Although apparently Egs. (3), (4) and (5) look very different from
veac_h éth'er', when o is plotted against t/to.s, it is virtually impossible
to distinguish between the three mechanisms unless the decomposition is

more than T0% complete and a gobd fit up to 100% is obtained.lo’ll
Johnson and‘Kesslerl2 included the effect of particle size distribution
in their kinetics study and cbserved that their results did mot £it
.diffusion and phasé—boundary controlled reéctions in the radial direc-
tion; From the observation of particle thickness dependence they con-
cluded thatx"the reaction appears to proceed through the kaoline
particles by a pseudo-phase-boundary controlled mechanism, principally
 in'the [100] difection." The rate was found to be proportional to the
surfacé Areé. |

In the present study, unlike the speéimens used by previous workers,

rélatively large.compact samples havé been used for studying the effect
of apparent-dénsity, thermal gradient, and dilution of clay specimens
with inert méterials‘on thé dehydrqulation réaction kineticé. A tech-
nigue, developéd b& Fulrathl3 about 15 years ago in this laboratory and

termed as "thermal.gradient firing," has been used along with the TGA.
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Thérmal gradient-firing has been a standafd laboratofy_experiment for
the undérgradﬁate students in.Ceramic Engiﬁéering at the University of
California, Berkeley, since 1960, vRecently'Ortbn Foundation has de-
veloped a similar system known as "Orton Thermal Aﬁglyzér" based on the
more or less éimilar principles.lh The main control in the gradient
firing method is a fixed temperature gradient between.the center of the
sample and tﬂg-furnace air témperature. Two thermocouples, one inserted
at the center of the sample and another kept in the furnace air, were
connected differentially. Power supply to the furnace was controllcd
automaticaliy, to maintain a fixed tempergture gradient. Thﬁs the
kteéhnique'takés care of the heating schedule without allowiﬁg thé t}ermél
gradient tb change from the set value and also it indicates the endc-
thermic‘épd exothermic effects within the speciﬁen without the need for.
inerfvreférences of comparison. lHere'anvaftempt'has been made to com-
pare tpe reSﬁlts obtained from gradient firing experiments with those
obtained f;‘om TGA runs, and thus to get séme insight~to the actga.l_‘v

processes going on during the reaction. : ' ' i



IT. EXPERIMENTAL PROCEDURE
A, Materiéls
Commercial D. R. G. Clay and A-14 alumina vere used fof preparation
of various spécimens. X-ray and D.T.A. analysis‘éhowed that the Georgia
Kaolin did not héve any detectable accessory minerals associated with
the well cryétallized’kaolinife.

B. Sample Preparation

The élay powder was mixed with 4% water (by.wt.j in é Hﬁbert mixer.
Then‘varying weights (15 to 20 gs) of clay were préssed'in a steel die
-to a_cénstant volume. Samples weighing less than 15 gs were toq light
to'holdvthé'structuré, whereas those wéighing more than 20 gs were too
dense to meke a proper’éample. Thus the rangé between 15 gs and 20 gs
was selected. The size of the cylindrical SPecimens.(l" x 1") was con-
trolled carefully'tb have a better control on the bulk density of the
sample. In order fo place the thefmocéuple in the samplé in the gradiént
funs; specimens wefe drilled carefully at the mid;pointralong the axis
of the cylinder. | |

Amongst the varying bulk density specimens 18 gs sample was found
to be the best to work with. Thus for all constant bulk density runs,
18 gs samﬁles.were used as the standard. - |

In ofder.td control the permeation of water vapor thrqugh the clay .
mass, some specimens were prepared by replacing a part of the ciay with
an equal volume of inert alumina. The pbrosity in all the clay-alumina
specimgns ﬁasvalways constant and.was.equal to that of the 18 gs 100%
kaolin specimen. Weighed ambunts of alumina were first milled fof four

hours éldng with water in an alumina lined ball mill. Then clay was
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added end milling was continued for another half hour. The mix was then
dried at lCO°C,»paSsed through U.S. 40 sieves, mixed with 4% water in

the Hubert mixer and used for specimen prepafatibn.'

C. 'Gradiént Firing Experiments

The main conmtrol for the process for a fixed temperature gradient

between‘the center of the sémple and the furnace air. Two thermocouples,

one inserted at the center of the sample and another in the furnace air
. . |

were connected differentially. Power supply to the furhace was con-
trolled‘éutomatically once the necessary gradient was set. One other
thermocouple was used to measure the furnace air temperature.’ Power

supply tO‘the furnace was also recorded in some runs. Figure 1 shows

the important aspects of the apparatus set up. A-piatinum.would cylin-'

drical furnace 10" long and 2" I.D. was used.

'The specimens were placed on the center thermocouple and the power

was turned on.: When the system attained the necessary thermal gradient,

it Was‘switched on to the automatic control. Thus the set thermal
~gradient was maintained constant throﬁghdut thévrﬁh and the héating
.. schedule was determined by the thermal gradienf itself.

- For de’fc'emin'i_ng the amount of weight lost during such a gradient
rﬁn;.a number of‘speciméns of same weighi and'cémpbsition wére.téken. ,
These.specimens wére then heated for various times in the gradient
experiments‘and weighed immedigtely aftervards, aftef switching off the
furnace. Weights lost during the times, the arrest portion Justbstafts
and jJust ends, were noted to determine'fhe'amount of water lost at the

‘arrest position (Wa ). To avoid error in determining the value

rrest

of time ét'afrest (t ), the time to move through the temperature

arrest

£y
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+ 20°C) was taken as £

(T arrest’

- 20°C) and (T

arrest arrest

In a few runs, the temperature of the furnace Las quickly brought
to 500°C and was maintained constant. The variation thermal gradient
was recorded.

D. ‘Thermogravimetric Analysis (TGA)

The'weight loss experiment was conducted in air with the weight
change recorded continuously. The cylindrical specimen contained in a :
: _ _ ' | g L
platinum bucket was suspended from a platinum wire which was connected

to one arm of the microbalance into a Kanthal wound tube furnace.- A

: éontrol_therﬁocouple was kept at the hottest part of the furnace and

the ténperature was conﬁrolled_by the use of a prbpqrtioned'éontroller._
In all TGA runs the tgmperaﬁure wvas very quickly brought to 500°C
and was then maintained constant. After éufficient time of reaction, -
the temperature was raised to 900°C at the rate of'12°C/min and then was
kept.af thét‘temperétufe’for half an hour during which the last traces :
of water were removed. Then the samples were weighed. After cooling‘
the furnace; cold ﬁeight of the specimens was also taken. Thus knowiﬁg i

the total amount of water present in the specimen, fraction weight lost

- {or water lost) at various times were calculated.’

e
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'III. RESULTS AND DISCUSSION

There aré two diffusion prdcesseé occuring during the kaolinité
dehydroxylation reaction. Tussaint et al.5 termed these two as "inner
diffusion" and "gross diffusion." The first kind is the diffusion of
nucleated waﬁer inside thekiﬁdividual kaolinite particles; whereas thé
later one méans'perméatioﬁ of water vapor through the pore structure of
the compaét of clay pgrticles.-'fhe firsf diffusion process is-determined
by the.cr&sta1line properties, while pértiél vapor ﬁréssure of water ;nd.
also the porosity of the body affects the gross diffuéion_process. |

For the large compact quies,’as used in the'bresent study, gross
diffugioh ié expected to bevquite important. Bééause of the large size
of the specimens, thermal gradient invthe body»also becomes relatively
important. Figure 2 shows the general nature of the plots obtained for
kaolinite dehydroxylation_reaction_in the gradient firing runs. The
enothermic'reaction at 960°C has not been shown in the plot;

A. Importance of Bulk Density and Thermal
~ Gradient in Gradient Firing’

The important observations made frqm Fig. 2 and Fig. 3 are:
(1) Arfest temperature in the gradient run'incrégses when
. ::(i) bulk density'increaseé,_thermal gradieht remaiping‘constént

" (Figs. 2 and 3). | |
(ii) fhermal gradient increases, bulk density remaiﬁing con-

stant (Fig. 3). - |

| (2) Higher bulk density sampies dehydroxylate faster in the

. gradient firing runs at constantvtherma; gradient (Fig. 2).

 To explain the above, the time—temperature plot obtained from the
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 gradient firing runs need to be explained step by Step. Initially the
plot shows a more or less straight line relatlonshlp, the slope being
primarily dependent on the thermal gradient. As soon as the reactlen
starts, a water pressure is establlshed within the body, termed as "back
pressure" which is dependent on the porosity of the specimen and also
on the temperature gradient_through the body. The arrest temperature

is determined by the "eQuilfbrium nack pressure"” created inside the
body foilowing_the vapor pressureftempereture relationship (Cleusius-

Clapeyron equation):

d'ln P __‘_'AH | '(8)

Tne term "equilibrium back pressﬁre" cignifies the pressure created in-
side the'bedy; when the amount of ﬁater vapor produced is equal to the
amount of water vepor expelled i1rom the body, that is, an equilibrium
has.been_reached. As long as the "equilibrium beck4pressure"’is main-
tained or;'in other worde, sufficient reaction ie going on to maintain
the back pressure, the center temperature remains unchanged. After thet
it etarts‘te creep up_again.

Permeability for the water vapor; produced at the interior of the
specimen, decreases with the decrease of porosity. Thus "equilibrium
back preseure" and hence arrest temperature increases with the decrease
of'porqsity. Increased thermal gradient also results in an increase of
back pressure,'as in that case the'water vapor produced at the interior
of the eample cannot permeate as easily as before for the relatively

higher reaction rate and, as a result, a higher water vapor pressure is



: s

created in the interior of the specimen., Therefore, the arrest tempera-

ture incréasés with the increase of either bulk density or thermal
~ gradient.

At this point it should be noted‘that the higher fhe afrest tempera-
ture, the ﬁigher is the average reaction rafe for dehydroxylation. This
' is because the flux of water vapor leaving the body is higher at higherv
temperatures, thus resulting in an increased overall reaction rate. To

. . |-
meke. this .statement clear, we can use the eguation

dw . :
I = A-K.AP _‘ | (9)

whereAg%“= weight.lost per unit time from the body
| A = a constant depeﬁding on the size of tﬁe specimen
K"= permeation constant dépehding only on the porosity of the
»sbecimen. 'IncfeaSes with decrease of porosity.
AP - pressure gradient thrdugh’the body.

With,incre§5ing dénsity of the sbecimeﬁs, K decreases. 'Butvas the
arrest temperature increases with increasing density; AP will increase
at a.much faster rate (AP is dependent.on,temperature exponentially).
Thus the_inéfease‘in density'of‘the specimené in the gradient‘firing'
runs shows én incregse-in reaction rate.

We have already noted that arrest temperature increases with the
increase of thermal gradient, when same bulk densityspecinéns were run.
© Assuming thevweight lost during arrest portion is same in all cases, it
is bossible to ﬁake an Arrhehius type plot. It is interesting td ndte

that the energy of activation calculated from the slope of the log t vs
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1/T plot (Fig. 4) is 51.7 keal/mole, which is in the range celculated by |
the previous'workers for the activation energy for kaolinite dehydroxy-
lation,

B, Importance of Back Pressure and Porosity
S “on TGA Experiments ‘

~'The conditions in the TGA run are little different from fhose in the
_ gradient firing runs. In the TGA experiments the temperature of the
furnace was quickly brought to 500°cC, after which it was maintained con-
stant, whereas in‘the.gradient firing, the set thermal gradient was
actually controlling tke heating schedule. It was obSerQed that in

. gradient'experiments‘porosity-énd thermal gradiénf determines the arrest
temperature ;haﬁ sets the reaction rate'for the specimen., -In TGA.runs,.
on the other hand, the temperature of the-furﬂaée is constant. There-
fore; we would expect that, in this case, the porosity and the furnace
temperature along with the heat flux should determine thé thermal

gradient, if the same permeation controlled reaction tekes place. For

clarification, let us use Eq. (9)

X = AP | | (9)
It is to be noted that in the right hand side of Eq. (9), both K and AP
may varvaith the bulk density of the specimen and they vary in the -
oépos;te vay. K increeses with the décreasé of bulk density whereas

AP incréases with the increase of bulk density. In gradient experiments,
AP ié deterhined by thermal gradiént and porosity, whereas in TGA

'experiménts‘AP is determined by the furnace temperature, heat flux and
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Figure 4. Time at arrest vs. 1/T plot. 18 gs. 100% kaolin specimens
’ ‘were used at varying thermal gradient. ’



porosity. In a few experimental runs, furnace témperature was kept’
constant at 500°C and the variation of thermal gradient vith time was
recorded. The equilibrium thermal gradiént for 18 gs lOO%Ikédlin body
was found to be l§°C. Here it is to be noted that exactly similar con-
| ditions exiét for 18 gs 100% kaolin body in the gfédiént firing runs
also (furnace temperature 490°C, thermal gradient 15°C). For 16 gs 100%
,kaoliﬁ samplé it is expected that 500°C would be the equilibrium arrest
tempefatﬁre‘ay a higher gradient than 15°C'(asvat 15°C thermal éradieﬁt,
T rrest = h70°C), which the conditions.in the TGAtgxperiment fails to
maihtain, thus redﬁcing the thermal gradientvfrom'the equilibriqm’value'
and incréésing'tﬁe overall reaction rate. ‘For 20 gs 100%‘kéolin sample,
onvthé othér hand; 500°C is the equiiiﬁrium tempefature at a:lower
gradient than 15°C, which the system tries'to attain, thereby’indreasing’
the valﬁé of AP, Thus in Fig; 5 we see that 18 gs sample dehyaroxyléteé
at the slowest rate; because in that case the combinedveffect'bf per—
meation constant and the pressure gradient attains the minimum vaiue.
Ah arbitrary_figure (Fig. 6) can be sketched which.will explain the
;bove. “K decreases with.thekincrease of density. But decrease of ther-
mal gradient increases the AP value exponentially; which we actually sée
for speciméqs weighing more than 18 gs. To esteblish the above hy- -
pothesis;’ﬁére experimental evidence is necéséary. o

All thé previous workers reported that loose speciméns dehydroxylate
fast. None of them used compact specimens and tﬁerefore effect of AP
was practiéally negligible.. Thus with increasing density, permeatibn
v.constant varied only and therefore we voﬁld.definitely expect the above

result. In Fig. 7, dehydroxylation rate of three different 40 vol %

«
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' -weight when furnace temperature is constant.
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kaolin.spécimens, is shown. In this case, lowes# bulk density specimen
dehydfoinates at the fastest féte and fhe rafe decreases with increas- .
ing bulk denéity. The'reasoﬁ is;'in these specimens, the decrease of
permeation constant witﬁ increasing densityvis much more important»than
phe‘variation of AP because of the ;elatively small volume of water
presente' Thé.same kiﬁd of rgasoning,_as given by Johnsqn and Kesslérlz
"with the increase in clay content reaction rate drops dug‘to the leCKf,
age of grain boundary paths, through whiéh water prébably escapes, %
both Capillgny condensation and water chemisorption on kaolinite sur-

faces,"

can also be given if we assume inner diffusion is actually the
rate controliing step in the dehydroxylation.of Lo vol % kaolin specimens.

-C. Effect of Dllutlon of Clay Spec1mens w1th
' ) Inert Alumina =

" In order to understand’the éctual pfocesses going on'in'a compact -
keolin sbecimen during dehydroxylation, it is necessary tovcontrol the
_"grossvdiffusioh" through the body. For these purposes, samples vere
ﬁfeparéd where a part of the cla&'was réplabed by same volume of-alumina;
Both grédient firing and TGA runs were made with.these samples. The
important qbservations are:

(1) 'In thé gradient engriments, the arreét témperature-wés alwéys_
same ét Coﬁstant thermal gfadient irrespéctive éf the alumina_content.
The time for dehydroxylation varied widely (Fig. 8).

(2). In the TGA runs reaction rate ﬁas higher for higher alumina
containing bodies (Fig. 9). In All cases after about 75-80% dehydroxy-
lation the reaétionvrate drobped to about same value.

The fact that the arrest témperature did not change for varying
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Figure 8. Thermal gradient runs for varying alumina containing specimens.
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Gradient was O,lSvmV in all cases.
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Figure 9. TGA runs for varying alumina containing specimens. Porosity
in all specimens was equal to that in 18 gms 100% kaolin -
sample. Temperature was 500°C. :
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alumina cohtaining bodies of same size and porosity when the set gradient
‘was constant confirms the hypothesis of an "equilibrium back pressure"
end proves its dependehce on porosity and thermal gradient.
Since the arrest temperature and hence back_pressure was constant
in all these gradient runs, we would expect from Eq. (9)
at A.K.AP | (9)
that for specimens of same porosity (same K), dw/dt is constant at the

arrest portion. On integration wve get

= +
warrest c'tarrest Co : (10)

where W _ = weight lost at the arrest portion, t = time at
arrest . R arrest

the arrest portion;‘c = & constant = Ak.AP and Co = another constant.

But when t © = 25 minutes, W = 0.  This is because 100% alumina
arrest arrest = .
B - ony o
body tekes 25 mins. to move through (Tarrest - 20°C) to (Tarrest + 20°¢C).
Therefore
C = - 25C
.warrestk= C(ﬁarrest".zs) o (11)

Teble I shows the amount of watér‘expelled at the arrest température
(490 * 20°C) for varying alumina containing bodies and Fig. 10 shows the

strg;ght,llne relationship between W __ . and (t

25).

arrest
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Figure 10. Relation between warrest and tarrest for varying alumina

was 490°C and thermal

containing specimens. T
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. — (o]
Table I. (T _ . = 490°C)
: i
. L v (t - =25) ,
. : arrest _ arrest

Vol % KaOll? " (mins.) ' (mins) - Varrest (s)
100 | 465 © hho 1.800
o 30 275 1.112
6 . 2% c | 205 0.805
50 - 180 S 155 0.655
20 , 70 s © 0,155
0 25 0 0

Increase in alumina content in the body reduces the total amount of
water vapor to be expelled. We would therefore expect a decrease of

. with.increasing_alﬁmina, as dw/dt was constant for all clay-

t
arres

alumina specimens. We observe the same fact in Fig. 8.

" In the TGA runs, porosity was'samé'in.all the specimens. Furnace
temperatufe'was always kept constant at 500°C. So in every case the
system”would'try to attain the same back,éressure._ But total water
content wgS Yafying. So néturally samples containiné high alumina,
vhich contain lessvwater, would dehydroxylate fést as we observe in
Fig. 9. - |
. | D."Mechaﬁiém

JohnIS_OnAand-Ke's'slerl2 in their studies on dehydroxylation of

kaolinite used thin pastes of samples brushed‘on_the sides of the

. platinum screen and their conclusion was the reaction proceeds by a
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pseudo-phase boundary controlled reaction in the [001] direction of the
polycrystalline particles. Their experimental conditions avoid the.com-
. plications due to "gross diffusion" of water vapor. In large compact
specimens, on the other hand, if volume of water vapor-to be expelled is
quite large, "gross diffusion" step may behave as the slow step rather
than the phaée boundary controlled reaction inlﬁhe individual kaolinitev
particlés. But if volume of water to be expelled is small enough, such
that the>flux of water vapor comiﬁg out bf the body is larger than the
amount produced in unit time, then it is expected’thét the same mechanisﬁ
as suggested by Johnson and Kesslérl2'would be rate controllipg irréspec-
tive of the size and porosity of the samples. So two differeﬁt slow
steps ma& control the reaction rate in high alumiha COntaining bodies

and in low alumina containing bodies. In Fig. 11, % water remaining has

_ for vérious TGA runs, where t is the time

0°5 0.5
for 50% dehydroxylation. It is interesting to note that up to 50% de-

been plotted against t/t

hydroyxlation all the data‘points fall on the same'line, excepp those
for 40O vol % kaolin and 20 vol % kaolin bodies. The variables intro-
duéed by the composition and structure ha?e been included by using

t/tg instead of t, but still the different path followed by 40 and 20%

" kaolin bodies definitely points out that a différent slow step followed
by them.'.Furthermore, it ﬁas been observed that at the later stage of
dehydroxylation the rate becomes more or less same in all éases, which
means that at this later part of the reaction, the amount of water re-
maining was always small and thus probably this sfage of the reaction is

always controlled by the "pseudo-phase boundary controlled reaction."
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: Figure 11. ' Reduced tilﬁe plot fram TGA ,'runs for varioué samples.
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This difference in slow step for the high and low alumina contain-
ing bodies has also been observed in the gradient runs. Figurele sho&s
the rélation‘between vol_% kaolin and time at arrest. A change in slope

at sbout 40 vol % kaolin clearly indicates a change in the basic slow

step.
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| Figufe:‘lz' Relatlon between vol % kaolm and tlme at . arrest vTh.er_m'al' o
‘ ' gradlent was ‘0, 15 mV : , . v L




IV. SUMMARY AND CONCLUSION
Kaollnlte aehydroxylatlon reactlon on campact spec1mens has been
:studied by gradlent flrlng technlque andfthermograv1metr1c ana1y51s.
vGradlent flrlng technlque is & new analyz1ng method where the mdln con-:
trol is a flxed temperature gradlent through the specimen. The follow—

1ng'conclu510ns have been made:

(1) Porosity and thermal gradient determine an "equilibrium back .

pressure" in the_giadieht firiné'runs,”ﬁhich_éctﬁeily determine the

reaction”temperafure. IncreasingltﬁerEEI gradient and decreasing

o porosity 1ncrease the equlllbrlum back pressure. The'reaCtiOn'rate is"

. determined by a comblned ‘effect of permeablllty and back pressure.

g (2) eIn TGA, ‘the set furnace temperature mainly controls the
process. ‘In this case also, the:reactioh;rate‘ié}determined by & com— -
bined‘effec%, of'pefmeebility and .back pressures".lflﬁestbeen cbserved.
that theafeection fate'is minimumn fdr'the‘specimen which undergoes de- -
.‘coﬁipes'itio‘rl”“in pei‘fecﬁly"e‘quilibfimn‘condition. In et'-her.‘{fo'rds,_ the set
temﬁeraﬁure;_pd;osity;”heat“fiﬁx’and‘thermel gradient are féletedlfo;

. each other in asﬁay that was existing in the gredientfifing run for the
:fseme spec1men. / |

| (3) In-a fes_speeimens, e pert ofsciay'was‘replaeed_bysan eéﬁal -
fbiﬁme ofxfsertbalﬁmina in'ordersso control the pefmeation of water

vapor-thrqugh.the'porOus mass. = Both thermogravimefric and gradient.

firing experiments were done with these specimens. In the gradient runs

A for'theserpeeimens, a coﬁstent'errest temperature was elways obtained.
11rrespect1ve of the dlununa content in the body, Whlch glves a con~.

_1clu51ve proof Ebout the dependence of dehydroxylatlon process- on the
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porosity and thermal gradient and also confirmed the hypothesis of
equilibrium back pressure.

(4) It has been concluded that twd different slow steps, namely

permeation and the reaction step, may control the'dehydrbxylation process

depending:On the porosity, temperature of the reaction;.and the total

amount of water content in the body. In compact specimens and in the
temperature range at which the present study was éarried Qut, the per;
meafion of water vapor seems to cdntrol the process in most cases. In
cases where total amouht of water present in the bodj'was too small, for
example in:high.aluminum containing bodies, reaction step was found to

control the process.
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