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DiFFERENTIAL,THERMAL CALORIMETRIC ESTIMATION OF

THE KAQLINITE-METAKAOLINITE ENDOTHERMIC ENTHALPY

Patrick 5. Nichblsee¥ end Richard M. Fulrath”
Inqrganic.Materiels Researcthivision, Lawrehée_Radiation Laboretofy,
and Department of Materials Science and Engineering,

. College of Engineering, University of Callfornla,
' Berkeley, Californis

June 1969

The 550°C endothermic reaction of kaolinite has received much atten-

tion. Many studies of the kineties‘of the reaction have been made and
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activation energies’obteined. In 1952”Stone6‘studied the effect of
varying the partial pressure of water vapor onvthe_decomposition fempera-

ture of kaolinite.e UtiliZingithe'VanftHoff equation'

* Presently visiting assistant professor, Division of-Materials Science
and Engineering, College of Englneerlng, Unlver51ty of Utah, Salt Lake
City, Utah.

Based 1nbpart on a thesis submitted by Petrlck'S Nicholson for the
Ph.D. degree in ceramic engineering at the Unlver51ty of Callfornla
Berkeley, September 196(

Supported by the Unlted States Atomic Energy Commission under Contract
W-T4O5-eng~48. .

At the time this work was done the writers were, respectively, research.
assistant and professor of ceramic engineering, Department of Materials
Science and Engineering, College of Engineering, and Inorganic Materials
Research Division, Lawrence Radiation Laboratory, University of
California, Berkeley. ' :
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where K = the reaction equilibrium constant,
: i . v, . ) : . . ’ -
*AH':.thelfeaétion-enthalpy and - N
T':jmeaMmhmeta@mmmme(%05 ’ . S "'.u- IR

hevarriued:at,an_endothefmic‘ehthalpyhvalue'for theffeaetioh;' Stone‘ h:
utilized'ahdifferential the;hal enaiysis:techhiqueﬁgn-these studies. |The |
presence ef a product—gas phase in the system greatly compllcates thelj o
mechanlsms of.heat trsnsfer in,a D.T.Af»experlment%thowever,»and thls
"ﬁenas to‘iutroduce effors inte the1D T-A. measufehehts;

leferentlal thermal calorlmetrlc_(D T, C ) technlques do not suffer
‘from thls drawbach The basic prlnc1ple of D.T.C. is to supply or sub- v“
tract heat to or from a reactlng system so as to maintain the temperature‘
h'at some p01nt 1n the system the same as that of a 51m11ar‘p01nt iﬁ a~:;‘
-phy31cally 1nert-system.' By carefully monltorlng and controlllng the h
' temperature gradlents in the D.T. C system, the,detrlmental-effect.of.;
the.product-gas phases on the heat trahsfer'charecteristics‘ef the'system
“can be avoided. The D.T.C}HSystemidesignuutiliZed in the iuuestigatieus;.

repqrtedlhefe‘is'discussed.elsewhere.
| l'Wheh.atreaetien stafts iu the sample system, the power supplied ts  .
the.inert systemfmuStfbe‘altered to meintain the two-system diffefentiel
temperétuge at 2erp, ?he;integrated“area undef_the power—time trace f;
‘theined'gives the‘enthaipyhof}thé:?eactiqn.beihg.messured_accoﬁdiné.fev”:

the equation
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where By = the héat éontent/mole.at.temperature T,
'H298 = the heat content at room temperature,.
Cp = the heat capacity at;cohstant pressure, and'
T = the temperature (QK).

" The apparatus wa$.demonstrated to have a~i2%‘a§curacy-in heét con-
fent estimations c§nducted on.quartz and 0-alumina.

The dehydration of kaolinité is not strictiy a.reversible reaction.
-_The enthalﬁy involved. can be méasu¥ed with a'differential‘thermél-calori—
metef; Such ﬁeasurements‘were carried out Qn four kaoliniﬁes from
different_geographicél areas‘of.the United States.‘ Theée,kaglins wefe
chosen on the baSis of their high'purity; Thé chemical énalyses of.
these clays are given_in.Table I. _The measured entﬂalpyv§alueé assoQ.'
bciated with the»SSOQC.endotherm are given in Table II. The values‘obé.
tained are in ‘fairly close;agreeﬁénﬁ.

The demonstrated éccufacy of the DIC system when used for thermof:
dynamic estimations~6ﬁ kﬁowﬁ systems ignds weight to the éndothermic
.ehthalpy values measured for.the four kaolins and these values fall

- within the range predicted.by Vaughan.2
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. TABLE I
Chemical Analyses of the Kaolinite Samples

(only major components: shown)

APT. 48 APT 98 API 178 " DRG -
5103 Ll 8% 46.07% b5.72% - b1.24g
Al,03 37.20 38.07 39.82 . - 35.72
Fe,03 | 0.1 0.33 0.10 0.27
Mg0 0.23 - 0.01 trace 0. 47
ca0 0.58 ' 0.38 " trace 0.52
Wa20 -0:40 0.27. 0.16 0.36
K20 - 0.43 0.43 0.36 0.49
H,0 14.68 13.90 1h.22. 14,82
Locatibn of " Macon, Mesa Alta, - :
deposit Georgia New Mexico Montana

Georgia
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. TABLE II
'Differential Thermal Calorimetric Enthalpy Values for the -
550° Endotherm of Kaolinite

AR in .Kcals/mol '

APT ) AP 9 . . APTIT ... DRG Stone

8 39 39 w3
h5.
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