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ABSTRACT

The kinetie parameters of the reaction Ba012+2KNO.5 —p
Ba(N05)2 + 2KCl have been evaluated by the ‘BTA method,
The orystelline phases of the reaction mixture have been identiw
fied using the I»Ray diffraction method.

INTRODUCT ION

In a previous publication /1/ two kinetic models described
the occurrence of 80lid~s8lid reactions controled by the surface
nucleation or crystallization These models account for the in-
fluenee of mechanical treatments, dimension of grains and de-
gree of ocompactness of the sample on the reaction rate.

This paper deals with the application of these modele to
the nonisothermal kineties of the reaction;

3&612(8) + ZKNO’(.) wulp Bn(NO,)a(‘)i'i’KCl(.) (I)

EXPER IMENTAL

BaCl, «2H,0, KNO,, B-(No’)z.md KC1 "Reastivul®™ have been
used, The DTA curves have been recorded inm a Paulik, Pnu;:lki
Brdey Q1500 derivatograph at the heating rates f =3K.min"
and 2 K min'l,.- The sample weight was 0,58

In order to identify the aolid phases a Philips diffractoe
meter P=1400 was used,

Thermal Analysis Proc. 9th ICTA Congress, Jerusalem, Israel, 21-25 Aug. 1988
0040-6031/88/$03.50 © 1988 Elsevier Science Publishers B.V.



210

RESULTS AND DISCUSSION

In figure 1 the thermal curves for three samples are shown

namelyt

« sample Ay obtained through stoechiometrically mixing of the
reactants BaClz/zKNo3 (grains with mean radius r&o,05 cm)

= sample B, obtained through grinding of the mixture
Ba012/2KN05 (r = 0,01 om)

« .gample ¢ .obtained by grinding of the reaction mixture
83012.2H20/2K01 (r = 0,01 om),

Figel
Heat ing curves of
samples
A(a'ya),B(b) and C(e)

The comparison between curves a'(TG) and a (DTA) corresponding
to the sample A, and the same curves of the pure reactants and
the mixture Ba(N03)2/2K01 allowed to identify the proceasses
responsable for the peaks le5, The endothermic peeks 1l and 3
corresponds to the lass of water traces from BaCl,. The endo-
thermic peak 2 is exhibited by the DTA curve of pure KNO,, too,
and corresponds to the polynorphic change in this reactant,
The exothermie peak 4 is exhibited only by the resctienm mixtu-
res, its areas changing with the ratio Baclz/KNOS. The peak
ocorresponds to the reaction (I). The X~Ray diffraatogram of the
reaction mixture heated until 500°C exhibits only the pesaks
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of Ba(NO;,,)2 and KCl, One cen conclude that the reaction occurs
practically until completion,

The last endothermic peak 5 is exhibited also by DTA curve
of the mixture Ba(N0.5)2/2KCl, thus it can be assigned to the
melting of the eutectic of the reaction producta.

The DTA curve (b) of the sample B exhibite the same pro-
cesses. The only difference with respect to sample A4 consists
in sharpness of the peak 4, It showa that the grinding determi-
nes & mechanical activition, the reaction occurring faster in a
narrower temperature interval,

The DIA curve ¢ of the sample C indicates that the pre-~
sence of crystallization water leads to the integral disappea-
rance of the peek 4. Nevertheless the X-Ray analysis shows
that the reaction mixture after heating contains only the reaction
tion products. The explanation consists in the fact that the
reaction occurs at lower temperatures simultaneously with the
loss of crystallization water, The exothermic effect ie hidden
by the endothermic effects corresponding to the loss of water
from BaClZ.ZH?O and the pholymorphic change 3.

The rehydration, of the sample A kept in humid air de~
termines a gradual diminuation of the peak 4 and increase of
the pwaks 1 and 2,

The combination molar ratio of the reactants was deter-
mined from the plot £;H=f(!kno3), (£ig.2), where AH(cal/g) is
the specific thermal effect of“the reaction, and Xy, = the
molar fraction of KN03. 3
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The thermal effect AH was evaluated from the pesk area divi-
ded by the sample weight. The éyatem was calibrated with respect
to the thermal effect /2/ corrasponding to the phase tranasition
of KNOs(AH= 13 cal/g). The maximum value AH _ =15 cal/g
corresponds to Xy, =0,69. thus K., /X501, ~ 2 A first infor-
mation concerning tke kinetics of the procags can be obtained
by estimating the activation energy using the method of low
conversions /3,4/. For the sample A E_=7,1 Kcal/mol was obtained;
s very low value in comparison with EB=112 Keal/mol for the
sample B, This difference can be explained taking into account
that the occurrence of the reaction in sample A (mechanically
nonactivated) is controlled by the nucleation at the contact
surface between crystalline! graina, If the change of grain
radius during the reacticn is neglected, the following simplifi-
ed rate equation was obtained /1/.

E
dx 224 r hP n, = -rT 5

RGPS .- (1mc) (1)
at 1 + R'

where o is the conversion degree t~the time, ¥- the compactness
factor of the sample, r-~the menn radius of the grains, h-the
maximum interaction distence, P -the change probability of a
potential nucleus in a stable one, n;~ surface concentration
of potential nuclei; E~sctivation energy R~-gas constant,
T~tempersture (K) and R's a constant which depends on the weight
and density ratio of the reactants.

In sample B mechanically activated the limiting step is
the crystallisation of the reaction products, which needs an
activation energy close to the lattice energy. Based on this
assumption one obtains the rate equation:

ol ~ -3
—————= = P n.V.e (1 =) (2}
at ol'l
wherae Vl is the volume of crystalline product resulted from
the growth of a single nucleuse. The symbols P1 and ny have
the same meaning as before but for the nucleation in the bulk,
The reaction rate ag well as the conversion degrea have
been evaluated from the DTA by help of approximative
relationships /5/:
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da AT a
I C IR (3)

aT Ay A

- " e ey —

where AT- is the ordinste of the DTA curve, A,-the total area
of the DTA peak and a~ the partial area corresponding to the
time interval O-t,

Equations (1) amd (2) through linearization are in better
concordence with experimental data than the method of low conver-
sion., One dbtains K =8,3 Keal/mol E,= 19 keal/mol. The high
value of the activation enargy is due also to the self heating
of sample C as a consequence of the fast evolvement of the heat
of reaction.

For sample C which contains Ba012.2H20 the two steps
dehydration leads to a surface layer of water migrating at the
KNO3 grains, The ions of the reactants penetrate in the adsor-
bed layer. The chemical resction in the adsorbed leyer is
followed by water desorbtion and formation of the crystalline
lattice of the reaction products. These steps can be described
by equations II-V,

58012 .2H2°( S) -—*-—--; 88012 0H20( S) + H2°( &dﬂ) ( .[I)
BaClZ.HZO(a) ———————— > 88012(3) + Hzo(ads) (III)
BaClz(e) +2KN03(8) + HZO(ads) ———————— >

2+ - + -
(Ba +2C1 +2K + 2N03 + HZO)adS (IVl

2+ - + -
(Ba®" +2C17 +2K" + 2NOg~ + Hy0) qgm=—="

Ba(NOs)p(s)

CONCLUS IONS
The occurrence of the solide-state reaction (1) can be
described in a sabisfactory way teking into ascount surface
nucleation, bulk nucleation and mechanical activation,
The presence of water in the system determines the
occurrence, of the reaction in the adsorbed surface layer.

+ 2KCl(s) + Hzo(g) (V)
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