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ABSTRACT 

The kine t i0 parameters of the reaction BeC12+2KN+ -w-v 

Ba(NOYj2 + XC1 have been evaluated by the'W.4 method* 

Thr oryetalline phases of the reaation mixture have been identi- 

fied using the G&q diffraction methode 

In a previoue publication /l/ twe kinetic modelr described 
theoccurrence of solid-eel&J reactions oontroled by the aurfaeo 

nucleation or crystallizatioti Theee models aaaount ?or the in- 
fluenee of, meahaniael treatments, dtieneion of grains and d8- 

gree af 6ompaotneaa of the sample on the reaation rate* 
Thie paper dealr with the epplfaation of there modrle to 

the nonieothermal kinetier of the reaation: 

BaC12.26f20, KN3, Ba(N%j2 awl KC1 %eaatirula have beon 

uee& The DTA eur~eo have been recorded in a Paulik, Paul* 
J Brdey ~1500 derivatogfaph et 'tha heating rat.0 p -$K,min 

and 2 I; mim-1, Tha eamplo weight wa8 e,%o 
In ardor to identify the solid p&rob a Philipa diffraotoa 

motor. P-1400 wad u@ed+ 
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RXSULTS 

In 
nare ly t 

AND DISCUSS ION 

figure 1 the thermal ~urvoe for three eamploe are ehown 

- remple A, obtaina through etoeohiometrieally mixing of the 
reactante BaC12/2KNQg (grain0 with mean radiu6 rto,o5 cm) 

e aample B, obtained through grinding of the mixture 
BaC12/2XN~ (r = o,ol em) 

c ~sample 0, .obtained by eplindinS of the reaotlon mixture 
BaC12,2H2W2XC1 (r = a,01 0x11. 

Fig.1 
Heating ourvee of 
eamp lc 8 
A(a’,a),B(b) and C(e) 

The eomparleoa between ourvoe a’(To) and a (DTA) oarreeponding 
to the sample A, and the same aurvee of the pure reactant8 and 
the mixture Ba(NOg)2/2ICCl allowed to identify the preeesees 
reeponeablo for the ‘peak0 W5. The endotheraia peakr 1 and 3 
oorrerponds to the Wee of wator traces from BaC12. The endo- 
thermio peak 2 ie exhibited by the Bl!A aurvo of pure XX+, too, 
and oorreepondi to the polymerpbkk ohange in thie reactant* 
The exothermie peak 4 Le l xhibitod only by the roaution alxtu- 
ree, its areae ohan&& with the ratio BaC12/KN%, The peak 
oorreeponde to the reaction (I). The X-Ray diffrnstogrem of the 

reaction mixture heated titil 500°C exhibits only the peaks 
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of BatNO and KCl. One can conclude that the reaction ocoura 

praatically until completion. 

The last endothermic peak 3 ie exhibited aleo by DTA curve 

of the mixture Ba(N03)2/2KC1, thus it can be aaeigned to the 

melting of the eutoctiu of the reaction producto. 

The D!CA ourve (b) of the eample B exhibit8 the same pro- 

ceasea* The only differenoe with respect to eample A consists 

in sharpness of the peak 4 , It ehowe that the @inding determi- 

nee a mechanical activltion, the r&ction occurring faeter in a 

narrower temperature interval. 

The PTA cW?ve c of the sample C indicate6 that the pre- 

aence of crystallization water leada to the integral disappea- 

rance of the peak 4a Neverthelees the X-Ray analyeie ehowe 

that the reaction mixture after heating contains only the reaction 

tion products. The explanation consists in the fact that the 

reaction occur8 at lower temperature8 simultenoouely with the 

loas of crystallization water4 The exotbsrmic effect ie hidden 

by the endothermic effects corresponding to the 1068 of water 

from BaC12.2H20 and the pholymorphic change 3. 

The rehydration. of the sample A kept in humid air de- 

terminee a gradual diminuation of the peak 4 and increaee of 

the peaks 1 and 2. 

The combination molar ratio of the reaotanta wae deter- 

mined from the plot AH=f(XKN 
?3 

1, (f i&2), whore AH(cal/g) is 

the epeoifia thermal effect of the reaction, and XKNo w the 

molar fraction of KN 
as* 

3 

Fig.2 

Plot of H 

VW eua 
*03 
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The thermal effect IJH was evaluated from the peak area divi- 

ded by the sample weight. The system was calibrated with respect 

to the thermal efPect /2/ corresponding to the phase traneition 

of KN03(AH= 13 cab'g). The maximum value A~,,=13 oal/g 

correspond8 to XKNO =o,69. thus sNO IKRaC1 my 2 A first infor- 

mation concerning t iz e kinetic8 of td proce$s oan be obtained 

by eatimeting the activation energy using the method of low 

conversions /3,4/. For the aample A Ea=7,1 Koal/mol was obtained; 
a very low value in comparison with $Bt112 Kcal/mol for the 

sample B+ This difference can be explained taking into account 

that the occurrenceiof the reaction in eampls A (mechanically 

nonactivated) is controlled by the nucleation at the aontact 

surface between crystalline\grains. If the change of grain 

radius during the reaction is neglected, the following simplifi- 

ed rate equation was obtained /I-/. _ 

dclc 32f r hPonl - -;T 
.".-CM f ____..____--_-_--- e (I<)* (1) 
at 1 + R' 

where &is the conversion degree t-the time, & the compactness 

factor of the sample, r-the mean radius of the grains, h-the 

maximum interaction distance, P.-the change probability of a 

potential nucleus in a stable one, nl- surface concentration 

of potential nuclei; E-activation energy R-gae constant, 

T-tempersture fK) and R'- a constant which depends on the weight 

and density ratio of the reactants. 

In sample,B mechanically activated,the limiting 8tep is 

the crystalliaation of the reaction products, which needs an 

activation energy close to the lattice energy1 Based on this 

assumption one obtains the rate equation: 

dnC 
= PonlVle - -ET -_--__ (1 -4 

at 
(21 

where Vl is the volume of crystalline product resulted from 

th@ growth of a single nucleus. The symbols PI and n1 have 

the same meaning aa before but for the nucleation in the bulk, 

The reaction rata agwell as the conversion degree have 

been evaluated from the DTA by help of approximetive 

relationships /5/: 
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dd AT 
_..___ = ___-_ i OCI ___"__ (3) 
dT At At 

where QT- is the ordinate of the DTA curve, At-the total area 

of the DTA peak and a- the partial area corresponding to the 

time interval C-t. 

Equations (1) amd (2) through linearization are in better 

concordance with experimental data than the method of low conver- 

sion, One tibtains Ea==8,3 Kcal/mol Eb= 190 kcal/mol. The high 

value of the activation energy 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 BaCl2.2H20 the two steps 

dehydration lead8 to a surface layer of water migrating at the 

KNO 
3 
grains. The ions of the reactants penetrate in the adsor- 

bed layer. The chemical reaction in the adsorbed layer is 

followed by water d.esorbtion and formation of the crystalline 

lattice of the reaction products. These steps can be described 

by equations II-V. 

BaC12.2H20(,) -------2 BaC12.H20cs) + H20tad8) (II) 

BaC12.H20(,) --------p BaC12ts) + H20tads) 

BaC12(s) +2KNo3 ( 8) + H2°(ade) 
_I______ 3 

(Ba2+ +2Clm+2K+ + 2N03" + H20)ads 

(Ba2* +2Cl- +2K+ + 2N03- + H20)ada----*y 

Ba(N03)2(a) + 2KClts) + H20tg) 

CONCLUSIONS 

(I-II) 

(rr2 

(V) 

The ocourrenceof the eolide-state reaction (i) can be 

described in a saaisfactory way taking into nrcount surface 

nucleation, bulk nucleation and mechanical activation. 

The presence of water in the syetem determines the 

occurrence. of the react ion in the adeorbed surface layer. 
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