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An I nvest i ga t i on was made i n to the I nteract i on in an l nterphase 
boundary as a comp l ex k i net i c  p rocess composed of a se r i es of e lementary 
s teps . The sepa rat i on of some s teps of a comp l ex heterogenous p rocess 
was car r i ed out by means of the non- I sotherma l method . 

A conmon react i on mode l for comp lex react i ons i n  an l nterphase 
boundary was set up , a l ong wh i ch p rocesses take p l ace as a se r i es of 
consecut i ve l y  pa ra l l e l  s teps . 

The app l i cat i on of F l ynn and Wa l l ' s c r i te r i on i nd i cated the p redo­
mi nant ro l e  of pa ra l l e l  s teps I n  a comp lex mechan i sm. K i net i c  parameters 
of act i va t i on �nergy , orders of react i ons , and p re-exponent i a l factors 
of I nd i v i dua l  s teps were determi ned used Ses tak ' s  method . 

I NTRODUCT ION 

The recent I nt roduct i on of non- I sotherma l methods I nto k i net i c  research 
has opened up new poss i b i l i t i es for research i n to heterogenous p rocesses . A · 1 2 3 4 whol e  se r i es of methods ' ' ' has been deve l oped . Us i ng them , i t  I s  poss i b l e  
to estab l i sh the l i m i t i ng p rocess mechan i sm ,  as we l l  a s  other k i net i c  p roces­
ses , the act i va t i on energy , and the ,re-exponent i a l  factor from thermo-ana l y­
t l c  measurements . Re l at i ve l y  poorer resu l ts  have been obta i ned from the hete­
rogeneous p rocesses , the p rocess mechan i sms of wh i ch a re not d i ctated by one 
step , but by many . The f i rs t app roach at s tudy i ng the p rob l ems of such reac­
t i ons was met I n  the works of F l ynn and Wa 1 1 5 , Koch7 , K . He i de6 . 

Espec i a l l y  I nteres t i ng for resea rch of comp l ex heterogene p rocesses 
a re desorpt i on p rocesses In boundary phases wh i ch a re as a ru l e  cha racter i zed 
by nume rous e l ementary p rocesses . One s uch mode l i s  rep resented by the water­
-zeo l i te system w i th seve ra l over l app i ng thermodesorpt i ona l peaks . The p rob l em 
of the comp l ex I nte ract i on of these systems i s  approached i n  va r i ous ways , 
wi th the resu l t that for the samp l e  NaX-H2o ,  authors 1 0  estab l i sh the change 
i n  act i va t i on energy as a temperature funct i on ,  wh i l e ,  see i ng two peaks I n  
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1 1  tht;. samp l e  CaA-H
2
o , authors estab l i sh two p rocesses , one of wh i ch t s  ascr l -

bed to macro pores , the other to m i cro pores . 
The comp l exi ty of the prob l em t s  seen t n  the work of K l rchoff1 2 , from 

wh i ch or i g i nates the theory that under determi ned cond i t i ons , desorpt i on 
p rocesses can take p l ace as a ser i es of I ndependent react l ons! 3 

The react i on mode l 

Qua l i ta t i ve works I n  the f i e l d  of therma l ana l ys i s8 , as we l l  as 
quant i tat i ve thermo-cheml ca l  works 1 4 , show the phenomenon of d i fferent l y  bound 
types of water on zeo l l te s urfaces . Depend i ng on the type of zeo l l te cat i on ,  
theree o r  four peaks can appear .  

O n  the bas i s  of these res u l ts a s  we l t  as the resu l ts o f  NHR 
research wh i ch showed the ex i stance of fas t exchange between phases , the 
pol l ow i ng react i on mode l may be d i sp l ayed : 

{ZH20)1 ! 
H 

(H20) g 

{lii2°>1-1
H 

(H20) g 

where (ZH
2
o) 1 represents water i n  I bound s tate , t the number of d i fferent l y  

bound water molecul es ; k l + and k 1 _ correspond to the trans i t i on react i ons 
from one state I nto another ,  wh i l e k i g+ and k l g- correspond to the t rans i t i on 
react i ons from bound forms I n  gas desorp t i on .  

EXPER I MENTAL 

The synthet i c  zeol l tes L I A ,  NaA , and KA were used I n  the work . NaA 
and KA a re convnerci a l  samp l es p roduced by Un i on Ca rb i de ,  wh i l e L I A  was made 
up by i on i c  exchange from NaA1 9 . Therma l ana l ys i s  measurements were carr i ed 
out on a Pe rk i n-E l mer DSC- I B  sys tem , w i th a heat i ng rate of 1

° pe r m i n .  to 
0

65° per m i n .  
Ca l cu l a t i ons were carr i ed out on a PDP- 1 1 compute r .  

RESULTS 

Us i ng the EGA method , water desorpt i on from type-A zeo l i te w i th mono­
va l ent cat ions was I nves t i gated at var i ous heat i ng rates of 1 ° pe r mi n .  to 
64

° per m i n .  F i g .  1 shows the water desorpt i on p rocess from NaA zeol i te .  At 
l ow hea t i ng rates two max i ma not i ceab l y  exi s t  wh i ch merge when the hea t i ng 
rate increases and moves towards h i gher temperatures . 
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F l g.1 . Sys tem NaA - H2o ,  EGA et d i fferen t hea t i ng rates . 

Fi g .  2 Sys tem 

I 
i 
i 

H2o , EGA at d i ffe rent hea t i ng rates . 
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System L i A-H2o a l so acts i n  a s i m i l a r  fash i on ,  where aga i n  two peaks­

-the f i rs t  of very l a rge , the second of very sma l l ,  l n tensty--can be seen . The 
f i rs t  peak l s  somewhat narrower than the correspond i ng one I n  NaA. Potass i um 
zeol l te shOlrils a s ubstant i a l  d i fference I n  compar i son w i th L tA  and NaA, s i nce 
on l y  one maximum appeared i n  i t , b roaden i ng and movi ng towards h i gher tempera­
tures as the heat i ng rate i ncreased.  

For p rocesses w i th low hea t i ng rates , where the reso l ut i on was at  I ts 
greatest ,  a k inet i c  ana l ys t s  us i ng �estak • s2 method was ca rr i ed out , whereupon 
cases of wel l -known funct iona l dependences g (a) were exami ned and the funct ion · 1 8  p(x) was ca l cu l ated t� b e  deve loped to the orde r o f  the fourth degree . 

Resul ts of the k i net i c  ana l ys t s  a re g i ven I n  Tab l e  I ,  f rom wh i ch I t  
can be observed that desorpt i on p rocesses can be very accurate l y  descr i bed 
as react ions  of the f i rst orde.r , s i nce the regress l ona l coeff i c i ents a re very 
h i gh .  

LIA 

Tabl e  1 

E kca l /mol  Z sec-1 n R 

9 .  8 8 .  5 X 1 05 0 • 998 
1 7 . 3  3 . 2  X 1 06 1 0 . 998 

------------------------------------------4·---------------------------------1 0 .s 3 . 4  X 1 0  1 0 .999 
NaA 1 9 . 8  3 . 5 X 1 06 0 .997 

KA 8 . 1 2 . 8  X 1 04 0 .999 

D I SCUSS I ON AND CONCLUS I ON 

Cons i de r i ng the demonstrated k i net i c  resu l ts w i th the g i ven mode l , 
an anal ys t s  of several degrees I s  poss i b l e  i n  the fol lowing way : 

a) The react i ons  of readsorpt t on k 1 9
_ were not ta�en i nto cons i dera­

t i on dur ing the k i net i c  ana l ys i s ,  s i nce the EGA was taken In a s t ream of dry 
ni trogen , rul i ng out the poss i b i l i ty of readsorp t l on of desorbed water .  The 
proof for the aforement i oned concl us i on l ies I n  the fact that funct i on 
l inear i ty g (x)  I s  estremel y  good--even at a low heat i ng rate p rocess--e . g .  1 ° 

per mi n .  

b ) An I nc rease I n  p rocess resol ut i on ,  ach i eved by decreas i ng the
heat ing rate , I nd i cates the c lear i nfl uence of the pa ra l l e l  steps wh i ch a re 
demonstrated I n  the model by the react i on _to wh i ch the cons tant k 1 9 

cor responds .



Th i s  I s  i n  agreement w i th the examp le  i l l ustrated by F lynn and Wa 1 1 5 , so 
that the desorpt i on p rocess i n  the case of L i A  and NaA i s  cons i de red to 
cons i st of two i ndependent steps , whereas i t  cons i sts of a s i ng l e  s tep : 
i n  the case of KA. K i net i c  parameters obta i ned for these p rocesses , i n  
the case o f  desorp t i on wh i ch takes p l ace a t  l ower temperatures , show very 
close va l ues wh i ch do not substan t i a l l y  d i ffe r  from the entha l py of water 
evaporat i on .  P re-exponent i a l f�ctors for �hese p rocesses demonstrate 
the fol l ow i ng regu l a r i ty :  for those p rocesses cha racter i zed by the wi dest 
temperature d i spe rs i on (e . g . KA) pre-exponent i a l  va l ues have the lowest 
va l ues ; for those processes charakter l zed by the narrowest d i spers i on 
(e . g .  L I A) , the h i ghest va l ues obta i n .  

c ) A pa rt i cu l a r l y· sens i t i ve p rob l em I n  the g i ven model p resents
i tsel f i n  establ i sh i ng the number  of poss i b l e  k i net i c  steps expressed by 
number i .  In earl i e r  works the number of p rocesses was es tab l i shed by 
I ntroduc i ng the m i n i mum number of gauss i an funct ions cr i ter i a ,  w i th the 
sum of wh i ch i t  I s  poss i b l e  to descr i be the exper i menta l l y g i ven p rocess 
wi th the g reatest degree of accuracy . Thermo-chemi ca l  resul ts gave very 
good resu l ts i n  those cases 1 4 , wh i l e the k i net i c  constants i n  some examp l es 
obta i ned qu i te un rea l i st i c  va l ues . 

The gauss i an approx i mat i on g i ves th ree e lementa ry curves for NaA 
and L I A  zeo l i te ,  wh i l e on ly  two a re obta i ned for KA. As , was reported i n  
th i s  paper ,  �xperements show that , two processes exi s t  for the former ,  
one for the l atte r. The r�ason for such behav iour can be twofol d .  The afore­
ment i oned fact that n i trogen I s  used I n  the expe r i ment as a carr ier  gas poi nts 
to the poss i b i l i ty that the low temperature process I s  such that the n i t ro­
gen "washes" i t  away to s uch an extent that I ts l� tens i ty i s  cons i derab l y  
reduced . I n  the work6 i t  was shown that i t  I s  i mposs i b l e  to separate two 
consecut i ve s teps i f  the i r act i vat i on eneg i es a re very c lose . As shown by 
F i g .  ,, , two I ndependent parall e l  react ions  can behave i n  a s i mi l a r  way , and 
th i s  poss i b i l i ty l s  very rea l i st i c  i n  our case . 

I n  concrete examp les the most p robab l e  i nfl uence i s  that of the 
f i rst and second enumerated reasons . 

S i nce the method of var ious heat i ng rates I n  the case of KA 
produced on ly  one p rocess for wh i ch k i net i c  pa ra!lleters w i th very h i gh reg­
ress l ona l parameters were ca l cu lated , I t  was i nterest i ng to make the compa­
r i son of exper imental movements at d i fferent heat i ng rates and theoret i ca l l y  
obta i ned curves for the g i ven k i net i c  parameters . 



The d i fference ref l ected i n  Fi g .  3 l eads to the concl us i on that 
1 add i t i on to a very good agreement of exper iments w i th �estak ' s  method , 

a concrete case one i s  not dea l i ng w i th a s i ng l e  s tep . 
To estab l i sh the poss i b l e  number of s teps , i t  I s  probab l y  neces­

sary to use s t r i cter cr l te r i a--perhaps the m i n i mum numbe r of s teps wh i ch 
yie l ds the same k i net i c  pa rameters for d i fferent heat i ng rates . 

d) The quest i on of the i nte rexchange between d i ffe ren t l y  bound
water mol ecu l es--l abe l l ed i n  the react i on mode l w i th i and i - 1 , and dea l t  
w i th by NMR works 1 5 • 1 6--was subsequent l y  shown to be I ns i gn i f i cant I n  con­
c rete cases ; NMR resu l ts demonstrated that a phase exchange i s  m i nor  on l y  at 
temperatures be l ow 2 1 0°K ,  but very rap i d  at temperatures �of app roxi mate l y  
300°K ;  thus i t  may be expected that a n  exchange I s  even more rap i d  I n  the 
thermodesorpt i on reg i on but that a l ow  heat i ng rate from wh i ch k i net i c  pa ra­
meters are ca l cu l ated i s  suff i c i ent  for the system to estab l i sh equ i l i b r i um 
between the s tate and I n  re l at i on to the s tate t - 1 . 
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compa r i son of a theoret i ca l l y  ca l cu l ated p rocess ( rep resented 
dot ted l i ne)  w i th a dehydrat i on process M ,  at d i ffe rent 

heat i ng rates . 
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Ft g . 4 .  Theoret i ca l l y  ca l cul ated I ndependent pa ra l l e l  react i ons 
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