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AESTRACT 

Based on a previously reported, integral reaction-scheme, a very simple, kinetic 
model for the homogeneous oxidation of D-glucose and D-fructose in aqueous, alkaline 
solutions has been developed. It involves the influence of the type and concentration 
of the hexose, the hydroxyl-ion concentration, the oxygen concentration in the liquid 
phase, and the temperature on the rate of formation of the acidic reaction products. 
No attention is paid to the product distribution. 

INTRODUCTION 

In a previous paper’+, an integral reaction scheme for the oxidation of D-glucose 

and D-fructose with oxygen in aqueous, alkaline solutions was developed. Basically, 

the process involves a rapid de-protonation of the D-glucose molecules, followed by 
development of an enolate ion structure. From the initially formed enolate ions, in 
addition to the formation of fructose, a great number of other kinds of enolate ions 
may arise which are oxidised to peroxides. Acidic products are then formed from the 
peroxides. 

From the integral reaction scheme, it appears that, in general, two acids are 
formed from each enolate ion. Because -2.5 acidic functions are formed per hexose 
molecule that he been converted, an average number of 1.25 enolate ions are formed 

per enolate ion Es _ 

For the purpose of describing the influence of the type and concentration of 
the hexose, the hydroxyl concentration, the oxygen concentration in the liquid phase, 
and the temperature on the overall production rate of acids, the integral scheme could 
be simplXed. The attainment of equilibrium between E- and P- is described as an 
overall, irreversible reaction, which is controlled by one effective rate constant. The 
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When it is assumed that the ionisation constants for aG and /3G are the same, 
the rate equation 23 changes into: 

d(G) - = -k,,.X.(aG)"-kk,,.X.(BG)s + k-,,+k-,, .z d(TOC) 
k* 

- dt - 
dt 0 

From equation 25, it follows that the rate of disappearance of D-glucose depends not 
only on the total D-glucose concentration (G)” = (aG)“+(BG)“, but also on the 
actual ratio (BG)B/(aG)a. Consequently, -d(G)“/dt will decrease more rapidly as a 
function of the conversion according to equation 23, because of a decreasing ratio 
@G)“/(aG)” during the reaction. 

By analogue simulation, the validity of the above model has been checked, 
starting with the k-values of the simpler model (Fig. 2) extended with the following 
assumptions. 

(a) k,,, = 2k_,,. This relationship can be derived from the observed, initial 
ratio (BG)“/(ctG)” = 0.5 in the D-fructose oxidation experiments (Fig. 3). 

(b) keg = 0.5ks,. This relationship has been concluded from the relative, initial 
reaction-rates from two experiments with, respectivily, almost pure o! and j3 forms of 
o-glucose. Kinetically, this statement, combined with the earlier assumption that the 

ionisation constants of a- and j&D-glucose are the same, is equivalent to the introduc- 
tion of different iouisation constants I&o = 0.5K805, and kag = ksg. 

------Experimental 
Computed 

200 300 
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Fig. 4. Comparison between experimental and computed results experiment (see Fig. 2). Rate con- 
stants: I& = 1s.10-“, KF=26.10s3 l/mmole; &=1.6, &=3.2, I~,=12 I/h; k_.Jk~=l.S, 
k-j& = 0.9, k_Jkz = 6 mmoles/l; kd = 1.2, k,, = 3.6 I/h. (BG)“/(aG)’ = 1.5 at t = 0. 
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In Fig. 4, the result of our analogue simulation of the adjusted kinetic model is 
illustrated. With the given set of k-values, the best correspondence between calculated 
and observed (G)9 (F)9 TOC, and @G)“/(atG)” versus time curves has been obtained 
for both the D-glucose and D-fructose oxidation experiments. 

Although the present kinetic model is a gross simplification, we have found that 
it fits, with reasonable accuracy, the oxidative degradation of D-glucose and D-fructose 
witbin the studied range of parameters. 
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