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The authors report their results concernmg the thermal decomposltlon of 
Fe”’ and Ho”’ gluconates 

INTRODUCTION 

Followmg our research concerning solid-gas decomposltlons [I] this 
paper deals with a thermoanalytlcal mvestlgatlon of Fe(gluc) 4H,O and 
Ho( glut) z 6H *O 

EXPERIMENTAL 

Powders of Fe(gluc) 4H,O and Ho(gluc)2 6Hz0, where glut IS glucomc 
acid rest, were syntheslsed accordmg to the method described elsewhere [2] 

To record the heatmg curves TG, T, DTG, and DTA a Q-1500-D- 
(MOM, Budapest) Pauhk-Pauhk-Erdey derlvatograph was used The 
powder X-ray dlffractograms were recorded with a Philips (PW-1400) dlf- 
fractometer usmg chrommm K, radlatlon The heating curves were re- 
corded at heatmg rates between 2 5 K rnln- ’ and 10 K mm ~ ’ m a static dir 
atmosphere and, m some cases, m flowmg argon To record the heating 
curves m argon, a 0 D 103 (MOM, Budapest) Pauhk-Paullk-Erdey de- 
rlvatograph was used 
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For the kmetlcally possible reactions, the non-isothermal kmetlc parame- 
ters were estimated using the Coats-Redfern [3] method The expenmental 
data were automatically analysed on a TI 66 computer usmg an ongmal 
program [4] 

RESULTS AND DISCUSSION 

The X-ray dlffractograms did not exl-ublt any distinct hnes, thus 
an amorphous state of both compounds used m ths investigation 

The thermal decomposltlon of Fe(gluc) 4H,O 

showing 

According to the heating curves, the decomposltlon occurs via the follow- 
ing steps 

Fekluc) 4W+,, 338 K (2 ’ K rmn-‘) )Fe(gluc) 2H,O,,, + 2H,O(,, 

where the temperature above the arrow corresponds to the maximum 
reaction rate As shown by the DTA curve, this 1s a normal endothernuc 
decomposltlon At lgher temperatures, the loss of the other two water 
molecules 

Fe@uc) 2fLO,,, 445 K (2 5 K rmn-‘) )Fe(gluc)(,, + 2H,O,,, (11) 
occurs simultaneously with the oxldatlve degradation on the glucomc rest, 
which explams the overall exothermlclty shown by the DTA curve and the 
correspondmg sharp weight change shown by the TG and DTG curves A 
third exotherrmc process, which we shall denote III, occurs at hgher 
temperatures (with the maxlmum rate at 553 K) The values of nomsother- 
ma1 kinetic parameters, reaction order n, activation energy E and pre-ex- 

TABLE 1 

Values of the non-isothermal kmetlc parameters for reactions (I) and (III) 

Reaction Heating rate n E ra k, 
(K mu-‘) (Cal mol-‘) G-l) (s-l) 

I 10 1 9 100 21x103 0 990 3 23~10-~ 339 

III 25 1 13 000 3 5x105 0 994 152~10-~ 339 

1 16 000 5 84~10~ 0 981 411x1o-3 
III 10 2 24 200 251~10~ 0 994 1 19 x 1o-2 563 

III 25 1 21500 276~10~ 0 987 136x10-* 563 
2 14 300 713x102 0 993 2 13x1o-3 563 

a The correlation coefficient of the Coats-Redfem hnear plot 



ponentlal factor A for the kmetlcally workable reactlons I and III are gven 
m Table 1 

The values of the kmetlc parameters obtained for step I at 2.5 K nun-l 
should be consldered for at least two mam reasons (1) the hgher value of 
the correlation coefflclent, and (2) the lower heatmg rate at wbch the kmetlc 
parameters presumably remam unaltered by heatmg transfer phenomena 
For the same reasons the values n = 2, E = 14 30 kcal mol-‘, A = 7 13 X lo* 
S -’ and hse3 = 2 13 x 10m3 should be consldered for reactlon III In this 
case, 1 e n = 2, the values of the kmetlc constant at 563 K for the heating 
rates used differ by a factor of approximately 5 

The thermal decomposltlon of Ho(gluc), 6H20 

The first decomposltlon step occurs at heatmg rates between 2 5 K mu-l 
and 10 K nun-l according to the equation 

W@uc)2 6H2O,,, 333 K (’ 5 K mn-‘) ,Ho(gluc), 2H,O,,, + 4H,O(,, (IV) 

According to the DTA curve, reaction IV 1s endothernuc At h@er temper- 
atures, the shape of the TG, DTG and DTA curves change with the heatmg 
rate At a rate of 10 K mm-l between 411 K and 443 K, a sharp we&t 
change 1s seen m the TG and DTG curves wbch corresponds to reactlon V 
A more careful mspectlon of the DTG curve shows that reactlon V 1s 
actually not simple but the result of two overlappmg reactlons As the DTA 
curve shows an exothernuc peak, it can also be concluded that reaction V 
corresponds partially to the oxldatlve degradation of the hgand At higher 
temperatures, another process, VI, occurs. The maximum reaction rate of VI 
was recorded at 513 K. As shown by the DTG and DTA curves, tbs process 
1s not simple either The last process, VIII, the maximum rate of whch 1s 
recorded at 792 K, and whch 1s strongly exotherrmc, 1s not simple In tlus 
process carbon dloxlde 1s evolved 

At lower heatmg rates (5 K mm-l and 2 5 K mm-l) reactlon IV 1s 
followed by a single exothernuc reactlon, IX, with a maximum rate at 513 K 
(2 5 K mm-‘) 

Reaction X, whch 1s also exotherrmc, occurs with a maximum rate at 640 
K (2 5 K mm-‘) For the low heatmg rates used, the samples were heated up 
to 873 K, 1 e the temperature at which Ho,O(CO3)2 1s obtamed It must be 
emphasised that the TG curves m argon at a heating rate of 10 K mm-’ are 
quite surular to those obtamed at lower heatmg rates m static air atmo- 
sphere 

The values of the non-Isothermal kmetlc parameters for the kmetlcally 
possible reactlons which occur at the thermal decomposltlon of Ho(gluc), 
6H,O are gven m Table 2 
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TABLE 2 

Values of the non-isothermal parameters for reactlons IV, IX and X 

Reactlon Heating rate n E r k, 
(K nun-‘) (cal mol-‘) t-l) (s-l) TK) 

IV 10 2 15 800 461x10’ 0 996 239~10-~ 333 

IV 5 2 16 700 8 15 x 10’ 0 994 1 13x1o-3 333 

IV 25 2 15 900 5 x10’ 0 996 2 13~10-~ 333 

IX 25 1 13 400 5 72x10’ 0 997 116~10-~ 513 

X 5 2 23 300 123x10’ 0 997 1 49x1o-3 640 

X 25 2 24 200 179x105 0 996 1 o9x1o-3 640 

As can be seen from the data given m Table 2, the values of the kinetic 
parameters do not change with heating rate 

To facilitate the assignment of the hgh-temperature decomposltlon steps 
of Ho(gluc), 6H,O, the non-isothermal kinetic parameters of holrmum 
carbonate decomposltlon were determmed 

According to the thermogravlmetrlc data at 10 K mm-‘, the decomposl- 
tlon occurs m three steps 

Ho,(CO,), 4H,O,,,- 393 K )Ho, (CO& + 4H,O,,, 

Ho, (CO&,- 653 K ,Ho,O,CO,(,, + 2CO,,,, 

Ho,O,CO,(,, 883) HONOR + CO,,,, 

(XI) 

(XII) 

(XIII) 

The values of the non-isothermal kmetlc parameters for the kmetlcally 
possible reactions XI and XII are given m Table 3 Inspection of Tables 2 
and 3 shows that the values of the kmetlc constants for reactions X and XI 
occurring at quite close temperatures are comparable 

TABLE 3 

Values of the non-Isothermal parameters for reactlons XI and XII 

Reactlon Heating rate n E r b 
(K mln-‘) (cal mol-‘) G-l) (s-l) X 

XI 10 2 8 500 149x10’ 0 999 2 88x1O-3 393 

XII 10 2 14 500 86 x10’ 0 987 131 x1o-3 653 
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CONCLUSIONS 

From tlus study of the thermal stab&y of Fe”’ and Ho”’ hydrated 
gluconates the followmg conclusions were drawn 

(1) The non-isothermal kinetic parameters have been evaluated for the 
kmetlcally possible decomposltlon steps 

(2) The values of the non-Isothermal kmetlc parameters obtained for the 

decomposltlon of Fe”’ gluconates are qmte sensltlve to heatmg rate 
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