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ABSTRACT 

In order to elucidate the influence of preparative history of z-Fe,03 on its 
reactivity, the cataIytic thermal decomposition of KCIO, by x-Fe,03 was studied by 
means of DTA and X-ray techniques. The catalysts were prepared by the calcination 
of three iron salts, Fe(OH)(CH3COO)2., FeSOo - 7H,O and Fe,(SO& - xH20, at 
temperatures of MO-1200°C in air_ The lower the preparation temperature of zr 
Fe,O,, the larger the specific surface area and reversely the smaller the crystalline 
size. KCIO, without a-Fez03 was found to begin fusion and decomposition simul- 
t&xously at about 530°C The addition of z-Fez03 resukd in promotion of the 
decomposition reaction of KCIO,; a lowering of 30-I 10°C in the initial decomposition 

temperature and a solid-phase decomposition before fusion of KCI04. The influence 
of preparative history of a-Fe,O, on the decomposition mainly depended on the 
preparation temperature rather than the starting material_ The initial decomposition 
temperature of KCIO, increased with an increase of the preparation temperature of 
z-Fe,O,_ The effect of a-Fe,O, was d&ussed on the basis of the charge transfer and 

the oxygen abstraction models. 

INlRODUCKION 

at-F%03 is widely used in industry* e-g-, as a raw material for the synthesis of 
ferrite, a catalyst for oxidation reactions, a source of pigment, etc_ The physico- 
chemical properties of a-Fe,O, have been found to vary remarkably with its method 
of preparation histories, such as the kind of starting iron salts, the preparation 
temperatures, the preparation atmospheres and the addition of foreign ions_ Gallagher 
et al,’ studied the reactivity of twelve ?r-Fe,O,, which were prepared by the decom- 
position of various iron sahs, by using the reactions of LiFeO, formation and dis- 
solution in HCkoIution, They observed that the Iowest decomposition temperature 
of each iron salt leads to the highest reactivity of rr-F-0, which has a large specific 

surface area, a low density and a smaU particIe sire- Gallagher et al_ concluded that 
the high defect concentration and the low crystabity of the oxide cause the high 



re3crivity. seVer;ai investigafom 2--* have atso studed the mictiviry of a-Fe,03 
prepa& at different k,mpcrat~res by using the synfbesis readions of Cdi$Of and 
znFe&$ and the ~&&tic decompositions of E&Q: aud GH,QH4_ The trsul& were 
ia-4 on the basis of defti szr&ure and iartice disorder of the oxide_ 

On the other hand, it has beefy rq~ti’-‘~ that the metal oxides cataly&iczdly 
promo&z the thermal decomposi~o~ of KCD4 to cause a lowering of the decomposi- 
tion temperature. Recently, authors reported IL ’ that the transition metal oxides, such 
as n-Fe&,, Cr,03 and MnOZ, markedly acceler%e the thermal decomposition of 
KCiC&; zhese oxides cau.z& a lowering of 10e200°C in the initial decomposition 
temperature (Ti) and a solid-phase dewrnposition of KcIO,_ The pronounced &kct 
of&w oxides unas exp&int?d by the ekctron transfer mechanism6- 8 and the oxygen 
absfractiou model’, 

In this w&k, in order to I’nvcs6gate the influence of preparative history of 
z-Fe,Q, on its; reactivity, the oxides were prepared by cakinatioo of three iron salb 
at digerent temp&atuns and their reactivity for the mtalytk thermal decomposition 
of KCIO, was investigated by means of DTA and X-my Cechuiques- 

Three iron salts shown in Table I were used as thesta&ng materials. rx-Fe,oJ(A) 
was prepared by cakination of Fe(OH)(CH3~OO),(Kanta) in a stream of air 
(100 ml min- ‘) at tempcraturcs of 500-1200°C for I h. +Fez03{S,) and rx-Fe&&) 
were prqared by dehydration of FeSU4 - 7&O and Fe&33_4)3 * xH,OfKanto), 
reqectivety, in air at 200°C for 30 min and subsequent c&&nation in a stream of air 
at ttmperaturts of 700-G!Qfl°C for 1 h. These samples were abbr&ated as follows- 
For exam&, the sample prepared by the cakination of FeSO, - 7Hz0 at 70WC was 
indicated in such a form as sr-Fe&&(S,-700)_ In order to remove residual SuEate ions 
ia a-Fe@&&) and z-Fc,O,(%), the samples were washed with hot water u&S no 
BaSOr p&@a$e was olxtmmd in the l%rate_ After washing, the sampks were 

TABLE 1 
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dried in air at 110°C for 8 h_ Infrared spectra of washed samples did not show 

absorption peaks of SO$- (v = 983,IW cm-‘). Alt iron oxides prepared were 
confinned to be z-FezOs by X-ray diff’ction patterns. KCiO, used in the experiments 
was GR reagent from Kanto ChemicaS Co- AIS samples were ground to pass 200 mesh 
sieve. SampIes for DTA and TG experiments were obtained by mixing KClO,+ with 
a-Fe203 (weight ratio = 1 : I) in an agate mortal for 20 min. 

DTA, TG and X-ray dJ%acrion 
Apparatus and experimental conditions employed 

described’ O. ’ rI DTA and TG experiments were carried 

min- ’ in air atmosphere;, 

i7ie inNa decompzuifi~n femperature (Ti) 

were the same as previously 
out at a heating rate of 5°C 

The value of Tj for KClO,-r-Fe,O, mixtures was determined by measuring 
the onset temperature of exothermic defkction of the DTA curve, and confirmed by 

the existence of the decomposition product(KCI) in the X-ray diffkaction pattern of 
DTA sample heated to t-he onset temperature_ The accuracy of Ti was & 5°C 

Specific surface area 
The specific surface area of x-FezO~ was estim;tted by the BET method' =- i 3 

from the amo$nt of N2 adsorbed at iiquid nitrogen temperature. 16.2 A2 was 
employed as the cross-sectional area of N3- 

Crystathne size 
The crystalline size of rl-Fe20B was estimated by the X-ray diffraction 

method’*- is_ NaCl was used as the reference materiaI_ 

Therma! decomposifion of KCIO, 
Figures l(A)-(C) show DTA and TG curves of KCIO,, and X-ray diffraction 

patterns of partiahy decomposed KCIO,. Tn the DTA curve, AT is expressed in PV 
scale of chromed-aSumeI thermocoupk DTA curve(A) shows two endothermic peaks 
at 310 and 570°C and an exothermic peak at 600°C These three peaks correspond 
with the solid-phase transition from the rhombic to the cubic form, the fusion of solid 
KCIO, and the exothermic decomposition in the liquid state, reqxctively, It is found 

from TG curve(B) that the decrease in weight corresponding to the decomposition 
(KClO, -3 KC1 + 0,) begins at ahout S30’C X-ray diffraction patterns(C) show 
that the presence of the decomposition product (KCI) is identified in the DTA sample 
at the temperature (550°C) immediately after the beginning of fusion- From the facts 
mentioned above, it is found that the fusion and the decomposition take place: s’unul- 
bneously in the case of KCQ alone, Therefore, the endothermic DTA peak at 
570°C is regarded as the result af the overlap of fusion with decomposition. Fur the 
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Fyg 1, (A) DTA; ad (B) TG amcs of KQOI; and Q X-ray diffiasEtio0 parrtanr of sarnpks at 
tanpaa~shownb~arrawsonDTA cwc 0, KQOa; 0, KU. 

sake of convekence in &is paper, however, two pe&s at 570 and 600°C are termed 
the fusion peak and the decomposition m nspectively- It has been rq~0rted’~’ l9 
that the thermaI decoqosition of KCI04 proceeds through KCIO, as an intermediate 
product to form KCI and oxygen, 

KCIO, --+ KCQ t Ilzo, (1) 

KCIO, -, KCI i 3/202 (2) 

In the present experiments, however, the presence of KCIO, was not identified from 
T-G and X-ray difkxction jstrerns. 

E#ecz of a-Fez03 adii%~es ora ihe thermal dkwmposirion of KCY04 

Table 2 shows the effect of the mixing ratio on the DTA peak temperature of 
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Ckvqmsir~tIofmixi~ /g) Pcakrcrnperanae ("C) 

KCfO4 a-FezOt* nansition Fmion Decompositiqn 

Loo 0 312 574 600 
0.90 O-10 311 528 536 
0.80 0.20 312 S22 529 
O-70 0.30 311 518 525 - 
0.60 O-40 310 513 522 
050 OS0 308 511 518 

l prcpardbythc calcinationof Fe@0 ) i=-xHtOinastrramofalrat800~Cfor45br- 

Tesnperature (“c) 

300 400 500 600 
I ‘ 1 ‘ 

. 

20 30 40 50 60 
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KC104~-Fe,0,(S~-8tKb) systems_ The peak temperatures of fusion and decomposition 

&crease with an increase in the a-Fe,O,/KCiO, ratio- On the other band, t%e addition 

of a-Fe,O, has Iittle effect on the solid-phase transition of KCIO,. In cases when 
less than 0.4g of a-F-O3 was added, the moIten ICCIO, flew down from ths sample 



bohicr which was pIac& in yerdcal positi+. Chsequeiitfy in ail experiments, -KC!O+ 
and a-Fc,O, E m&d at a ratio of O.Sg : 0,5g.. 

Figures qA)--(C) show DTA and TG curves of KCIO, with a-Ft,O, (S,-700), 
md the X-ray diffiactioa pattern of the partially decomposed KCIO, sampIe. A 
remarkabk effect of the z-F+O, additive on the DTA curve for the thermal dccom- 

I I I r 

id 
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position is observed by comparing Fig. ZA with Fig. IA. The exothezmic reaction is 
initiated at about 435% before the beginning of the fusion of KCIO,. TG ache@) 
of the same sample shows that the decrease in weight begins at the same temperature 
as that at the onset of the exothermic peak of DTA (curve(A). The sample heated to 
440bC shown by the arrow on DTA curve(A) indicated no symptom of fusion, and 
the X-ray diffiztion pattern(C) of this sample showed the presence of KCI. Accord- 
ingly, the exothennic DTA peak of KCIO, with a-Fe,O, seems to be due to the solid- 
phase thermal decomposition before the fusion_ 

[a) 

b) 
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Fig, 4. DTA cusvs of KC304 with a-F&h prepam by cakkation Of FcW%CHSOC~Z in *- 
(a) Kao,; (II) KaoI t U-Fedh(A-500); (c) KaOi + a-FerO~fA-7W; (a) KaCh + =-Feiot 
(A-900); (e) KClO4 + u-FezCb(A-IZfXl). T = Initial c?uaxnmm t=-we=tu.= ti). ’ 



lirflitenre of zhe prepatiwe h&tory of x-Fe& additives on the rhennal decomposiirrbn 

of KCIO, 

The initial decomposition temperature (Ti) of KCIO, was employed as a measure 
to indicate the nsc&ity of a-Fe,O, with a different preparative history- The specific 
surfkce area and the crystalline size-of a-Fe,03 were ako measured in order to be 
able to discuss the reIationship bctwcen its preparative history and its reactivity. 
The lowest preparing temperature of a-Fe20s was determined by measuring the 
lowest temperature of decomposition of each iron salt to a-Fe20s. using DTA and 
X-ray techniques; 500,700 and 700°C for Fe(OH)(CH~COO)z, FcSO, - 7H20 and 

Fc;(so,), - xX20, zspectivefy. These three iron salts are chosen to compare the 
influence of difkrences in anion and in valence of cation, 

Figure 3 shows DTA curves of KcIo,-(r-Fe,O,(S,) systems Curve(a) and 
curves (b, c, d and e) correspond to pure KCIO, and KCfO, with a-Fe,O,(Ss) 
prepared at 700,800,900 and I lOO”C, nspcctkely. The arrow on each me indicates 

. * . I I 

500 600 700 800 900 mm 1100 1200 
m~~pm-ation teaperattme of a-Fe& VW 



the initiaI decomposition temperature (T‘) of KCi04. Ti of pure KCIO,, curve (a), 
is 530-550°C On the other hand, aif a-FerOS additives cause the exothermic reaction 
before the fusion of the salt and the lowering of Ti (curve (b)-(e)). The lower the 
preparation temperature of a-Fe203, the lower T* and the smaSIer the excthexmic peak 
of the molten-phase decomposition occurring after the fusion peak. The z-Fe20a 
additives have little effI on the solid-phase transition peak at 310°C 

Figure 4 shows the DTA curves of KC104-z-FezO~(A) systems. Curve (a) 
and curves (b, c, d and e) correspond to pure KCIO, and KClO, with rx-Fe,O,(A) 
prepared at 500,700,900 and IZOWC, respectively_ In the same manner as seen in 

Fig. 3, a-FezO, additives cause remarkabie lowering of T, and the solid-phase decom- 
position. 

Figure 5 shows the reiation between the preparation temperature of z-Fe203 
and Ti of KCI04*-Fe,O, systems, It is found that the value of Ti does not depend 

t : I I 1 I i I 

t 
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Preparation tarperatYrre (“C) 
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on which starting iron salt was used for the peparation of a-F+03,-Ti incrcascs 
almost IinearIy with increasin g preparation temperature of a-F+O, up to llOWC, 
and a-Fc,O, prepared at the lowest decomposition temperature of each iron salt 
gives the greatest promoting effizct on the decomposition of KCIO,, 

Figure 6 shows the relation between the preparation temperature of a-Fe,O, 
and the specific :mfAcc area The surface area of three series of a-Fez03 decreases 
with increasing preparation tcrnpemture, and the values decrease toIessthan2m2 g-’ 
by the caIcination at tcmpexatum above 1000°C. In Fig. 7, the crystaIline size of 
a-Fez03 is plotted as a function of its preparation tcmpcrature. It is seen that the 
crystalline size increases with the preparation temperature_ From Figs- 6 and 7, it is 
assumed that a-F+O, prepared at a low temperature has a low crystaIIinity and is 
highIy defective, On the other hand, alI a-Fe,O, sampIes prepared at high tempera- 
tures, above 1000°C,, are considered to have similar properties regardless of the 
starting materials- figure 8 indicates the relation between the crystalline size of 
a-Fez03 and the initial decomposition temperature (7”. As shown by the broken 
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0 lalo 3alo 4cm ~ooo 

Crystalline size (A) 

fig. g_ mtion b~twetn crysta~!inc size and initial decomposition temperature (7X. 0. a-FerO&Q 
0, a-FerOs(S$; 3* a-FetOGz)- 

line, the values of Ti have a tendexyq to increase with an increase in the aystailine 

size, and the oxides with a crystalline size above 3000 A tend to give the same vaIues 
for Ti- ? 

DISCUSSlOX 

It is found that the catalytic activity of a-Fe,O, for the thermal decomposition 
of KCIO, is related to the preparation temperatures rather than the kind of starting 
iron salts, 

The thermal decomposition reaction of KCIOs proceeds according to eqns (1) 
and (2) in which Cl’+ is reduced to C15* and Cl-. and 02- is oxidized to 02_ It is 
assumed, therefore, that the decomposition invokes the electron transfer process, 

As shown in the previous paper I’, the metal oxides with high electrical con- 

ductivity markediy promoted the thermal decomposition of KCIO,, andthepromoting 
action by the oxides was considered to be related to both the ekctrical conductivity 



and the oxygen abstraction power, and the following scheme was proposed for n-type 
semiconductive oxide 

~~~,,, i CrO;; --, O~~iaS t cl05 ~ l/20, i BOB t ~~~,rcc) (3) 
where, elaik, = electron of conduction band of oxide, Ot&,, = oxygen ion ab- 
stract& by oxide 

Eqn (3) shows that th e oxide promotes the transfer of ekctrons and the abstraction 
of oxygen of CYo; simuItaneousiy~ 

I-Fe203 is usually cIassified20- ‘I as an n-type scmiconductive oxide_ The 
donor center in the oxide is provided by the excess Fez+ ions. which ionizes to Fe3+ 
_to give the conduction electron- It is considered that the concentration of the Fe** 
ion in a-Fe203 varies with the preparation temperature_ JZspecially, a-Fe,O, prepared 
by the decomposition of Fe(OH)(CH&00)2 at low temperatures. which were o& 
served to have low crystaJlinity, may have a high concentration of Fe’+ ions, since 
the decomposition proceeds through Fe30, in an eariy stage_ On the other hand, 
OkamoCo et aLz2 estimated that the hydrous ferric oxide with low crystallinity has a 
low ionization energy of Fe** and a large specific surface area_ Accordingly, it is 
considered that the high catalytic activity of a-Fe,O, prepared at a low temperature 
is due to the high concentration of Fe2* ions with Iow ionization energy_ These Fe’* 
ions in the oxide may give electrons even at a low temperature, which Icads to the 
promotion of the decomposition of KCIO, shown by eqn (3)_ 
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