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Thermal decomposition of iron(II) and cobalt(II) hexaborates has been in- 
vestigated. The methods applied to investigate the process were differential thermal 
analysis, derivatography, crystallooptics and x-ray study. The following iron(II) hexa- 
borate hydrates, FeO �9 3B~O 3 �9 7.5H20, FeO " 3B203 �9 5H20, FeO �9 3B~O, �9 0.5H~O; 
iron(III) borates, FelOn" 6B~O3 and 2Fe208 "B20~; cobalt(II)hexaborate hydrates 
CoO �9 3B20~ �9 7.5H~O, CoO �9 3B~O3 �9 5H20, CoO �9 3B.zO 8 �9 0.SHOO, CoO �9 3B~Oz and 
the decomposition product 2CoO �9 3B~Oz have been isolated. Hepta- and semihydrates 
of cobalt(II) and iron(II) hexaborates have been proved to be isomorphous. It has 
been established that in the case of cobalt and iron hexaborates the exothermic maxi- 
mum refers to a decomposition reaction and to the formation of a borate containing 
a smaller proportion of boron and boric anhydride. 

In the present paper  the thermal decomposition of iron(II) and cobalt(II) hexa- 
borates is described. Intermediates and final products of  thermal decomposition 
were isolated and identified by means of chemical analysis, optical study of crys- 
tals, and by taking the corresponding debayegrams (Fe-radiation). Thermogravi- 
metric (TG) and derivative thermogravimetric (DTG) curves were taken by means 
of the F. Paulik, J. Paulik, L. Erdey Derivatograph [1] using 0 . 1 - 0 . 2  g samples 
at a heating rate of  12 ~ per minute. Differential thermal analysis (DTA) and 
electrical conductivity (TE)curves  were taken by an FPK-59 apparatus simulta- 
neously at the same rate of  heating [2]. TG, DTG,  DTA and TE curves are pre- 
sented in common figures (Figs 1 and 2). Optical indexes of  crystals were 
determined by means of the immersion method. 

Iron(II)  and cobalt(II) hexaborates were synthesized according to methods 
given in references [3, 4]; their analysis was carried out as follows: BzO 3 was 
determined according to [5], CoO complexometrically, Fe(II) by titration with 
potassium permanganate,  and Fe(III)  by reduction with ascorbic acid, the excess 
of  the latter being titrated iodometrically. The water of  crystallization was deter- 
mined volumetrically by means of lithium hydride [6] using L. Berg's automatic 
burette. By stopping the heating of the sample in the derivatograph furnace at 
temperatures where the separate dehydration stages ended, intermediate hydrates 
were isolated. Likewise the intermediates of  decomposition formed directly 
before as well as after the "borate  regrouping" were also isolated. The properties 
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Fig. 3. Debayeg rams  of  
hexaborates ,  a) FeO " 

the dehydrat ion and thermal  decomposi t ion  products  of  i ron(I I )  
3B2Oz " 7.5H20 , b) FeO �9 3B203 �9 5H20; c) Fe20 a �9 6B~Oz, 
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Fig. 4. Debayegrams  of  the dehydrat ion and  thermal  decomposi t ion  products  of  cobal t ( II  ) 
hexaborates ,  a) [CoO �9 3B20 3 �9 7.5H20, b) CoO " 3B20 3 " 5H20;  c) CoO �9 3B~Oz' 

d) 3CoO �9 3B~Oz 
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of all the above-mentioned products are shown in Tables 1 and 2; debayegrams 
are given in Figs 3 and 4. 

Iron(II) and cobalt(U) hexaborates were proved to be isomorphous and to have 
the composition M e O ' 3 B ~ O a .  7.5I-I20, although formerly the compounds 
were Supposed to have eight molecules of water of crystallization. By heating the 
compounds, it was established that crystalline pentahydrates, MeO �9 3B2Oa �9 5H20, 
are first formed, and afterwards amorphous semihydrates, MeO �9 3B20 a �9 0.5H20. 
The last half molecule of water disappears slowly: from iron(II) hexaborate 
above 443~ together with the oxidation of iron; from cobalt(II) hexaborate at 600 ~ 

There are two exothermic maxima on the DTA curve of iron(II) hexaborate, 
at 443 ~ and at 558 ~ The one at 443 ~ refers to the oxidation of iron(II) to iron(III). 
On the DTA curve of cobalt(II) hexaborate there is only one exothermic maxi- 
mum, at 650 ~ Up to now these effects were supposed to belong to "borate re- 
grouping", i.e. the transformation of amorphous borate (the p~oduct of dehydra- 
tion) to a crystalline form. However, amorphous iron(U) hexaborate is formed 
at 300 ~ but cobalt(H) hexaborate at 550~ at 500 ~ i.e. just before the "borate 
regrouping", a crystalline iron(III) borate (Ng -- 1.642, Np = 1.587 debayegram 
in Fig. 3), Fe20~" 6B2Oa is formed; at 600 ~ a crystalline cobalt(II) borate, 
CoO �9 3B203 (Ng = 1.518, Np = 1.498, debayegram in Fig. 4) was isolated. 
These exothermic effects, in the case of iron(UI) hexaborate as well as in that 
of cobalt(II) hexaborate, have been proved to be accompanied by the increase 
of electrical conductivity of the sample. After the exothermic peak a mixture of 
crystals of cobalt(U) borate or iron(III) borate containing a smaller proportion 
of boron with white crystals (Ng = 1.464, Np 1.408) is formed. This is supposed 
to be boric acid formed from boric anhydride during the cooling of the sample 
in the air. It  was possible to wash off the excess of boric acid by multiple evapo- 
ration of the thermal decomposition products in methyl alcohol until constant 
weight was attained. Finally the borates 2F%O3" B203 (Ng and Np > 2.05) 
and 2COO. 3B20 ~ (Ng = 1.645, Np = 1.569) were isolated. 

Thus, the exothermic effect at 558 ~ in the case of iron(III) hexaborate refers 
to the exothermal decomposition reaction: 

2(Fe203 �9 6B20~) ~ 2F%O~ �9 B2Oa + 11B203 

whereas the exothermic effect at 650 ~ in the case of cobalt(II) hexaborate refers 
to the reaction: 

2(COO �9 3B2Oa) -~ 2CoO �9 3B203 + 3B9.O3. 
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R~SI2M~. - -  On a 6tudi6 la d6composition thermique des hexaborates de fer-II et de cobalt-II, 
par analyse thermique diff6rentielle, d6rivatographie, cristallo-optique et rayons X. Les 
hexaborates de fer-II hydrat6s suivants out pu 6 t r e  isol6s: FeO'3B~O3 "7.5H~O, 
FeO �9 3B203 " 5H~O, FeO �9 3B~Oz �9 0.5H~O ainsi que les borates de fer-III Fe203 �9 6B203 
et 2Fe2Os " B~Os, les hexaborates hydrat6s de cobalt CoO �9 3B203 �9 7.5HeO, CoO �9 3B~O a , 

- 5H20, CoO �9 3B~Oz �9 0.5H20 et CoO �9 3B~Ozet le produit de d6composition2CoO �9 3B203. 
On a montr6 que les hexaborates hepta et h6mihydrat6s de fer-II et de cobalt-]I 6talent iso- 
morphes. Le maximum exothermique des hexaborates de fer et de cobalt correspond ~t une 
r6action de d6composifion off un borate d 'une teneur moindre en bore et en acide borique 
anhydre apparait. 

ZUSAMMENFASSUNG.- ES wurde die thermische Zersetzung der Eisen(II)- und Kobalt(II)- 
hexaborate untersucht. Folgende Methoden wurden angewandt: differentiale Thermoanalyse, 
Derivatographie, Kristalloptik und R6ntgenographie wobei folgende Verbindungen isoliert 
werden konnten: FeO �9 3B20~ �9 7.5H20; FeO �9 3B203 �9 5HzO, FeO �9 3B20 ~ �9 0.5H20 , 
Fe203 �9 6B~O3; 2Fe203 B~O3; CoO �9 3B~O3 " 7.5H20; CoO �9 3B20 ~ �9 51-120 , CoO �9 3B203 �9 
�9 0.5H20, CoO �9 3B~Oz und das Zersetzungsprodukt 2CoO �9 3B203. Die Hepta- und Semi- 

hydrate der Eisen(II)- und Kobalt(II)hexaborate zeigten sich isomorph. Das exothermische 
Maximum bei den Eisen- und Kobalthexaboraten entspricht einer Zersetzungsreaktion, wobei 
ein Borat entsteht, welches weniger Bor oder Bors~iureanhydrid enth/ilt. 

Pe3roMe.-  I4ccne~oBarI xepMopacriaz~ rerca6opaTa meJie3a(2) ri Ko6am~Ta(2). ~ a a  ri3y~em~ 
npouecca pacnaaa nosib3oBasmcb MeTO~OM ~epnBaxorpadprm, rpncTamto-onTrmH rt aaqbd~paxctmrt 
penTrenoacKnx Jiy~e~. Bbi~e~enht cJm~yiomne rn~paT~,i rerca6opaTa xeaeaa (2) H 6opaTJ,~ 
meneaa(3), COOXBercTBenHo: FeO. 3B203.7,5H20, FeO. 3BeO3" 5H20, FeO.  3B~O~. 0,5H20, 
Fe~O3.6B203 n 2Fe20.~,B~O3. /r csiej/yromne rn~paTu rerca6opaTa ro6am, Ta: 
CoO- 3B203 - 7,5H~O, CoO- 3BeO 3- SHOO, CoO, 3B~O3.0,5H20, CoO.  3B~Oa n npo)iyrT pacnaza 
2COO. 3BzO3. FeriTa- H nonyrn~paTLi rerca6opaToB ro6as~Ta(2) a a~eaeaa(2) ora3asrac~ H30- 
MOp~HblMH. YCTaHOBJIeHO, tiTO B cJIyqae reKca6opaTOB go6a.l /bTa I,I x~e~ie3a 3I(3OTepMI4XleCKHl~ 
MaKCnMyM COOTBeTCTByeT pear, Iron pacna~a i~ o6pa3oBarii, no 6opara, co~ep~ramero MeHIHee 
KO.rIIa-'tIeCTBO 6opa, H oI~nCI~ 6opa. 
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