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Ab*tKtcX t 

J kt tktHmal tttatmtnt it an important ittp in tkt p*ep«*«-

tivt ttcknoloqţf ai tkt iKun o rid* nicA.04pkt*c* mitk mttt 

tAtabJLUktd mtckanicat, pky*icat and cktwticat ckaxacttiti-

ti<U, Tkt iiJUt indication* on tkt ktatina pnoctduAt kavt 

bttn obtained inom tkt tktnmal analytic an ixon kydKoxidt 

micKo&pktKt* pKtpoAtd bţf tkt tuppoit pK%tipitation and 

intiKnal {ttiii cation mttkodi. 



1.INTRODUCTION 

The iron hydroxide obtained by precipitation of iron 

soluble salts and represented as Fe(OH)3, is a nonunitary product, 

with a variable composition depending on the reactants and the pre­

cipitation method. 

Generaly this is consider :d to be a hidrated oxide like FejOj.nH-0; 

OH groups were put in evidence only for some minerals and corrosion 

products. The iron hydroxide loses the water durinc che heatlnq and 

is converted to Fe-O,. The temperature for th#» complete conversion 

may characterize the powder, and is depending 01. the coloidal charac­

ter of the hydroxide, which is a result of many precipitation para­

meters. 

The Iron oxide together with other oxides or transition 

metal is a component of the catalysts used in chemical and petro­

chemical industry. A better contact betwen the reactants and catalysts 

is obtai.-vsd with oxide microspheres, optimaly used for a fluidised 

bed technological process. 

The preparation of high density metallic oxide microsphe­

res by support precipitation (SNAM), internal gelificatior. (KEMA) and 

sol-gel method, is used in the nuclear field, to obtained fuel 

elements. The methods were extended in nor-nuclear areas in order to 

obtain some materials as spinels, ferrites and rare earth oxides 

(1) having a high density <>95% from theoretical density, at a 

lower sintering temperature) and small grain dimensions (<l}im) . Such 

characteristics hard to obtained by the conventional methods, 

determine the large utilisation of these products as microspheres in 

t>.e areas cf the refractarv ceramics and of the ceramics with special 

magneticei and electrical properties. For different nuclear purpose.s, 

anorganic ion exchangers were prspared, starting from the aged 

metallic hydroxides microspheres. These types of ion exchangers 

present a hir»h irradiation ."•eslstenee, and can not be replaced by the 

organic resins. 

EeBld'-is technology of mlcrosnhere preparation, the thermal 

treatment is verv important for acmJring the desired characteristics. 

This stur'v was performer" for the characterisafcioi. by 

therm*! analysis of the microspheres anei thes to obtain the infor­

mations necesaarv for the their thermal treatment. 

2: EXPERIMENTAI, 

The support precipitation (SP) •?.<•/.rod consists . r ••he 

precipitation of iron hydrox*-!*; on an .>n-->riln support in A con-j^ntrat^d 

ammonium hydroxide solution. The Moo* Jiâ rar. of the me^ho.: in inwr* 
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in Fig. .1. A mixture of iron chloride (molar ratio Cl/>> <3) *n0 

support which is an organic macroir.oleculrr compound (polvvyni) 

alcchol, alchil - cel'ulose etc.) are used. This nixture ÎK drooerî ir 

concentraded ammonia with a special device. The rol of the support is 

co from a perfect spherical matrix ,n contact with ammonia. 

Inside .the matrix occurs the precipitation reaction of iron hydroxide. 

Tne crude microspheres are kept in ammonia for complete precipitations. 

Pfter washing .with water to remove the ar.jrtoniuw chloride av.J arrmoria, 
the microspheres and dried at 100-120°C. 

The thermal treatement is performed in such a w?y, to obtain 

the desired final product Fe-O,, Fe,0. or Pe. 

By this method Iron hydroxide microspheres were obtained 

using the folloing composition of mixture: 1 M Fe with molar ratio 

Cl/Fe - 1,8-2, 3, 5-4 % poiivynil alcohol. 

Iron hydroxide microspheres with a good sphericity and various 

diameter* were realised, Fig. 2, depending on dispersion device para­

meters (capillary.diametor, air flow). The mixture Irops were ouickly 

consolidated in contract with ammonia, the precipitation occurlng also 

duirng the ageing step. The washing with water (three times/15raln) 

removed the most of the ammonia and anmonium chloride, preventing the 

cracking of microspheres during the thermal treatment. 

After drying, the microspherea were heated for total elimination of 

water, ammonia, ammonium chloride and support obtaining Fe_o, micro­

spherea as a final product. 

Bdxexide microspherea were prepared also by the Internal 

gelifloations (IG) method, used to obtain ADU microspheres (3). 

The thermal analysis has been performed using a r w Derivatocraph in 

a way described previously (4). The samples consisted of sinjle micro­

sphere layers placed in the multiplate sample holder. For the sepa­

ration of the diffusion effect', during the decompositions» process, 

•ample* consisting of milled microspheres were also analysed. 

3. RESULTS AND DISCUSSION 

The derlvatogram of aged iron hydroxide prepared by pre­

cipitation from iron chloride with ammonia, Fig.3, shows that abuot 

90% of water la loet by endothermic process with the ninimum close to 

130°C. After the loss of an other 5-fll, the hydroxide, Initially .-

amorphous, or with a poor cryatal-llraity chains, shows a structural 

rearrangement with an exothermal effect (5). The last traces of water 

are lost towards 700°C. This behaviour coincides within the limits of 

the instrumentation performances and experimental errors with the publishi 

ed data,for Iron hydroxide prepared by 
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precipitation with gaseous anmonia, with ammonia and ethyl alcohol, 
in the presence of hydratine or pyridine (€). IR apactra of those 
oxide are free of wat«r streching vibrations, but the crystalline 
lattice shows a variable concentrations of defects for the smoller 
temperatures. 
Mossbauer studied have shovn that the defects desappear by heat^nq 
at higher temperatures (above 600°C) vher. a Fe2°3 normal crystalline 
lattice is obtained (7). 
The difference between th* iron hydroxide species can be evidenced 
on the basis of the hyperflne'Hossbauer spectra structure recorded 
at very low temperatures. 
The ferric ion hydroliae is still an open problem. A diol diirer 
JFefOH).] was presumed to be fromed as an initially nrimarv 
hydroTitical product, by the poţentiometric studies. The magnetic 
measurements data of the hydroUsed iron salts show a decreasing of 
the magnetic moment, explained by the mechanism (8) 

Fe(H20)6 ; ] 3 + ̂ H 20)xFe - <0H>2 Fe(H 2 OjJ 4 + • 2H+ 

monomer S*=5/2 paramagnetic dimer 
As intermediary steps the formation of some metastable species 
Experimentaly not detected) was postulated (9): 
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Between the dimer and monomer species the follovirgequlllbrlum 
exists (9 - 11): 

2 Fe(OH)(H2C)5 

Fe(OH)(H20)5 

]2+^[le(OH)(H20)5]2 *' 
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I H OH J u ° 
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Alternately instead diol-, oxo-complexes can be formed: 

|{H20)5Fe - 0 - '•(KjeîJ
4*—£|(H20)sFe - 0 - F*(H20) jP* 

Another way for the diner dissocation occurs by hidrogen ion 

depending equilibria. 
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In weak acid solutions at higher concentrations of ferriclons, the 

existence of trl-and tetrapolimers Is presumed, in liniar cr cyclic 

forms (9): 
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The smoller magnetic suscet-cibility values are explained by the 
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fcrr»stion of polimer chaines frost dlhydroxadimers, bounded by oxo-

bridqes and Keeping the diol structure. The hydrolitlcal polimeri-

sation which begins with the dlmer formation continues during the 

hydroxide precipitation, but the pollmerisation mechanism and the 

copiriosition of intermediaries lemaln unknown. 

Diffusion, ultracentrlfugation and dialysis experiments 

(12) show the formation of the polinuclear and polidlsperse iron 

hvdroxo complexes which contain alwoys small molecular weight 

fractions. The increasing of the -FOlimeri<jation degree and the pre­

cipitation are two independent processes that may occur in the same 

time or not. 

Por the high molecular weigh pollmers, the analytical results sugest 

*\polication as [Fe(OH) x
( 3-* ) +] n £or|ne(J fcy f e r r l c ±OM c h a l n s homăeă 

V-yl̂ -jo hydroxi bridges. Klectron microscopy results i^w discrete 
spheres "ot bound as in the case of iron hydroxide g«*s. 
TV tridimensional structure of twisted chains bounded by hydroxi 
grounds can he presumed, these groups beengin excess beside the diol 
tridfT(\s. 
Such a «tructure respects the normal octahedral configuration of iron 
and ^oes not impose restrictions to diol or oxo bridges which may be 
linear or not 

The dried precipitates normaly obtained from concentrated 
solutions can be described as an oxide - hydroxide latice where the 
iron is placed in octahedral and tetrahedral sites. 

The relation ship ar.ong the structures is revealed by 
studying the lnterconversionj they undergo, using thermal analysis, 
electron microscopy, X-ray diffraction, IH and f'ossbauer spectro­
scopy (13 - 16), The variations in TG and DTK behaviour are 
explained by the presence of variable concentrations of chain ends 
and deffects xn the latice. The excess water associated with chain 
ends in the most defective sample indicated an average chain lenght 
o* only five POOH units (13). Obviously, in the case of fast precipi­
tation from .-i concentrated solution the number of deffects (Including 
chain ends, «xcess water, precipitat!nor aarent, initial anion, etc.) 
v/lll be very large. The same phenomena will be found in the metal 
hvdroxide microspheres precipitation. For these reasons, a single 
particle might contain regions which are similar to different oxide 
or hydroxide phases. By the combination of the analytical techniques, 
It will he shown that the initial amorphous gel obtained by precipi­
tation from concentrated solutions is metestable and by ageing - is 
transformed in noor crystalline products-
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When the iron hydroxide microspheres are prepared by the 

support precipitations issthod the precipitate includes both the 

organic support and anorganic foreign ions. The thermal behaviour 

of the microspheres is very complicated by the presence of a large 

number of compounds with different thermal properties. 

The separation'of the individul reactions on the DTG, DTA and 

TG curves remain approximate as a result of thermal r'ecomporition 

process superposition, and of secondary effects given by diffusion 

and experimental conditions, Fig. 4-6. For a heating rate of 2.6 C/min, 

the TG curve shows four decomposition steps, while the DTG 

curve shows five, well enough separated. The DTA curve is poor 

structured, thermal effects being overlapped. Up to 130 C ^art of 

the water is eliminated (4%). Between 130 and 225°C, 13% from the 

weight are lost liniarly on the TG curve, but the DTG curve present 

two steps in the range of 130-180 C ind respectively 180-225 C. 

The next 13% ars eliminated in three steps at 225-255°C (4%), 255-

340CC (10%) and respectively 340-400°C (4%). Thermal decomposition 

practically ends at 400^C, the resulting non- volatile product being 

65% ^rom the Initial amount. At hi./her heading rate (5°C/min) , Fig.5, 

the L/TG rurv - shows six elimination steps; the therrral effects 

res-;Itir.'T frorr the DTA curve are exothermic, with the exception of 

the first stp" which is endothermic. The increase of the heating 

r':tfi lead? to a better separation of the processes, but in tho> sâ .e 

tine t;': ,• ui rn\ acerrer.t a-., higher temperatures. The fj-.ial non-volatile 

prc-.iuct .;̂ c*) Is "htalred at 5'J0'VC, ths last exctermic peak occuring 

at 450'C, The derivator an of the Iron hydroxide microspheres at 

19,a.0C/min (th° highest permiteri Seating r?te with MOM Derivatograph), 

Fig,6, shoes only five decomposition steps i:i the TG and ?TG curves. 

For the DTA curve a minimum of the exothermic effect appears at 410 C. 

An important difference Des Lie r.he smaller heating rate. i3 

related to the final amount (only 64'*} . ';'his riiminution can be 

correlated with the reduction cf the trivalent iron to divalent or 

metallic iron. 

The reducing character of t.-.e orgaaic fragments oenerated 

during the thermal decomposition in the reactions between fragments 

and solid matrix was evidenced for iror. complexes with 8-hydroxygulno-

lin, by thermal analysis (5) and by Mos shatter effect studies on the 

non-volatil residual product (17,18). The microsphere can be 

considered a nearly closed svstem, where the thermal decomposition of 

the components included in the iron hydroxide matrix, occurs in a 
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poor oarygen atmosphere. 

The diffusion of oxygen from the furnace at»oephere It 

delayed by the solid wall of the microsphere and by the over pres­

sure of the gaseous fragments generated Inside. Equilibria which are 

esteablished between the decomposition fragments and the solid 

matix, desplaced the decomposition Intervals po higher temperatures. 

Thee* equilibria are deplaced to the gaseous products generation as 

a function of the outwards diffusion of the fragments and their 

oxidation with theatmospherlc oxygen, or in the case of the strong 

reducing fragments, with the oxygen from the iron oxo-hydroxide 

matrix. The gaseous fragments generated inside the particle, during 

the outwards diffusion, can reestablish the decomposition equilibria, 

thus enlarging the temperatule range where the process occurs. The 

decomposition is not uniform because the composition, density, and 

porosity nonhomogenity, which leads to a nonuniform temperature in 

different points of the microsphere. The temperature differences 

can reach 50-100 C, in the higher temperature points other reactions 

being initiated, in contrast with the normal process induced by the 

furnace temperature. The overlapping of the reactions on the thermal 

curvep is explained by the influence of all these factors which are 

depending by the particular state of the thermal sample as a 

microsphere. 

A mors exact evaluation of the decomposition processes is possible 

on the milled microspheres samples, Fig. 7-10. The shape of the ?G, 

DTA and DTG curves Alaw ? better separation of the thermal 

reactions. 

The final temperature whsr: the amount of this non-volatile product 

remains constant (the sample Is totally converted ir. Fe-0-), for 

the heating rate of 4.9°C/min is •10O°c, nearly 10C°C less than for 

the normal microsphere derivatogram. The water elimination with 

eddftthermic effect, occurs up to 150-180 C, followed by a strona 

exotermic process associated with a rapid lor,.-, of weight. The peak 

of this process on the DTG curve is at nearly 18f>°C, independently 

of the heating rate used. Exothermic character of the reactlor. 3e^ds 

to an increase of the temperature on the T-curve with nearly 

50 C, which coresponda to a violent decomposition. The next proces­

ses have smaller exothermic effects. 

All the thermal curves of the rallied microspheres samples 

show a dlr.mution or overlapping of the exothermic effects whic?' 

characterize the rearangement of the Fe - O - Fe bridges in iron 

hydroxide after the water elimination, Pig. 4-10. 
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The derivatograms of the iron hydroxide microspheres 

prepared by internal felification (TG) show a better narked fc âother-

-•nic character on the C"* curve, compared to derivatograms o*~ the 

microspheres prepared hy support precipitation. The diference of the 

thermal effects during the heating is given by the specific then?*] 

behaviour of the compounds enclosed i.i the hydroxide matrix. 

for a heatinc rate of 5 C/nin, the ""G curve show that 20% from the 

initial anourt is lost, associated with a minimum, at 120 C on the 

PTG and DTA curves. At 200 C the PTA curve shows an inflexion 

(present also on the DTG curve) which does not chance tie character 

of the process. Small exothermic peak appear on the DTA -:urve at 

250 and 360°C, one of them (prehahly the peak from 360°C) ba'.oging 

pesumably to '-he Pe - O - Fe bridges rearranqemant. 

The behaviour of microspheres in this temperature interval, is very 

similar to the derlvatogram of ageid iron hydroxide (Fig. 3). At 

hioher temperature, the TG curve presents a pseudolinear decrease 

of the sample weight, with a small endothernic effect 3t 48C' C, 

*ollowrH by a snail exothermic peak at 300-R2C C, given probably bv 

'th' physical transformations, "̂ he final amount of the non-volatile 

product coresponds to 74% froir the initial amount of the sample. 

The DTA curve at the heating rate of 10 r/rrin is poor 

structured: more e/ident is the endotherrtJc peak at 150 C with a 

corresponding peak on the DTC curve at 130 C. The DTG curve show 

a minimum at 240 c, better separated than for the heating rate of 

5 C/min. On the DTA curve the exothermic peaks are present at 3op 

and 3S0°C. 

The derivatogram of milled microspheres prepared by internal 

oelif icatlo' met ho-' shot-"; (Fig. 13) the similar shape for the TG 

and DTC curves, with a better separation of the reactions because of 

the easir diffusion of volatile decomposition products. 

A larger difference s^ovs the DTA curve, where the excthermic peak from 

230 C is very strong an-1 very veil corrplated with tlie DTG curve peak 

at 24O-250°C. 

After the thermal analysis data of the microspheres, the 

first thermal treatment at 450 C leads to Fe.o microspheres with 

a good sphericity and free of cracks. The microscopic aspect of a 

section shows the begining of the sintering procens. The slstorina 

vac W->TC advanced for the microspheres heated at 9S0°C. '''he thermal 

treatment UP to 1200°C, leads to ?&•&* microspheres. 

I detailed study of the thermal treatment correlated with 

ather physico-chemical analysis, X-ray diffraction and Mossbauer 

spectroscopy will permit to obtain microspheres for different p- trposes. 
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- ''ri support c r « c i p i t a t i c r en ' intor-»sî ._•<»• ţ f i c a t i o r . 
Methods are s u i t a t l c t o obtai.i iron V'droxid» *n-. iron e x i l . - ->i<-r~-
spheres . 

- The thermal a n a l y s i s of the iron h ,w*r^xiJe micros 'beres 
shows that during p r e c i p i t a t i o n , big q u a n t i t i e s of for«*ior. compounds 
are enclosed from reac t ion svstent. 

- A l l decomposition reac t ions are exothermic, v i t h the 
except ion of water e l i m i n a t i o n . Thr- exother- ic e f f e c t s are s"-orger 
for the microspheres prepared b" the simport- pr c ir iv -—io: irethorl. 

- i p to 500 C* nearly a l l the 'v-rm-:»l <.'->">rable compounds are 
« l i » l - i the la', t r a c e s of carbon a^e l o s t h e t v ..p 70ft anC 7~~ C. 

*• t*" -n>a\ treatment of hyrrovii i•.-•rc-rr.-.res irns» ' <>v? a 
.1 h-?atln7 t e up t o the temperature wtv>n the majority of 

v - . a v i i . ,,i cruet s are e l iminated . Th m' -rnrph-r?.* ^ht^lnci in tKi«= 
way .u rr-!r "f craks . 

i .«.€» t w preparation methods w i l l ^e used t o oMain 
microspheres of d i f f e r e n t metal (or mixtures' Hydroxides ire ox ides 
which are of inttr--s* in nuclear or non-nuclear f e l d s . 
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