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Abstrset

The theamal tacatment Ls an important step in tke prepara-
tive technology of the iavm orids microsphenes with well
established wechanical, phyaical and chemical characteris-
tcs, The §irst indirations on the heating procedure have
beer obtained fxom the thewwal analyais on ixon hydroxide
méicrospheres prepaned by the support p&qapltauan and
Anteanal gellfication methods.



1. INTRODUCTION

The iron hvdroxide obtained by precipitation of iron
soluble salts and represented as Pe(OH)a, is a nonunitary product,
with a variable composition depending on the reactants and the pre-
cipitation method.

Generaly thls is consider-:d to be a hidrated oxide like Fe,0,.nH,0;
OH groups were put in evidence only for some minerals and corrosion
products. The iron hydroxide loses the water durinc che heating and
18 converted tc Pe203. The temperature for the complete conversgion
may characterize the powder, and is dernerndiing o). the conloidal charac-
ter of the hydroxide, which is a2 result of many precipitation para-
meters.

The “ron oxicde together with other oxides oxr transition
metal is a component of the catalysts used in chemical and petro-
chemical industry. 3 hette: contact hetwen the reactants and catalysts
is obtair:d with oxide microsvheres, optimaly used for a fluidised
hed technological procers.

The preparation of high density metallic oxide microsphe-
res by support preciplitation ({(SNAM), internal gelificatior (XEMA) 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 densitvy (> 95% from theoreti_ ai density, at a
lower sintering temperature) and small grain dimensions (<1Mm). Such
characteristics hard to ohtained by the conventional meth:dsf
determine the large utilisation of these products as microspheres in
tie 2reas cf the refractarv ceramics and of the ceramics with special
magnetical and electrical properties. For different nuclear purposes,
anorqganic ion exchanaers were prapareg, starting from the aged
metaliic hydroxides microsph-res, These tyves of ion exchangers
present a hioh irrodiation -esistence, and can not be replaced by the
organic resins.

Pesi1dss technology of microsnhere preparation, the thermal
treatment is veryv imoortant for amuring the Jesired characteristics.

This studv was performef for the characterisasion by
thermal analysis of the microsnheres and thes to obtain the infor-~
rations necessarv for the thelr therrmal treatment.

2. BYXPTRIMENTHL
The support precipitation (SP) «we'rod consists .7 +be
precipitation »f !ron hydroxidse on an or79nic support in a zeoncentrated

ammonium hvdroxide sclution. The block diarran of the mertod le 2rown
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in Fig. .1. A mixture of  iron chloride (molar ratis Cl/#V £3) ano
support which is an organic macromoleculer compound (poluvyni)
alcchol, alchil - cel’ulose etc.) are used. This rmixture is droved 1irn
concentraded ammonia with a_soecial device. The rol of the sunport is
to from a perfect spherical matrix .n contact with ammonia.

Inside the matrix occurs the precipitation reaction of iron hydroxice. °
_Tne crude microspheres are kept in ammpnia for complete precipitatiorns.
2After washing with water to remove the armonium chloride ard armoria,

the microspheres and dried at 100-120°C.

The thermal treatemen: ic performed in such a way, to olftain
the desired final product Pe203, Fe304 or Pe.

By this method iron hydroxide microspheres were cobtained
using the folloing composition of mixture: 1 M Fe3+ with molar ratio
Cl/Fe = 1,6-2, 3, 5-4 8 polivynil alcohol.

Iron hydroxide microspheres with a good sphericity and various
diameters were realised, Fig. 2, depending on dispersion device para-
meters (capillary diameter, air flow). The mixture drops were cuickly
consolidated in contract with ammonia, the precipitation occuring also
duirng the ageing step. The washing with water (three times/15min)
rémoved the most of the ammondia and anmonium chloride, -preventing the
cracking of microspheres during the thermal treatment.

After dtyinq,bthe microspherea were heated for total elimination of
water, ammonia, ammonium chloride and support obtaining Fe203 micro-
spherea as a final product.

Hdrcxide microspherea were prepared also by the internal
gelifications (IG) method, used to obtain ADU microsphercs (3).

The thernial analysis has been performed using a I'0O™ Derivatocraph in
a way’descfibed previously (4). The samples consisted of sinqle micro-
sphere layers placed in the multiplate sample holder. For *ne sera-
ration of the diffusion effect- during the decompositions proaess,
samples consisting of milled microspheres were also analysed,

3. RESULTS AND DISCU¢SION

Thé derivatogram of aged iron hydroxide prepared by pre-
cipitation from iron chloride with ammonta, Fiq.3, shows that abuot
90% of water is lost by endothermic process with the ninimum close to
1300 o After the loss of an other 5-A%, the hydroxide, initially -
amorphous, or with a poor crystal-limity chains, shows a structural
rearrangement with an sxothermal 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 pnbliahl
ed date for iron hydroxide prepared by
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precipitation with gasecus ammonia, with ammonia and ethyl alcohel,
in the presence of hydrazine or pvridine (€). IR apectra of those
oxide are free of water streching vibntioua; but the crystalline
lattice shows a variarle concentrations of defects for the smoller
temneratures.

Modgsbauer studied have shovn that the defects desappear by heat.ina
at higher temperatures (abowe 600°C) vler a Fe
lattice is obtained (7).

The difference betwesnr ths iron hydroxide species can be evidenced
on the basis of the hyperfine Mossbauer spectra structure recorded
at very low temperatures,

The ferric ion hydrolige is still an open problem. A diol direr

[Fe (OH) 2]"+ wvas presumed to be fromed as an initially primar-
hydrolitical product, by the pogentiometric studies. The magnetic
measurements data of the hvdroligsed iron malts show a decreasing of
the magnetic moment, sxplained by the mechaniam (8)

203 normal crystalline

2[[-‘9(!20) 6] 3+ =={H,0) Pe - (OR), - remzo)x]“ + 2t

monomer S$=5/2 paramagnetic dimer

As intermediarv steps the formation of some metastable species
texperimentalv not detected) was postulated (9):

- A
" 3+ r " 4+ B 4+
0o
/ N\ /o\ - /c\
Fe Fe | : Pe Pe : Pe Pe ‘
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Betweer. the dimer and monomer species the followirgequilibrium
exists (9 - 11):

2+ 4
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Alternately instead d10l-, oxo-comr.lexes can be formed:

PR £ o 4
[(HZO) SPe - g - A{e(hZCWJ --\[(HZO) l5!-‘e -0 re (nzo) 5]
O’

Another way for the dimer dissocation occurs by hidrogen ion
depending equilibria.

H " H,0 os
N
/ \ — ' l IS Y 2+
Fe  Fe -— Fe Fe <——— 2 Pe(OH)™
\/ ~. -
0 0
H - |
+H*JT-H" + 8 [-H*
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N HZO Hzo
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o 0
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In weak acid solutions at higher concentrations of ferricions, the

existence of tri-and tetrapolimers is presumed, in linlar er cyelic
forms (9):

5+

H B P £ 4
O\ . /O\ - e\
Pe/ Fe PFe o? ?H
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H 4 G/
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on on on bn
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The smoller magnetic suscep:ihility values are explained by thae

i
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fcrmstion of nolimer chaines from dihydroxadimers, bounded by oxo-
bridqges and Reepina the diol structure. The hydrolitical polireri-
sation which beqgirs with the dimer formation coniinues during the
hyvdroxide precinitation, hut the polimerisation mechaunism and the
cormrosition of interrmedilaries i1emain unknown.

Diffusion, ultracentrifugatior ard dialysis experiments
(12) show the formation of the polinuclear and polidisperse iron
hvdroxo complexes which contain alwoys small molecular weight
fractions. The increasing of the .rolimerisation deoree and the pre-
cipitation are two independent processes that may cccur in the same
time or not.
Por the hioh molecular weigh polimers, the analytical results sugest

% (3-x)+
~ipolication as [Fe(OH)x }n formed by ferric ions chains bounded

iv\gwo hydroxi bridges. Flectron microscopy results show discrete
snares rot bound as in the case of iron hydroxide ge's.

2 triidimcnsional structure of twisted chains bounded by hydroxi
orours can he nresumed, these groups beengin excess beside the diol
kridedas.

Such a sgtructure respects the normal octahedral configuration of iron
and “does not impose restrirctiorns to diol or oxo bridges which may be
linear or not.

The dried precipitates normaly obtained from corcentrated
solutions can he described as an oxide - hydroxide latice where the
iron is placed in octahedral and tetrahedral #ites,

The relation ship among the structures is revealed by
studying the interconversiona they undergo, using thermal analysis,
electron microsaopy, X-ray diffraction, IR and MSssbauer spectro-
scopv (13 - 16), ‘The variations in TG and DTK behaviour are
explained by the bteaence of variable concentrations of chain ends
and deffects .in the latice., The excess water associated with chain
encs in the most defective sample indicated an average chain lencht
of only five POOH units (13). Obviously, in the case of fast precipi-
tation from = concentrated solution the numter of deffects (including
chain ends, «xcess watek, precipitstine aacent, initial aaion, etc.)
will be very large. The same phenomcna 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 aﬁorphouo gel obtained by precipi-
tation from concentrated solutions is metastable and by ageing - 1is
transformed in poor crystalline products.
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when the iron hydroxide microspheres are prepared by the
support Qrecipitationp method the precipitate includes both the
oraanic support and anorganic foreign ions. The thermal behaviour
of the microspheres is very complicated by the pr:sence of a large
number of compounds with different thermal prcperties.
The separation-of the 1nd1;1du1 reac:'ons on the DTG, DTA and
TG curves remain approximate as a result of thermal decomporition
process superposition, and of secondary =ffects given by diffusion
and experimental conditions, Fig. 4-6. For a heating rate of 2.6°C/min,
the TG curve shows four decompnsition steps, while the DTG
curve shows five, well enough separated. The DTA curve 1s poor
structured, thermal effects teing overlapped. Up to 130%¢ rart 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
twc ateps in the range of 130-186°C and respectively 180-225°C.
The next 18% are eliminated in three steps at 225-255°¢ (4%8), 255~
340°c (10%) and respectively 340-490°C (4%). Thermal decqmposition
practically ends at IOOCC, the resulting non- volatile product being
65% ‘ror the initial amount. At hirher hea:ing rate (5°C;min), Fig.5,
the CTSG curv: shows six elimlnation sters; the thermal effects
resiiting from the DTA curve are exothermic, with the excepuion of
rhe flerst stem which {s endothermic. The Iincrease of the heating
rTats acads to a hevter separation of the processgses, but in the same
time = o Jisnlacerernt as nigner temperatures. The final non-volatile

9]

at 5907°C, £he last exctermic peak occuring

F

product (65%) L5 ~nhtaired
at 4507°C. The derivatoram of the iron ~wircxide microspheres at
19,80C/m1n {the hichest permited heating rate with MCM Terivatographj,
Flc.6, shows only flve decompositicn steps [ the TG and DTG curves.
For the DTA curve a minimum of the exothermic effect appears at 410%C.

An important difference hestde rhe smaller heating rate is
related to the final amounnt (only 64%). “his diminution can bhe
correlated with the reduntion ¢f the trivsalent iron to divalent or
metallic iron.

The reducing character of tre ovgamic fragments cenerated
during the thermal decomposition in the reactions between fracments
and solid matrix was evidenced for iron complexes with 8-hydroxyquino-
lin, by thermal analysis (5) and by Mﬁsab&uer'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, cccurs in a



poor oxygen atmosphere.

The diffusion of oxygen from the furnace atmosphere s
delayed by the snlid wall of the microsphere and by the over pres-
sure »f the gaseous fragments gemerated inside. Equilibria which are
esteablished between the decomposition fragments and the solid
matix, desplaced the decaomposition intervals to higher temperatures.
Thes: equilibria are deplaced to the gaseous products generation as
a function of the outwards diffusion of the fragments and their
oxidation with theatmospheric oxygen, or in the case of the strong
reducing fragments, with the oxvgen from the iron oxo-hydroxide
matrix. The gaseous fragments generated inside the particle, during
the outwards diffusion, can reestablish the decompositién equilibria,
thus enlarging the temperatuie range where the process occurs. The
decomposition is not uniform because the composition, density, and
porosity nonhomogenity, whieh 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
cvrver is explained by the influence of all these facters whieh are
deperding by the pdrticulat state of the thermal sample as a
microsohere.

A more exact evaluation of the decomposition processes 1is possible
on the milled mierospheres samples, Fig. 7-10. The eligpe of the TC,
DTA and DTG curves 411aw a Lettev separation of the thermal
reactions,
The final temperaiure wher the amount of this non-volatile product
remains constant (the sample is totally converted ir Fe203), for
the heating rate of 4.90C/m1n is 400°C, nearly 11¢%¢ lass than for
the normal microsphere derivatogram. The water elimination with
eflddthermic effect, occurs up to 150-18¢°%¢, followed by a strong
exotermic process assoclated with a rapid less of weicht. The peal
of this proceas on the DTG curve 1is at nearly 1en°c, independentiv
of the heating rate used. Exothermic character of the reaction !eads
to an increase of the témperature on the ’T"curve with nearly
50°C, which coresponds to a violent decomposition., The next proces-
ses have smaller exothermic effects.

All the thermal curves of the willed microspheres samples
show a din%nution or overlepping of the exothermic effects which
characterize the rearangement of the FPe - O - Fe bridges in {ircn
hydroxide after the water elimination, Pig. 4-~10,
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Tre derivatograms of the iran nvdroxide microspheres
prepared bv irternal relification (i7) show a hetter marked e -iother-
mic character nn the DTR curve, ccmnared to derivatoqrams ¢F the
microsnheces premared hy support crecivitation. The diference of the
thermal effects during the heating is qiven bv the specific thermral
behaviour of the campouncds enclosed i: the hvdroxide matrix.

For a heatinc rate of 5°C/nin, the ™3 curve show that 20% from the
initial armourt is lost, associated with a2 minimur at 120°C on tte
PTG and DTA curves. At 200°C the DT2 curve shows an inflexion
(present also on the PTG curve) which does not chance tie character
of the process. Small exothermic peak appear on the DTA -“urve at
250 and 360°C, cne of them {prchakly the peak from 360°C) balogina
pesumably to “he Pe - 0 - Fe Lrijges rearrargemant.

The behaviour of microspheres ih this temcerature interval, is very
similar to the derivatogram ¢f ageid iron hydroxide (Fig. 3). At
hicher temperature, the ™G curve rresents a psevdolinear decrease
of the samule weight, vith a small endothermic effect at 48¢°c,
followed hy a small exothermic peak at 800—82@°C, qiven probably bv
‘th.: phvsical! transformations. The final amount of the non-volatile
product coresnonds to 74% fror the iritial amount of the sample.

The DTA curve at the heating rate of 1n°r/m1n is roor
structured: more ersident is the en-dothermnic peak at 156°C with a
corresponding peak on the DTG curve at 130°c. The DTG curve show
a minimum at 24ﬂ°C, better separated than for the heating rate of
SOC/min. On ¢he DTA curve the exothermic peaks are present at 3nQ
and 380°c.

The derivatogram of milled microspheres prepared by internal
aelifjcatior metho”™ showvr; (Fig. 13) the similar shape for the T~
and DTG curves, with a better separation of the reactione because of
the easir diffusion of volatil: decomposition products.

A larger difference shows the DTA curve. where the excthermic peak from
230% is very strong ani very well corrrlated with tlie DTS curve peak
at 240-250°¢,

After the thermal analvsis data of the micrnspheres, the
first thermal treatment at 450°C leads o Fe203 microspheres with
a good sphericity and free of zracks. The microscecpic aspect of a
section ghows the hegining of the sinterirg process. The sistorinag
was marc advanced for the microspheres heated at 950°C, The thermal
treatment up to 1200°C, leads to FeBO‘ microspheres.

} detailed study of the thermal treatment correlated with ,
sther prysico-chemical analysis, X-ray diffraction and Mosshauer
spectroacopy will permit to obtain microspheres for different p' cposes.



<, LORCLUS IONS

‘- ~r: support rrecipitaticr ~n! inter=al aiification
methods are suitakl: to obtai. iron hvdroxid~ an. iron zxil-: micrn-
spheres.

- The thermal analyeis of the iron h3r~xide ricros-heres
shows that curirq precipitation, big aduantities of foreiqan comgpour-s
are enclosed from reaction svstem.

- All decomnosition recactions are exothermic, with tte
exception of water eliminatior. The exother-ic effects are s-rorger
for the microspheres prepared b the sunport pr-cirit “io: methodld.

- p to 501° nearlv all the “*-rmal unsrable comoounds are

elipd .- the la-~. traces of carbhon are .cst betw .r 700 and 7%,

> tF rmal trzatment of hycrovid irroerrares mus*t av> A
ool heating te un to the temprrature when the ~majority £
V...211:. p1ciucts are elimipated. Th mi-~rosph~res ~htafned in this
way . - “rae nf craks.,
T.vere tyry prevdaraticr methods will ke used to obhtair
rnicrospheres of different metal (or mixtures' avdroxides :ré oxides

which are of inter~st in nuclear or non-nuclear f-elds.
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