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SINTEZA Sl CARACTERIZAREA UNOR PULBERI FERUGINOASE
DESTINATE DEPOLUARII APELOR CU CONTINUT DE ARSEN
SYNTHESIS AND CHARACTERIZATION OF SOME FERRUGINOUS
POWDERS DESIGNED FOR THE DEPOLLUTION OF WATERS
WITH ARSENIC CONTENT
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Au fost obtinute si caracterizate pulberi feruginoase
in vederea tratarii apelor cu continut de arsen. Pulberile au
fost sintetizate prin metoda combustiei, respectiv prin
descompunerea unor saruri de fier, apoi analizate din
punct de vedere al compozitiei fazale, comportarii in timpul
tratamentului termic, suprafetei specifice si proprietatilor
adsorbante fati de As®. S-a urmarit efectul adaosului de
SiO,, respectiv Al,O; asupra capacitatii de adsorbtie a
materialelor obtinute. Comportarea acestora oferd
perspective promitatoare in ceea ce priveste utilizarea in
scopul depoluarii apelor de adancime cu un fond natural

(’dicat de arsen. /

There have been obtained and characterized
ferruginous powders designed for the depollution of water
containing arsenic. The powders have been obtained via
combustion synthesis and iron salts decomposition, than
analyzed in terms of phase composition, thermal analysis,
surface area and adsorbent properties relative to As*. The
effect of SiO, and Al,O; additions upon the adsorption
capacity of the obtained materials has been pursued. It
has been concluded that these materials may be
successfully used in the depollution of underground
waters with a high arsenic content.
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1. Introducere

Pericolul asociat cu expunerea pe termen
lung la actiunea arsenului este binecunoscut, cele
mai uzuale probleme de sanatate care apar la
populatie Tn aceste conditii fiind afectiuni ale pielii
dar si ale organelor interne (cancer al vezicii,
rinichilor si plamanilor), cardiovasculare, respiratorii,
diabet, etc. Sursele subterane de apa potabila sunt
considerate ca fiind una dintre cele mai importante
cauze responsabile de problemele de sanatate
cronice legate de intoxicatia populatiei cu arsen, la
nivel mondial [1 — 5]. Formele sub care se gaseste
arsenul in sursele de apa potabila sunt As(V) si mai
frecvent As(lll), acesta din urma fiind si mai toxic
[6 - 8].

Indepéartarea arsenului din apa reprezinta o
preocupare importantd si urgentd, in acest sens
dezvoltandu-se in prezent o serie de tehnici.

Acestea includ procese de coagulare-
precipitare, separare prin membrane, schimb ionic
si adsorbtie. Tehnicile bazate pe coagulare sunt
insa Tn general costisitoare si au o eficienta destul
de redusa daca nu se face in prealabil oxidarea
A(lll) la As(V). De asemenea, osmoza inversa i
electrodializa sunt mai eficiente in indepartarea
As(V) decat a As(lll) [9, 10]. Pe langa
dezavantajul costurilor ridicate aceste abordari
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1. Introduction

The danger associated with long-time
exposure to arsenic is well known. Most usual
health problems due to arsenic poisoning are skin
diseases, diabetes, respiratory and heart
conditions, but internal organs are also affected
(bladder, kidney and lung cancer). Underground
drinking water resources are being considered as
one of the most important causes responsible of
the chronicle health conditions related to arsenic
poisoning worldwide [1-5]. Arsenic may be found in
these sources as As(V) and more frequently as
As(lll) — the latter being even more toxic [6-8].

Arsenic removal from water represents
important and urgent current concerns, which lead
to the development of a series of techniques.
These include coagulation-precipitation processes,
membrane separation, ion exchange and
adsorption. The procedures based on coagulation
are yet costly and have a reduced efficiency if
As(lll) is not previously oxidized to As(V). Reversed
osmosis and electro dialysis are more efficient for
removing As(V) than As(lll) [9,10]. Alongside the
high cost involved, these approaches do not fit to
low capacity water treatment units. Thus, the most
frequently used method due to ease of operation
and reduced costs is adsorption by a large number
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pentru indepartarea arsenului nu se preteaza la
sistemele de tratare a apelor cu capacitati mici.
Astfel metoda cea mai des utilizatd, datorita
usurintei de operare si a costurilor reduse, este
adsorbtia cu multitudinea de adsorbanti folositi $i
studiati ca de exemplu oxizi/hidroxizi ai metalelor,
zeoliti sintetici, carbune activ [2-14]. Totusi speciile
de arsen prezente in apa limiteaza performantele
acestor adsorbanti, majoritatea fiind mult mai
protriviti pentru indepartarea As(V) decat a As(lll)
[12,13]. Astfel se fac eforturi pentru dezvoltarea
unui adsorbant corespunzator pentru indepartarea
As(lll) din apele de adancime. Comportarea
oxizilor/hidroxizilor de fier in aceasta privinta este
intens studiata datorita existentei lor abundente in
sistemul acvatic natural si capacitdtii ridicate de
adsorbtie a arsenului [11]. De asemenea, s-a
confirmat ca in natura prezenta compusilor cu fier
in anumite medii limiteaz& continutul natural de
arsen al acestora [14]. Mecanismele de indepartare
a arsenului de catre compusii cu fier presupun
adsorbtia acestuia la suprafata adsorbantului,
includerea si legarea arsenului n interiorul
floculelor de hidroxid cu formare de arsenat feric
FeAsQ,4, in baza unor reactii de oxido-reducere
[12]. Prezenta lucrare are ca scop obtinerea si
caracterizarea unor pulberi feruginoase eficiente
din punct de vedere al tratarii apelor in acest mod.

2. Determinari experimentale

Pentru obtinerea pulberilor feruginoase cu
suprafete specifice variabile si cat mai ridicate,
astfel incat sa prezinte bune proprietati adsorbante,
s-au facut cercetari in urmatoarele doua directii:

a) sinteza Fe,Oj3 si a unor pulberi compozite
Fe,0s-SiO,, respectiv Fe,05-Al,04 si
Fe,03- Al,O3 - SiO, prin metoda combustiei;

b) sinteza Fe,O; si a unor pulberi compozite
Fe,O3 - SiO, prin descompunerea unor saruri de
Fe " sau Fe*".

a) Metoda combustiei se bazeaza pe
reactia redox care are loc intre azotatul de fier,
respectiv azotatul de aluminiu (agenti oxidanti) si
uree (agent reducator) [15-18]. Alegerea ureei ca si
combustibil s-a facut pe baza unor rezultate
anterioare [19-21], care au dovedit ca dintre
combustibilii uzuali (uree, glicina, B-alanina) urea
prezintd cea mai buna compatibilitate fatd de
Fe(NOj3); si Al(NOs)s, in sensul unei reactii puternic
exoterme, cu formare de a-Fe,O3 si a-Al,Os;.

S-au folosit reactivi de puritate analitica
(Merck, Germany) Fe(NO3);-9H,0, AI(NO3);-9H,0
si uree, respectiv SiO, sub forma de Ultrasil VN3
(Degussa).

Dupa dozare, azotatul de fier, respectiv de
aluminiu si ureea s-au dizolvat intr-un volum minim
de apa, intr-o capsula de portelan. in cazul
probelor cu continut de SiO,, acesta a fost adaugat
la solutia de azotati si uree rezultdnd o suspensie.

Capsulele cu amestecurile de materii prime

the depollution of waters with arsenic content

of adsorbents as for example metal oxides/
hydroxides, synthetic zeolites, activated charcoal
[2-14]. Still, the arsenic species present in the
water limit the performance of these adsorbents,
most of them being more suitable for the removal
of As(V) than As(lll). Efforts are being made for the
development of an adequate adsorbent for the
removal of As(lll) from underground water. The
behavior of iron oxides/ hydroxides in this respect
is intensely studied due to their abundant
existence in the natural aquatic system and high
arsenic adsorption capacity [11]. Researches also
confirmed that the presence of iron compounds in
nature in certain environments limits their natural
arsenic content [14]. Arsenic removal mechanisms
by iron compounds involve adsorption on the
adsorbent surface, inclusion and binding of arsenic
inside the hydroxide floccules with the formation of
ferric arsenate FeAsO,, on account of
oxidoreduction reactions [12]. The purpose of the
present paper was to obtain and characterize
some ferruginous powders efficient for water
treatment by arsenic removal via adsorption.

2. Experimental

In order to obtain ferruginous powders with
surface area as high as possible, and good
adsorption capacity investigations have been
focused to the following directions:

a)combustion synthesis of Fe,0s,
respectively Fe,03-SiO,, Fe,O; - AlLO; and
F6203 - A|203 - SiOQ;

b)Fe,O3; and composite Fe,05-SiO, powders
synthesis by thermal decomposition of Fe®* or Fe*
powders.

a) Combustion synthesis is based on
the redox reaction between iron nitrate,
respectively aluminum nitrate (oxidizing agents)
and urea (reducing agent) [15-18]. Urea has been
chosen to be used as a fuel based on our previous
results, which proved that among the most usual
fuels used in this method (urea glycine, $-alanine)
urea shows the best compatibility towards
Fe(NO;); and AI(NOj);. The reaction is highly
exothermic and a-Fe,03, respectively a-Al,O5; form.

Analytical grade Fe(NO;)3-9H,0,
AI(NO3)3-9H,0 and urea have been used (Merck,
Germany) as well as SiO, as Ultrasil VN3
(Degussa).

After dosing, the nitrates and urea have
been dissolved in a minimum amount of water, in
porcelain capsule. In the case of the samples with
SiO, content, this has been added to the nitrate
and urea solution forming a suspension.

The raw materials mixtures have been then
subjected to water evaporation and ignition of the
self-propagated combustion synthesis, in a
preheated electric oven, at 300°C.The ignition
moment is easily recognized by the burning with
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au fost introduse pe rand intr-un cuptor electric
preincalzit la 300°C, pentru evaporarea rapida a
apei si initierea reactiei de combustie
autopropagatd. Momentul initierii reactiei se
recunoaste dupa aprinderea amestecului, arderea
cu flacara si incandescenta.

Analiza fazald a probelor rezultate in urma
combustiei s-a realizat prin difractie RX utilizand un
aparat DRON 3, radiatia Cuk,. Pentru unele probe,
comportarea n timpul incalzirii a fost urmarita prin
analiza termogravimetrica, utilizand un aparat
NETZCH STA 449C, viteza de incalzire 5°C/min, in
atmosfera de aer static, in creuzete de alumina.

b) Metoda bazata pe descompunerea
unor saruri de fier a urmarit sinteza unor pulberi pe
baza de Fe,Oj3; singur sau in amestec cu SiO,. Ca
saruri de fier s-au utilizat: oxalat de fier —
FegCOO)z-ZHZO, alaun feriamoniacal -
Fe " (NH4)(S04), 12H,0, sare Mohr -
Fe2+(NH4)2(SO4)2-6H20 de puritate analitica
(Reactivul Bucuresti). SiO; s-a introdus sub forma
de Ultrasil VN3 (Degussa).

in cazul probelor cu continut de SiO,, acesta
s-a amestecat umed cu sarea de fier intr-o capsula
de portelan, dupa care a fost uscat in etuva la
110°C si apoi mojarat.

Sarurile de fier, respectiv amestecurile cu
Ultrasil au fost incarcate in creuzete de portelan si
apoi calcinate in cuptor electric la temperaturile
minim necesare pentru descompunerea acestora,
cu formare de Fe,O;. Aceste temperaturi au fost
stabilite pe baza analizelor termice prealabile dupa
cum urmeaza: pentru oxalatul de fier - 550°C, iar
pentru alaunul feriamoniacal si sarea Mohr - 800°C.
Dupa calcinare, probele au fost supuse analizei
fazale prin difractie RX.

Suprafata specifica BET a pulberilor obtinute
prin ambele metode a fost determinata prin
adsorbtie-desorbtie de azot, utilizadnd un instrument
MICROMERITICS ASAP 2020.

Toate pulberlle obtinute au fost testate
pentru retinerea As** din ape. Pentru compararea
proprletatnor adsorbante ale pulberilor fata de As>*
s-a utilizat o solutie sintetica preparata in laborator,
avand o concentratle initiala de 100 ug As*/L. O
cantitate de 0,1 g pulbere a fost adaugata la 100
mL solutie cu continut de As**, apoi agitata
mecanic timp de 90 minute, separaté prin
centnfugare dupa care s-a determinat concentratia
de As* rezidual din solutie prin spectrometrie de
absorbtie atomica, utilizdnd un instrument Varian
SpectrAA 110 cu sistem hidrura VGA 77.

3. Rezultate si discutii

Compozitia probelor obtinute prin metoda
combustiei, caracteristicile urmarite ale acestora si
durata reactiilor de combustie in fiecare caz sunt
prezentate in tabelul 1.

Dozarea cantitatii de uree s-a facut admitand
ca reactia acesteia cu cei doi azotati de fier,

flames and incandescence.

The phase analysis of the samples resulted
from the combustion reaction has been
investigated by XRD using a DRON 3 instrument,
Cukq radiation. For some of the samples, the
thermal behavior during heating has been pursued
by thermal analysis, using a NETZCH STA 449C

instrument, 5°C/min heating rate, alumina
crucibles, in static air.
b) Thermal decomposition of some

iron salts aimed the synthesis of Fe,O; powders,
alone or mixed with SiO,. There have been used
analytical grade iron salts (Reactivul Bucuresti):
iron acetate - Fe(CO0),-2H,0, ammonium ferric
alum — Fée® *(NH,4)(SO4)2-12H,0, Mohr salt -
Fe2+(NH4)2(SO4) -6H,0. SiO, has been introduced
as Ultrasil VN3 (Degussa).

In the case of samples with SiO, content,
this has been wet homogenized with the iron salt
in a porcelain dish, dried at 110°C and the resulted
mixture has been grinded in a mortar.

The iron salts and the mixtures with Ultrasil
have been loaded in porcelain crucibles and
annealed in an electric kiln at the minimum
temperatures necessary for their decomposition
with the formation of Fe,O3;. These temperatures
have been established based on the previous
thermal analysis, as follows: for iron acetate -
550°C and for ammonium ferric alum and Mohr
salt - 800°C. After annealing, the samples have
been subjected to XRD phase analysis.

The BET surface area of the samples
obtained by both methods has been established by
nitrogen adsorption-desorption using a
MICROMERITICS ASAP 2020 INSTRUMENT.

All the obtained powders have been tested
for As®* adsorption from water. In order to compare
the adsorption capacity of the samples, a synthetic
solution prepared in the laboratory has been used
having an initial concentration of 100 pg As® /L
0.1 g of powder were added to 100mL of As*
containing solution.

The mixture was mechanically stirred for 90
minutes and then subjected to centrifugal
separation. The residual As** concentration in the
remaining solution was established by atomic
absorption spectroscopy, using a Varian SpectrAA
110 instrument with VGA 77 hydride generation
system.

3. Results and discussion

The composition of the samples obtained
via combustion synthesis, their pursued
characteristics and combustion reaction duration in
each case are presented in table 1.

Urea was dosed considering its reaction
with iron aluminum nitrates as respecting the
following stoichiometry:
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Tabelul 1
Compozitia si caracteristicile probelor obtinute prin metoda combustiei
Composition and analyzed characteristics of the samples obtained via combustion synthesis.
Nr. Compozitia (% masa) Durata reactiei de | Compozitia fazala | Suprafata Capacitatea de
proba Composition (mass %) combustie (sec) | a pulberilor/ Phase | specifica  BET | adsorbtie (ug As*'/g)
Sample Combustion reaction | composition of the (mzlg)/ Specific | Adsorption capacity
no. Fe,O3 Al,O3 SiO, | duration (sec) obtained powders surface BET | (ug As*/g)
(m*/g)
1 100 - - 35 M 1.56 70.1
2 80.0 - 200 | 57 M 16.48 82.5
3 66.6 - 334 | 64 M 38.00 83.9
4 50.0 - 50.0 | (mocnit/ M 82.92 81.7
smouldering)
5 61.0 39.0 - 52 Al,Os 34.27 62.9
6 48.8 31.2 20.0 | 52 AlLO, 48.18 57.5
7 40.7 25.9 334 | 60 Al,Os 77.32 45.1
H — hematit/hematite (a- Fe,O3); JCPDS: 33-0664 [22]
M — magnetit/magnetite (Fe;0,); JCPDS: 19-0629 [22]
respectiv aluminiu decurge conform LI I I O
. L. 5
stoechiometriei: 395 58
2Fe(NO3)3 + 50H4N20 — F6203 + 5C02 + "/6 @
10H,0 + 8N, (1) &8
\I
2AI(NO;)s + SCHiNO — AlO3 + 5CO; + 8-5-Al,05; JCPDS:46-1131
10H,0 + 8N, (2)

Prezenta SiO, in amestecurile de reactie are
un efect de moderare a reactiei de combustiei; viteza
de reactie scade, iar temperatura din amestec in
timpul combustiei se reduce si ea odata cu cresterea
continutului de SiO,. Faza principala din pulberile 1, 2,
3 si 4 este hematitul, alaturi de o proportie reduséa de
magnetit. n figura 1 sunt prezentate spectrele de
difractie RX ale probelor 1, 3 si 4.

Interesant de remarcat este faptul ca in
proba 3 este prezent si cuartul. Prezenta acestuia
ca rezultat al cristalizarii SiO, este oarecum
surprinzatoare; ea poate fi eventual explicata prin
desfagurarea procesului de cristalizare in prezenta
Fe,O3 intr-o forma nascanda din procesul de
combustie si cu un efect pronuntat de initiere a
cristalizarii.

Trebuie precizat ca pulberea initiala de
Ultrasil are o suprafata specifica ridicatd, acesta
fiind si motivul principal pentru care s-a facut acest
adaos la probele studiate, asociat cu efectul de
moderare a reactiilor de combustie, care Tn final
conduce la cresterea suprafetei specifice a Fe,O3
nsusi.

Valorile suprafetelor specifice ale probelor 1,
2, 3 si 4 arata ca din acest punct de vedere
premizele de la care s-a pornit sunt corecte.
Probele 5, 6 si 7 se deosebesc de probele 1, 2 si 3
prin faptul ca oxidul format prin combustie este
reprezentat de Fe,O3 si Al,O3, Tn raport molar 1:1.
Reactiile de combustie a acestora decurg similar cu
cele din cazul probelor 1, 2 si 3, dar pe spectrele
de difractie RX (fig. 1) lipsesc atat hematitul
(a-Fe,03) cat si a-Al,O3 chiar si in proba 5 lipsita
de SiO,, desi reactia de combustie a decurs
energic (chiar mai energic decéat in proba 1).

Maximele de difractie foarte largi si putin
intense aflate la valori ale unghiurilor 26 intre 30° si
32° si intre 36° si 37° pot fi atribuite eventual unei

H-hematite; JCPDS:33-0664

M-magnetite; JCPDS:19-0629
Q-quartz; JCPDS:33-1161

54 52 50 48 46 44 42 40 38 36 34 32 30 28 26 24
-— 26

Fig. 1 - Spectrele de difractie RX ale probelor obtinute prin
metoda combustiei / X-Ray diffraction patterns of the
samples obtained via combustion synthesis.

2Fe(N03)3 + 5CHsN,O — Fe, O3 + 5CO, +

10H,0 + 8N, (1)
2A|(NO3)3 + 5CH4sN,O — AlL,O; + 5CO, +
10H,0 + 8N, (2)

SiO, presence in the reaction mixtures has
a moderating effect on the combustion reaction;
the reaction rate and the mixture temperature
decrease as the SiO, content increases. The main
phase in samples 1, 2, 3 and 4 is hematite and a
small proportion of magnetite is also present. In
figure 1 there are presented the XRD patterns of
samples 1, 3 and 4.

It is interesting to notice that quartz is also
present in sample 3. As a result of SiO,
crystallization, this is rather surprising and can be
eventually explained by the crystallization in the
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faze 6- Al,O; (JCPDS: 46-1131) avand insa un
spectru de difractie RX care prezinta abateri de la
cel standard. Aceasta s-ar putea explica prin
producerea unor substitutii AI**— Fe® in structura
cristalina derivata de la 6- Al,O3;, cu deformari ale
retelei cristaline si totodatd lipsa din spectru a
maximelor caracteristice atat pentru a-Fe,O; cat si
pentru a-Al,Os.

Suprafetele specifice ale probelor 5, 6 si 7

sunt mult superioare probelor similare fara continut
de AlLO; (1, 2 si 3) ceea ce reflecta temperatura
mai joasa din probe. Astfel de suprafete specifice
ridicate pot fi explicate prin prezenta modificatiei
0-Al,03[23].

Analizele termice pentru probele 1 si 3 sunt

prezentate in figura 2.

Mass [%]
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2 - Curbele termogravimetrice si analiza termica diferentiala
pentru amestecurile precursoare de compozitie 1 si 3./ TG
and DTA curves for precursor mixtures of 1 and 3
compositions.

Se observa ca initierea si desfagurarea

reactiei de combustie - pusd in evidentd prin
efectele puternic exoterme intre 150 si 280°C pe
curbele DTA — este precedata de efecte endoterme
suprapuse care pot fi atribuite Tnceputului de
descompunere a ureei si azotatului de fier. Atat
procesele endoterme, cat si cele exoterme de
combustie sunt Tnsotite de pierdere de masa. Din
punct de vedere al reactiei de combustie, probele 1
si 3 au o comportare practic identica. Diferenta
majora intre curbele DTA ale celor doua probe
apare intre 400 si 450°C, cand pe curba DTA a
probei 3 (cu continut de SiO,) apare un efect
exoterm pronuntat. In acord cu analiza fazala prin
difractie RX, acest efect exoterm este atribuit
cristalizérii SiO, cu formare de cuart - justificata
prin conditile cu totul particulare in care se afla
SiO, in aceasta proba. Este de remarcat faptul ca
procesul exoterm intre 400 si 450°C nu este insotit
de variatie de masa.

Analizele termice ale probelor 5 si 7 in care

Fe,O; si AlLbO; se afla in raport molar 1:1 sunt
prezentate in figura 3.

Se remarca unele asemanari intre curbele

DTA ale probelor 1, 3 pe de o parte si 5, 7 pe de
alta parte, in privinta existentei unor efecte endo-

presence of Fe,O3 in a native form resulted from
the combustion process, with a marked
crystallization initiation effect.

It has to be said that the initial Ultrasil
powder has a high surface area — this being one of
the reasons for the choice of this addition to the
studied samples, associated with the moderation
effect of the combustion reactions, which in the
end lead to the increase of Fe,O3 surface area.

The values for samples 1, 2, 3 and 4 surface
areas show that from this point of view the starting
premises were correct.

Samples 5, 6 and 7 differ from sample 1, 2
and 3 by the oxides resulted from the combustion
process, which are Fe,O3 and Al,O; in a molar
ratio of 1:1. The combustion reactions in these
cases are similar to those of sample 1, 2 and 3,
except that on the XRD patterns (fig. 1) both
hematite (a-Fe;O3) and a-Al,O3 are missing, even
in the case of sample 5 lacking SiO,, although the
combustion reaction is very energetic (even more
energetic than in case of sample 1).

The diffraction maxima are very wide and
little intense, at values of 26 between 30° and 32°,
respectively between 36° and 37°. They can be
eventually assigned to a &- Al,O3 phase (JCPDS:
46-1131) having a diffraction pattern different from
the standard one. This may be explained by some
A¥*— Fe* substitutions in the crystalline network
derived from ©- Al,O;, with crystalline network
deformation and thus the lack of the a-Fe,O5; and
a-Al,O; maxima from the diffraction pattern.

The surface area of samples 5, 6 and 7 are
much superior to that of the similar samples
without Al,O3 (1, 2 and 3), which reflects the lower
temperature during the reaction. Such high surface
area can also be explained by the presence of -
Al,O; [23].

The result of the thermal analysis for
samples 1 and 3 are presented in figure 2.

One can observe that the ignition and
combustion reaction evidenced on the DTA curves
by the highly exothermal effects between 150 and
280°C, which are preceded by overlapped
endothermal effects assigned to urea and iron
nitrate decomposition. Both endothermal and
exothermal effects are accompanied by mass loss.
From the point of view of the combustion reaction,
sample 1 and 3 show practical identical behavior.
The major difference between the DTA curves for
the two samples appears between 400 and 450°C,
when the DTA curve of sample 3 (with SiO,)
content shows a marked exothermal effect. In
accordance with the XRD analysis, this effect is
assigned to SiO, crystallization with the formation
of quartz — justified by the particular state of SiO,
in this sample. It is noteworthy that the exothermal
effect between 400 and 450°C is not accompanied
by mass loss. The thermal analysis of samples 5
and 7, in which the molar ratio Fe,O3: Al,O3 is 1:1
are presented in figure 3.
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terme care preced procesul de combustie si apoi
efectele exoterme aferente combustiei. Faptul ca
efectele exoterme sunt mai putin pronuntate in
probele 5 si 7 decéat in probele 1 si 3 sugereaza o
incomodare reciproca a reactiilor de combustie la
care participa cei doi azotati (de fier, respectiv
aluminiu); asa se poate explica si durata mai lunga
a reactiei de combustie in probele 5 si 7 in raport
cu 1 si 3. Lipsa hematitului si de asemenea a
a-Al,O3 in aceste probe reflecta o temperatura mai
joasa in amestecul de reactie comparativ cu proble
1si3.

De remarcat este faptul ca pe curba DTA a
probei 7 (cu continut de SiO,) lipseste un efect
exoterm intre 400 si 450°C similar probei 3, dar
lipseste si cuartul din spectrul de difractie RX al
acestei probe.

Proprietétile adsorbante ale pulberilor obtinute
prin metoda combustiei, apreciate prin cantitatea de
As® retinuta de 1g material adsorbant, in conditiile de
lucru precizate, arata ca:
pentru probele 1, 2, 3, odata cu cresterea
suprafetei specifice prin prezenta SiO, in timpul
combustiei, proprietatile adsorbante se
imbunatatesc sensibil, pand la un continut de
33,4% SiO, in probe. Trebuie precizat ca
proprietatile adsorbante trebuie raportate practic
numai la masa de Fe,O3 din probe, deorece SiO,
(Ultrasil) singur nu a prezentat capacitate de
retinere a As®*. Prezenta SiO, in aceste pulberi
este importanta si in perspectiva imobilizarii
deseului cu continut de As* rezultat in matrici
vitroase;

pentru probele 5, 6 si 7 care prezinta
suprafete specifice mult superioare Tn raport cu
probele 1, 2 si 3 proprietatile adsorbante sunt
sensibil inferioare. Aceasta aratd ca substitutia
partiald a Fe,O3; cu Al,O3 (raport molar 1:1), desi
determind cresterea suprafetei specifice nu se
regaseste in imbunatatirea proprietatilor
adsorbante. Explicatia este aceea ca Fe,O; — faza
activa in retinerea As>* este prezenta in proportie
prea redusa.

Compozitia probelor obtinute prin calcinarea
unor saruri de fier si caracteristicile acestora sunt
prezentate in tabelul 2.
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Fig. 3 - Curbele termogravimetrice si analiza termica diferentiala

pentru amestecurile precursoare de compozitie 5 si 7./ TG
and DTA curves for precursor mixtures of 5 and 7
compositions.

Some similarities may be noticed between
the DTA curves of sample 1, 3 on one hand and 5,
7 on the other hand, referred to the endothermal
and exothermal effects. The less nuanced
exothermal effects in the case of samples 5 and 7
suggest a reciprocal inconvenience of the
combustion reactions involving the two nitrates
(iron and aluminum); this may explain the longer
reaction duration in the case of samples 5 and 7
compared with 1 and 3. The lack of hematite and
a-AlbO; in these samples reflect a lower
temperature in the reaction mixture, compared with
samples 1 and 3.

It is noteworthy that the DTA curve of
sample 7 (with SiO, content) does not exhibit an
exothermal effect between 400 and 450°C, but
quartz is also missing from the XRD pattern of this
sample.

The adsorbent properties of the samples
obtained via combustion synthesis, assessed by
the As®* amount retained by 1 g of adsorbent
material in the previously mentioned working
conditions show that:

- the adsorbent properties of samples 1, 2
and 3 are significantly improved with the increase

Tabelul 2

Caracteristicile probelor obtinute prin calcinarea unor saruri de fier, respectiv ale SiO, utilizat
Characteristics of the samples obtained by iron salts annealing, respectively the used SiO,.

Nr. Sarea utilizata Continutul de SiO, Temperatura Compozitia Suprafata Capacitatea de
proba Used salt (raport masa de calcinare fazala specifica BET adsorbtie
Sample Fe,04/Si0y) (°C) Phase (m?/g) (ug As*/g)
no. SiO, content Annealing composition Specific Adsorption
(Fe;05/SiO; mass temperature surface BET capacity (ug As*'/g)
ratio) (°C) (m*/g)
8 Fe(COO0),2H,0 - 550 H 14.57 94.5
9 Fe(CO0),-2H,0 11 550 H 78.01 92.5
10 Fe(COO0),2H,0 1:2 550 H 97.20 91.1
11 Fe” (NH4)(SO4)y12H,0 1:1 800 H 57.01 53.0
12 Fe” (NH4)2(S0O4),'6H,0 1:1 800 H 57.01 81.5
13 Ultrasil VN3 - - amorf 144.04 0
amorphous
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apelor cu continut de arsen

Spectrele de difractie RX ale probelor 8, 9 si
10 obtinute prin calcinarea Fe(COO),-2H,0 singur,
respectiv in amestec cu Ultrasil, aratd ca singura
faza cristalind prezenta este hematitul (fig.2). SiO,
ramane intr-o stare amorfa, asa cum era de
asteptat. Suprafata specifica a celor trei probe
creste pronuntat cu cresterea continutului de SiO,.

Capacitatea de adsorbtie a pulberilor 8, 9 si
10 este foarte apropiata, insa trebuie tinut cont ca
proportia de Fe,0Os, (faza activa in retinerea A33+)
scade treptat la 1/3 (masa) de la proba 8 la proba
10, fapt ce ne permite sa afirmam raportandu-ne
numai la masa Fe,O3 din probe, ca o data cu
cresterea cantitati de SiO, are loc cresterea
capacitati de adsorbtie. Datoritd faptului ca
introducerea de SiO, in retete duce atat la
cresterea  suprafetei specifice cat si la
imbunatatirea capacitatii de adsorbtie s-au studiat
in continuare probe cu acelasi continut de SiO, dar
in care difera sursa de fier (probele 11 si 12).

H-hematite (a-Fe,03); JCPDS:33-0664

| Y Y Y Y A I |

54 52 50 48 46 44 42 40 38 36 34 32 30 28 26 24
-— 20
Fig. 4 - Spectrele de difractie RX ale probelor obtinute prin
calcinarea unor saruri / X-Ray diffraction patterns of the
samples obtained by iron salts annealing

Probele 11 si 12 obtinute prin calcinarea
sulfatului de Fe** si amoniu, respectiv a sulfatului de
Fe?" si amoniu in amestec cu SiO,, la 800°C contin
hematitul ca singura faza cristalina (fig. 4). Suprafata
lor specifica este practic identica (57,01 m2/g) insa
proba 12 obtinuta prin calcinarea sulfatului de Fe? si
amoniu in amestec cu Ultrasil are o capacitate de
adsorbtie fatd de As® sensibil mai ridicatd decat
proba 11. Proprietétile adsorbante ale pulberilor 8, 9

of the surface area due to SiO, presence, up to
33.4% SiO,. The adsorbent capacity has to be
correlated to the Fe,O; content of the sample,
since SiO, alone (Ultrasil) does not develop any
retention activity of As**. The presence of SiO;, in
the tested powders is also important in the
perspective of the As®* waste immobilization in
vitreous matrices;

- for samples 5, 6 and 7 with much higher
surface area compared with samples 1, 2 and 3,
the adsorbent properties are inferior. This proves
that partial substitution of Fe,O3 with Al,O3 (molar
ratio 1:1) does not lead to an improvement of the
adsorbent capacity, although it determines the
increase of the surface area. The explanation for
this situation is that the proportion of Fe,O3;, which
is the active phase in As®* retention, is simply too
low.

The composition and features of the
samples obtained by the annealing of some iron
salts are presented in table 2.

The XRD patterns of samples 8, 9 and 10
obtained by the annealing of Fe(COO),:2H,0
alone and mixed with Ultrasil show that the only
present phase is hematite (Fig. 2). SiO, remains in
an amorphous state, as expected. The adsorption
capacity of powders 8, 9 and 10 is very close, but
one has to take into account the Fe,O3 proportion
decreases gradually to 1/3 (mass) in the case of
sample 10. If one refers only to the FeyO;
proportion (active phase) in the samples, it may be
said that the absorption capacity increases with
the SiO, content of the samples. Since the
presence of SiO, leads to the increase of the
surface area and absorption capacity, there have
been studied samples with the same content of
SiO, and different iron salts (samples 11 and 12).

Samples 11 an 12 obtained by the
annealing of Fe®* ammoniacal double sulphate
(ammonium ferric alum) alone, respectively mixed
with SiO, contain at 800°C hematite as single
phase (Fig.4). Their surface area is practically
identical (57.01 m2/§q), but sample 12 obtained by
the annealing of Fe”* ammoniacal double sulphate
mixed with Ultrasil develops an absorption
capacity significantly higher than sample 11.

The adsorbent properties of samples 8, 9
and 10 obtained from iron oxalate are rather good
compared to the samples obtained via combustion
synthesis. Reporting the adsorbent properties to
the Fe,O; content of samples 9 and 10, one can
say that the presence of SiO, significantly im-
proves the adsorption capacity of the powders. A
possible explanation for this situation refers to the
hydroxilate character of the Ultrasil particles (even
after annealing at 500°C), which leads to their
hydration and dispersion of the Fe,O3
agglomerations, in the presence of the aqueous
solutions with As®* content.

The very good adsorbent properties of the
samples obtained starting from iron oxalate may
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si 10 obtinute din oxalat de fier pot fi apreciate ca fiind
mai bune comparativ cu pulberile obtinute prin
combustie. Daca raportam proprietéatile adsorbante la
continutul de Fe,O3 din probele 9 si 10, tindnd cont ca
SiO, singur nu a dezvoltat proprietadti adsorbante
(proba 13), atunci se poate spune ca prezenta SiO, a
amplificat semnificativ proprietatile adsorbante ale
Fe,Os. O explicatie posibila pentru aceasta
comportare se poate pune pe seama caracterului
hidroxilat al particulelor de Ultrasil (chiar si dupa
calcinare la 500 C), care in solutile apoase cu
continut de As* favorizeaz hidratarea acestora si
contribuie la dispersarea aglomerarilor formate de
F6203.

Proprietdtile adsorbante foarte bune ale
pulberilor obtinute pornind de la oxalat de fier pot fi
asociate si cu prezenta in proportie redusa a
cationilor Fe** ca rezultat al temperaturii reduse si
atmosferei reducatoare din timpul descompunerii.
Aceasta sugereaza o structura cu defecte pentru faza
principala din pulberi (a-Fe,O3) sau chiar prezenta
intr-o stare amorfa a magnetitului. Probele 11 si 12
prezinta proprietdti adsorbante mai slabe decéat cele
obtinute pornind de la oxalat ih amestec cu SiO,.

4. Concluzii

- Pulberile de Fe,O; obtinute prin metoda
combustiei pornind de la azotat de fier si uree
reprezintd o solutie potentlala pentru depoluarea
apelor cu continut de As> . Proprietatile adsorbante
ale acestor pulberl pot f| reglate in limite largi
intervenind asupra conditilor de desfasurare a
reactiei, spre exemplu prin adaosul de SiO,
(Ultrasil). Pe langa efectul pozitiv al SiO, asupra
proprietatilor adsorbante ale pulberllor prezenta
acestuia in deseul cu continut de As** rezultat este
favorabila si Tn perspectlva imobilizarii acestui
deseu In matrici vitroase.

- Oxidul de fier obtlnut prin calcinarea unor
saruri de Fe* sau Fe* prezintd proprietéati
adsorbante fata de As** din ape, care variaza mult
in fuctie de sarea precursoare si eventuala
prezenta a SiO, (Ultrasil) Tn amestec. Cele mai
bune proprietati adsorbante le prezintd oxidul de
fier obtinut prin calcinarea oxalatului de fier la
500°C. Prezenta SiO, in amestec cu Fe,0O3 obtlnut
din oxalat pastreaza proprietati de adsorbtie a As™
foarte bune chiar si pentru un raport de mass
Fe,0s3/SiO, = 1:1 sau 1:2. Aceasta comportare este
favorabila pentru perspectiva imobilizarii deseului
in matrici vitroase.
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MANIFESTARI STIINTIFICE / SCIENTIFIC EVENTS

International Congress on Glass 2010, ICG 2010

September 20 to 25 — 2010, Bahia, Brazil

The 22" International Congress on Glass will gather important professionals in the fields of science, technology
and production of glass, including manufacturers, suppliers, engineers, researchers and students in a series of
talks and poster presentations covering a number of topics related to glass science and technology. Special focus
will be given towards discussions on issues concerning “sustainability and the environment”

TOPICS:

Glass science Technology and Glass Production

e Glass structure

e Glass surfaces

e Structural relaxation, glass transition,
Kauzmann catastrophe and entropy

e Crystal nucleation, growth, liquid phase
separation

e Glass formation and vitrification

Glass properties (mechanical, chemical,

thermal, rheological, optical, electrical, etc.)

Bioactive glasses

Optically active glasses

lonic and electronic conductor glasses

Fracture-resistant glasses

Sol-gel glasses

Non-oxide glasses

Metallic glasses

Hybrid glasses

Glass-ceramics

Glasses with new functionalities

New Glasses

Raw materials and glass components

Refractories for glass melting

Melting and forming of glass

Production, transformation and coatings in

glass

Energy savings in the production of glass

e Energy savings in the application of glass
and CO, balance

e Environment, recycling and waste
management

e Life cycle analysis (LCA) in the processes of
glass and products

¢ New applications of glass

e Education in glass science and technology

CONTACT: http://www.icg2010.com.br/
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