306 Revista Roméana de Materiale / Romanian Journal of Materials 2012, 42 (3), 306 - 312

SINTEZA S CARACTERIZAREA UNOR NOI PARTICULE MAGNETICE:
PARTICULE DE FIER ACOPERITE CU DIOXID DE TITAN
S| FUNCTIONALIZATE CU CLORURA DE CIANURIL
THE SYNTHESIS AND CHARACTERIZATION OF NEW MAGNETIC
PARTICLES: IRON PARTICLES COVERED WITH TITANIUM DIOXIDE
AND FUNCTIONALIZED WITH CYANURIC CHLORIDE
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In aceastd lucrare este prezentatd sinteza si ca-
racterizarea unor particule coloidale de fier, care au fost
acoperite cu dioxid de titan si apoi functionalizate cu
clorura de cianuril. Materialele obtinute au fost analizate
prin SEM, spectroscopie FT-IR si EDAX.
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1. Introducere

In ultimii 30 de ani particulele magnetice au
fost folosite intr-o gama foarte mare de aplicatii ca:
transportul medicamentelor, ferofluide, medii
magnetice de inregistrare si stocare a datelor,
rezonanta magnetica imagisticd cu agenti de
contrast si in tratamentul cancerului prin hipertermie
[1-12]. Cea mai importanta proprietate a particulelor
magnetice este bineinteles magnetizatia. Cele mai
studiate particulele magnetice, la nivel mondial,
sunt oxizii fierului. Scopul celor mai multi cercetatori
este de a obtine particule cu o magnetizatie
ridicata, pentru ca in procesul de separare
magnetica in care vor fi folosite, consumul de
energie sa fie minim. Dupa cum se stie fierul
poseda o magnetizatie mai mare decat cea a
oxizilor de fier, si deci raspunsul acestuia la un
camp magnetic este de asemenea mai mare.
Principalul dezavantaj al particulelor de fier este
stabilitatea scazuta la coroziune. Aceasta problema
ar putea fi rezolvata prin acoperirea sau
functionalizarea acestora cu un compus anorganic
sau organic cu rezistentd chimicd crescutd. In
literatura sunt descrise unele tehnici de acoperire
cu diferiti compusi: acoperirea cu un polimer obftinut
prin polimerizare cu plasma de microunde [13], si
acoperirea cu dioxid de siliciu printr-o metoda de tip
sol-gel [14]. Dioxidul de titan este unul din cele mai
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This paper presents the synthesis and
characterization of iron particles covered with colloidal
titanium dioxide and the functionalization of the TiO, coated
surface with cyanuric chloride. The synthesized materials
were structurally characterized using Scanning Electron
Microscopy, FT-IR spectroscopy and Energy-Dispersive X-
ray spectroscopy.

1. Introduction

In the last 30 years the magnetic particles
have been used in a wide range of applications
such as: targeted drug delivery, ferrofluids,
magnetic recording media and data storage,
magnetic resonance imaging (MRI) contrast
enhancement and hyperthermia treatment of
cancer [1-12]. The most important property of the
magnetic particles is of course the magnetization.
The most studied magnetic particles across the
world are the iron oxides (Fe, O3, Fe;O4). The goal
of many researchers is to obtain magnetic particles
with high magnetization so that in a magnetic
separation process the energy consumption will be
minimum. As knowN iron particles have higher
magnetization than that of the iron oxides and as a
consequence the particles response to a magnetic
field is higher than that of the iron oxide particles.
The main disadvantage of the iron particles is the
low stability to corrosion. This problem could be
solved if the iron particles are covered or
functionalized with a chemically resistant inorganic
or organic layer. Some techniques of covering with
different substances are described in the literature:
the coating of the iron particles with a polymer by a
microwave plasma polymerization method [13], and
the coating with silica by sol-gel method [14].
Titanium dioxide (TiO,) is one of the most important
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importante materiale anorganice care poseda
excelente proprietati optice, fotocatalitice si de
conversie a energiei. Datoritd inertiei biologice si
chimice, a puterii de oxidare, pretului scazut si a
stabilitatii ridicate la coroziune chimica si
fotochimica [15], dioxidul de titan ar putea fi un
material bun de acoperire a particulelor de fier.
Clorura de cianuril este un compus foarte utilizat in
sinteza organica datoritad reactivitatii sale ridicate,
aceasta putind fi controlata, primul atom de clor
putind fi substituit la 0°C, al doilea la 25°C si al
treilea la 60°C. Prin acoperirea particulelor de fier
cu dioxid de titan si functionalizarea cu clorura de
cianuril se obtin noi particule magnetice de care se
pot lega diferite molecule organice. Prin legarea
covalenta a unui colorant de clorura de cianuril se
obtin particule magnetice care ar putea fi folosite la
separarea ionilor metalelor grele, in cerneluri
magnetice, senzori optici si celulele fotovoltaice.
Particulele obtinte au fost caracterizate prin analiza
SEM, spectroscopie IR si EDAX.

2. Parte experimentala

Sinteza acestui material se face in trei
etape: activarea particulelor de fier, acoperirea cu
dioxid de titan a particulelor activate si
functionalizarea cu clorura de cianuril.

2.1. Reactivi

Fier coloidal (dimensiunea medie a
particulelor este de 60 um) de la Fluka, hidroxid de
potasiu (KOH, Fluka), tetrabutoxid de titan
(Ti(OBu),, Fluka), 5,5-dimetil-1,3-ciclohexandiona
(Dimedona, Fluka), clorura de cianuril (C3CI3N3,
Sigma-Aldrich). Etanol, clorura de metilen, alcool
izopropilic si dimetilacetamida (DMAc) au fost
cumparate de la Merk.

2.2. Activarea particulelor de fier

4 grame de fier coloidal au fost introduse in
50 mL solutie obtinuta prin dizolvarea a 30 grame
KOH in 100 mL alcool etilic. Amestecul obtinut a
fost agitat timp de 72 de ore. Aceasta activare
duce la formarea unui strat subtire de oxizi de fier
(FeO(OH), Fe,03, FeO) pe suprafata particulelor
de fier, strat care mareste reactivitatea si deci
dispersibilitatea dioxidului de titan pe suprafata
particulelor (fig. 1).

2.3. Acoperirea particulelor cu dioxid de titan
Este foare cunoscut ca o cale simpla de a
obtine dioxid de titan este printr-o metoda sol-gel

inorganic materials because of its optical,
photocatalytical and energy conversion properties.
Due to its biological and chemical inertness, strong
oxidizing power, low cost, and long-term stability
against photo and chemical corrosion [15], TiO,
could be a good covering material for the iron
particles. Cyanuric chloride is a compound that
has many uses in organic synthesis because of its
high and controllable reactivity, the first chlorine
atom could be substituted at 0°C, the second at
25°C and the third at 60°C. By covering the iron
particles  with  titanium dioxide and by
functionalization of TiO, with cyanuric chloride we
obtained new particles with the capacity to bind
new organic molecules. By grafting a convenient
dye (covalent bond) onto these particles a new
material is obtained with potential applications in
heavy ion separation, magnetic inks, optical
sensors and photovoltaic cells. The obtained
materials were structurally characterized using
Scanning Electron Microscopy (SEM), FT-IR
spectroscopy and  Energy-Dispersive  X-ray
spectroscopy (EDAX).

2. Experimental

The synthesis of this material consists of 3
steps: the activation of iron particles, the coating of
the activated iron particles with titanium dioxide
and the functionalization of the obtained particles
with cyanuric chloride.

2.1. Materials

Colloidal iron (medium particle size 60 pm)
from Fluka, potassium hydroxide (KOH, Fluka),
titanium tetrabutoxide (Ti(OBu)4, Fluka), 5,5-
Dimethyl-1,3-cyclohexanedione (Dimedone,
Fluka), cyanuric chloride (C3;CI3N3, Sigma-Aldrich).
Ethanol, dichloromethane, isopropyl alcohol and
dimethylacetamide (DMAc) were purchased from
Merk.

2.2. Iron particles activation

4 grams of colloidal iron particles were
immersed in 50 mL potassium hydroxide in ethanol
solution (30 grams KOH in 100 mL ethanol) and
stirred for 72 hours. This activation leads to the
formation of a thin layer of iron oxides (FeO(OH),
Fe,Os3;, FeO) on the surface of the iron particles.
This step is necessary to improve the dispersibility
(by increasing the reactivity of iron) of titanium
dioxide on the surface of the iron particles (Fig. 1).
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Fig. 1 - Activarea particulelor de fier/Iron particles activation.
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din tetrabutoxid de titan in prezenta ionilor hidroxil.
Totusi daca se urmareste obtinerea unui strat
uniform de TiO, pe o suprafatda prin aceasta
metoda nu se obtin rezultate satisfacatoare.

Prin modificarea acestei metode prin
adaugarea unei mici cantitdti de 5,5-dimetil-1,3-
ciclohexandiond, care este un agent de chelatare,
rezultatele obtinute sunt cu mult mai bune. Acest
agent de chelatare stabilizeaza alcoxizii din reactie,
ceea ce duce la controlarea intr-o mica masura a
reactiilor sol-gel.

Procedura experimentald este urmatoarea:
4 grame de particule de fier activate se
disperseaza in 100 mL etanol, intr-o moara Retch
la 250 rpm, Tmpreuna cu 1 gram KOH si 20 grame
de bile de sticla. Dupa 1 ora se adauga un sol
obtinut prin amestecarea a 1,11 mmoli de
tetrabutoxid de titan si a 2,4 moli de dimedona in 4
mL dimetilacetamida la 0°C, si se amesteca la
temperatura camerei timp de 4 ore la 250 rpm.
Particulele magnetice obtinute au fost separate in
camp magnetic, uscate si spalate cu etanol. Aceste
particule au fost analizate IR, SEM si EDAX.
Schema de reactie este prezentata in figura 2.
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Fig. 2 - Schema reactiei de acoperire a particulelor cu dioxid de
titan/Reaction scheme for the coating of iron particles
with titanium dioxide.

2.4. Functionalizarea compozitului fier/dioxid
de titan cu clorura de cianuril

Pentru functionalizarea particulelor
magnetice, particulele acoperite cu dioxid de titan
au fost introduse intr-o solutie saturata de clorura
de cianuril in diclormetan (60 mL) si agitate
puternic timp de 4 ore, la temperatura camerei.
Particulele functionalizate au fost separate in camp

2.3. Preparation of iron particles coated with
titanium dioxide

It is well known that a way to synthesize
titanium dioxide by a very simple and accessible
method, is the  sol-gel one using titanium
tetrabutoxide in the presence of hydroxyl ions.
However, if you are trying to obtain a uniform layer
of TiO, on a surface this method does not produce
the best results. If this method is modified by
adding small amounts of a chelating agent such as
5,5-Dimethyl-1,3-cyclohexanedione (dimedone)
better results can be obtained in covering the iron
particles. This chelating agent stabilizes the
alkoxide and allows one to control in a higher
manner the sol-gel reactions.

The experimental procedure is as follows: 4
grams of activated iron particles dispersed in 100
mL ethanol are mixed, in a Retch mill at 250 rpm,
with 1 gram of KOH and 20 grams of glass
spheres. After 1 hour a sol, obtained by mixing
Ti(OBu)4 (1.11 mmol, 0.33 mL) and dimedone (2.4
mmol, 0.22 mL) in 4 mL dimethylacetamide
(DMAC) at 0°C, is added and the mixture is milled
at room temperature for 4 hours at 250 rpm. The
obtained particles were separated in magnetic
field, dried and washed with ethanol. These
particles were analyzed using FT-IR, SEM and
EDAX. The reaction scheme is presented in Figure
2.

2.4. Functionalization of iron/titanium dioxide
composite with cyanuric chloride

For the functionalization of the magnetic
particles a saturated solution of cyanuric chloride
in dichloromethane (60 mL) was prepared. The
Fe/TiO, particles were mixed with the cyanuric
chloride solution and stirred at room temperature
for 4 hours. The functionalized particles were
separated in magnetic field, washed with ethanol
and dried. The reaction was carried out at room
temperature and not at 0°C (only one chlorine
atom is substituted) to ensure that the covalent
functionalization takes place (there are no studies
about TiO,-cyanuric chloride reaction). Figure 3
prezents the possible reaction that can occur at
this temperature.

3. Results and discussions

3.1. Scanning Electron Microscopy

The Scanning Electron Microscopy,
performed with a FEI Instpect F, instrument,
equipped with Energy-dispersive X-ray Detector
reveals the formation of numerous aggregates of
TiO, on the surface of the iron particle (Fig. 4a)
(the first SEM image reveals only a part (5.97 ym)
from the total iron particle size of 60 ym), with a
relative good dispersibility, thing which was
expected due to the fact that the activation process
didn't produced a uniform and continuous layer of
iron oxides on the particles surface. By increasing
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magnetic, spalate cu etanol si uscate. Reactia a
fost efectuata la temperatura camerei si nu la 0°C
(cand se inlocuieste doar un atom de clor), pentru

the magnification (Fig. 4b) to 200000x the titanium
dioxide particles can be observed. The diameter of
TiO, particles varies between 20 and 80 nm.

a fi siguri ca reactia covalentd are loc (nu exista
studii despre reactia dintre clorura de cianuril si
dioxidul de titan). Tn figura 3 sunt prezentate
posibilele reactii care pot avea loc la aceasta

3.2 Energy-Dispersive X-ray spectroscopy
The EDAX analysis (Figure 5) shows the
component elements of the Fe/TiO, particles. As it
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Fig. 3 - Reactii posibile intre Fe/TiO; si clorura de cianuril la 25°C/Possible reactions between Fe/TiO; and cyanuric chloride at 25°C.

3. Rezultate si discutii

3.1 Analiza SEM

Imaginile SEM, facute cu un instrument
FEI Instpect F, care este echipat cu un detector de
raze X dispersiv in energie, arata formarea a
numeroase agregate de TiO, pe suprafata
particulelor de fier (fig. 4a) (prima imagine SEM
prezinta doar o parte (5,97 ym) din dimensiunea
totala de 60 um a unei particule de fier), care au o
dispersibiliate relativ buna, lucru care era de
asteptat datorita faptului ca prin activarea
particulelor de fier nu s-a obtinut un strat uniform si
rafata particulelor.

can be seen along with the expected elements,
iron, titanium and oxygen it was also found
potassium, which comes either from the first step,
the activation of the iron particles, or from the
second step when needed potassium hydroxide to
obtain titanium dioxide from alcoxid-dimedone
complex.

3.3. FT-IR analysis

The FT-IR analysis was conducted using a
Bruker Tensor 27 instrument with diamond ATR
annex. In Figure 6 we can observe the spectrum of
iron-titanium dioxide (a) and iron-titanium dioxide
functionalized with cyanuric chloride (b). As it can

Hv mag | WD | HFW | d
PN 30.00 kV| 200 000 x/9.7 mm|1.43 ym| ETD!

Fig. 4 - Imagini SEM ale compozitului Fe/TiO, la marire de 50000x (a) si de 200000x (b)/SEM images of Fe/TiO, composite at 50000x (a)

and 200000x (b).
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Prin marirea magnificatiei la 200000x (fig. 4b) pot fi
observate particulele de TiO,. Diametrul acestor
particule variaza intre 20 si 80 nm.

3.2 Analiza EDAX

Analiza EDAX (fig. 5) arata compozitia
elementala a particulelor Fe/TiO,. Dupa cum se
observa alaturi de elementele asteptate apare si
potasiul, care poate proveni fie de la prima etapa,
activarea particulelor de fier, fie de la etapa a 2-a
cand dioxidul de titan se obtine din complexul
dimedona-tetrabutoxid de titan in prezenta
hidroxidului de potasiu.

be seen there is a big difference between the two
spectra.

The first difference is in the spectra’s
intensities, the second spectrum having a higher
intensity due to the reaction with cyanuric chloride.
Another important difference is the appearance of
some new peaks: 1400, 1415, 1457, 1697, 3069,
3200 cm™, peaks that are specific to C-N stretch
vibration from heterocyclic ring and 789 cm” peak
which is attributed to one of the remaining C-ClI
bond. The peak at 1062 cm” was attributed to C-O
stretching vibration from the new created bond Ti-
O-C. In cyanuric chloride the peaks for the 3 C-CI

100 00
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Fig. 5 - Compozitia elementala a particulelor Fe/TiO,/EDAX elemental composition of Fe/TiO, particles.

3.3 Analiza FT-IR

Analiza FT-IR a fost efectuatd cu un
instrument Bruker Tensor 27, prevazut cu
dispozitiv din diamant pentru atenuarea reflexiei
totale (ATR). In figura 6 putem observa spectrul
particulelor Fe/TiO, (a) si Fe/TiO, functionalizate
cu clorura de cianuril (b). Dupa cum se poate
observa intre cele 2 spectre sunt multe diferente. O
prima diferenta ar fi intensitatea celor 2 spectre, cel
de-al doilea spectru avand o intensitate mai mare
datorita reactiei cu clorura de cianuril. O alta
difernta |mportanta este aparitia unor n0| picuri:
1400, 1415, 1457, 1697, 3069, 3200 cm™, picuri
care sunt caracteristice vibratiilor de mtmdere C-N
din inelul heterociclic, si pICU| de la 789 cm™, care
este atribuit legaturii C-Cl care a ramas nesubstltwt
din clorura de cianuril. Picul de la 1062 cm™ a fost
atribuit vibratiei de intindere a legaturii C-O d|ntre
dioxidul de titan si clorura de cianuril (Ti-O-C). 1
spectrul clorurii de cianuril picurile pentru cele 3
legaturi C-Cl sunt la 790, 846 si 880 cm™” Cum in
spectrul b gasim numai un pic la 789 cm™” putem
trage concluzia ca ceilalti 2 atomi de clor au fost
substituiti.

bonds are at 790, 846 and 880 cm™. In the second
spectrum it was found only the peak at 789 cm™,
thing that leads to the conclusion that the reaction
took place at 2 C-Cl bonds.

4. Conclusion

In present paper we obtained new magnetic
particles which can be used in many applications.
The iron particles covered with titanium dioxide
and functionalized with cyanuric chloride were
obtained by a simple and accessible technique.
The reaction of the obtained particles with an
organic compound is very facile and leads to the
synthesis of new magnetic particles with potential
applications in heavy metal separation, magnetic
inks, optical sensors and photovoltaic cells.
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Fig. 6 - Spectrele IR ale Fe/TiO, (a) si Fe/TiOy/clorura de cianuril (b)/IR spectra of Fe/TiO, (a) and Fe/TiO,/Cyanuric chloride.

4. Concluzii

in aceasta lucrare am prezentat obtinerea
unor noi particule magnetice care pot fi folosite in
multe aplicatii. Particulele de fier acoperite cu
dioxid de titan si functionalizate cu clorura de
cianuril au fost obtinute printr-o metoda simpla si
accesibila. Reactia ulterioara a particulelor obtinute
Cu un compus organic este usor de realizat, iar prin
aceasta s-ar obtine noi particule magnetice cu
aplicatii potentiale in separarea ionilor metalelor
grele, cerneluri magnetice, senzori optici si celule
fotovoltaice.
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Modelarea sistemelor vitroase este un domeniu de
aplicabilitate al unui numar considerabil de modele si
metode matematice. Aceasta se datoreaza diversitatii
compozitionale a materialelor vitroase, dependentei de
conditiile de procesare si, consecutiv, particularitatilor
structurale la scale diferite de observatie.

In prezent, studiile de acest tip se apropie din ce in ce
mai mult de obiectivul ultim catre care converg
eforturile de modelare, si anume corelatia eficienta
dintre compozitie, structura si proprietatile de material.
Pentru aceasta, este necesara utilizarea conjugata, in
cele mai multe cazuri, a mai multor modele si metode
matematice performante, moderne, aflate in general in
zona de intersectie dintre o serie de discipline
stiintifice.

Pornind de la aceste considerente, autorii Dorel RADU
si Zeno GHIZDAVET, cadre didactice la Departamentul
Stiinta  si Ingineria  Materialelor ~ Oxidice  si
Nanomateriale a Facultatii de Chimie Aplicata si Stiinta
Materialelor, Universitatea POLITEHNICA Bucuresti,
au elaborat manualul Modele structurale ale
materialelor vitroase, destinat studentilor masteranzi,
dar care poate fi util si doctoranzilor si cercetatorilor.
Sunt prezentate si explicate intr-un mod coerent si pe
larg informatii de literaturd si contributii proprii ale
autorilor, structurate in doua parti: Baza teoretica si

Proiect cofinantat din Fondul Social European prin Programul Operational Sectorial
Dezvoltarea Resurselor Umane 2007-2013. Investeste in oameni!
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MODELE STRUCTURALE ALE
MATERIALELOR VITROASE

POLITEHNICA
5 PRESS

Aplicatii. Pentru a creste gradul de accesibilitate si a facilita lecturarea, dar si deoarece in unele cazuri
componenta matematica prezinta un anumit nivel de dificultate, centrul de greutate al acestei lucrari a fost
deplasat catre conceptualizare, algoritmizare si aplicabilitate. Nu a fost insa neglijata nici descrierea matematica
dar a fost redusa la un minim necesar intelegerii modelului matematic, privit ca o constructie mult mai complexa
decat relatile matematice care se afld la baza sa. in consecintd, modelele si metode matematice prezentate in
carte, desi se refera la un domeniu oarecum limitat — al sistemelor vitroase — pot fi aplicate, cu adaptarile
necesare, si pentru modelarea si simularea altor materiale oxidice si nu numai.
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