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Existing of non-magnetite layer in magnetite nanoparticles obtained in different
conditions of chemical precipitation of solution of 2 and 3 valences of iron salts by surplus
alkali has been established. Mechanism of formation of non-magnetite layer in the surface of
magnetite nanoparticles, dependence of thickness of non-magnetite layer from size and
condition of preparation of magnetite nanoparticles has been investigated.

1. INTRODUCTION

At present existing of non-magnetite layer in magnetite nanoparticles has been
established by different authors [1,2]. However, problem of mechanism of formation and
nature of non-magnetite layer in magnetite nanoparticles don't investigated. These
imvestigations are necessary to obtain information allowed controlling of preparation of
magnetite nanoparticles, receiving nanoparticles with early given size and properties.

The present work is dedicated to the investigation of mechanism of formation of non-
magnetite layer in the surface of magnetite nanoparticles.

2. THEORY

2.1. Establishment of existing of non-magnetite layers in the surface of magnetite
nanoparticles and determination of its thickness.

At early experimental magnetisation curves of samples of magnetite nanoparticles at
different concentration of magnetite was been investigated [1-3].

Magnetization curves of samples 1, Il of magnetite nanoparticles by average
diameters of nanoparticles 9.48 and 7.3 nm at concentration of solid phase ¢, = 0.012 and
0011 obtained by experimental and calculated by Langevin equation respectively are
showed in fig.1 (a,b). As see experimental values of saturation magnetisation of samples |
and I (M, = 0.327-10"A4/m, 0.384-10" 4/ m , correspondingly) and calculated its value

M!,  =0549-10"4/m, 0.523-10"A/m ) are not agree [1-3].

N yutheor

Langevin equation at big value of magnetic field may be write as M:mw = z"/f_;_cpg (M,
1s saturation magnetisation of bulk magnetite) and ¢, calculated from correlation of
M; ., /M . for these samples is equal to 0.007, 0,008 correspondingly and don't equal to @,
indicated above (0.012 and 0.011). We suggested, that geometrical size of nanoparticles (d,)
not is equal to magnetic size of nanoparticles (d,,) and nanoparticles have non-magnetite
layer (d,= d, —x). Use expression of concentration solid phase for correlation of solid and
magnetic phase we obtain ¢, /gom :a’; /idg —xi =a where over line of parameters is

indicated to its average value. At writing this expression we also suggested, that all
nanoparticles of medium have non-magnetite layer. After transformation of expression of
correlation of concentration get following cubic equation

¥ =3.d,x*+3.dx—(1-a)d’ =0 (1)
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Fig.1a Magnetisation curves of sample I at ¢, = 0.012 obtained experimental (curve 1), by

Langeven equation without and with take into account non-magnetite layer (curves
2.3).
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Fig.1b Magnetisation curves of sample I (b) at ¢, = 0.007 obtained experimental (curve 1),
by Langeven equation without and with take into account non-magnetite layer (curves 2,

3).

which has been solved at following conditions: a) x=const, that is non-magnetite layer
equally in all nanoparticles and independent its size; b) d, =const, system is

monodisperse and in this case must x=const; ¢) x=d, -k, non-magnetite layer is linear

function of geometrical size of nanoparticles.
At take account these conditions equation (1) transformed to

a)x’ ~3-d x* +3-d’x—(1-a)d’ =0 (1a)
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6) x’=3-d,x*+3-dx—(1-a)d, =0 (1b)
c) (k-1 +a=0 (1c)
Values of a are 0.606, 0.556, 0.509, 0.381 correspondingly for samples I, II, [II and IV.
Values of d—g,d_;,d_:_, taked from [4] (see table la). Thickness of non-magnetite layer

determined from equations 1(a), 1(b), 1(c) and values of “k”for samples L, Il, Il and [V are
presented in the columns (a), (b), (c) and (d) of the table 1(b), respectively. Analysis of
obtained results and take into account conditions of preparation of these samples [6-8]
showed, that value of non-magnetite layer increase by increasing of nanoparticles size and
also depended from properties of carrying mediums (columns I(b), I(c) of table 1(b)). This
is described, that quantity of molecule absorbed to surface of nanoparticles is increased with
increasing size of nanoparticles and i1s changed in dependence of properties of carring
mediums. Agreement of average values of non-magnetite layer and its near to parameter of
crystal cell of massive magnetite (0.839 nm) indicate, that reaction of formation non-
magnetite layer in magnetic nanoparticles occurs by diffusion mechanism.

Table 1. a) Values of d_g, d;, :13 and of sample L, II, III, TV; b) Values of non-magnetite
layer and value “k”, obtained from equations 1(a), 1(b), 1(c).

a)
Slamp d,,nm | &> nm® | d&2,nm?
es
1 9.48 95.46 1020.04
I 7.76 65.49 600.484
m 7.33 56.65 460.949
v 5.44 30.94 183.867
6)
Samp (a) (b) 1(c) 1(d),
les X, HM X, HM X, HM k
| 0.83 0.728 0.729 0.154
I 0.83 0.689 0.689 0.178
11| 0.83 0.738 0.739 0.201
v 0.83 0.809 0.747 0.275

Kaiser R. and Miskolzy G. have described one of reason of formation of non-
magnetite layer in [9] and Bibik E.E. and etal [10]. Decreasing of contains magnetic
substance in probability is related with chemical demagnetisation of surface of magnetite
nanoparticles, the interaction of molecule of surface active stabilizer with magnetite
nanoparticles consequently formation of non-magnetite salt - oleat iron, which is non-
magnetite layer .

2.1. Kinetic equation of description of mechanism of formation of non-magnetite layer.

Changing of concentration of reagent (C(#¢) in time may be is described by
following diffusion equation

X _ pvrcir.-KCer.n | )

1%
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where D- the diffusion coefficient, K — the reaction constant.
Use dimensionless value x=r/; in equation (2), where ry 1s source radius of
nanoparticles and after transform to spherical coordinate system we obtain

oC(x,1) _ Q_OZC(x, 1) . 2D C(x,1)

ot r} o #'x rix  Ox
Solution of equation (2’) will be to find as production of two functions C(x,1)=A(x)-B(t) [11]
at following boundary condition C(x, r)|HO =0, C(x, I)L_m =C,. After substitute this to

~KC(x,1) )

equation (2’) we obtain two equations, solution of second equation is B(f)=(1-e *) and
first equation is become:
A2 Af a
D_%_Lif_gfl+£l__’4(_zlL_K:_,z 3)
0
We obtain Rikatti type equation [12] after consequently introducing new variables U(x) by
transformation A'(x)=U(x):A(x) and V(x) by V(x) =U(x)+ L in equation (3)
x

V'(x)+ V3 (x)=py =0 4

A-K
=
Solution of equation (4) 1s:

where y =

V(x):ﬁroth(ﬁxro)

After back transformation obtain

const
A(x) = . cth(yery + Cyw,y)

Dependence of thickness of non-magnetite Iayer from time is:
3 dr(t
—-p——= () = KCe *const — c!h(,} o + Colrr)

rodt
() _, de
dt
Then definitively expression of thickness of non-magnetite layer is:
T
Y+ 210 (5)
Value of non-magnetite layer and rate of cha,nge in asymptotic is:

1 KC dr(t 1. ;s KC
r(r)I)O :0: r(!)lpg,m =5 O-J-—ro, d([) —§y3/2 pO
-0
dr(t)

dt

p is density of bulk magnetite (5.24 g/m’) and

r(t) =r

=0

[y

3. NUMERICAL CALCULATION

As see from (6) r(t) at initial time 1s equal to zero and future exponentially 1s
increase and at big time is plateau. Change of thickness of non-magnetite layer from time at
initial time is maximum, at big time it practically is stopped.

Numerical analysis of expression (5) of non-magnetite layer has been carried out at
value Co= lkg/m’ , K; =51.519-10" K,=26.82810", K;=73.62810" K, =552610°
14 K; constant of reaction magnetite with NaOH, 2% SDS, H;O, NH;OH correspondingly,
which was been used for precisation, washing, stabilzation of magnetite nanoparticles. Value
of K; was been calculated by formule in [13].
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Program on the base of (5) has been written in FORTRAN algorithmic language and
realized in PENTIUM computer.

4. RESULTS AND DISCUSSION

Typical curves of formation non-magnetite layer in dependence time in take into
account size of magnetite nanoparticles are presented in fig.2. Analysis showed, that
saturation of formation non-magnetite layer is reach in during 8-10 minutes and depended
from size of nanoparticles and properties of carrying mediums.

Rk s

Fig 2 The dependence of formation non-magnetite layer in sample I from preparation time of
nanoparticles at presence NaOH, NH;OH, H,0, 2% SDS.

In fig.3 are presented the dependence of value of thickness of non-magnetite layer
from molecular weight carrying medium. As see with decreasing of molecular weight of
reagent increased of saturation time.

Fig.3 The dependence of formation non-magnetite layer in samples 1, T, Il and IV from
molecular weight of reagents.
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In fig.4 are presented the dependence of formation of non-magnetite layer from time
at presence of NH; for samples [, IT, [Tl and I'V.
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Fig.4 The dependence of formation of non-magnetite layer in samples 1, II, I and IV at
presence NH;OH

Results of linear regression analysis (# = A + Brgy) of thickness of non-magnetite layer
from reacted reagents H,0, NaOH, NH;OH, 2% SDS at different size of nanoparticles are:
(A,B): (-0.061, 0.085), (-0.224, 0. 164), (-0.128, 0.173) and (-0.899, 0.234), respectively.
Take into account, that in all cases value of 4 more less in comparing value B, we will be
suggested, that non-magnetite layer may be describe by r= Bry . Comparing of value of k
(from table 1) and value of B we obtain, that “k;“corresponded to B; (index i corresponded
to order of samples), that in reality characterised method of preparation of samples.

Results of linear regression analysis of dependence of non-magnetite layer from size
of nanoparticles in different reagents are: (4, B) = (0.624:107, 0.234); (-0.164:102, 0.164); (-
0.107-10%, 0.173); (-0.225-10, 0.085) correspondingly for H;0, NaOH, NH:OH, 2% SDS.
As see with increasing molecular weight of reagents value of non-magnetite layer is
decreased.

Investigation of distribution of magnetite nanoparticles on non-magnetite layer
showed, that it is like to distribution of nanoparticles on size and allow use distribution
nanoparticles on size to characterisation of non-magnetite layer (average value, dispersity
and etc.). This is suggested by theorem in [14]. Parameters of distribution nondimensional
data are: x=0.385, 6=0.423, y=0.687, € = 0.451, pr =1.741.

Thus, take into account above indicating may be suggested that, non-magnetite layer
is formated in magnetite nanoparticles at its synthesis. Mechanism of formation of non-
magnetite layer is diffusion of molecule arround medium to nanoparticles, saturation of
formation of non-magnetite layer i1s reach at during 8-10 minutes. Value of non-magnetite
layer depended from of size and conditions of preparation of magnetite nanoparticles. Non-
magnetite layers prevent future oxidation of magnetite nanoparticles. Non-magnetite layer is
significant with decreasing diameter of nanoparticles for which, magnetization saturation of
samples is decreased strongly.
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NANOMAQNETIT ZORROCIKLORIN KIMYOVI SUSPENZIYA METODU ILD
ALINMASI ZAMANI ONLARIN SOTHINDS QEYRI MAQNETIT MADDONIN
OMOLO GOLMD KINETIKASI.

RASIM 9. OLI-ZADO

Nanomgqnetit zorrociklorin 2 ve 3 valentli demir duzlarinin birge malulunun ifrat
olciido gelovi ile suspenziya edilmesi ilo alinmasi zamani onlarin sethinde qeyri maqnetitin
maddonin emala golmesi tesdiq olunmugdur. Qeyri magnetit maddenin amele golme
mexanizmi, onun qalinlifinin nanomagnetitin dlgiilorinden vo alinma geraitindon asililigt
tedqiq olunmusgdur.

KHHETHKA ®OPMWPOBAHUSA HEMATHETHTHOI'O CJIOA HA
NOBEPXHOCTH HAHOYACTHUIL] MATHETUTA ITPH NPUTOTOBJIEHVU UX
METOAOM XUMHYECKOI'O OCAXKJAEHW

PACHM A. AJIN-3AJIE

BoijI0 yCTAHOBIEHO CYLHECTBOBAHWE HEMArHETHTHOTO CJIOf HA MOBEPXHOCTH HAHOHACTHI
MAarHETHTA MOMYYEHHOr0 XUMUUECKUM OCAKOSHMeM 2 M 3 BalneHTHHIX coneil xenesa B
H3DLITOUHOR HIEITOYH. Brin HCCIIegoBad MEeXaHH3IM d)OpMHpOBaHHH HEMArHETHTHOIO CJIOS Ha
MOBEPXHOCTH HAaHOYACTHL MArHeTUTa, 3aBHCHMOCTE TOJILIMHBI HEMATHETHUTHOrO CJiof OT
pa3smMepa u YCJIOBHH NOATOTOBKH MAarHETHTA.



