Preparation of rare earth two-dimensional nano-thin film using PET as carrier
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A structurally ordered rare earth two-dimensional nano-thin film using polyethylene terephthalate (PET) as carrier was obtained using the
homogeneous precipitation method. Films with different sizes and morphologies were prepared by adjusting reaction temperature, reaction
time and concentration of reactant. Microstructures of the films were obtained by scanning electron microscopy and energy dispersive
spectrometry, and the results showed that the sample revealed the optimal micro-morphology when it was prepared at 85°C for 24 h with
the concentration of Y(NO;)3;.6H,0, H,NCONH, and C;,H,5S04Na fixed at 0.01 M, 0.04 M and 7 g/l, respectively. Moreover, uniform,
dense and ordered films were successfully prepared over a large area at the gas—liquid surface using PET as carrier.

1. Introduction: Rare earth ions have been found to be versatile
as key materials for fluorescence, magnetic, electronic, catalysts,
laser and ceramic material applications [1-6]. In recent years,
rare earth two-dimensional thin films have been widely used in
various fields. Preparation methods of rare earth two-dimensional
thin film materials mainly include the hydrothermal synthesis
method, the homogeneous precipitation method and the ion
exchange method [7-9].

The hydrothermal synthesis method is characterised by high
particle purity and good dispersion, but equipment requirements
are demanding, the technical difficulty is large and the safety per-
formance is poor. Although the ion exchange method is simple,
operation is much more complicated. Compared with above
two preparation methods, the homogeneous precipitation method
[10-12] is simple to operate, and the particle growth rate can be
controlled within an appropriate range, so as to obtain well-
balanced particle size, and high purity nanoparticles, which
makes it more conducive to industrial production. Due to these
advantages, Borlaf et al.[13] prepared rare earth-doped TiO, nano-
crystalline thin films by the homogeneous precipitation method.

In summary, in view of the reported morphological imperfection
problems in thin films, we use a simple homogeneous precipitation
method to prepare a uniform, dense, ordered and large-scale growth
of rare earth two-dimensional nano-thin film. Polyethylene tereph-
thalate (PET) thin film is a colourless, odourless, transparent and
shiny thin film with good mechanical and optical properties, chem-
ical resistance and moderate biocompatibility [14—16]. Therefore,
we use it as a carrier for the thin film.

2. Experimental

2.1. Materials: Using analytically pure yttrium trinitrate
hexahydrate (Y(NO;3)36H,0) and urea (H,NCONH,) as raw
materials, sodium dodecyl sulphate (C;,H,5SO4Na) as surfactant,
and deionised water as solvent, PET sheet was used as a carrier
for thin film growth.

2.2. Preparation of yttria thin film: The Y(NO5)36H,0, H,NCONH,
and C,,H,5S04Na were dissolved in 20 ml deionised water, using
ultrasonic agitation until complete dissolution. The surface-treated
PET carrier was placed on the gas—liquid surface of the reaction
vessel containing the mixed solution, and reacted at a constant tem-
perature to prepare a rare earth oxide thin film.
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2.3. Characterisation of yttria thin film: Morphologies of
samples were studied using a PHILIPS XL-30 scanning electron
microscope (SEM) operated at an accelerating voltage of 5 kV,
gold was surface coated for SEM measurement.

3. Results and discussion: The SEM was used to characterise the
morphology of the sample prepared at 85°C for 24 h with
concentration of Y(NO3)36H,0, H,NCONH, and C;,H,5SO4Na
fixed at 0.01 M, 0.04 M and 7 g/, respectively. Fig. la shows
typical SEM images of rare earth oxide nano-thin film using PET
as carrier, which we could see a uniform, dense, ordered and
large-scale growth of two-dimensional nano-thin film formed by
tightly connected nanowires. The energy dispersive spectroscopy
(EDS) element analysis results (elemental distribution for Y and
O shown in Fig. 1b) confirmed that the sample was Y,0s.

The effect of three factors was evaluated: reactant concentration,
reaction temperature and reaction time on the microstructure of rare
earth oxide nano-thin film using PET as carrier. The series of SEM
micrographs in Fig. 2 presents the effect of reactant concentration
on the shape and size of products. All other experimental con-
ditions, such as the concentration of surfactant, reaction temperature
and reaction time, were all fixed as indicated by the optimum
conditions. It can be seen from Fig. 2 that the concentration of
Y(NO3)36H,O 0.01 M gave the best morphology and the most
extensive coverage. Fig. 2a shows the morphology of the
as-prepared samples, which was rod-shaped partially assembled
together and scattered. As illustrated in Fig. 2b, the diameter and
the length of the rod-like products were 300 and 800 nm, respect-
ively. The sample coverage was higher than that of Fig. 2a, but it
was still assembled and disordered. Fig. 2d shows that disordered
nanorods form thin films with partial deposits. As the precipitate
particles growing in the solution had supersaturation, when the con-
centration of reactants increased, the precipitate particles gathered
together, it was difficult to form a dense and orderly thin film.

The rate of product precipitation critically depended on reaction
temperature. To quantify this effect, reaction temperature was
varied between 75 and 90°C. Other experimental conditions were
kept constant. It showed that 85°C was the optimum. The mor-
phology, size and distribution of the products at 85°C were the
best (Fig. 3c¢). When the reaction temperature was 75°C (Fig. 3a),
the products were nanorods with diameter and length of 200
and 500 nm, respectively. Since some of them were irregularly
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a b

Fig. 1 SEM and EDS images of rare earth oxide nano-thin film using PET
as carrier

a SEM image

b EDS image

c

Fig. 2 SEM images of rare earth oxide nano-thin film using PET as carrier
prepared in different concentrations of reactant

a Y(NO;).6H,0 0.001 M, H,NCONH, 0.004 M

b Y(NO3).6H,0 0.002 M, H,NCONH, 0.008 M

¢ Y(NO3).6H,0 0.01 M, H,NCONH, 0.04 M

d Y(NO3).6H,0 0.02 M, H,NCONH, 0.08 M

a b

c

Fig. 3 SEM images of rare earth oxide nano-thin film using PET as carrier
prepared in different reaction temperatures

a 75°C

b 80°C

¢ 85°C

d 90°C
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assembled together, the thin film could not be formed. At 80°C
(Fig. 3b), the products were assembled disorderly by nanorods
with a diameter of about 100 nm, although the coverage was
higher than at 75°C without forming a thin film. When the reaction
temperature was too high, the hydrolysis rate of the homogeneous
precipitant urea was too fast, resulting in deposits that destroy the
orderly and dense thin film (Fig. 3d).

Furthermore, reaction time also greatly affected the morphology
of the samples. Under 85°C and fixed concentration of Y
(NO3)36H20, H2NCONH2 and C12H25SO4Na at 0.01 M, 0.04 M
and 7 g/l, respectively, the reaction time ranged from 12 to 72 h,
and their SEM images are shown in Fig. 4. It can be seen from
the figure that the reaction time had no regular change in the forma-
tion of the thin film, but it had a great influence on the regularity of
the thin film formation, and the optimum reaction time was 24 h
(Fig. 4b). As shown in Fig. 4a, the nanorods with a diameter of
100 nm were disordered so that a uniform thin film could not
be formed. Fig. 4c demonstrates that when the reaction time was
48 h, because of the release of excess hydroxide ions, the product
essentially was a sediment without regular morphology. When
the reaction time was further extended to 72 h (Fig. 4d), due to
the reaction time, secondary growth might occur, resulting in the
emergence of hole structure.

Based on the above observation, the reaction mechanism of
the rare earth oxide nano-thin film prepared by the homogeneous
precipitation method using PET as the carrier included two distinct
steps: (i) hydrolysis of H,NCONH, (1) and (ii) precipitation reac-
tion (2)

(NH,),CO + 3H,0 = 2NHj + 20H" + CO, (1)
2Y*" +30H" = Y,0, + 3H" )

In the above steps, (2) is an instantaneous reaction, and (1) is a slow
reaction, which is a step in controlling the reaction rate. Fig. 5
shows a possible schematic representation of the transformation
from the disordered nanorods into the large area thin film formed
by ordered connected nanowires. It can be seen from the figure
that with the increase of the reactant concentration, the reaction tem-
perature and the reaction time, the rod-like product may gradually
change from monodisperse stubby form to partially assemble

Fig. 4 SEM images of rare earth oxide nano-thin film using PET as carrier

prepared in different reaction times

al2h
b24h
c48h
d72h
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Fig. 5 Schematic representation of rare earth oxide nano-thin film growth
process using PET as carrier

together in a slender shape. When the three factors reach the appro-
priate conditions, the product changed into a uniform and dense thin
film formed by tightly connected nanowires.

4. Conclusion: Rare earth oxide two-dimensional nano-thin
film was successfully prepared at the gas—liquid surface using
PET as carrier by the homogeneous precipitation method.
The preparation conditions of the samples including reactant
concentration, reaction temperature and reaction time were
optimised by the SEM images of the samples. Based on this, we
conclude as follows: when the sample was prepared at 85°C for
24 h with the concentration of Y(NO3);6H,0, H,NCONH, and
C12H5SO4Na fixed at 0.01 M, 0.04 M and 7 g/l, respectively, it
shows a uniform, dense, ordered and large-scale growth of rare
earth oxide two-dimensional nano-thin film.
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