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Abstract: F-Mn co-doped SnO, nanoparticles with rutile structure were synthesized by hydrothermal method. Effects of alkali

source, pH, dopant, surfactant, and calcination temperature on crystalline phases, micromorphology, dispersion, and optical

properties of F/Mn co-doped SnO, nanoparticles were studied. The F-Mn co-doped SnO- nanoparticles were characterized by X-ray

diffraction (XRD), scanning electron microscopy (SEM) and ultraviolet/visible/near (UV-Vis-NIR) spectrophotometer. The results

show that we can get F-Mn co-doped SnO, nanoparticles with higher crystallinity, smaller diameters and well dispersion. The F-Mn

co-doped SnO; coating has a good lighting and high near-infrared shielding performance, in which the transmittance of visible light

is about 90% and the near-infrared shielding rate is about 93%.
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Tin dioxide (Sn0O,) is an n-type semiconductor with a wide
band gap of £,=3.6~4.0 eV showing high chemical and
mechanical stabilities. SnO, possesses superior properties and
is widely used in various fields, such as catalyst, conductive
ceramics, sensors, displays, solar cells, and optical. Thus, tin
dioxide is widely used in thermal insulation coatings. Many
scholars have studied the different element doped tindioxides,
such as Yb-doped SnO,, Ni-doped SnO,, Mn-doped SnO,,
La-doped SnO,, and Cu-doped SnO,*". used in conductive
ceramics, sensors, displays, solar cells, optical, etc. Several
methods have been applied to synthesize SnO, nano-materials,
such as thermal evaporation', plasma treatment'”), laser abla-
tion!'", hydrothermal[”’n], solvothermal!™, precipitation[m’ls],
microemulsion" and sol-gel"”.

In the present study, hydrothermal method was used to
prepare F/Mn co-doped SnO, powder. The effects of alkali
source, pH, dopant, surfactant, and calcination temperature on
crystalline phases, micromorphology, dispersion, and optical
properties of F/Mn co-doped SnO, were investigated. The
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hydrothermal method is a simple, cost-effective, non-polluting
and energy saving process, so it is suitable for industrial
production. The products synthesized by the hydrothermal
method are of high purity, well-dispersibility and controllable
sizes.

1 Experiment

All reagents were of analytical grade without any further
purification. In a typical procedure, appropriate amounts of
oxalic acid (C,H,0,2H,0) were dispersed into 50 mL
de-ionized water with magnetic stirring for about 10 min at
the room temperature to adjust pH value to about 2. The
purpose is to inhibit the hydrolysis of tin (IV) chloride penta-
hydrate (SnCly-5H,0) too quickly. 8.765 g SnCl,-5H,0 and
appropriate amounts of ammonium fluoride (NH4F), potassium
fluoride (KF), hydrofluoric acid (HF), sodium fluoride (NaF)
as well as manganese (Il ) choride tetrahydrate (MnCl,-4H,0),
manganese (II) sulfate monohydrate (MnSO,-H,0) were then
added to the oxalic acid solution. After continuously stirring
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for 1 h, the suspension was added with 0.5 mmol of
polyethylene glycol (PEG) (for structural units), sodium stearate,
sodium dodecyl sulfonate (SDS),
bromide (TPAB) or cetyltrimethyl ammonium bromide
(CTAB) and ultrasonically dispersed for 0.5 h. Then NaOH
solution, potassium hydroxide (KOH) and ammonium
hydroxide (NH;'H,O) were slowly dropped into the SnCl,
solution until the pH value reached 6~11 under continuous
magnetic stirring and a brown suspended solution was

tetrapropylammonium

obtained, which was then transferred into a Teflon-lined
autoclave (100 mL), and held in an electric oven at 200 °C for
12 h. Finally the autoclave was allowed to cool to room
temperature naturally. The brown powder was harvested by
filtration and washed with de-ionized water several times
before drying in vacuum at 100 °C for 3 h.

The prepared F-Mn co-doped SnO, nanoparticles were
dispersed in water, and then mixed with polycarbonate and a
proper amount of additives to prepare coating. The coating
was sprayed on the glass sheet and dried to get the thin film.

2 Results and Discussion

X-ray diffraction (XRD) analysis was used to examine the
crystal structure of the products. The patterns of F-Mn
co-doped SnO, nanosized powders synthesized with different
alkali source are shown in Fig.1. Fig.1c shows that the XRD
peaks of F-Mn co-doped SnO, prepared with NH;-H,O as
alkali source are not much sharper. Fig.1b shows that the
XRD pattern of F-Mn co-doped SnO, prepared with KOH as
alkali source agrees with the standard JCPDS card No.01-
0657. Fig.1a shows that the XRD pattern of F-Mn co-doped
SnO, prepared with NaOH as alkali source agrees well with
the standard data and the strong and sharp peaks indicate that
the F-Mn co-doped SnO, nanosized powders are highly
crystallined.

The XRD patterns of F-Mn co-doped SnO, nanoparticles
synthesized with different pH are shown in Fig.2. It shows
that rutile phases F-Mn co-doped SnO, crystallites with
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Fig.1 XRD patterns of F-Mn co-doped SnO; (Fo.0sMng.0sSng.000-)
nanosized powders synthesized by different alkali source:
(a) NaOH, (b) KOH, and (c) NH;3-H,O
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Fig.2 XRD patterns of F-Mn co-doped SnO- (Fo.0sMno.05Sng.0002)
nanosized powders synthesized with different pH: (a) pH=6,
(b) pH=S8, (¢) pH=10, and (d) pH=11

tetragonal structure could be directly obtained with different
pH.

Furthermore, the crystallite grain size of F-Mn co-doped
SnO, could be estimated as 8~10 nm according to Scherrer
formula L=K2/fcosf, where K=0.89 is a constant, 1=0.154056
nm is X-ray wavelength, f# is FWHM, 6 is Bragg’s angle in
degree. When pH=10, the peaks are strongest. The condition
of the pH=10 is probably most conducive to the crystals. The
XRD patterns of F-Mn co-doped SnO, nanosized powders
synthesized with different dopants are shown in Fig.3. No
impurity peaks are observed, indicating the high purity of the
final products.

The product morphology was determined by scanning
electron microscopy (SEM). SEM images of F-Mn co-doped
SnO, prepared with different alkali source are shown in Fig.4.
Fig.4c shows that the morphology of F-Mn co-doped SnO,
prepared with NH;-H,O as alkali source likes a similar mesh
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Fig.3 XRD patterns of F-Mn co-doped SnO> (Fo.0sMng.0sSng.0002)
nanosized powders synthesized with different dopants:
(a) NHsF & MnCl4H,O, (b) HF & MnSOsH,0,
(¢) KFMnClL4H,, (d) KF & MnSO4+H;O, (e) NaF &
MnCl,-4H,0, and (f) NaF & MnSO4-H,0
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Fig4 SEM images of F-Mn co-doped SnO, (Fo.0sMng0sSng.0002) prepared with different alkali source: (a) NaOH, (b) KOH, and (c¢) NH3-H,O

composed of nanoparticles. Fig.4b shows that the morphology
of F-Mn co-doped SnO, prepared with KOH as alkali source
likes snowflake composed of nanoparticles. Fig.4a shows that
the morphology of F-Mn co-doped SnO, prepared with NaOH
as alkali source shows irregular nanoparticles with good
dispersion.

SEM images of F-Mn co-doped SnO, prepared with
different surfactants are shown in Fig.5. Fig.5a shows the
morphology of the products obtained without surfactant.
Fig.5b~5f shows the morphologies of the products obtained
with different surfactants while keeping other experimental
conditions unchanged. Fig.5a shows that the sample without
surfactant is severely agglomerated. The morphology of the
product prepared with CTAB shows the best particle size
distribution and the good dispersion.

SEM images of the F-Mn co-doped SnO, prepared at

different calcination temperatures are shown in Fig.6. The
calcination temperature has more influence on the morphology
of nanoparticles. The morphology of F-Mn co-doped SnO,
obtained at 600 °C (Fig.6a) shows uniform particles with
polyhedron structure. Fig.6b and 6¢ show that the polyhedron
structure disappears into nanoparticles, when the calcination
temperature is 700 or 800 °C. The morphology of F-Mn
co-doped SnO, obtained at 900 °C (Fig.6d) shows uniform
particles with bigger polyhedron structure. The mechanism
may be the crystal melting at 700 and 800 °C, and the forma-
tion of bigger crystallization with the calcination temperature
at 900°C.

The ultraviolet/visible/near-infrared transmission spectra of
blank glass and the glass coated with F-Mn co-doped SnO,
film are shown in Fig.7. Blank glass has high visible light
transmittance, but almost no near infrared shielding effect.

Fig.5 SEM images of F-Mn co-doped SnO> (Fo.0sMng05Sno.900-) prepared with different surfactants: (a) no surfactant, (b) PEG,
(c) CTAB, (d) SDS, (e) sodium stearate, and (f) TPAB
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Fig.6 SEM images of F-Mn co-doped SnO; (Fo.0sMng.0sSng.9902) prepared by a typical hydrothermal method at different calcination temperatures:

(a) 600°C, (b) 700°C, (¢) 800°C, and (d) 900 °C
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Fig.7 UV-Vis-NIR transmission spectra of blank glass and the glass
coated with F-Mn co-doped SnO; (Fo.0sMng.0sSng.900) film

The coated glass maintains a high visible light transmittance
and has strong near-infrared shielding effect in 1500~2500
cm’. The transmittance of visible light is about 90% and the
near-infrared shielding rate is about 93%. It indicates that the
F-Mn co-doped SnO, film has good daylighting and strong
near-infrared shielding performance.

3 Conclusions

1) A simple hydrothermal process to synthesize F-Mn
co-doped SnO, (F0sMng¢5Sng¢90,) nanocrystals with higher
crystallinity, smaller diameters, well dispersion and good
optical performance was demonstrated. All the synthesized
SnO, are of tetragonal crystal structure with different dopants

and pH. Different surfactants, alkali source and calcination
temperatures influence the morphology of nanocrystals.

2) The F-Mn co-doped SnO, coating has a good lighting
and high near-infrared shielding performance, in which the
transmittance of visible light is about 90% and the
near-infrared shielding rate is about 93%.
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IKPESI & F/Mn 322 SnO, YK KL FHI S B 5 RIE
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M OE: RAKAERIR T BA LA 4510 F-Mn 3452% SnO, 4K0KF, WFI0 T WU pH AE . #5287, LRI Bebai FEXT F/Mn
FedB2% SnO, AAKKLF AR WORIEE . A BUHERD G E MR SRA X STERATHT (XRD). FAHif 8 (SEMD R4/ ] W/AR L0413
JEIGREVIR F-Mn 35482% SnO KR FHEAT TR AE. 45 KR, 27 VETT LRAE S K 45 S« BBO/NMIRLAR AN 43 B R A7 1K) F-Min JE452%
SnO, AAKKLF o F-Mn F£454% SnO, ¥R 2 BABUF KOG R A HRUF KL ZLAM e MR fE, JEh T WOGE I %2008 90%, ITZLAMHRG A4y
A 93%.
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