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a  b  s  t  r  a  c  t

The  Sr  doped  lanthanum  manganite  coatings  were  prepared  using  La0.8Sr0.2MnO3 particles  and  epoxy
modified  polyurethane  as  pigment  and  resin  matrix,  respectively.  The  structure,  morphology,  surface
roughness  and  infrared  normal  emissivity  (εN)  in  the  3–5  and  8–14  �m  wavebands  of  the samples  were
systematically  investigated.  With  the  increase  of La0.8Sr0.2MnO3 pigment,  the  εN of  the  coatings  decreases
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and  the  εN values  in  the  8–14  �m  waveband  are  higher  than  those  in  the  3–5 �m waveband.  The  surface
roughness  has  no significant  effect  on  the  infrared  emissivity  of  LSMO  coatings.  For  50%  LSMO  coating,
the  sample  shows  variable-emissivity  property  in the  8–14  �m  waveband  and  the  emissivity  property
remains  unchanged  before  and  after  ultraviolet  irradiation.

© 2011 Elsevier B.V. All rights reserved.

ight absorption and reflection

. Introduction

As we know, infrared emissivity (ε) is an important factor for
lectromagnetic radiation. Higher emissivity can lead to higher
adiation energy. Thus, infrared emissivity of some materials is
xpected to change with temperature to fulfill certain require-
ents, which is called variable-emissivity materials. For example,

missivity of materials for military aircraft is needed to decrease
ith increasing temperature, which could decrease the radiation

nergy to achieve thermal stealth. Emissivity of materials for satel-
ites is expected to increase with increasing temperature to perform
utonomous thermal control [1–3], and emissivity of materials for
uildings is also desired to increase with increasing temperature
4].  Owing to these unique thermal control applications, variable-
missivity materials have attracted much attention and are of
reat significance for national defence and energy conservation.
owever, the variable-emissivity materials in use now must be
lectrified or need some accessories to be installed [5–10]. Then,
hey are inapplicable in several cases, which limits their applica-
ions.

It has been reported that doped manganites at certain dop-
ng levels undergo metal–insulator (MI) phase transition [11–13],
nd even two MI  transition peaks were observed in several doped

anganites [14]. The above mentioned phenomenon has been

xplained by means of double-exchange interaction between Mn3+

nd Mn4+, and electron–phonon interaction relating to Jahn–Teller-
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type lattice distortion of the MnO6 octahedra [15–17].  In general,
emissivity of metal is low, while that of insulator is high, and
IR emissivity has been used as a potent tool to characterize
metal–insulator transition [18]. Thus, without electricity or any
accessories, the emissivity of doped manganites can change signif-
icantly with temperature due to MI  phase transition, which makes
them attractive as autonomous thermal control material. Previ-
ous works have mainly focused on infrared emissivity of doped
manganites in bulk form rather than coating form. K. Shimazaki
et al. [19] have reported that, in the vicinity of x = 0.2 Sr doping
level, bulk Sr-doped lanthanum manganites showed remarkable
emissivity variation and the infrared spectral reflectance was stud-
ied to investigate the influence of Sr doping on the emissivity.
Temperature-dependent emissivity properties of bulk Sr-doped
lanthanum manganites were studied by G. Tang et al. [20–22],
which were explained by electrical resistivity and infrared reflec-
tion results, and C. Wu  et al. [23] have reported that variable
emissivity property also exists in Sr-doped lanthanum manganite
thin films by magnetron sputtering. Then, what about the infrared
emissivity of La1−xSrxMnO3 in coating form, which may  have poten-
tial application for buildings? However, studies on the emissivity
of La1−xSrxMnO3 coating have not been reported yet.

Therefore, this work is focused on the infrared emissivity of
La1−xSrxMnO3 coating and x = 0.2 Sr doped lanthanum manganites
(LSMO), which exhibits the greatest emissivity variation, is chosen
as the pigment.
2. Experimental procedures

LSMO pigment: La2O3, SrCO3 and MnO2 were used as raw materials and La2O3

was  fired in air at 1173 K for 7 h before use. Ethanol was added as a milling medium

dx.doi.org/10.1016/j.jallcom.2011.05.072
http://www.sciencedirect.com/science/journal/09258388
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mailto:xxxxmx@126.com
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ogether with the raw materials. After milling for 12 h, the mixture was air-dried at
53 K to remove the ethanol and calcined at 1273 K, and finally sintered at 1473 K
or  24 h.

LSMO coatings: tinplate substrates were cleaned by 10% dilute H2SO4 and deion-
zed water, respectively before use. Above prepared LSMO particles and epoxy

odified polyurethane were used as pigment and resin matrix, respectively. Cou-
ling agent and hardening agent were added under continuous ultrasonication for
0 min. Then the mixture was  coated on tinplate substrates using a paint roller, and
he thickness of the coatings was about 100 �m.  The coatings were dried in an oven
t  353 K for 48 h. Finally, the coatings were dried at room temperature for 7 days.

The structure of LSMO was characterized by Bruker D8 X-ray powder diffrac-
ion  (XRD) using Cu K� radiation (� = 0.15405 nm) operated at 40 kV and 40 mA.
he  morphology of the coatings was observed by FEI-Quanta200 scanning electron
icroscope (SEM). The surface roughness was observed by a Mahr perthometer S3P

nstrument (Germany), and the standard instrumental error of the instrument is
0.1  �m.  The infrared normal emissivity (εN) in the 3–5 and 8–14 �m wavebands,

espectively, was measured from 288 K to 373 K by the IR-2 infrared emissometer
Shanghai Institute of Technological Physics, China) with the blackbody tempera-
ure 623 K and 523 K. The emissivity of Al-plate corrector and Cu-plate corrector is
.05 and 0.5, respectively, and the measurement error of εN is less than 0.001. The
ltraviolet irradiation test was performed under 302 nm ultraviolet lamp.

. Results and discussion

Fig. 1 shows the XRD pattern of LSMO sample. As can be seen
rom the figure, the sample is single phase exhibiting characteristic
eaks of the perovskite structure. The separation of peaks at 32.6◦,
0.3◦, 58.3◦, 68.4◦ and 77.8◦ indicates that the sample is rhombo-

edral with space group R-3c (JCPDS Card, No. 53-0058).

The SEM images of 10% and 50% LSMO coatings are shown in
ig. 2(a) and (b), respectively. As can be seen in the figure, the
repared LSMO particles are 1–2 �m.  For 10% LSMO coating, the

Fig. 2. (a) The SEM images of 10% LSMO (x = 0.2) coating.
Fig. 1. The XRD pattern of LSMO sample.

particles are dispersed evenly in the coating. For 50% LSMO coating,
the particles are closely attached to each other. Emissivity values
of 50% LSMO coating with different surface roughness are shown

in Table 1. From the table, it can be seen that emissivity of the sam-
ples in both 3–5 and 8–14 �m wavebands has no obvious change
with surface roughness. When a beam of electromagnetic radiation
is incident on an interface, some of the radiations are reflected and

 (b) The SEM images of 50% LSMO (x = 0.2) coating.
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ig. 3. Schematic diagram of electromagnetic radiation acting on different surfaces.

ome of the radiations are refracted into sample. For metallic pig-
ent, reflection, absorption and emission occur only at the thin

urface. With increasing surface roughness, multiple reflections
ccur at the uneven surface and absorption probability increases
s shown in Fig. 3(a), which results in the increase of emissiv-
ty. Thus, surface roughness has great effect on the emissivity of

etals. However, for LSMO polycrystalline pigment with particle
ize (1–2 �m)  less than the wavelength, emissivity of the coating
s determined by volumetric absorption and scattering properties.
he absorption coefficient is usually weakly sensitive to the mate-
ial morphology and it is determined by chemical composition and
orosity of the material. On the contrary, the effective scattering

oefficient is determined by the coating substance refractive index
nd especially by morphology of the dispersed coating [24]. Due
o the higher internal scattering, the radiation inside the surface,

able 1
he εN values of LSMO coating with different surface roughness.

Surface roughness 1.3 �m 1.8 �m 2.1 �m

εN in the 3–5 �m waveband 0.657 0.658 0.658
εN in the 8–14 �m waveband 0.862 0.861 0.862

(a)                        

refle ction

absorption

Infrared radiation

substr ate

Fig. 5. Schematic diagram of electromagnetic
Fig. 4. The relationship between the εN of the coatings and LSMO concentration in
both 3–5 and 8–14 �m wavebands.

induced by increased surface roughness, finally returns to the sur-
face, as shown in Fig. 3(b). Therefore, the surface roughness has
no significant effect on the emissivity. From Table 1, it can be seen
that εN of the samples in the 3–5 and 8–14 �m wavebands is about
0.65 and 0.86, respectively, and has no obvious change with surface
roughness.

Fig. 4 shows the relationship between the εN of the coatings and
LSMO concentration in both 3–5 and 8–14 �m wavebands. As can
be seen in the figure, εN of the coatings decreases with increas-
ing LSMO, and εN of x = 100% sample in the 8–14 �m waveband
decreases to 0.693, which was reported in our previous work [25].
The reason for this can be explained by Fig. 5. The resin matrix usu-
ally possesses higher emissivity value due to intense absorption in
the infrared waveband. When the concentration of LSMO is low, the
particles are dispersed evenly in the resin matrix, thus, epoxy mod-
ified polyurethane absorbs large amounts of radiation, as shown in
Fig. 5(a), which results in high emissivity of the coatings. With the
increase of LSMO concentration, the particles are closely attached
to each other, then, the particles reflect large amounts of radia-
tion as shown in Fig. 5(b), and increased reflectivity results in the
decrease of emissivity. Note that εN of the coatings in the 8–14 �m
waveband is higher than that in the 3–5 �m waveband. According

to Planck law, E = h� = hc/� (h is Planck constant), photon energy
is inversely proportional to waveband. Then, photon energy in the
8–14 �m waveband is lower than that in the 3–5 �m waveband,

         (b)

substr ate

 radiation acting on different coatings.
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Fig. 6. The temperature dependence of the εN of 50% LSMO coating in both 3–5 and
8–14  �m wavebands (before and after ultraviolet irradiation).

Table 2
The εN values of 50% LSMO coating under different ultraviolet irradiation time.
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Ultraviolet irradiation time/day 1 7 14 30

εN 0.860 0.859 0.860 0.859

nd optical excitation energy for emission in the 8–14 �m wave-
and is lower, which means that the emission probability is higher.
herefore, the emissivity in the 8–14 �m waveband is higher.

Fig. 6 shows the temperature dependence of the εN of 50% LSMO
oating in both 3–5 and 8–14 �m wavebands. From the figure,
t can be seen that 50% LSMO coating shows variable-emissivity
roperty in the 8–14 �m waveband and no drastic change occurs

n the 3–5 �m waveband. According to Wien’s displacement law
mT = b (�m is the wavelength at which the radiated power is
aximum, T is temperature, b is Wien’s displacement constant

nd b = 2897.8 ± 0.4 �m K), �m is inversely proportional to tem-
erature, and temperature corresponding to 3–5 �m waveband

s at 580–965 K, indicating that most high-energy atoms in the
–5 �m waveband are in the temperature range of 580–965 K,
ut fewer in the temperature range of 280–380 K. Thus, the εN of
he sample in the 3–5 �m waveband is lower exhibiting metallic
haracter at 280–380 K, and increases gradually with tempera-

ure. In the 8–14 �m waveband, temperature for most high-energy
toms is just at 280–380 K, and this is another reason for higher
missivity value in the 8–14 �m waveband at room temperature.
able 2 shows the εN of 50% LSMO coating under different ultra-

[
[
[

[
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violet irradiation time. From the table, it can be seen that the εN

remains constant after 30 days of ultraviolet irradiation, and no
obvious damage or change occurs on the coating. The tempera-
ture dependence of the εN of 50% LSMO coating after ultraviolet
irradiation is also shown as a dotted line in Fig. 6. It is clear that
the LSMO coating shows variable-emissivity property, and emis-
sivity property remains unchanged before and after ultraviolet
irradiation.

4. Conclusions

In summary, the infrared emissivity of Sr doped lanthanum
manganite coatings decreases with LSMO concentration, and
the emissivity values in the 8–14 �m waveband are higher
than those in the 3–5 �m waveband. For LSMO coating, the
surface roughness has no significant effect on the emissiv-
ity. In the 8–14 �m waveband, variable-emissivity property of
LSMO coating remains unchanged before and after ultraviolet
irradiation.
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