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Abstract: Ni ion doped LaAlOs-based infrared

radiation materials were synthesized with

lanthanum nitrate, aluminum nitrate, and nickel -

nitrate as starting materials via sol—gel method. £l i, O, bleck pigments

Infrared radiation coatings were then prepared on \

the surface of alumina ceramic substrate by L o — 13.3°C/min  18.3 °C/min
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spraying process with inorganic binders of 08

aluminium dihydrogen phosphate, aluminum sol,

0.6F Significantly improved absorptivity

silica sol and sodium silicate, respectively. The
04t
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thermal stability of the powder was analyzed by

spectrophotometer and dual-band IR-2 emissivity
tester were used to study the crystalline phase, reflectance and the 3~5 um infrared emissivity of powder and coatings,
respectively. The thermal shock resistance of the coatings were tested by air cooling. In addition, the effects of the
binders on the phase composition, thermal stability and infrared emissivity of the coatings were also investigated. The
results showed that Ni ion doping improved the performance of infrared absorption of LaAlOs coatings, the infrared
emissivity as high as 0.94 in the spectral region of 3~5 pum, which was 161% higher than that of LaAlOs. The
coatings had the least impurity phase in case of aluminum sol as binder and at the same time the coatings had the
highest infrared emissivity and the best thermal shock resistance. The infrared emissivity of the coatings was as high
as 0.95 and 0.93 in the band of 0.76~2.5 and 3~5 pum respectively. Furthermore, the coatings also had good thermal
shock resistance, it’s did not appear significantly peeling failure phenomenon after 50 thermal shocks. The coatings
had a significant effect on enhanced radiation heat transfer, and the experimental energy saving rate reached 31.7%.
This new type of high emissivity infrared radiation coatings had promising application in the field of thermal energy
saving.
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Fig.2 TG-DTA curves of LANO
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Fig.3 XRD patterns of powders
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Fig.5 Effect of binder on phase composition of coating
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Fig.7 Thermal shock resistance of LANO coatings prepared with different binders

3.7 RBEHRERETEREMIK

NPT LANO ¥ 2 AR SHINFARICR , #5471 4855 In
PO LL s, SRie = BRI E K 8 frn. AR
T IRONRREE R, TP W AMEIRE LANO IR 2. A
TCR 2 B BB A SR R A A, SiC ol B R K, DUAR
A B LI EE NEERE, NEERZEUMESTE
AR AR L SRR R, AMBEIR 2 LIRS TR K
F SRR, DA SR TR R R A e e R R AE
LANO ¥R JZ 2L/ S RE.

1. Thermocouple

Graphite tube
Coating

Ceramic tube

K8 InivEREE
Fig.8 Schematic diagram of heating pipe

SiC R MMRLENE E DI T Ik, WA o b
BN B 0RO B S PR R, S5 R
9 B, BB, TCIRERPEEE M, A8
IR 25 CHH 2 e 2T 358 C BT 7R (]9 25 min,
SPETFHEE Z A 13.3 C/min; A 42 B & I A
S5 MR 25 CTH 2 & PR & 446 'C 75 23 min, “F
BIFHEE RN 18.3 C/min, LICHEE M THEHE RIR
1 31.7%, AP ETIRERTE T 92°C. fETHEDIET,

SRR E ML, 752 KRS G S5 T
R, RATEBIFTITIRE R, W] LANO mik 8 R ik
J2 BA AR TERE, T RERCR BT

500

400 -

300 -

Coating

Temperature/ C

200 ;
Without
----- With
100
O L | L | L | L | L | L
0 5 10 15 20 25 30

Time/min

B0 EsE TR A B THE
Fig.9 Heating rate of graphite tube heating by ceramic tube with
or without coating under constant power

4 4

KV IR0 4% 7 Ni2* 5 4% 1) LaAlOs ZE 4T b
ST AR LaAlosNio4O280 (LANO), PAHAFERL, KA 4
Tl A [5] (1 oRh &5 770 70 S A0 B0 AR SR TH 1) 45 1 4 AMAm A ik
2, WAL TIRZ AR SR S i RVENERE, 1531
T4

(1) Firifil LANO 7£ 3~5 pum 3% B & 5 ik 0.94,
b4l LaAlOs #2155 1 161%.

(2) URIEBOREES FIFT IR IZAE 0.76~2.5 A1 3~5



1266

BT E Y&

18 %

um B LLAN R 2455 708 0.95 F110.93.

(3) LANO iRz A AR PERE, TRERCR

By
RPN

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

Robert S, Stephebn D. High-emissivity coating technology
improves annealing furnace efficiency [J]. Iron Amp Steel
Technology, 2007, 4(5): 319-324.

Kleeb T, Olver J. High-emissivity coatings for energy savings in
industrial furnaces [J]. Industrial Heating, 2007, 74(6): 57-61.

Fifeh, BT, R, AF P IR B R R R R Y B AL
REHEHT (7] JERRHIRZEEAR, 2010, 32(7): 915-921.
Bai H, Wang M, Cang D Q, et al. Energy-saving effect and
mechanism analysis of high emissivity coatings for bf hot blast
stoves [J]. Journal of University of Science and Technology Beijing,
2010, 32(7): 915-921.

L, B, VPIRAL. il 2L MR BRI B R S5
RIE#S (3] Talkm#k, 2007, 36(1): 10-15.

Feng S S, Lu X Y, Xu S H. Research status and development of
infrared radiation energy saving coatings used in high temperature
[J]. Industrial Heating, 2007, 36(1): 10-15.

Lu L, Fan X A, Zhang J, et al. Evolution of structure and infrared
radiation properties for ferrite-based amorphous coating [J]. Appl.
Surf. Sci., 2014, 316: 82—-87.

Shen X, Li L, Wu X, et al. Infrared emissivity of Sr doped
lanthanum manganites in coating form [J]. J. Alloys Compd., 2011,
509(31): 8116-8119.

T, RS, Hocil, & LAMEFHRRHIRR B H R & 77
[31. L¥#uREL 2012, 50(7): 31-34.

Wang X, Hou P M, Xu Y H, et al. The current situation and
development direction of infrared radiant coatings [J]. Shanghai
Coating, 2012, 50(7): 31-34.

B, KR, K& % EHEA-SEAREEERRER
iR SLAMERERE (7], TERRERSAIR, 2014, 42(7): 891-896.
Fan X A, Zhang J Y, Lu L, et al. Microstructure and infrared
radiation properties of cordierite—ferrite based energy-saving
composite coating [J]. Journal of Chinese Ceramic Society, 2014,
42(7): 891-896.

He X D, Li Y B, Wang L D, et al. High emissivity coatings for high
temperature application: progress and prospect [J]. Thin Solid
Films, 2009, 517(17): 5120-5129.

Tucker R, Ward J. Identifying and quantifying energy savings on
fired plant using low cost modelling techniques [J]. Appl. Energy,
2012, 89(1): 127-132.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

PR, XIS, B, & BTSRRI AL SN T e
BISEMA [J]. RERRE %4, 2017, 45(3): 371-377.

Lu W H, Liu P F, Han Z, et al. Effect of Ni** doping on infrared
radiation properties of lanthanum aluminate [J]. Journal of the
Chinese Ceramic Society, 2017, 45(3): 371-377.
Povoden-karadeniz E, Grundy A N, Chen M, et al. Thermodynamic
assessment of the La—Fe—O system [J]. J. Phase Equilib. Diffus.,
2009, 30(4): 351-366.

Wernhus I, Vullu P E, Holmestad R, et al. Electronic properties of
polycrystalline LaFeOs;: part 1. experimental results and the
qualitative role of schottky defects [J]. Solid State Ionics, 2005,
176(37/38): 2783-2790.

i, TAME, REAE, H.HUREIRT LaMnOs 8% 4K ER
FA MRS [J]. RS 4R, 2001, 19(4): 338-342.
Weng D, Ding H M, Xu L H, et al. Effect of strontium and cerium
on performances of nanometer LaMnOs,; rare earth perovskite [J].
Journal of the Chinese Rare Earth Society, 2001, 19(4): 338-342.
Han Z, Li X W, Ye J K, et al. Significantly enhanced infrared
emissivity of LaAlO; by Co-doping with Ca** and Cr’* for
energy-saving applications [J]. J. Am. Ceram. Soc., 2015, 98(8):
2336-2339.

Han Z, Liu J, Li X W, et al. Ca*-doped LaCrO;: a novel
energy-saving material with high infrared emissivity [J]. J. Am.
Ceram. Soc., 2014, 97(9): 2705-2708.

Choi M, Janotti A, Walle C G V D, et al. Native point defects in
LaAlOs: a hybrid functional study [J]. Phys. Rev. B: Condens.
Matter, 2013, 88(21): 214117(1-8).

Ouellette D G, Moetakef P, Cain T A, et al. High-density
two-dimensional small polaron gas in a delta-doped mott insulator
[J]. Scientific Reports, 2013, 3: 3284-3284.

Stefanidis G D, Van Gem K M, Heynderickx G J, et al. Evaluation
of high-emissivity coatings in steam cracking furnaces using a
non-grey gas radiation model [J]. Chemical Engineering Journal,
2008, 137(2): 411-421.

INERER, LRSS AREE T u AL YRR TR R Tk
[J]. HL2EIEHR, 1991, (2): 19-22.

Sun J Y, Du H Y, Shi C S. A new method for scaling acid-base
properties of binary oxides [J]. Chemistry, 1991, (2): 19-22.
#HoofE, Tl W\EmENE M) A8 SRR S HhR
#k, 2012: 100-106.

Dong Y C, Wang H C. Metallurgical physical chemistry [M]. Hefei:
Hefei University of Technology Press, 2012: 100—106.

Dhahri A, Horchanil-naifer K, Benedetti A, et al. Combustion
synthesis and photoluminescence of Eu®* doped LaAlO;
nanophosphors [J]. Opt. Mater., 2012, 34(11): 1742—1746.





