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Rapid Low-Temperature Fabrication of Mullite Ceramics with Dual-Mode Radar/Infra-
red Transmission Characteristics

CUI Kaimin, LI Duan, ZENG Lei, PENG Jiangshan, WANG Yanfei, LIU Rongjun

(Science and Technology on Advanced Ceramic Fibers and Composites Laboratory, College of Aerospace Science and Engi-
neering, National University of Defense Technology, Changsha 410073, China)

Abstract: Rapid development of high-speed aircraft technology poses an urgent demand for materials capa-
ble of integrating radar wave transmission and infrared transmission under extreme environments. Mullite
ceramics have emerged as a promising candidate materials due to their excellent high-temperature mechani-
cal properties, dielectric properties, and inherent infrared transparency. However, the traditional preparation
methods of mullite ceramics typically require high sintering temperature and involve complex processes,
which limit their practical applications. In this work, one-step rapid sintering of mullite ceramics at 1200 °C
was successfully achieved by utilizing highly active, low-cost porous raw materials and spark plasma sinter-
ing (SPS) technology, significantly reducing the sintering temperature and shortening the preparation cycle.
This process relies on the synergistic effect between the high-active surfaces released by mesoporous struc-
ture collapse and the SPS field effect, thereby developing a low-cost, short-cycle, and low-temperature prep-
aration process. The effects of sintering process parameters on the microstructure, mechanical properties,
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dielectric properties, and infrared transmission properties of the ceramics were investigated in depth. Under

the conditions of 1200 °C, 70 MPa and a heating rate of 100 °C-min™', the prepared ceramics exhibit a density

of up to 3.06 g-cm™ and a porosity as low as 1.6%; the flexural strength reaches 152.9 MPa and the flexural

modulus is 87.1 GPa. The high mechanical pressure promotes the transformation of mullite grains from acic-

ular to short columnar, and the fracture mode transitions from intergranular to transgranular, endowing the

ceramics with excellent mechanical properties. In the 8-16 GHz band, the average dielectric constant is 6.77

with good stability, the dielectric loss tangent (tand) is 4.7x10, and the wave transmittance exceeds 70%,

which is attributed to the significant reduction in dielectric polarization caused by the residual pores in the

sintered ceramics. Meanwhile, the transmittance in the near-infrared (NIR) band reaches 45.11%, demon-

strating promising application prospects in the field of radar/infrared dual-mode wave-transparent materials.

Key words: mullite ceramics; spark plasma sintering; low-temperature preparation; dielectric properties; infrared trans-

mittance
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Fig. 1 XRD patterns and SEM images of the raw powders
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Table 1 Sintering parameters, density and porosity of ce-

ramics
Heat-
Den-
ing Sintering Dwell Pres- .en Open
Num . sity/  poros-
ber rate/ tempera-  time/  sure/ (@ ity/
(°C*mi ture/°C min  MPa g_3c 0
B m™) %
n)
AS-1 300 1150 2 30 2.44 21.1
AS-2 300 1150 2 50 245 21.1
AS-3 300 1150 2 70 2.58 16.4
AS-4 300 1200 2 70 2.78 10.5
AS-5 200 1200 2 70 2.80 9.0
AS-6 100 1200 5 70 3.06 1.6
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Fig. 3 XRD patterns (a) and SEM morphologies (b) of the dry-

mixed raw powders
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Fig. 4 XRD patterns of the obtained mullite ceramics under different sintering parameters
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Fig. 5 SEM images of the obtained mullite ceramics under different sintering parameters
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(a) Stress-strain curves; (b)Flexural strength and modulus; (c) SEM images of fracture surfaces
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Fig. 7 Dielectric properties of the obtained mullite ceramics under different sintering parameters

(a) &'; (b) tand; (c) microwave transmittance of AS-5 and (d) AS-6

6.77, HIL T AS-5 WL, LB TFIFALARM 0.0%  HSORGIEIAN R PHME, EFEAA
P 1.6% R 1), BUBRBERTHIE MUlie, 2 UM (e, =) HHARAE, IREERY RIS BOdId A B A (1) i B
PR B . BESh, BARSIL, WAERMATE B,

Joi IR0 3] NFIM HLARE . AS-6 TR T4l 77 = —0F) O
BB e B R, WM T AS-S, tanSiHE—35 P& Mf*”wmnw

4.7x104(/& 7(b)). % H 8 GHz FI & % 16 GHz if ¢ == (& —sin? §)'/2 2)
R, & FE<0.2%, RIH RITHIFRTRENE; R=11" 3)
tan SHEVRME BOY K, T RE 5 1 40P 370 ke S e b o

T TAE R S MBI 3% . fctan S04 NS sz “)
FETE 107 RUEZE, A st AR OE T 15 G AR R 2035 Y Heh, RRSTREL n VISR, THERN
WL

B, o ABELE, & NAEEEL d R ILA



e

RS, A AR PR ] % B IR LA UL Rk B SR A P 7

JERE, A NGB, 0 RGNS A (EEE A
S 6=0).

Bl 7(c, )za T AS-5 5 AS-6 P & AE 0~10 mm
L 5 ] PN 1) 32 0 2R B AT % (8~16 GHz) B4k i 28 .
YRR — R, BRI RS, x2S
SRR T S BU BAFE R I A R (B 7(b)); AR
— BN, BV BE 0 2 AR . AR
FER LR Y, Y PRHE B R PR RRS
FAFRY, TP B BAK, 5B B
KAf. 7E 8~16 GHz #iifk, JEEE 0~10 mm JEH P,
FEal AS-5 Al AS-6 HBARIE I 50 & T 73% A
70%, 3 B 4% 1) B R A W B LA 1 0 1) P R A
BTERE, RS AUR SO IR R . AR e L
& RN FH 7 2K
2.5 ERAMBHLIMERMEEE

TR A P B AL AT I R 5 0 2 2 i S R A
FERFESER R A G, HAhSALFEI RGN D E 5
KAV EREE N 1.64)ERTE, BT SES
TFE 1) OS5 PR 21 1954601 2 Sl B AR /N T K A
SRR MARILERSREK 1 MBI,
T 7= AR PG T8, ] 8 R 1 mm B B
VR AT - 20 A E I 2k, BES AS-4 FlAS-
5 Mg R 0, X% H T AR S AR B AR (<
88%), FFILEE(>9%), WIHFERKES, fLEF
>500 nm, H @R} (~5 pm) 5 ANE B KA 2,
S [F KA BRSO R, SRR IREU, SR & %
MASE H

50

AS-4
40 AS-5
AS-6
304
o
S
-
20
10
0 .
T T T T T
500 1000 1500 2000 2500

A (nm)
Kl 8 Sk A Mg B AL E il A h £k

Fig. 8 Infrared transmittance spectra of mullite ceramic sam-
ples
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