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Effect of Sintering Process on Phase, Microstructure and Optical Properties of MgAl,O4
Transparent Ceramics
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Abstract: MgAl,O, transparent ceramic is a superior mid-infrared material, which is widely used in military and civil fields. In this
paper, the effect of sintering process on the phase, microstructure and optical properties of magnesia alumina spinel transparent
ceramics was investigated, and the sintering process route suitable for high-quality magnesia alumina spinel transparent ceramics was
determined, which is of great significance for accelerating the industrialization of large-scale transparent ceramic armor materials. The
results show that Li ions in hot pressed (HP) MgAl,O, transparent ceramics may exist in the form of LiAlO,. The preferential growth
surface of MgAl,O, transparent ceramics obtained by hot isostatic pressing (HIP) sintering process is (311). Al and Mg ions of
MgAl,O4 ceramics prepared by HP and HIP sintering deviate from the stoichiometric ratio, and Al/Mg ratio is greater than 2. The
small grains in the ceramics increase with the increase of HIP pressure, and the grain size of MgAl,O,4 ceramics is within 20—40 um,
which is conducive to improving the average transmittance of 3—5 um. Based on the results by hot isostatic pressing test, the HIP
sintering temperature of 1 750 ‘C and the pressure of 170 MPa are conducive to improving the average infrared transmittance
(>85 %). In addition, the HIP sintering time has little effect on improving the infrared transmittance of MgAl,O, transparent ceramics.

Keywords: magnesia—alumina spinel transparent ceramic; hot pressing; hot isostatic pressing; phase analysis; microstructure; optical
performance
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Fig. 1 Hot pressed MgAl,O,4 ceramic samples (¢80 mmx2 mm)
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Table 1 Process parameters of hot isostatic pressing sintering

Sample No. Temperature/'C Pressure/MPa Time/h
HIP-1 1750 170 2
HIP-2 1750 180 2
HIP-3 1750 190 2
HIP-4 1750 170 4
HIP-5 1750 180 4

1.2 #mKRIE

H Rigaku A FE#E X SHERATHU(XRD)HEAT
XRD 437, FAHEAEN 10°~80°, 25K 0.02°,
H Hitachi 7] S-4800 Y494 Fi ¥ B8 (SEM){E
20 KV HL R T X AR A RO A i R R kAT R T
TESMLEE ) e3> HT(EDS), IR ATRE i H s 2 Jig ik
WIAREESY 328 0.15 g/L ) KOH ¥ 5 0.15 g/L 11
KsFe(CN) T % B L 1:1 Fe7E 95 CIRE )&
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(a) SEM photograph of sample HP

200 pm
| S — |

(c) SEM photograph of sample HIP-1

(e) SEM photograph of sample HIP-2

(g) SEM photograph of sample HIP-3

(i) SEM photograph of sample HIP-4

(k) SEM photograph of sample HIP-5
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Fig. 3 EDS spectra of transparent ceramics sintered by HP and HIP
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*x2 MEMAFHERLERERNT Al 5 Mg BE/REE
Table 2 n(Al):n(Mg) of ceramics after HP and HIP
Sample No. HP HIP-1 HIP-2 HIP-3  HIP-4 HIP-5

n(Al:n(Mg)  2.03 2.03 2.02 2.04 2.03 2.05
n—Mole.
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(c) Sample HIP-2

(d) Sample HIP-3
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Fig. 4 SEM images of transparent ceramics sintered by HP and HIP
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