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Preparation and Property of M ggoAl,080373Ng oz Transparent Ceramic
with Broad Optical Transmission Range
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(State Key Laboratory of Advanced Technology for Materials Synthesis and Processing, Wuhan University of Technology,
Wuhan 430070, China)

Abstract: MgAl,O, transparent ceramics possess excellent optical property, but their practical applications are
somewhat restricted by the hydrolysis problem during the shaping process and limited mechanical property.
Meanwhile, it has been demonstrated that the property of quaternary MgAION spinel can be effectively adjusted via
varying their composition. Accordingly, a novel Mg, Al 0s03.97Np 3 transparent ceramic with a broad transmittance
range was prepared by combining aqueous gel-casting, pressureless sintering, and hot isostatic pressing treatment.

Optical and mechanical property of this transparent ceramic were systematically investigated and compared with
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those of MgAl,0, transparent ceramic. Furthermore, the slow crack growth under low stress were analyzed, and the

service life of transparent ceramic was predicted. It is shown that the viscosity of ceramic slurry with 50% (in

volume) solid load was 124 mPa-s, which could meet the requirement of aqueous gel-casting. The in-line

transmittance of 86.2% at 3.7 um was obtained in the Mgy oAl, 0303.97N¢ 3 transparent ceramic sample with thickness

of 2 mm, and the optical transmittance range was comparable to that of MgAl,O,, with slightly higher refractive

index and Abbé number. Further, this ceramic showed a Weibull modulus similar to MgAl,O,, and although its

crack slow growth coefficient is lower than MgAl,O,, but both the characteristic strength (210.6 MPa) and inert

strength (227.5 MPa) were much higher. Therefore, in the quaternary MgAION spinel with low nitrogen content, the

hydrolysis problem of ceramic powders could be well overcome, while the mechanical property of transparent

ceramic was remarkably improved without degradation of optical property. This research provides a new pathway

toward obtaining the novel spinel transparent ceramics with improved preparation and property.

K ey words: transparent ceramics; aqueous gel-casting; mechanical property; optical property
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Fig. 1 Characterization of Mgj oAl 303 97N¢ 03 powder, slurry,
green body, and transparent ceramic

(a) XRD patterns of powder and ceramic; (b) Relationship between
viscosity of slurry and contents of TAC; (c) Morphology of green body;
(d) SEM image of etched surface of transparent ceramic

% c T AR MgoarAl 5503 73N o7 32 W Fig )
o 1 . A ] LLE B, )28 A i R
BRI, 2 mm B MgooAly0303.07Ng 03 B EFE
anfE 3.7 pm AHIIERL Y 86.2%, 1EF WG B
i (R I FRBEAIC T MgALO, 3% BIFR %, 1X 2 K N P
Rk A B /NVTILE 1d)). AR G IEE
HVEEN 0.2~6.7 um, 5 MgALO, & W& H,
¢ [HHE % A 1 Mgo27AL 5303 73N 27 B R 5 o TER A
fmfl, BEE Mg 8RN &R, AR
R AR, TR, Jeitd it v A gl

K Sellmeier 77 2% AN R K (1) T i3 W By
BTS2 (n) AT A, K n 5 ARG A1)
KAR:

5 3.7912 -1.922

n” —1= + (1)
22 -130.03% 1% -152.48?




972 TN M OB R 374
10 @ ®
a L
r e N 1.74 = Experimental
X80 T ) N Sellmerier fit for n, R?=99.99%
o | [ MgosabosOs97Noos, $30 mmxAmm $1.73F — MgALO,, Krell, et al
] - - - - MgALO, g
é 60 - i - - c-plane sapphire 5
g Lk - Mg 27AL 5303.73No27 W\ E 172
& A . . O\ 15
g 40 i Theoretical transmittance 8 % ol
g M 2
Z 20
= ] 170+
00 ‘ 1 2 7 400 500 600 700 800 900 1000
Wavelength / pm Wavelength / nm

2 YRR A TERE LR

Fig. 2 Comparison of optical property of transparent ceramics

(a) In-line transmittance of Mg oAl ¢303.97No.03, MgAL Oy, c-plane sapphire“], Mg 27AlL 5503.73N( 27 transparent ceramics
(b) Refractive index of Mg 9Al.0503.97N0.03, MgAl,O,4 transparent ceramics
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Fig. 4 Fractured strength under different load rates (a) and strength-probability-time diagram (b)

of Mg 9Al, ¢303.97Ny 03 and MgA1204[27] transparent ceramics
Colorful figures are available on website
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