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Supplementary Note – Nanoindentation experiment
Additional nanoindentation measurements were conducted to determine the hardness of the Al2O3 and GAP phases in the Al2O3-GAP eutectic composite. The mixed powder of Al2O3 and Gd2O3 prepared in the present study was placed in an Al2O3 crucible, and heated to 1850C (at least 100C above the eutectic temperature of about 1730C) for 2 h in a tubular furnace in air. The melted eutectic composite was cooled to 1673C at a cooling rate of 1Cmin−1. Then, it was cooled to room temperature at 10Cmin-1 to form an Al2O3-GAP eutectic composite with a relatively coarse microstructure. The Al2O3-GAP eutectic specimen was cut and polished to the mirror state using diamond slurry. Mechanical characterization of the specimen surface was conducted using a nanoindenter (Bruker TI-980 Triboindenter) with a Berkovich diamond tip at 25C. The instrument was calibrated before each experiment using standard fused quartz. The hardness and reduced Young’s modulus were mapped in an area of 30 × 30 µm with 900 indent points at a load of 2 mN. Hardness and reduced Young’s modulus were determined using the Oliver and Pharr method 1. 
The scanning probe microscope (SPM) image, hardness, and reduced elastic modulus mapping across the 30 × 30 µm area in the Al2O3-GAP eutectic sample are shown in Fig. S1. Curved steps in the SPM image correspond to the Al2O3-GAP interface. The aligned indents can be observed from the SPM image. The hardness distribution shown in Fig. S1(b) can be divided into a hard area with a hardness of approximately 30 GPa and a relatively soft area with a hardness of approximately 22 GPa. The distribution of these areas is identical to the phase distribution shown in Fig. S1(a). The hard and soft areas correspond to the Al2O3 and GAP phases, respectively. The histogram of the measured hardness in each indent shown in Fig. S1(c) exhibits two peaks. Each peak value obtained from the Gaussian fitting was 22.6  1.2 and 29.3  1.9 GPa, corresponding to the hardness of the GAP and Al2O3 phases in the eutectic composite, respectively. The higher hardness in the Al2O3 phase than in the GAP phase observed in the Al2O3-GAP eutectic composite is consistent with previous reports for hardness measurements in Al2O3 or GAP single phases 2,3. 
The distribution of the reduced modulus demonstrated in Fig. S1(d) can also be divided into areas with a high modulus of approximately 300 GPa and a relatively low modulus of approximately 270 GPa, corresponding to the Al2O3 and GAP phases, respectively. The histogram of the measured reduced modulus in Fig. S1(e) also shows two peaks. Each peak value obtained by Gaussian fitting was 266.9  9.2 and 303.9  9.6 GPa, corresponding to the reduced modulus of the GAP and Al2O3 phases in the eutectic composite, respectively. The Young’s modulus of each phase  was calculated from the reduced modulus  using the following equation:
where  is the Young’s modulus of the diamond tip (1140 GPa),  is the Poisson’s ratio of the diamond tip (0.07), and  is the Poisson’s ratio of each phase: 0.22 for Al2O3 and 0.25 for GAP 4–6. The calculated Young’s moduli of Al2O3 and GAP phases were 387.8  9.1 and 326.2  8.7 GPa, respectively. These values are consistent with the values in references 5,7. 
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Fig. S1 (a) SPM image of the specimen surface of the Al2O3-GAP eutectic composite after the nanoindentation test. (b) Measured nanoindentation hardness distribution on the specimen surface in (a). (c) Histogram of the measured nanoindentation hardness. (d) Reduced modulus distribution on the specimen surface in (a). (e) Histogram of the reduced modulus.
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Fig. S2 (a) Appearance of the specimen after partial melting by the flash event. (b) SEM image of the Al2O3-GAP eutectic microstructure formed in the melted region in (a). SEM images of the (c) Al2O3 and (d) GAP primary crystals formed in the melted region. (e, f) IPF maps corresponding to (c, d). 
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Fig. S3 Stress–strain curves obtained from the compression test on the micropillars comprised of Al2O3-GAP eutectic composite.




Table S1. The geometry of the micropillars that comprised Al2O3 or GAP single crystals, including pillar ID, material, crystallographic orientation relative to the compression axis, top diameter , height , aspect ratio , taper angle , and fracture stress.

	Pillar ID
	Material
	Compression axis
	Top diameter  (µm)
	Height  (µm)
	Aspect ratio 
	Taper angle  (degree)
	Fracture 
stress (GPa)

	a1
	Al2O3
	[9 -11 2 20]
	1.00
	2.52
	2.5
	2.4
	20.0

	a2
	
	[7 -8 1 6]
	1.14
	2.18
	1.9
	2.8
	12.9

	a3
	
	[15 -20 5 13]
	1.23
	2.34
	1.9
	3.2
	12.6

	a4
	
	[8 -9 1 24]
	1.10
	2.20
	2.0
	3.6
	21.3

	a5
	
	[7 -13 6 12]
	1.16
	2.57
	2.2
	4.5
	15.2

	a6
	
	[13 -16 3 12]
	1.19
	2.53
	2.1
	4.0
	10.5

	g1
	GAP
	[1 2 3]
	1.04
	2.74
	2.6
	3.4
	19.2

	g2
	
	[16 29 1]
	1.01
	2.91
	2.9
	3.2
	15.7

	g3
	
	[1 1 23]
	1.16
	2.79
	2.4
	3.7
	13.2

	g4
	
	[10 -19 17]
	1.00
	2.97
	3.0
	2.8
	20.3

	g5
	
	[7 -12 7]
	0.99
	2.78
	2.8
	2.7
	21.5

	g6
	
	[2 -1 1]
	1.03
	3.17
	3.1
	3.0
	11.9

	g7
	
	[15 -18 17]
	1.12
	2.82
	2.5
	4.6
	14.0

	g8
	
	[4 -5 7]
	1.18
	3.18
	2.7
	4.1
	12.2

	g9
	
	[9 12 13]
	1.11
	3.28
	3.0
	4.8
	15.3

	g10
	
	[7 13 6]
	1.16
	2.74
	2.4
	4.1
	15.1

	g11
	
	[14 22 13]
	1.07
	2.60
	2.4
	3.2
	16.1

	g12
	
	[2 3 9]
	1.05
	2.76
	2.6
	3.7
	14.8

	g13
	
	[16 23 1]
	1.07
	2.73
	2.6
	3.5
	12.8

	g14
	
	[1 1 25]
	1.03
	2.77
	2.7
	3.1
	17.9

	g15
	
	[2 1 26]
	1.10
	2.81
	2.6
	3.8
	14.0

	g16
	
	[7 2 29]
	1.09
	2.91
	2.7
	4.2
	15.6

	g17
	
	[7 6 29]
	1.06
	2.59
	2.4
	3.7
	12.6

	g18
	
	[4 3 21]
	1.16
	2.78
	2.4
	3.5
	13.6
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