


Supplementary Material
This is the detailed effect of different dispersant additions on particle size, and in the text the author has only chosen the optimal one as the data.
1. Effect of three dispersants with different mass fractions on ZrO2 powders
2.1. Polyethylene glycol 8000 (PEG8000)

Figure S1. Particle size distribution of ZrO2 prepared with different mass fractions of PEG8000: (a) 0;(b) 0.1wt%;(c) 0.3wt%;(d) 0.5wt%;(e) 1wt%;(f) 2wt%
Figure S1 shows the particle size distribution of the samples prepared by choosing PEG8000 as dispersant with the addition amounts of 0, 0.1wt%, 0.3wt%, 0.5wt%, 1wt%, and 2wt%, respectively. From the graphs, it can be found that the addition of dispersant PEG8000 facilitates particle refinement. When PEG8000 was 0.1wt%, although the median diameter of the samples decreased, the particle size distribution range broadened and the effect was not ideal; as the addition amount increased, the particle size distribution gradually narrowed and the particle uniformity improved, and the effect was optimal at 0.5wt%, the particle size was narrower and the particle size was approximately distributed between 20 nm and 900 nm with D50=130 nm; when it was increased to 1wt% When increasing to 1wt%, the median diameter of the prepared samples was similar to that of 0.5wt%, slightly less than 0.5wt%, but the particle size distribution range appeared to be broadened, and the effect was not as good as that of the samples prepared at 0.5%; when the addition amount was further increased, when it played a reverse role, it was not conducive to the reduction of particle size and the improvement of particle size distribution uniformity, so the optimal addition amount of dispersant PEG8000 in this experiment was 0.5wt%.
2.2. Polyvinylpyrrolidone (PVP)

Figure S2. Particle size distribution of ZrO2 prepared with different mass fractions of PVP: (a) 0;(b) 0.1wt%;(c) 0.3wt%;(d) 0.5wt%;(e) 1wt%;(f) 2wt%
Figures S2 show the particle size distribution of the samples prepared by choosing PVP as dispersant with the addition amounts of 0, 0.1wt%, 0.3wt%, 0.5wt%, 1wt%, and 2wt% of the solution mass, respectively. From the graphs, it can be found that the addition of dispersant PVP facilitates the refinement of particle size. When PVP was 0.1wt%, the effect was still unsatisfactory, and the phenomenon of double peaks of small and large particle size appeared; however, with the increase of the addition amount, the dispersant played a positive effect on the particle size distribution all, and gradually transformed from double peaks to single peaks, indicating the improvement of the sample size uniformity. d50 showed a trend of decreasing and then increasing, and when the addition amount increased to 0.5wt%, d50 was the smallest, 163 nm, and the best particle size distribution with a narrow range of approximately 30 nm to 900 nm. Therefore, the dispersant PVP of 5 wt% was used as the optimal addition amount in this experiment.
2.2. Cetyl trimethyl ammonium bromide (CTAB)

Figure S3. Particle size distribution of ZrO2 prepared with different mass fractions of CTAB: (a) 0;(b) 0.1wt%;(c) 0.3wt%;(d) 0.5wt%;(e) 1wt%;(f) 2wt%
Figure S3 shows the particle size distribution of the samples prepared by using CTAB as dispersant with the addition amounts of 0, 0.1wt%, 0.3wt%, 0.5wt%, 1wt%, and 2wt% of the solution mass, respectively. From the graph, it can be found that the dispersant CTAB is beneficial to the reduction of the sample particle size, and D50 shows the influence law of decreasing and then increasing with the increase of the dispersant addition, and the particle size distribution range becomes narrower and then wider. When CTAB is 0.3wt%, the particle size is the smallest, D50=181 nm, and the size distribution range is about 30 nm~810 nm. Therefore, the optimal addition amount of CTAB is 0.3wt% for the dispersant in this experiment.
2. Effects of adding nano-t-ZrO2 on its microstructure

[bookmark: _Hlk134301968]Figure S4. SEM image of the cross-section of 3Y-ZrO2 calcined sample: (a) 0;(b) 1wt%.
By comparison, it was found that the addition of nano-powders was all beneficial to the reduction of the porosity of the samples, and the fine nano-particles were filled in the pores of the internal structure. Without the addition of zirconia nanopowders, the fracture mode was basically along-crystal fracture, while after the addition, the fracture mode was a mixture of along-crystal fracture and through-crystal fracture, and the internal structure was denser.
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