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Supplementary Experimental Setup

Plan-view TEM specimens of flash sintered 3YSZ samples for an applied electric field of
60 V/cm were prepared through conventional approach [1], which includes manual grind-
ing, polishing, dimpling and final polishing in an ion milling system (PIPS II, Gatan). A
FEI TALOS TEM/STEM with ChemiS-TEM technology (X-FEG and SuperX EDS with
four silicon drift detectors) operated at 200 kV was used in this study for microstructure

characterization and energy-dispersive X-ray spectroscopy (EDS) chemical mapping.



Supplementary Numerical Implementation

The two-dimensional green body microstructure (see Supplementary Figure 1) was com-
putationally generated from a pool of circular particles with sizes following a lognormal
size distribution of mean diameter of 100nm, and standard deviation of 30nm. For two-
dimensional green body simulations, the furnace and sample temperature was initialized to
25°C, while the furnace temperature was ramped up at a constant heating rate of 10K /min.
YSZ properties are summarized in Supplementary Table 1. Initial [V})] and [Y’, ] were set to
its experimental equilibrium values [2,3], and set to zero in porous regions. Electrically, the
right edge of the simulation domain was grounded, and a fixed voltage was applied to the
left edge. Equation set 2, Equations 3 and 4 in the main text, were solved across a 1pym X
1pm simulation domain, and discretized into a 1000x 1000 finite volume mesh. The partial
differential equations were implemented in FiPy [4]. The relative tolerance for convergence

was set to 1 x 1078, Each simulation took on the order of 36 hrs of wall time to complete.
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Supplementary Figure 1: Simulation setup for EFAS of a green body sample in a furnace.
The particles of the green body are perfectly circular, possessing a lognormal size distribution
of average diameter 100nm, and standard deviation 30nm, with 33% porosity as reported
by the manufacturer [5]. The black region corresponds to the porosity. The right edge of
simulation domain was set to be electrically grounded, and a fixed voltage was applied to
the left edge. The furnace temperature is increased at a constant heating rate of 10K /min.




Supplementary Table 1: Summary of physical parameters used in flash sintering calculations for 3YSZ.

Parameter Symbol Value Units Ref.
Oxygen vacancies ionic valence Zo 2 - -
Yttrium defects ionic valence Ly -1 — —
Segregation energy of oxygen vacancies to grain boundary ff/ld — f‘% -0.5 eV 6]
Segregation energy of oxygen vacancies to surface f{}é. — f‘ﬁ(.). —0.5 eV 6]
Segregation energy of yttrium defects to grain boundary fffér — fy 0.0 eV 7]
Segregation energy of yttrium defects to surface Iy, = f;,r 0.0 eV 7]
Interaction parameter dy/rvd ’ —0.13 eV 8]
Atomic volume of Zirconia v 3.6 x 107% | m?/atom | —
Latent heat of fusion AH*Y 3.5 x 10° J/m’ -
Melting temperature T 2988 K -
Order-disorder interfacial energy Vd 0.6 J/m* 9]
Structural coupling parameter s = A%‘jf;w 4.6 J/m” [10]
Structural coupling parameter So 0.008 J/m [10]
Interfacial thickness between order-disorder phases Oxd 1 nm —
Interfacial thickness between disorder-porous phases Odv 1 nm -
Interfacial thickness between order-porous phases Oxw 1 nm -
Energy barrier between order-disorder phases Wyqg = ‘?X—X; 1.8 x 10° J/m® [11]
Energy barrier between disorder-porous phases Way = ?g—d; 2.4 x 10° J/m’ [11]
Energy barrier between order-porous phases Wyy = ‘?X—XU” 2.4 x 10° J/m’ [11]
Gradient energy coefficient of order-disorder interface 0y = 6Yxq0xd 1.8 x 107 J/m [11]
Gradient energy coefficient of disorder-porous interface y = 6Y400d0 2.4 x 107 J/m [11]
Gradient energy coefficient of order-porous interface Qxy = 6Y50p0x0, 2.4 x 107 J/m [11]
Gradient energy coupling coefficient of order-porous interface | ag = oy + ay — @y | 1.8 x 1077 J/m [11]
Kinetic coefficient for crystalline transformation M, 3.6 x 1078 m/Js’ -
Kinetic coefficient for orientation transformation Moy 3.6 x 1077 m/Js® -
Mobility of porous phase M,, 7.02x 10728 | m°/Js —
Relative dielectric permittivity of YSZ €r 32 - [12]
Relative dielectric permittivity of pores €r 1 - -
Emissivity of YSZ green body e 0.6 = -
Heat capacity of YSZ Co 56.47 J/mol K | [12]
Stefan-Boltzmann constant Oc 5.67x1078 W/m -
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