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Figure S1. Ultrafast sintering of pellets using a joule heating setup. (a) Temperature profile used for sintering at ~950 °C. (b) Schematic of ultrafast joule heating setup (c) Temperature vs current achieved using this setup. (d) Thermal camera images capturing temperatures of 26.8, 730.5, and 966 oC during sintering.
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Figure S2. Full FTIR spectrum of pristine LLZO, h-BN, and LLZO/BN composites with varying BN weight percentage. XPS survey spectrum of (b) LLZO and (c) LLZO/BN composite. (d) High‑resolution XPS spectra of B 1s for the LLZO/BN composite.
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Figure S3. Equivalent circuit of Nyquist plots for (a) High grain boundary resistance, two semi-circles or curves observed in the Nyquist plot. (b) Low grain boundary resistance, one semi-circle or curve observed in the Nyquist plot.
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Figure S4. EIS Nyquist plots of LALZO/BN and LLZO/BN.




Table S1. Atomic composition of LLZO and LLZO/BN ceramic obtained using XPS data. 
	Material
	Li (At.%)
	Zr(At.%)
	C(At.%)
	O(At.%)
	La(At.%)
	B(At.%)
	N(At.%)

	LLZO
	36.36
	0.21
	17.28
	45.67
	0.48
	 -
	- 

	LLZO/BN
	28.07
	0.17
	23.03
	42.38
	0.62
	3.47
	2.26



Table S2. Density of LLZO and LLZO/BN composites measured using Archimedes' principle.
	S.No.
	Material
	Relative Density

	1
	LLZO
	~78.9%

	2
	LLZO + 0.5% BN
	~93.6%

	3
	LLZO + 1% BN
	~92.3%

	4
	LLZO + 2.5%BN
	~86.9%

	5
	LLZO + 5%BN
	~85.1%

	6
	LLZO + 10%BN
	~73.4%




Table S3. Strain at 150 MPa of stress and toughness of LLZO and LLZO/BN composites calculated using stress-strain curves
	Material
	Strain at 150 MPa
	Toughness (MJ/m3)

	LLZO (0 wt.% BN)
	Failure
	5.8 ± 1.7

	LLZO + 0.5% BN
	0.0820
	70.2 ± 4.1

	LLZO + 1% BN
	0.0916
	56.5 ± 2.9

	LLZO + 2.5%BN
	0.1070
	42.9 ± 3.3

	LLZO + 5%BN
	0.1215
	25.5 ± 3.3

	LLZO + 10%BN
	Failure
	2.2 ± 2.1




Table S4. Total resistance (grain plus grain boundary), thickness, ionic conductivity, and relative density of pristine LLZO and LLZO/BN composites.
	Material
	Total Resistance
(Ω)
	t
(mm)
	IC
(10-6 S/cm)
	Relative Density

	LLZO
	21200
	0.6
	4.45
	~78.9%

	LLZO + 0.5% BN
	9980
	0.7
	11.02
	~93.6%

	LLZO + 1% BN
	18350
	0.7
	5.99
	~92.3%

	LLZO + 2.5%BN
	60000
	0.8
	2.62
	~86.9%



















Table S5. Literature summary comparing various mechanical and electrochemical properties of solid electrolytes.
	Material
	Sintering
Temp
	Sintering 
Time
	Hardness/
Toughness
	Rt=KΩ
	IC
10−5 S/cm
	RD
	Ea (eV)
	Ref.

	LGLZO
	1200
	6 hr
	-
	-
	153
	-
	0.268
	1
2025

	LLZTO/2wt.% Li5AlO4

	1050
	20 hr
	-
	1.55
KΩ.cm
	67
	95%
	0.415
	2
2024

	LGLZO + BN (2 mol%)
	1150
	6 hr
	5.36 GPa/-
	1.23
	67
	92.9%
	-
	3
2024

	LLZTO
	1500
	10 s
	-
	-
	100
	97%
	-
	4
2020

	LLZTO+Li3BO3 (5:4)
LLZTO
LLZO
	1000
1000
1000
	24 hr
24 hr
24 hr
	-
	0.183
0.308
1.87
	54.7
32.5
5.35
	93.4%
93%
91.9%
	-
	5
2019

	LALZTO
	1200
	8h
	8.9 GPa/-
51 MPa^
	-
	80
	93%
	
	6
2019

	LALZO
LALZO/1wt.%BN
	1100
1100
	12 hr
12 hr
	0.076GPa/-
0.5 GPa/-
	21,65
0.87
	0.196
6.21
	77.13%
83.8%
	0.2659
0.22
	7
2019

	LLZO
	1150
	15 hr
	-
	~14
	5.67
	93%
	0.35
	8
2017

	LLZAO
	950
	*10 min
	-
	0.97
	33
	-
	0.38
	9
2016

	LLZGO
	1160
	12 hr
	-
	-
	47.8
	91.6%
	0.29
	10
2016

	LLZO
	1130
	1h
	-
	-
	0.75
	-
	0.5
	11
2014

	LLZO
	1200
	24 hr
	-
	-
	0.99
	91%
	0.43
	12
2014

	LLZO
	900
	4 hr
	-
	-
	0.031
	-
	0.67
	13
2011

	LLZO/0.5%BN
	950

	30s
UFJH
	70.2 MJ/m3
	9.98
	1.10
	93.6%
	0.34
	This work

	LLZO/0.5%BN
	950
	8 hr
	45.8 MJ/m3
	34.7
	0.314
	86.3%
	0.40
	This work

	LALZO/0.5%BN
	950
	30s
UFJH
	-
	1.2
	9.74
	-
	-
	This work


* Field-assisted sintering, Similar to Spark plasma sintering; they applied pressure as well as temperature for 10 minutes.
^  Fracture Stress
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