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Fig. S1. Schematic diagram of calculating the energy storage properties of dielectric

ceramics.
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Fig. S2. SEM images of the thermally etched surfaces of (1-x)NN-xBNH ceramics
with (a) x=0.05, (c) x=0.0.8 and (e) x=0.11. Grain size distribution and average grain

size of (1-x)NN-xBNH ceramics with (b) x=0.05, (d) x=0.0.8 and (f) x=0.11.
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Fig. S3. Temperature dependence of dielectric permittivity and loss of pure NN

ceramics from 20 °C to 500 °C.
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Fig. S4. Temperature dependence of the reciprocal of dielectric permittivity to

determine the 7 values of (1-x)NN-xBNH ceramics, from which the dielectric

responses start to follow Curie-Weiss law.
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Fig. S5. Temperature dependence of dielectric permittivity and loss of (1-x)NN-
xBNH ceramics from -150 °C to 200 °C with (a) x=0.05, (c) x=0.08 and (e) x=0.11.
In(7-T},) as a function of In(1/&-1/&,) for (1-x)NN-xBNH ceramics at 200 kHz with (b)

x=0.05, (d) x=0.08 and (f) x=0.11.
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Fig. S6. Relative change of dielectric permittivity as a function of bias electric field

for 0.86NN-0.14BNH ceramics from 20 °C to 100 °C.



Table S1. The energy storage performance of lead-free bulk ceramics.

Materials Wiee(@em?)  57(%) Ref.
0.95(0.8Big sNa sTiO3-0.2SrTiO5)-0.05NaNbO5 0.73 55 1
0.852Na;,Bi;,Ti03-0.028BaTi05-0.12K,,Bi;,Ti0; 0.83 87 2
0.7[0.94(Na;,Bi,,Ti03)-0.06(BaTi03)]-0.3SrTiO5+11mol% MnO 1.06 68 3
0.62Bi,5Nag 5T10;3-0.06BaTi05-0.32(Sry 7Bi 2) TiO5+MnO 1.07 92 4
0.8(0.775Nay sBiy s Ti03-0.225BaSn05)-0.2BaZrO; 2.08 88.8 5
{Big s[(Nag §Ko.2)0.90L10.10]0.5} 0.06510.04(Ti0.975T20.025)O3 242 64.3 6
(Nag 5Big5)0.sBag,TipsSng,0; 2.347 71 7
0.85(0.65Biy sNag s Ti03-0.35Bi ;1 S1) 35T103)-0.15KNbO; 1.32 82.5 8
0.9Big 48Lag 02Nag 4gLig 02 Ti0.08Zr0.0203-0.1Nag 73Big 0oNbO;3 2.04 55 9
0.9(0.92Bi( sNay sTiO3-0.08BaTi03)-0.1NaNbOs 0.71 60 10
0.8(0.92Bi( sNay sTi03-0.08BaTi03)-0.2Nag 73Bij ooNbO; 1.36 73.9 11
0.475Big 5Nag 5T103-0.525Bag g5Cag 15 190210 105+5wt% MgO 1.04 70 12
0.7[0.94Bi, sNay sTi03-0.06BaTi0;]-0.3SrTiO5 0.98 82 13
0.65Bi sNay sTi03-0.3Sr( 7Bi,T105-0.05LaTiy sMgy sO3 1.32 75 14
0.9(Nay2Bi1/2)0.92B2g 05 Ti03-0.1Bi(Mg12Ti12)O3 2 88 15
0.9(Big5Nag 5)TiO3-0.1KNbO; 1.17 82 16
0.84(Big sNag 5)Ti03-0.16(Kg sNag s)NbO5 1.2 71 17
0.55Big sNag sTi03-0.45Bag 5Cag 15Tip 85Z10.1S10,0503 1.21 72.8 18
0.7(Nay sBig 5)Ti03-0.3SrTiO; 0.65 73 19
0.75Nay sBi sTiO3-0.25BaSnOs 1.91 86 20
0.4(Nag 5Bi( 5)TiO5-0.225BaTi05-0.375BiFeO; 1.4 90 21
0.95(Nay sBig5)Ti03-0.05BaTiO5+3mol% BaO-B,05-SiO, 0.68 71 22
0.96(0.8Biy sNay sTi03-0.2Bij 5K 5Ti03)-0.04BaZrO; 0.73 75 23
0.82[0.94Bi( sNag sTi05-0.06BaTiO;]-0.18K, sNay sNbO5+0.4mol% ZnO 1.03 72.7 24
0.91(0.84Nay sBij sTi03-0.16K, sBi 5 T103)-0.09K sNay sNbO; 1.51 65 25
0.84[0.934Na sBi( sTi05-0.07K sNay sNbOs]-0.16SrTiO; 0.59 64 26
0.85Bag 04Big4sNag 45 Ti03-0.15S1ZrO; 1.32 56 27
0.475Bi( 5Nag 5T10;3-0.525Bag 35Cag 15Ti.9Zr0 103 1.06 82.37 28
0.9(Big5Nag sTi0;3-BaTiO3)-0.1NaTaO; 1.2 74.8 29
Big.4g7Nag 427K0.06Bag 026 T1051+2.2wt% CeO, 0.94 54 30
(Nay 5Big 5)0.4570.6) Ti0.99S10.0103 235 64 31
0.94(0.65Bi( sNag sTi03-0.35Bi,; Sr( 35T103)-0.06(K¢ sNag sNbOs) 2.65 84.6 32
0.94Bi, 5K 5T103-0.06La(Mg( 5Ti 5)O3 2.08 68 33
0.96(0.65Biy sNaj sTi03-0.35Sr( 35Bio 1 T103)-0.04NaNbO5 3.08 81.4 34
(SrTiO;3+Li,CO3)/(0.94Bi) 54Nay 46T105-0.06BaTiO3) 241 68 35
0.58rTi05-0.5(0.95Biy sNag s Ti03-0.05BaAlj sNbg s05) 1.89 77 36
0.8SrTi05-0.2(0.93Biy sNag s Ti03-0.07Bag 94Lag 04Zr0.02Tip.9s03) 2.83 85 37
0.9SrTi05-0.1(Big 4sLag 02Nag 4gLio 02 T10.98Z10.0203) 2.59 85 38
Sr0.95Ca0,02TiO3 1.98 72.3 39
(Sr0.98Cag.02)(Tig.98Z10.02)O3 2.77 71.7 40

SrSnO.OSTi0‘95O3 1.1 86.02

N
—_




Materials Wiee(@em?)  57(%) Ref.

Sty 3(Bio sNag 4Lio 03)0.sTiOs 1.70 872 42
0.45SrTi05-0.2Nag sBi sTi0;3-0.35BaTiO; 1.78 77.06 43
95wt%Bag 451 6 Ti03-5wt% MgO 1.5 88.5 44

Bay 5SrpsTiO5+1.0wt% SiO, 2.5 80 45

Bag 4Srp s Ti03+9wt% (Bi,03-B,05-S10;) 1.98 90.57 46
Sr0.95Ca0,02TiO3 1.95 72.3 47

Bag3Sry7TiO; 1.13 86.8 48
(STTiO5+0.5Wt%Li,CO3)/(0.93Big sNag s TiO5-0.07Bag 0sLao 04Zr0 62 Tig 0503) 272 74 49
0.9CaTiO5-0.1BiScO5 1.55 90.4 50
0.96NaNbO;-0.04CaZrO5 0.55 63 51
0.8NaNbO0s-0.2S8rTi0; 3.02 80.7 52

NaNby4Ta 03 0.9 87 53
0.9NaNbOs-0.1Bi(Mg,3Nby/3)03 2.8 82 54
0.77NaNb0;-0.23BaTiO;3+1.5mol% Bi,0; 1.5 68.2 55
0.61BiFe03-0.33BaTi0;-0.06Ba(Mg;3Nb,3)O5 1.56 75 56
0.66BiFe03-0.33BaTi0;-0.06La(Mg;,Ti;2)O3 1.66 82 57
0.60BiFe05-0.34BaTi03-0.06Sr(Aly sNb 5)O3 1.75 65 58
0.75(Big.sNdg 15)Fe05-0.25BaTiO; 1.82 44.4 59
0.60BiFe03-0.34BaTi03-0.06Ba(Zn;;3Tay3)0; 2.56 72 60
0.65BiFe03-0.3BaTi0;-0.05Bi(Zny/3Nb;3)O05+0.1wt% Mn,04 2.06 53 61
0.60BiFe05-0.34BaTi03-0.06Sr(Aly sNby 5)O3 1.75 81 62
0.62BiFe05-0.3BaTi03-0.08Nd(Zry sZn¢ 5)O; 2.45 72 63
0.75(BiggsNdg 15)Fe05-0.25BaTiO5+0.1 wt% MnO, 1.82 41.3 64
0.61BiFe03-0.33(Bag St »)TiO3-0.06La(MgssNby 5)05+-MnO,+BaCu(B,0s) 3.38 59 65
Big 835my.17F€0.955¢0.0503 221 76 66

0.85(Ko.5Nag 5)NbO;-0.15SrTiO5 4.03 52 67

0.9(Ko sNag s)NbO3-0.1Bi(MgysNb, 505 4.08 627 68
0.8(Kg.sNag s)NbOs5-0.2Sr(Sco sNbg 5)O3 2.02 81.4 69

0.92K sNag sNbO3-0.06Sr(Zn;3Nby/3)O3 1.5 50 70

0.9(Ko sNag s)NbO;-0.1Bi(Mgs5Nby 5)05+1.0mol% CuO 4.02 57 7
0.8(Ko sNag s)NbO3-0.2S1(Sco sNby 5)05+0.5mol% ZnO 26 732 72
0.9K, 5sNay sNbO3-0.1BiFeO5 2 60.5 73
(Ago.97Bi0.01)NbO; 3.0 55 74

Ag(NbossTag 15)Os 4.2 69 75
AgNbO;+0.1wt% MnO, 2.3 56 76
AgNbO;+0.1wt% WO3 33 50 77
Ag(NbysTag2)Os 3.7 57 78
(Ago.92Ca04)NbO;3 3.55 56.3 79
(Ago.94La0.02)NbO;3 4.4 70 80

(Ago.ssGdo.04)O3 4.5 64 81

(Ago.96Bag02)NbO3 23 46 82

AgNbO; 2.1 40 83
0.91BaTi05-0.09BiYbO; 0.71 82.6 84




Materials Weee(Jem3) 75 (%) Ref.

0.9BaTiO5-0.1Bi(Mg,/3Nb;3)O5 1.13 96 85
0.88BaTi0;-0.12Bi(Mg;,Ti12)O3 1.81 88 86
0.9BaTi05-0.1Biln0O; 0.753 89.4 87
0.9BaTi05-0.1BiNbO, 0.797 92.5 88
0.86BaTi0;-0.14Bi(Zn;,Ti1,)05 0.81 94 89
0.85BaTi03-0.15Bi(Zn,3Nby3)O3 0.79 93.5 90
0.85BaTi05-0.15Bi(Zn;2Sn,,)0; 241 91.6 91
0.88BaTi05-0.12Bi(Niy3Nb;3)O3 2.09 95.9 92
0.9BaTi05-0.1(Big9Nag 1)(Ing sZr0 )O3 1.33 88 93
0.88BaTi0;-0.12Bi(Lig sNbg 5)O3 2.032 88 94
0.85BaTi0;-0.15Bi(Mgy 5Zr.5)O3 29 86.8 95
0.92(0.92BaTi03-0.08K, sBi s Ti03)-0.08NaNbO5 1.96 67.4 96
0.93BaTi05-0.07YNbO, 0.614 87 97
0.9BaTiO5-0.1Bi(Mg,/3Nby/3)O5+0.3wt% MnCO; 1.7 90 98
0.92(0.65BaTi03-0.35Bi sNag sTi03)-0.08Nay 73Bi g9NbO3 1.70 82 99
0.85Ba(Zr(,Tip5)03-0.15(Bag 7Cag ;) TiO; 0.94 72 100

Bag 95sCap 05Zro 3 Tio 703 0.59 72.8 101

Bag 9995L.20.000s T103+15mol% (65PbO-20B,0;-15510,) 0.564 54.2 102
0.88BaTi03-0.12Bi(Mg; 2 Ti;2)O3+4mol% (25%Si02-75%B203) 1.971 94.5 103
0.92(0.65BaTi03-0.35Bi sNag sTi03)-0.08SrY sNbg 5O 1.36 74.3 104
0.87BaTi05-0.13Bi(Zny;3(Nbg g5Tag 15)1/3)O03 1.44 92.5 105
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