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Abstract In recent years, with the wide spread application of electronic devices and the popularity of new energy
vehicles, lithium-ion batteries (LIBs) attract much of attention due to their high charging/discharging rates and high
energy density. Meanwhile, two-dimensional (2D) heterojunctions have shown significant potential in the research of
LIBs anode materials due to their high conductivity, low volume expansion, good cycle life and stability, and
high specific surface area. Therefore, we investigated the performance of heterojunction composed of 2X2 T-BN and
3x3 T-graphene tilted at 45° as anode materials for LIBs through first-principles calculations based on density
functional theory. The band structure of the T-BN/T-graphene heterojunction exhibited metallicity, indicating its
good conductivity. The adsorption energy of a single Li ranged from —0.18 eV to —1.48 eV. As an anode material
for LIBs, the T-BN/T-graphene heterojunction also exhibited a lower diffusion barrier (0.30—0.61 eV) , a larger
theoretical capacity (678.5 mA + h/g) , an appropriate average open circuit voltage (1.06 V) , and a smaller lattice
constant change (0.86%/0.44% ). Compared with T-BN and T-graphene monolayer, the T-BN/T-graphene heterojunc-
tion has slightly improved diffusion behavior of Li, with the lowest diffusion barrier of 0.3 eV, indicating its fast
charging/discharging ability. Overall, the T-BN/T-graphene heterojunction is expected to become an effective design
approach for high-quality anode materials in LIBs.
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PR 1 F Y (LIBs ) HAT B0 A AR RE I B . R il T 7 e A iR 0 L, — B FSE A
TR R U HAEE, LIBs ) 2T 0L BB FR e IR S ik s . AR, BEEFL
BIARWIE | W2 AR B Ry | AR B R, ST RS SR AY LIBs okt H 4 bl . Rk, 1
{H3h LIBs PEREAYE— 2L 32T T, WFFEIFIT A I BHAR A R AS Iy B

F AT S R LK, 4k 2D) MPRMETFIG 52 3712 KTE . HABOR I e R AR HE 1 8 22 1 Wiz
AL, FTLASE Il W 2 S A Ry A M BE R 5 BE . T IR AR (25 1 N i AR i, 4 5 il
HLTHR HAT, 172 2D MR CAnB bR > | 3 42 @ i/ A AL (Mxenes ) 745 ) CAR B 1Z 5T
R P S AL S vt el

SEIRAATRL T AR R O G AT T A, (A SR B A R B AT S A BRI T, AT
L GRS BT as R L A AT A HL A2 PR X R BRI L R B 5 L PR M s 7 o
P RS i, MR S 45 5 T AL G C,N/Blue phosphorene 53 i 250 | VS,/Blue
phosphorene 5 5t 25" | Janus MoSSe/Graphene 5 5t 252! | F-GDY/Graphene 5 5t 25" | ¢-C,N,/Ti,CO, 5+
JR 25 Zr0,/MoS, 5 i 2554 . Lin W5 2 BH, C,N/Blue phosphorene 53 it 25 A5 K47 1) 45 #4)
T RE PR FE = M B2, A LIBs BHARAS RIS, HATBARA I H# 22 (0. 12 e V) FIE = A HLIE 254 (1092
mA +h/g). 1fi VS,/Blue phosphorene 53 5 25 ELA KA 1 45 A R P AN s A BR A%, 9% 48 R LIBs 78X
G AE . T R ST B4 1 B8 2 VS, Fil Blue phosphorene 8 BUA 22 54K (4354 0. 22 #10. 16 eV )
HEEE 25 AR /N (439014 466 F1865 mA +h/g) ' 5 Z AL, VS,/Blue phosphorene 5 Jit 45 (9 B 75
(1211. 34 mA -h/g) B3 &, HARIBORRE THRARMY 5 22.(0. 11 eV)". XFF 512 Janus MoSSe, HA7™
220 0.24 eV, NG H 5 40 B30 45 5 i Janus MoSSe/Graphene 5 525 )5 , B 224 T F B
(0.17 V), HBEIEA WL E T8, 1858 1 560. 59 mA -h/g"">. TESLIA M AIAT R, Wang 2158
TR TR A 418 1 45 T MoS,/Graphene 5 IR 45, 7E0. 1 A/g L% BE R 6 25 200 U 9 25 5
862. 5 mA -h/g; Jiang & F/K #4519 VS,/MoS, S i 4%, 7E 1 Alg BRI N BEAT 500 TG ik A
85. 4% [MZ¥Ht ;1M [RVRE A FH /K AL 45 (1 MnO,/Co,0, 5T 45 WA 2 Alg HILTE % BE R AR R 1100 R 15 fE
PRFF581. 8 mA - h/g R A i, X BEARIGAIE 1A 5 B4 k3% LIBs PERERY WA TPE . 25 BRIk, S Joidh
FYTE AT LAk B R AR TR 20 PR BE L 7E LIBs BB R W5 b e B i B 22 ng 0 FH TS 0, s tEfE
LIBs Y & SBT3 L BR A ] . SR, S BT 4h i 2 IR 45025 5 (il 88 19 HUiE B A K, [RI a4
BN - B N N Y RS Sy 0] L1 TIPS BT S = ) 1 Wi S 2 e ] (L@ MR S S S TR

T-graphene B2 22 Fl1 T-BN B2 HATAHBIA IO 7 A& 454 , 22 S0/, A7 A E 1Y 5 B 4t 4%
FRRTRENE . [RIRMIFSE & 8L, T-BN $Z7E LIBs 9 FHAR T B A R A5 #3522 (0. 35~0. 61 V) | #51Y
FRIE 25 (1620 mA - h/g) FI3E 24 19 T H1 TR (0. 479~0. 489 V), I H B KM S, T-graphene $J2
WA LIBs B I B b, HEA I HA 22 (0. 37 eV) . B0 BB 75 2 (744 mA - h/g) FURTIT
L (0.2 V), fE LIBs 1 FHAR 7 T BAT ) I i BT AT =2 R, AR SCREBI T-graphene 1 T-BN P
FiArRE, A A G TE S A i i fe e i U2 A, 8 52 20T Li 78 T-BN/T-graphene 5 545
BRI B SRR, DA 2 R IR A e A AT i R, RS T JLAE LIBs BHARAA AL
FHRYE .

1 H&EGE

FET R R 15— PRI BT, B AR ST SR T CASTEP #EHR S ™. TR FH 4K
% A b B L - 2 AR EAE ], IR AR BE L1 R 800 eV. Ay T AR LSS AR DGR, SR T X
16 BE VLI (GGA) H 11 Perdew-Burke-Ernzerhof (PBE ) 77 B8, 3% F Tkachenko and Scheffler (TS) 42 i ) £
A HORE TE SR A8 TE U AR (vd W) AH B TP, FESS I LAt e, 55— A BLUN DX & s )R R

0.002 nm™**, BER WL SChRTE . e KON T« die K ) Flde KB 285 43 11 0 107 eV/atom, 5%107
eV/nm, 5x10° GPa #15x10° nm. {# F Climbing Image Nudged Elastic Band (CI-NEB) ' J5 1 1 i & Li 78
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T-BN/T-graphene 5545 I 4 B 2 A JE A .
2 #RG5WE

2.1 4 T-BN/T-graphene R4 E#45 5
TEFE SR EE T, T 22 FE A S 22 0] A0 S A R R . X TR AS R A Bk m A n, EATTAY A
WE MK a, = b, a, = b(a, > a,), WATIHRYE T 2318 H A RECR (S, %) -

a, — a,

0= %X 100% (1)

G 1(A) R g R, gt JURIPEAR)S , T-BN (1) 5aA% 3 2% a=b=0. 507 nm. % JE ) T-graphene #L
JEA PRI RS (R B 0°F45°) LB 1(B)FI(C) |, HIIt, T-BN HJZ Fll T-graphene 522 41 B 5 JBT 45 1)
FAFRNE 2 R T RO TR B 45 27 28, O iARH1) T-graphene X B 1 S 5 2L a=b=0. 487 nmj; 45° AP
T-graphene X 1 [ i A% 5 2L a=b=0. 344 nm. Ny T ik ShA& R FC AR AR, X T 0" BURH, SR 2x2 97 i1
T-BN F12x2 4 Ma i) T-graphene 45 &, H kg R BLAIE 3. 9% ; X T 45 MR, #4851 2x2 4 MY T-BN
F13x3 P LY T-graphene 54, Hib Mg A BL R 1. 7%. PRI [EIBRE A BE i34 87 RSB IR 1 ks 2
BeE AN 1 5%.
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Fig. 1 Primitive cells of T-BN(A), T-graphene tilted at 0°(B) and T-graphene tilted at 45°(C) after optimization

A LR, 76 T-BN AR, 20 B AITFRLO A9 N 43504 5 1 B PUJCERFIN PUICER, FEH., BFIN
WAEPY R A T B-N /O . [A]FRAT %1, 7E T-graphene HH U AFAE H1 CHYRLAY C PUICIRHI C \JCER . Sl
2 A M5 () T-BN Fl T-graphene [/ [RIZE 5 [ - R AE G Lo A5 (RIS R 0.0 B8 IR O, 1F
— e T T-BN/T-graphene 53 i 25 BRI #4522, %F T 0 A, #5820k AA FIAB #
B, AN STCA) FN(B) (WA S 4545 B ik . AA {3 T-BN Al T-graphene 5 285 ; AB/CE T-BN (1)
B-N /Ut 5 T-graphene B CUUICHE S . X T 45" R, #5870 ] 70 AA, AB, AC, AD, AE
FIAF 6FF, GHES1(C)~(H) /s . AAFIAD U2 T-BN (B VUSR535 T-graphene () C PUICERFIC /A
JCIRE A5 AB I AE 103 T-BN A9 N PUICHR 4351 5 T-graphene ) C PUICH AT C /\JCIRE A 1M AC Fl AF
M2 T-BN 4 B-N /\JCH3 3] 55 T-graphene 1) C PUICER AT C /\JCH EAS .
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FEA 0.33 nm fHOL T, FrA A BIER R I AR ZS A RE(AA, AB, AC, AD, AE FIAF 5 G REST 31
-15.361, —15.855, —15.473, —15.619, —15.796 F11-15.689 meV/atom) , HIFLESHREMIE X, MAVLE S HESR
B2 53 5 T G AR i, ghkafase . Hih, ABMES i XI5 G BB, “M-15.855 meV/atom,
UL TR AR . o TIPS R 45 G e, JF— 2014 )2 ) BE ARG B (0.002 F10.0002 nm). 41
B S2(A)~(C) (WAL HHF B PR, 456 A8 22 M IE R s %k, HF H R BRI LI R . &35
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W, M2 EE N 0.3314 nm B, 454 AER A, N —15.869 meViatom, I, 315 T £ 54 & 19 T-BN/
T-graphene 53 45 #4721
2.2 % T-BN/T-graphene & F 500 F 14 &R

i 10 %8 T-BN/T-graphene 5 45 )2 AIHE , 4R35 T Hefa e 19 45 MURME 21 ABFY L. 4225, [EE
S A IR LY LS R R, 2 A R I B AT A A, SR THE O T . 2l
{5 , T-BN/T-graphene 55t 25 25 AN 2(A) BT/, A% 8 5 a=b=1. 0325 nm ZF i a=b=1. 0245 nm.
o, T-BN 52 | /) B—B & . N—N £ F1 B—N 8 i 5 23 5110 0. 1676, 0. 1402 F10. 1445 nm (J7 47
T-BN: B—B# | B—N 4 Fl N—N #4435 24 0. 1655, 0. 1429 F10. 1393 nm)'*’, T-graphene #)2 |
C PO T IR TR 45119 € /\JCER 5K 43 31 0. 1454 F10. 1358 nm (JELE T-graphene: C PUICER 5 A1)
AN C/\ T B 43512 0. 1464 F10. 1372 nm) 2. H YIS, Pifb/E i T-BN/T-graphene 53 45 1)

B AEE A ZHTRY 0. 3314 nm B4 2 0. 3330 nm.

Energy/eV
<
mb}\
T
[

I X M I

Fig.2 Top and side views(A) and the band structure(B) of the optimized T-BN/T-graphene heterojunction
(A) The red squares, circles and triangles represent stable adsorption sites in the upper, middle and lower layers,

respectively; (B) path: (0, 0, 0) — X(0, 0.5, 0) — M(0.5, 0.5, 0) = I'(0, 0, 0).

38k, X} T-BN/T-graphene Sl 45 9647 1 BEAT 11L& 2(B) 1, AT UL, bS5 I 4h i pify Sty 2 (1]
WAL, UL EA & @M, X6 AR R LIBs B HA B L.

2.3 LifE % T-BN/T-graphene 55 45 i IR B 14 R

2% & 3| T-BN/T-graphene 5 JF 45 FY 5 M X R, AR T B G st s g W B RE L B 55 45 40y
4)7: (1) T-BNHZM E . (2) g b2 I 520 T-BN B2 ] | (3) S gs b ] 2 IF 58k
T-graphene H1)Z—|F1(4) T-graphene FLZ AT 5. W S3(WASC S 51 5 B PR, 88— 2304 84-1]
REFAIZ B S5 057, 7] 439 B PUIGER (Hy,) . N PUITER (Hy, ) F1 B-N AT (Hyy, ) B 73 B—BE#(B,,) . B—N
(B, ) FIN—N (B ) B E 55 BIEF(T,,) FINJEF (T ) 5. 58 )2 5T T-BN B2, (01T
)2, A 8 FTRERIE M SU0Z (Hy, s Hy, Hyos Bios Byos Buoy Ty FITy,). 25 =2 BESEJT T-graphene B
2, A SAATRERIMRRE S0, w40k C\JTH (Hy,) F C PUICHR (H,,) A5 5 DUIGER C—C 42 (B,,) Al
AU C—CHE (B i F 5 s CIRF(T) B FJ7 . S PZRM T84 =2, 358 540l BE AW I A7
(Hy,, H,,, By,, B, HIT,).

el g5, MRS AT A W RE (E ) -

E.. = Eyisiame = Esirne = En (3)
K Egpne FE -+ s (€V) 2334 Li W BRI S () T-BN/T-graphene 5 545 (/) B GE T 5 B, (eV) AR Li
FEAHF I SRR . B B) ATAE H, AR RE A, B A & 47, UhRH Li AR 9L WL B
R, HE, BN, WHBRE . 2, IERTR R PR BE B Li.

Fe STUASCZFHF B I T 8B s S S DL ACHT 5 PRI G s R 2 i . T2 ad 454
A5 AR W R S AN B 2 CA) AN 1 TR . AREZE SR mT A, 56— 2 W B () e e s A ok Hy,, IR
FEEA-1. 05 eV. IHAh, Hy, FlHy, s 07t RERG & W BT Li, WeFfTREZM Bl /&2-0. 76 F1-0. 44 eV. HT =2
HROL T E R, BT LA AR AT . Hy /0 T . =2 IR i W BT A 05, W% B A 2 %> T-BN/
T-graphene S JF 45 f4 i A5 W i s 2 b B /N, =1, 48 eV, HYR, b RERE E (- HF W I A4 #5028 Hy,, By,
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Table 1 Stable adsorption sites and adsorption energy of Li on T-BN/T-graphene heterojunction

Layer Stable site E . /eV Layer Stable site E JeV Layer Stable site E . /eV
Ist Hpy, -1.05 2nd & 3rd Hpvo -1.48 4th Hy, -0.56
Hy, -0.76 Hy, -1.02 H, -0.33
Hy, -0.44 By, -0.99 By, -0.18

Hg, -1.35

I Hg,, TR FBES> 31 R—1. 02, —0. 99 Fl—1. 35 eV. X 42 H AW B 2507 K FR A ER M AL 2 T Hy A1
Hyp, JUD7 . 55 DU 22 W B PR e B i 6 0 H,, HEWZBTRE 0. 56 eV, B BEORFFAE A9 W B A5 A7 A Ho, F1
By,, WIfHHEST ) A—-0. 33 FI-0. 18 eV.

J T ARG L SHERE , BRI T SRS A AN ) IS AR 1Y Hy, s Hp, 1 H, 3SR 25007

T T ENTRREH 254 (B S4, WA SCE R B, AT L, 3425 A s I i 384T gy 280 2 oK e,

TR ENTRES AR & m M, S0 T4 LIBs BH A RHE AT F) .

WEAN, A 2255 H A 2 B (Ap ) i — 2438 T Li # T-BN/T-graphene 5 545 2 [B] FAH EAE A, o] LI

R EAS

AP = P Heerjunciion — P junction — P'm (4)

2 Picniunction T P+ Heremjunetion (/MM ) 73 591 A Li W B} 715 J5 79 T-BN/T-graphene 5 51 £ 1 54 H faf 25 B

pu(emm?) by Li i B far 25 B . [ 3(A) ~(C) 430l /R T Li WL It 78 T-BN/T-graphene 5 it 45 F 1) Hyy,

Hyp, A1 Hy, 3408 B 5047 178 2 43 HE fir 2 32 L (I rp g (03 AR R F i B, i (3B AR R L i AL R ).

Hp, AT H, A8 B 507 175 D0 A AR, H AR X R A TR e Li i By, A AL R X 2T Li Al

T-BN/T-graphene 5 J5t 45 2 [A] B9 H (8] X3 . Hyy, S0 AL7E HE) 2, oy B R X F2 254 F Li F T-BN/

T-graphene 5751 25 2Z [A] (1) 1 F X3, #E/RX XAV F L 7] 55 5 A9 7 4 X 3k A K T-BN/T-graphene 5[5 285 % [

TR X 3 3 AN B A 34 SR Li 5 T-BN/T-graphene 53 5 45 22 6] 43 B {2 A L p 6 A5 R SR . Ui

A, KR4 Hirshfeld FLATAHT , 54 Li 78 Hyy, A Ho A FE RS O HL 20514 0. 35 F110. 40 e. ARG, 7T

AEJE 1 TR ke ] 2 AR, PECREA LifE Hy S R P, {UN 0. 16 e.

(B) g ¢

=Q ( ()
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Fig. 3 Charge density difference of Li adsorbed at H;,(A), Hy,(B) and H,,(C) sites

2.4 Li7E % T-BN/T-graphene &5 &5 FHIH BT A

FE LIBs 1, DR SR F RS i — A OGS DN 2 2 4 14 . 5 JE T-BN/T-graphene 5 i1 45 14514
e, B R EFT)ZE 34D H 505175 81 5. i 4(A) s, BT B2 Hy,, 2 e 1)
W BRI T 34T RERY HUIAS . BEART: Li DN Hyy, A2 0 Hy, S BN AT A 55— A Hyy, 25407,
E%ﬁén Li DA Hypy, s 57 AR AR I 55— Hyy SUBL, BEARIL: Li A Hyy, 22800 Hy, AR AR 55—

Hyy S50 GnEI4(B) B, BT a2 s fa e i S 6002 Hyy,, W5 8T 3 559 B AR . BRARIV
Li M\ Hyp, S5 07 2835 H S 7 BB A9 55— Hypo s5A7, ARV 2 Li A Ho, s EAZ BRI 1 55— Hipyo S
B, BEARVI: Li A H g, s 2850 Hy, sSALBIEB I 1 75— Hyo s . 762, B FIREE s, H
IR TR E4(C) ], BEARVIL: Li A Hy, S0 EEZ BRI 9 55— Hy, s507, A2 VIIL: Li A\ Hg, 5
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Path-IIT
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Path-VII

Path-VIII

Fig. 4 Diffusion paths of Li in the upper layer(A), middle layer(B) and lower layer(C) of

T-BN/T-graphene heterojunction
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22001, Li 7 T-BN/T-graphene 5551 25 H 47 #5055 42 i 2 R 856 A% 2 81 5 FTET S5 (AR S ¢
fFE) IR, FIEY 8UsE h B AR TN A 25K (0. 44 eV) , T ERAR T #8225 5128 0. 47 Fl
0.61 eV. TEHPEZY HERAE, BARIVR I SR m4 #3422 (0. 30 eV). A VAIVIFY H# 2
3R 0. 31110, 51 eV, 78 T2 Bk R, BARVIRIVIK Y 53425554 0. 39 F10. 31 eV. ZE L
Jirik, T-BN/T-graphene 53 i 45 2B 45 a) S P 09 BURAE . L HEA K F T-graphene ', T-BN2YF1
MgB,™", ] Li 7€ T-BN/T-graphene 5 ST 45 I /4 HCHAT SCGEVE A, IF AR T HA L R 4L

TPk
0.7 0.7 0.7
0 (A) 0.61eV 0 (®B) - gmﬁ-{}/ 0. © —— Path-VII
or or —— Path- or —— -
3 047 oV 5 051 eV — Path.VI 5 Path-VIII
505 ofsev —2lC 5 05F 5 051
. y . B 039eV
E o4l E o4t £ 04
° bt 030eV031leV <
£o3t £o3t gost
£ 02f —— Path-T E 02f £ 02p /03leV
A —— Path-IT = A
Ly —— Path-III 0.1 0.1
O 1 1 1 1 0 1 1 1 1 0 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
Diffusion coordinate Diffusion coordinate Diffusion coordinate
Fig. 5 Diffusion barriers corresponding to the diffusion paths of Li in the upper layer(A), middle
layer(B) and lower layer(C) of T-BN/T-graphene
2.5 Z# T-BN/T-graphene RFRERIEIEBEMFHEEE

R LIBs PR RE AR H G A HE bn . R, 38 2 2 SR B T43 T-BN/T-graphene 55t 4%
B FRIE 2B R R 2 B RE (E.,,) . LAJAIT T-BN/T-graphene 5 i 4% BE 4% fie KW B Li 1)
Bt
_ E'LZ - EE;C;_(x;I; x,)E, (5)
Kp: B, E_FE(eV) 20 5 W Li (95508, 2, (2, < %) B T-BN/T-graphene 53 J5t 45 (1) 5 58 12 1
HALIFERMF S RE S . R E, (E N ME, U] T-BN/T-graphene 57 545 7] DU B Li. BT Hyy, 4
AR T A R B A7, R R B WSS — )2, b E R Bk 6 (A) FiR . 4315, HE, 8
-1.65 eV. SRI5, % JEEN Hyy, £ 07 AW RE FL 5 2SS J2 B W B s (S AR /0N K 585 )2 10 T WO I
NBEEAES RSN LR . % R 3R 28 (Hyy,, Hy ATH,,) , Fe—— 1538 R BEE oy, 5
LRI Hy, SR E,, 53510, 58 F1-0. 59 eV. T M AE Hy, s 67 B Li 2B AR, BRIL, & 58 T X
TR R 752X, T E, B, W RERRSE , Li W B ER 22 A W B AU A ] T Hy, 5OL, D4R S O SG
M 6 (B) B . AW B af = )2 PRk St I Li B35 , A0A0)S B gs i 2T iU %, IR, A% &

E

con
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1st Layer

3rd Layer ° ° ° OLi

Fig. 6 Top and side views of B \N,,C,Liy(A), B ,(N,,C,Li,,(B) and B,\N,,C,Li,,(C)

TE b 2 ARSI R Li, TR R B2 =23 7 R gh i T2 . TR IE N0 & T He, ORI Hy, 550
AERAE S, B AR R E,, 230 -0, 68 F1-0. 75 €V, FIr LAWK BhF475 = 22 A s W B 547 4852 ] T H,, 258
A, ARG A 6 (C)F7R . ARSI TS IUZ , H2 SE LR AL , BT ER R RENS WL FH i
SRR 32 3R B 5116544 19 BN CagLiss BigNoCagLin 11 BN, Caglisy ).

T ERGE 3 P AL L e, THE T EATTR A R i B (ELE) LI 7(A)~(C) ], TEM R 25—
ZELis, FRLERIEAE 200 T T7(B) ] AR, AR B L, 385 Li n] GBS 5 Rk
FEEEUT WSS 200 Li, 30T R Li AR AR . RIL, A % SR ARERTE 2 Li. Mi7E e S =
FLiJa, FIZLiMRIEAFRNET =, ULBIRRERA TR Li T, HE KA AR BN, CyLisy,
[E7(C)].

A

Fig.7 Side views of ELF for B,\N,,C,Lis(A), B,(,N,,C,.Li,,(B) and B, \N,,C,.Li,,(C) configurations

T W B e R4 Li BA TR BN | (CogLiy, , 13T 203155 T-BN/T-graphene 5 B 45 1 BRI 255 (C,
mA-h/g) :

C=="y (6)

s o, R Li AR KR 5 220 Li i T4k (2=1) ; F(26801 mA *h/mol) k7555 44 ; M(g/mol)
A T-BN/T-graphene 575t 45 (B8 /R JiT i .

THEAS H A9 T-BN/T-graphene 5 45 (I BHE 25 & 678. 5 mA -h/g. AN, B EATI K 5 i i
GAVERBAHOC, THEE T BN, CooLiy, AU SAS IR B . 7 o J7 ), dids IRBUEZ K 22 0. 86%; TEb J7
], AR AR IK 22 0. 44%. FIFHEAT BT 2 avERe. K5, M N0 T IHIFB R (V) «
E -E, -(x,-x)E, 7)

ze(x2 - xl)

U B, FIE, (V)52 514 T-BN/T-graphene S 57 45 W B HIAISH JE x, Rl (v, < ) B Li B AG BARERE . 410

Vo =
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IS 5 BEAE Li BRI, Vo 85 F I, 04 s
(19 Vo I BITEEIFE 0. 59~1. 65 V 2] . 255, H 16 F
Vst 1.06 V. > 14 -
F 2B T — B PRy LIBs P A3 22y
R g L2200 S S A S H ol
T-BN/T-graphene 5 Jit 45 i PEREREA T 1 HLAS . B %6, 06 - ]
5 T-graphene BRI T-BN B2V M B, T-BN/ 0 3I é ; ll2 1|5 1I8 21
T-graphene 57 J5 45 (£ BUVE BE 7 1A Sk 3%, 971K x in BigNieCaeL ix
PP, AXt S THISAE BRI/, 525 Fig.8 V, of Li adsorption on T-BN/T-graphene
SRS . T-BN/T-graphene 5% 1 46 1 7 3 4 heterajunction

(0.30 eVl i , #2315 T MoS,/C,N 55 45 (0. 28 eV) "'l C,N/graphene 5 5 45 (0. 28 eV) ™', {HAH 4K
F B,,-Borophene/graphene 5 Jii 2% (0. 56 eV) *Fll MgB, (0. 613 eV) " ZE A BP KL, LB T 8619 7L
R MRS A S M, T-BN/T-graphene B4k (678. 5 mA “h/g) A1 & 5= T Janus MoSSe/Graphene
54 (560. 59 mA - h/g) ' MoS,/VS, 57 Jii 2% (584 mA - h/g) **/ Fl Blue phosphorene/Graphene 5 Jit 2%
(626. 04 mA -h/g)™. A, HHERLE W 7R A 22 (372 mA -h/g) ™. B4R T-BN/T-graphene 5
S HYF-44 Vo (1. 06 V) BOR, (HILEAA RV S (0. 59~1. 65 V)IRARTE— DS HAIXEIN, 5
VS,/Blue phosphorene 5/ %% (0. 50~1. 81 V)" FI MoS,/VS, 5#JHi 45 (0. 5~1. 8 V)24 . £E F Ak, T-BN/
T-graphene SERES HA MY 8 & Bm BSOS 0 Vo AR /NP SRS AR R A, BILH &
TSI RE A, Sy AR LIBs FERR N FH Hats ok T VAR 1 sk A {E

Table 2 Theoretical calculations of 2D materials as anode materials for LIBs

Material Diffusion barrier/eV Theoretical capacity/(mA-h-g™") VoV Ref.
T-BN/T-graphene” 0.30—0.61 678.5 1.06 This work
T-BN 0.35—0.61 1620 0.479—0.489 [24]
T-graphene 0.37 744 0.2 [22]
C,N/Blue phosphorene* 0.12 1092 0.11—0.45 [10]
VS,/Blue phosphorene* 0.11 1211.34 0.50—1.81 [11]
Janus MoSSe/Graphene” 0.17 560.59 0.17—0.41 [12]
Vs, 0.22 466 0.93 [16]
Blue phosphorene 0.16 865 — [17]
Janus MoSSe 0.24 776.5 0.106—0.620 [18]
MgB, 0.613 1750.9 0.689 [30]
MoS,/C,N" 0.28 742.86 0.17 [31]
C3N/Craphent:* 0.28 1079 0.13 [32]
B,,-Borophene/Graphene” 0.56 907 0.08—1.09 [33]
MoS,/VS," 0.24 584 0.5—1.8 [34]
Blue phosphorene/Graphene” 0.13 626.04 0.23 [35]
B,,-Borophene 0.66 1984 0.61—1.26 [36]
VSZ/CrapheneX 0.03 771 0.65 [37]
Penta—graphene/MnS; 0.13 751 0.592 [38]
C3N/B()r()[)hene* 0.006—0.010 1086.27 0.34 [39]

* Represents a heterojunction.
A
3 &

FET B R RS, X T-BN/T-graphene S 25 8E1 7 1 HLFHE U404, A5 1T HAE LIBs FHAR Y H
FRIATIE . Zead A ks 2x2 97 M A% T-BN H1 3x3 97 U i T-graphene FHZ5 4, F R FH 45° 4 AB Hi
B, 2R 0. 3330 nm. B FPEE T4 R R, T-BN/T-graphene 5 25 2B 4 @ 1, 1A H:
BA RAFH S . PR TR REZE 0. 18~—1. 48 eV Z[H], HASRAE(R 4w, 2B HE A T LIBs
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FEM AR, 5 T-BN HLZF T-graphene #2194 HA 2 FIHLE 2 EX6 FE 7R , T-BN/T-graphene 5751 45 75
PrELE A2 AT SV R RE RS, (HIRIS A S A0 FrfEAIG. B2, T-BN/T-graphene 55 51 45 AT 2K
P A B EIE AR A Y Vo AU N AR AR TR, 2 W ILAE LIBs 0 BHAR N F A T
AT 5%

X #1428 R http: //www.cjeu.jlu.edu.cn/CN/10.7503/cjcu20240371.
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