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&3t7] oJ¥th. Yamada et al.& A §F LiFeBOsE ot=ro] QX SejH vfxoA &5 AxeAS gh=st
o A9 o]Z4l WAL (>190 mAh/g)S AT A 10d FgtY A dE4 L o]&H

7] LiFeB0;o] <d3loll sk 7[AIZ2A T&HY 2 C-rate 7leS @Ast=d od=°] IS Yepdd.
EE Crate % A% (HU 5 0% MAs7] 8] Fe AlelEdA C
=3 v|aste] ggw C-rate H“(Jﬂ] 100 mA/g T 0.45 Co A

Stk 13y LiFePOol tigh 53 Ao u]dl] LiFeBOsol gk #3-2 AstA o}, o]
F &l

iFeB0so] #718}et%] ¢t ol Ao wr] wiZoln, weba] 47 LiFeBOsel

~

3 0001) el S2E3 #10-2315320% (2021.10.14. 52)

¥ oo BAe ¥e Crate 542 Uehle] ME F 9L 948 5 e $F BEA, ol ARy
AN

L [¢}
9 o8 EFehe @F o AAAE AFHe U 9

79 HE e
WSk g BAL

o =i
= L =
Bastel ATAE G A 19 37 IHR ATAZ Azstel ATA AU E S5

SE WE



[0006]

[0007]

[0008]

[0009]

[0010]

[0011]

[0012]

[0014]

[0015]

[0016]

[0018]

[0019]

ZIHSd 10-2024-0115464

A SSEE BB hs selA tdshe Al 39S Tdeka, s BetA 12 EAHE S

1
TS FT BFAL Azshe OF IHAAE FF BRA AxPEL ATHh:

Ll
kel
tlo

ygol g7

2oy mued @ad PN olgstel Huel R wavh m¥d 4T FEAS AFsa, 47 &
= FEHAS xges AT 2 o]F o]&3 ZF o|AAAE 10 CERY ¥& C-rate SAS Yepiozy we
S 3dE A § A o)Ho] gl

EHS 71get H7

=

12 2 o] d AAdd we Alxd = dEA diste], (a)& XA 3-E(XRD) 2 =Zola, (b)E XRD
gz AR E sl Aolar, (c)= Li 2l F2vd M}7] 3 (Magic angle spinning nuclear magnetic

resonance; MAS NMR) dlo]Efo]t}.

T 2% B dgol o AAdoel wh 500 ColA Axd = EE4do| tietd, (a)& tdd -FEoA A&
WA 4% (specific discharge capacities)E W23 ZHolal, (b)& 10 CollA LFBRC-500-S02] H]-8-FH(specific
capacity)e]™, 10 C, 20 C 2 30 Co = - Wb golA, (¢)LFBEC-500-S1 A=, (d)LFB@C-500-S2 = (e)LFB@C-
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1 CollA 71 ApolEs FH3 Axjol},
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Ho A5 7P ¢ den, A7) meflA Ao daE TP A, AUl E(vonsenite)d TS EFE

A ol A A 1% o4 wFshE 4D & Qont, ool A@HE AL oht,

A7 B4 3etES BA(Boric acid), BATEYWE (Trimethyl borate), HAFEZ o€ (Triethyl borate), &
2EZlo] AX 2 (Triisopropyl borate), BAFEZIE|EX-E(Tri-tert-butyl borate), SAEZF-E(Tributyl
borate) @ FAEZ (0-52)(Tri-o-tolyl borate)® o]Fo|x oA A 1F o]dS X33t Y & 9l

o}, ojel A@EE AL o,
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A7 ZaE AFA BT B2 A 5 Co £ £52 60 C WA 100 T LA 8 UH| 12417 59
Az 5, 284 7k== 0.5A413F WA 10413F A 5= Utk
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FH2 Z®E LiFeB0; A& 500 ColA a4 db-&S AE3te] FAHUY. BlF oMAHOIE tsle|=dgolE
(lithium acetate dihydrate, Junsei), #A(II) ZAHolE dslo]=o]E(iron(Il) oxalate dihydrate,
Junsei), H#AH(boric acid, Kanto Chemical), FIEZ2 A(sucrose, Junsei) @ LA T]dlo]=golE
(oxalic acid dihydrate, SCI)7} Aol AF&ES HF AAES =532 0.03 B2 SAHAY. 7] 33
EES 2547 B ofAE SN EHESE AR F, 80 TR fAHE -9 (hot-air) 229 HEE
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(teflon) AAelA BHAIESE Azt AxE A3 £d=S HAAPLS o] &3t F9H=E BE & 47
Hub BE (alumina boat)® o] EA AT, HFA 39-Hl= 5 T/mine 7149 &2 o} 23 7h2A dtoA FEd
Z7F](tubular furnace)StollAl 7FE AT}, 8] & 12 AME Z=9F B4 A(carbothermal) §4 271S g
At

721
Carbon_source Sample code
1.1 g sucrose LFB@C-500-S0
1.5 g oxalic acid + 0.75 g sucrose LFB@C-500-S1
1.5 g oxalic acid + 0.4 g sucrose LFB@C-500-S2
0.75 g oxalic acid + 0.4 g sucrose LFB@C-500-S3
BE FE 0 SAE 7 AES B4 eEE stk S1, 52 % $39) Ba Ami 471 % 1) BA8 247
of &} o] AREHRAAL, dlE Bo] S1& 1.5 g° S H 0.75 g°] FARLAE ARSI, S2 1.5 g9
St B 0.4 go] FARLAE ARSI, S3& 0.75 g9 St B 0.4 go] AR AE AREERIT. HalE
Aste], g2 AHEAN FARLATS ARESl] 500 ColM FulE AMES LFBEC-500-S00.2 A3I3itt. RE
BT ABES WY F SA olzzel ANY FeH WA oFHe] AHE AN AU, EF WBE
2 450 T B 550 CellA FAHAJARE, oA FE WEEL A58 5Ao] F4 &t
RECEEEE
gdEd, ZYnidyd F22o]=(PVDF) 2 773 P(super P)E 80:10:109] B]&E Z§3le] 4= IES ¢
ZeE g Axsth. N-dE-2-7 &= (NP) 7} PVDFE 918k &2 A=A, 8 HES &4 39 3
AZ%e st FoE, GEHS AT F AT 45 EEHY =55 Hage] A £HEE ok 2
zol AYA WolA BUL Adstgich. AwuE T o) B AzE oy Beol=E o gdte] yw
T, AE eBow ST WEL 80 CAlA 247 B9k Az, 27149 g7 w2 Heky] sk of
23] YW B whzoA (R2032 NS AZsFATE. (R2032 1412 Fg# <l 1 M LiPFs(EC:DMC =

1:1 v/v) dald, celgard Z|Z283 229 ¢ ZF TS AHEste] Ax=HU. A718e SA L
ALg3Ee] A
o}, Li/Lit+ ¢ ¥uste], AAdF/ A& vlE ] AFe]E2 (WonATech WBCS 3000, Korea)olAl 4~3 = A}, 3719 &
A F (eyelic voltammetry, CV) Abo]E2 TH2 713818 H2Eo| $-Aste] Zbzhe] o)X Ff & AT},

T 1(a)E 500 ColA FHl| AE
2 YeEuact. 347 WA 36° <9 2

o #AE Frateth.

eI AL, ZE MELS A dAbg
& MZE=o A EA}o]E (vonsenite)F 9] 9

0%

E3], e AZo JojA, JaEL Fa ICSD el nuste] AL E(shift)E YERITH. ol MZE
oA Fe' 2 Fe'7} EARTHE AR 2AS ATEAT. LiFe0:0 ANH BaEo] o wa Aum 5
AR ANHS ARS-Ete] A 23 LFBEC-500-S02 H|wale] SaMAkS ALE-3E AZoA] oF7t =4 YElRTH o]
v BEE 93 (ninor impurity peak)ES tl Y #HVIE THEV] 9¥
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slo] 2 uEE ATHA Reum, Fe 7k Fe' FoR WaEE AL g
Folgtk., ZelE® I AetY] FE(ceramic route)E ARESHE 79 tiF-Ee] E3E A AelA FF=(Ar/l, &
A

= 0/00)E Zol= Ao] 7Hsd o W Feo & et AbgEold gtk o]#d ATelA, Fe o mii=
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ward 4 .

Ao Ao AAFA AE wjE ] AFo]EF 2 (WonATech WBCS 3000, Korea)® thokdh A
o} 27 ZREZS ALESY Li/Li oiH] 1.5-4.0Ve] A<k WoolA FaAlwdct. e 7
ShAl Z} Al gl 3o &3 AAHIFHCV) Ao]ES FF3SlT).

o

T 2¢ 2 el A AAde w2 AFE9 &7 54 (rate performance)S ThFe % - W& (C-rate)ol A 3
7 gk A(identical fresh cell)e] AMEE o]&sto] H7igk Aoltt. &4 Aaz Fdst
A eAaReavtE Abgete] §HJ3 LFBEC-500-807} vlarste] Sakita} a2 ~o ks vedsiAl Aol
A3k LFBEC-500-S25 #|9]3 BE MEZEL 0.02 ColA #d83F(discharge capacities)S W& F AT (=
2, 3). 0.02 C¥ i, 1.5 VollA] LFBEC-500-S1, LFB@C-500-2 % LFBEC-500-S32] "8 (specific discharge
capacities)e 188.3 mAh/g, 204.1 mAh/g % 140.3 mAh/gC 2 Z}Z} UElgton | o]= LFBOC-500-S0&= ©ALA S
e 2§27 WiEd + Jdut. =ZAE A7) performance™ LFBEC-500-S0¥} H]:L3}e] LFBEC-500-S1 2
LFB@C-500-S29] 1 CellA] 433] ¥ rates YeRd 4 Qlvk. H]E LFBEC-500-S3°] W& & - W& (C-rate)ol
A dA (inferior)& & J&AFE, 2 C 2 5 CollA LFBEC-500-S3¢] 7482 (discharge capacity)< LFBEC-
500-S0E.Y X =& 4 9}, 5 CollAl LFB@C-500-S1, LFB@C-500-S2 2 LFBEC-500-S32] WA -8-F(specific
discharge capacities) < 106.7 mAh/g, 126.8 mAh/g ¥ 93.4 mAh/go = Z}7z} yelyt}. thx2 o2 LFBeC-
500-S0 A& 5 CollA ©A] 45.9 mAh/go 2 YEFST}.

lo,
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500 Colld w=uld WZd] thste] 5 C rate?] Ao} vluste], 10 C o] i F - A& (C-rate)old F7}
Zel H2E7 FyEAT. A7) 295e 3% 7859 LiFeBOsE U i1, o2 F 20 eI,

#£ 2

Sample C-rate Specific capacity(mAh/g) [Reference
LiFeB0;@C(9.3% vonsenite) 10C 45 Yamada et al.
LiFeB0;@C 3C 70 Chen et al.
0.5% Cr doped 5C 91.8 Dong et al.
LiFeB05@C
LFB@C-500-S2 10C 104 This work

20C 59

30C 36

A F7HA FEE M-S Yamada et al. 10 C7FA] @8 (discharge capacity)o] #HZEAcTt. 10 CollA

LFB@C-500-S0 =2 %] 11 mAh/g® ®d 8 (discharge capacity)E YERHJAIL, ©]= Yamada et al.ol ¢

) B R Yokt ofZFo]l QYA ZFH B o 43 31 o] 43 H Yamada et al. I} & &
_7__

g Ag #A Fo] FH o O 719 F dATE. 20 Co =L E - WHE(C-rate)olA AL wEA 2 9E
Sk,

A= LFBEC-500-S1, LFB@C-500-S2 % LFB@C-500-S3¢] t}h& 370¢] HZL 30 C 7bx 4738 HAE F9o
F7H40l FeS FAE = Jolulk. LFBEC-500-S2 A1Z-S LFBEC-500-S1o <3k H o] &% EA(rate

performance)S& X.oFt}. LFBOC-500-S2¢] 10C, 20C 2 30Ce] vlHbd-&F(specific discharge capacities)e
104 mAh/g, 59 mAh/g % 36 mAh/g= 77} dpERRCE. 7] A 10 C, 20 C, 30 C ¥ 1 CollA HA FF &2
80.3 %, 52.6 %, 30.0 % ¥ 96.7 %= Z+7} YEIRTE. FF &&°] 50 % ©|FE "WoiX = A2 wiE Y g A
of AgtEmg, o] AL i F - WHE(Crate)dlA] 71 ALe]Z &<t AHEE wf 20 C7bA] HHEHAl Asd &
NSS4 4 k. LFBEC-500-S1 =2 10, 20, 30 2 1 Cold A ZF G800 71 %, 31.3 %, 18.7 % =
96.8 %= EbgTE. iz o2 LFBEC-500-S3< 10, 20, 30 2 1 CollA HF ZFZ &8 58.5 %, 29.3 %,
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15.4 % 2 92.5 %% EFRTE. LFBeC-500-S1 2 LFB@C-500-S3 MZ 2 10 C 74A] ¢tAsA zFEd 4 9o, &
g4 ANAA FF BE AxHAAHe FAHE AL ZdEtE A A GV 59 u 1 Ayt FhHow

, A7 38 20 A 4 dE Alxe W W99 LiFeB0solAl &4 57 (rate performance) R ¥

=
Z 7t 8% (capacity)el 9 VA= AS & 5 dd.

<Add 3>

AEd 29 A AES SRR, 2 AHE & 3o YERY. & 32 2 W] A Aol wm} A
Z2d 4= FEAS A 2 Fa2eAE WAl wEl (a)450 ColA gAdshar, (b)550 Tl g3t
WA & (specific discharge capacities)E HlslaL, (¢)E 0.02 ColA %7] Alo]ES 93t WHdEw

(specific discharge capacities)ES ERH T8]Zolt},

T 3% FEE, 450 Tolld F=HIg AES WA BAE o Bol E3eH LiFeBo; A7 € 24 A
(less—crystalline)¥d < AT+, 53] o B2 &4 A8E
(discharge capacity)s H5v ET-ES o ¢ ®o] X£¥st
B2 ¥ B AEE Ef‘u
e Ao o AL oo
= Yol HAstets Ao %3-?;} T A

=
= 550 CollA Z=H)g AMTo gk
A9l iE(450 T 2 500 C)ellA, d

f
ol
ol
rlr
[0 mz

<A 4>

29 FHE g3yl 98 AA wE 53 Adx #@vB(FE-TED S F3stgien, TEM 242 #3852 0.102nm,
A Halse 0.25nm, WAEFATLAS] 94 715 A AL 200 kVoll A FEI Tecnai G2 F20 X-Twin TEM% AF-8-3}
At}

A .

% 4+ LFBEC-500-S0 % LFB@C-500-S2 AZo] HR-TEM & w74 AR S Ho]FEt). LFBEC-500-S2 A& Hul 24
Aol E=x PR & Aew #BAHJY. g4 ZYS d HAZdz2 vgeEgou, dxe IR i e
(vonsenite-type S YEATH) oL},
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