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THE RESEARCH ON ORGANIC COMPOUNDS AS
ANDOE MATERIALS FOR SODIUM ION BATTERIES

ABSTRACT

As a novel electrochemical power resource, sodium-ion battery (NIB) which has the
advantage of abundant resources for electrode materials, significantly low cost draws attention of
researchers. The research of sodium-ion battery gains the huge investment by the governments
and corporations, leading to rapid development of the key materials and technology. Now, the
electrode materials of sodium-ion battery contain two categories, including inorganic materials
and organic materials. This paper will demonstrate the advantage of organic electrode based on a
small molecule by analyzing two types of electrode materials. 1,4-Cyclohexanedicarboxylic acid
(CHDA), one kind of small organic molecule was employed as electrode materials in this work. A
specific capacity of 138_mAh/g was achieved. The electrochemical performance and structure of
sodium-ion battery electrode are also characterized by a variety of techniques.

Since, the conjugate carbonyl small organic molecule can dissolve in the aprotic electrolyte
solvent. This behavior causes some problem. Polymer electrode was used to can prevent the
carbonyl compounds on the surface of electrode from dissolving. Some active material with a
high specific surface area, such as, micropore carbon can also be used to solve such issue. This
paper will further demonstrate the electrochemical performance improvement by compounds
made up of CHDA and some porous structure carbon. Finally, | gained a sodium-ion battery with
CHDA and Carbon Nanotube(CNT)_(mass ratio is 1:1) compose to electrode materials, for

sodium ion batteries gives a specific capacity of 163 mAh/g.

Key words: CHDA, sodium-ion battery electrode materials-, CNT,>-_small organic molecule as

electrode materials
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BURASA . IR /MEFUAASNS T i K BIRce kU, & — N0 EE, R
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T3 i IR « RS S BRAEME 9 Fa AR 18R 55 - F It AR LU Li[Liys Tiss] Oa o HAAK
AR 35 1 FLR P i B 2 LA, (H A2 L[ L3 Tisya] O4 %% 551 H jth 1) LA R AR
ML, HARA 5 kAR g I R

B, ZhaoffIHE 78 BN PHR 5 7 85— Fleke i N B LI[Livys Tiss] Oa b 45 4
BT HARA R A . BRI A HL I ) A & 9 155mAh/g, I HI LA A
0.7V, {HRXFHMEA T RIFHERIERE, E2EET )G, TiRfREFSHT
JURBFHZEAN K . BT X Fr b A s fe 2 KK, ERIT1V, FrbifE
FALIEJF AR, AR RN AT e, T S BB 3R . AEIX PG L
N, EEA GRS TSGR IR R . NIRRT 43 LAPVDF,
IR (NaAlg) FICMCAE AL 45 77 Lmol/L)NaFSA EC:DEC H fif it 1% H
Li[LiyaTiss] Qs B T MW A E-H R R R ATLAEH . LUGEERREN RS 4R,
HL A B H 159mAh/g, R ANT5%. M LACMCIRREEFINT, MibRIM B RS
TR R, TA170mAN/g, [FIFE ISR IR 81%. K & St IPVDFAY
SEFIRT, Li[LiysTiss] O8N ES T I BI85 T BRI AR (TR LA BERG B Rl 45 711
B EL T, RV IR 2 R TR B ) (B B o LU, 20 LR IR I Je, A AN AR
SETE T 150mAh/g. HIIZ, PACMCARG SRR, 2075l fE, HEw i
g, KRZTE155mAN/Y.

30F Na-CMC
i —— NaAlg Charge
25} — PVdF
2 20}
(4]
o .
8
3 15F
> -
10}
: Discharge
05k e

0 30‘60‘90.120‘150‘180
Capacity (mAh g1)
B1.6 AEHREEF T Li[LiysTiss]OANE FHRMAE-HERRR
1.4.3 AEE
(LD EENMNERE &Yy =
SIS+ R, WfE4)E (Sn, Pb, B, 48 (Si, Ge, As, Sh)
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vt/ SHANGHAI JIAO TONG UNIVERSITY HEFHEME S BERMRAEI SRR

AR R ITER (P Al LURENE R — e &4 (s D X 540E
A EBE —ne RSP R AR, EOIE R I kA R, 23 TR K
MIORTE . IFH., XA RHE Dy r Rk B Es 1 i it 55 AR O R AR PR 88 1~ it A L
HARB AR,

12| 1314 15| 16

Na.,X B cfn]o
Na X 3 14 16
~3 All Si S
Na.; ;sX ~Zu] Ga > As | Se
48 | 4o ¢ 51 [ 52

Cd|{ In| Sn§ Sb] Te

80 | 81 83 | 84

Hg| Tl | Pbjl Bi | Po

B17 &SR —THhEayw

e LW, HES SN e B G YIE R B C AR T
DAL R AR - R R EER R, DUBEATTN AR S T s b
AT A SR PV R B E MR E . 8, EA MR =F BT E, Bl
DAIAER I B e & @i &4 . BT DACERRBS T it R, mT DUFHARE 9 plebs k), 2
A SENIENRAM B (B, BRI TT LU AT DAE 8N 55 7 Fth R AR A )
a4

HA WAL 225 1 BRI T B B AL M) LiasSia, 2 H AT SR 2 YR 2
— XFPIREEZE T TIZ . Tk, NaSise H AT 2 A iaN & 2 i
Z NANEE et &4 . fE AL PERE T T, ERVR A THNaSI Lt 1 75 AN T kG
FEEELiysSis IBANIE 2 .

ChevrierflCeder®H& i, 44 4 N AT RN ES 7 raith, BHARS & v
AR PR B 1 P P EMIRAR 2 o AN S B BB B 4 N R ) LT PR B AR R
= K% H 4 1130mAh/g.

BNE— ZR %] Na—M (Si, Ge, Sn,fl Pb Z 28V F R ICR) A & AT 5 48 123 ]
BMOLF M &R, KT HRME, 2EEE 30.3 AR T, X RANTE
Na-M & &= b B IR AR 18.2mL/mol o (AR (25 Ak A e 3 195 7 Fr) 4 ( 14.8 A%/Li and
8.9 mL/mob). itk B K M ARFIAR AL A 753X Pl R HE B B - F it b R il Ak B A
Ao A o IXFRATR ) % 2 SEK AR TEIA 5, Wit i) AR A 2 1™
H, AL PRI RSZIR DL IR T .
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EENRTFWNES-WIN (CE Y N i sy =N Ak X P S P LE P
AR IR LU BORHRE S (K0P LA A B 5 g LA 3 (T 72 Jow P 5 198 74E
KK TH-BE S0 REERLEES S, GFBERIEREL CRT
400%), {HJ2 DX P& 408 FARMA RE AN B 1 F it A 5 IR AR e PR PR e RE . — A
HOMBHETHLAG, I & SR BRI LT A m SR E G SR N & 7 b A &
R PEAERE . R T HE P2 000K, X PR 11X M it 7L 5 b
(RN, AHXH) AN B 4 A P PR AR AT B — AN BRI R I o dpeilt 5 — N B ()
R = AL BN E NN B 7 s AR MR H, B T RS E, 1k
2600mAh/g.

(2) B &S G SAE NI R

LS LSWER It E S, BAEEES, -8 ESE A B
1k, 4355S, NaggSn, NagoSn (FG5E #Y), NasSn,, FlNaisSn, T-25C. H1E i
FEr, JEHiNaisSns, HIBEIRZE & AT LUA FI847TmAN/g. F4h, NS T HIth ik
SAEQ0 T AT iNaSn Al T 8 AL fFINa,Sn (x =~ 2.25), X Fhgsfit— 5 N J7
F kg A R IR NasSn, 27,

A, RO RAMGEREE (PAA) K47 vl UG 2 G A EHA &
MH AL ETERE . A0 ], Sn-PAARNE T~ FLIEL 22 AL 760mAN/gH A & . 1 H.,
MU RNIEEEEE B PVDFG, VRS 7 il i AL 2 e R A8 T BB 4 Tt
81, {E 2 Sn-PAA I Z: T £ P IR A LG 28 B AR, X T fig s i 1 Hul A Bl
SRR DL I R M RHE BN -8 & S EARGER T R AR OB /D & FECIA
B AR AT S, PIPAARIR I AL 2R IR TR K, X S5 AHRANER
SEALPI LA, a0 ], B FAEA T LT AE 20 BB 1 A 5 475 700mAh/g I 25
B, JLF R RN B 1 F I ) IS

32
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2k
(c)
) (b) (a)
>
b
ik
w
[ S
0 200 200 600 800 1000
4
Q/mAhg
1000
800 | (e)
“wo 600
< (a)
a
€ 400} (d)
~
Q
200 |
0 L
0 5 10 15 20

Cycle Number

1.8 Sn-PAAYNES T Ha I LA 2 1 AR

Qian ¥y BIF 7 [ BA I Kt 5 HURR NN A543 7 R AT BR BE S PR 5 85 5k 5
HL AR . DL FR BE D HE A ) 40 5 - L AT 45 610mAh/g & & . T HL7E =ik
2000mA/gHTFEIRE T, 23 500 HRIPERA LS, BTSSR BEA8 PR 47500 75 &
JLE ShIC HE AR AN 2+ FE I AE A INNFECHS , R BETERTS0MNMEH B IEAH IR
W, (HRIEMASWIIFEC)S, AR T Hl I AL MERESRA TR K9 Ht. 78
2 100PE BN 5, NS T HIB AR SR BB B8 CR 7 — T 4R 25 & 11194% .

— P55 B 4 RIRERE A S B FRLB IR SRRSORA R T 52 380 DGl i WLk
PEFERIS — P A RS AR AR RE . DX 5 B AR AL Ha Al ()4 g
H AR I 25 2 (540mAhg) IR B A B M AE A 1 AE . 7ES0RE 75
Widfa, MR RERFERB0% A RE. R ——ME&R S5 E A HR
Sn/C5SbICEE )2, XM kIEd Z BN E, FTUMRFEF — i aE. m
H, fEXME &R RS, B A B rs, a8 R
R SR —— PR i s AR R A
(3) Wikl

i, — AL TR AR B LR ARE R TR, 1 =RRR R, O
W AN SR 0 o LW AR 00 T AT [ 3R A AR A RS e B — R o, e 2
GER DL, LA A BUAEFR A SR o AF 9N E T B B, AT RUR A = W7 A 04
I J S L R 2188 D9 L ARAA R R 80 2 1 LI e ) 5 ok (CBRARTHERL, HOEEA
2600mAh/g). MBI, LAIER R &40y AR AN B 1 Hit th A 2 R
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B0 W 1) 72 NagP /K il s A2 BUR R T A 75 1IPH3, 33X 23 KK BRI ot FLVR P SEBiR
R AH2E AR NaG AR, EiREdiEd, BRI AL 2
FEH BN o RTRESE BT BNVAIRE TR 2 A SR B, B DAB A A0 o A 1) EE R AR AR AR
BHABANa-MA &SR 77%-59%. B RN TR s =T 4
JE AN 27%

RGP BHE RN R b, FARADRMA TR (A28 A0 2 L HAR A & Rl 2
/N, ABREAE R SN 1 IR NagP AR T, AR ST 2 A A2 SO ML o T AFRT B Lis PO P 1 g
ML o ARALET, B FNET SENTE N6 4, (R8N E T st A o] 300 1R T7 B ) B
W] DAIE s FH G 90k 45 7709 n SR U AR TR (PANaD 43 21 et

1. 4.4 BN ETRBH

AV EYIEHEFE MRS, W20 aiE SO 1 it kL
FH b, HIRZIIAH ST DRI A 8 7 i b R AR AT R . B
TR A LA R B SR T A P AL IR R . i TR A%
PUPHE T HIF20T, B LOR] DLLE AR 5 1 N 2P 8 1 i it o HhoR % fo- i 2 %
HEA o AR KBS 1 F AT 5 IS 3.2V YT FL IR AN 180mAh/g A R . (RIE
£ 50 MENZ )5, HIHIAEIIRAEWIA R 170mAh/g) 1M 5 =R AT v HiAl i)
VRS AR A A R AT I AL AR IR,

AL SV i T AE B B 1 R A 2 o — T R (R R AR AR
Li2C6O0g & — i e 20 AT 75 AL Fi il Oy BB R . ZE AT SR SRR ST, 3
A ERRE (5C=0) EMARERE—AIHT, BREIE T, B
PRSI A, FERURTI B AL (>C-0-L) . ZFHKR, AR
(R AN ERAE Dy ra AR AN T AR % K, JF BT B AR LA R . S
WILMREWER] 7T, B2 T REWAEA IR B ZE RS e S SR
SLRE Y AR B T R R A R AR N

H R 28 IR IR — AN Eh 2 — PPRAS BRI A AN 1 r it Al A et o LUK
K HERIN (NapCgHaOs) AT HARA R AN T ri it e AROE A I 2K —
FH R 5k R DA T30 8 N NS 1, R I T B S o IR R IR AR A DY
A RL I B A AT DO AR IR A S B OR E Ak sE ERE RO R . BT
Armand %5 \Ad L SEHEUREL Bk, Ak 2 R AR S - LB ) 7
RAA RN 4 — RN A AR A0 B0 18 R b R TR e
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Nao O Nao ONa
oNat +2e
e ———
~———
(0] ONa Nao ONa
+~ 2.0 10(? 2([:16‘ 5§Co0.2C01C
£ /
2 15 !
g
S 10
o
D 0.5 -
3
©
> 00 -
0 100 200 300 400
Specific capacity / mAh g

Bl 1.9 XR _HRRE RS 5 st 7SO B2

HUEAE 0.3V 2 0.5V Z WA —/NF&, AL S — Bl G BT LR 5 e f
W T S ST S8 T B IR AN = CRAHE 60%) o X 7K H EREN A HLAlR
MR AN ES 7 Fib A BT KA & G 250mAh/g) I BAE 2 [BlIE3 )5,
LIt R 25 B AT SR B ORI AE — AN EL A Ry (R 7K

HH, ZRIFMB AW RHREE, R RSEE 2 mix AN R )% DL 3
1B o SRR IR R A A T R . FEAK IS 2R R
DA K SR AN . IIN CBE, FEREREE 2R — IR —AN7E Ik TR &4 AT
Ho BT RPN BT S BUGRREME, AR R B A A 4K pKa
B (Rl 351 5 4.82) , WIS AN, XS H nJLALLER S KK Na
Bt (B LA s, R\ T SRR AR, wE.
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Transmittance / A.U.

(o}
.
/[ 5 ONa
NaO.__ 54]
|
[0}

1551 1380

2000 1800 1600 1400 1200 1000
Wavenumber / cm™
B 1.10 XPE_HER, RE-HIM g iME R

ALVEH, JEAHTHARIR H ITEER 1671 1§15 1420 I, fEREH S
F NaJg5, PR ER S| T 1551 5 1380, AR EIE A ALK 45 R
ATDAE H, MSRA R T SRR IR AL . Al 28— F R A TT LUod i A 4y
BT TGA B Z## DTA Kifiih. N THHTXIE, HEENI SR R
AR ER T T OBV B, B3 = RAEEAT R o, .

125

100 —————

75 - \

100 200 300 400 500 600 700 800

Temperature / °C

B 111 WR_H RN ES T
BEAE LB AR IR SR 2R B P A 20 B 320 BHGRE S
640 T bR, XULHL 177 i@ dt 28 —HIPR 8 50 8 RN &4 . %2R
TR AN R T RN 0 T 640 T SEEGRERN 320C BHGEE M. S IAH
XA, TE7KI 2T Hp B 45 A FORE R 20 2K W R 4, & RAE 640C—
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MBS SRR RIS & &R

7

3N

Aol . XL AL ISR R DL I SCE MRS E T, A W] REAR A RHE 5
TRAS N 22 4 o)

B, IR A R Ry — Rl AR ATV T AN ES T L SRR R R AS T
T WIRVE . 7EFL IR FB P Ak EOSUEELE FEA 2 e B R o R TR R B 40
X PN B 1 HaL i ) 75 & 1T LAk 2] 350mAh/g.

H T AN R B A BRI 2 RRE S, R T ANV B T PR A F it 1)
Wk Z , Horp—Fa HLY R EDY R B (PTCDA) *® X FRk N “ 41 224”7,
JEVUH R A 75 &1, IFHEAMNANIRITEER] (CuHgOs) o LAJEDY FR —

(PTCDA) A R AE S 7 b 7E 100mA/g IR, HErLUkHS
130mAh/g. HIEVYHER i (PTCDA) K& )5, FriilfS 4 & 7 B i i A 1 fe
War, EZEINIEA G, R EEERIAE. R, BRI T PLAED B R
i (PTCDA) [IERA YN AR TN 2 T FE Vb [RIRE A 26 BT (1 FEAL 2= R
AR B AN IR DY F R IR AN B 1 B vl bt s AR RE, DA Nk AT 221K
XATRE RN AR RS BRI H 2] Wei Luo [FFFLHEIRN, RS T —FEEH
A B AR ) PTCDA VS ., SXFp e il i) R R ik 31 1-3V,
RN 10mA/g I, ZFE AL 145mAh/g (BN 100mA/g B, HEAKY)
91mAh/g) , HH, XFFHIBIEIEIS 200 B LLE, 1 RAEGMRREME. i
R 0.01V I, £EZE— 8 AT LIS 3] — WA 1017mAN/g AR . AR, &l
KR 7R T80, Fth AR Z5 R 2 R AR 2R, “ BRI BRI SE MR 21 b )
K,

DI NS LR, SR 4E 9B MR, # 1.0 M NaPFs il A 2] EC:DEC = 1:1
FRVE T R DA FELAAE I ) /N R AL rE L, SREAT PTCDA 4+ HL it ) M Ak 2 PR
MAke T E R, 28— g CEPghER N PTCDA 1) , 1 2.3V &
A—NBOEM R G, LA 10mA/g FFLBCHE AT LAfS 2] 134mAh/g. 1] LV = 2
)52 5 HL71) Super-P 5 T~ HLIB A 2 oTik /N 2] L-F- 7] LZB . B IRX AN &
TV B 5 R R 12 B DU FR R I AE R i R RO B T A AL BN 0 25 44 BT 3 i
HZE S Ak 134mAh/g [R50 1 72 55 F e R v B DY R — 2R 25 T ik
£, AT Na,PTCDA Zifytn N (b) . BN RFEHE 3.0V s, &
2.5V A —NHEF S AGEEAL N IS ok XA & Rt R B 7R
PNATHR AN R, b T A BT G AR A o B TBOR AT B AN
25V LT — AN &, TEREK 2.3V &8 T 2.1V f1 2.2V P&
VLI TN T AT RE S A4k 48 N 5] Na PTCDA . 7EZad S 411 v a7 3K 2
J&, ANES T E) AL R IR E ok, W E ¢, d AR T HIB A =2 DU Y
FEHE T2 (&N 145mAh/g)

17 W

H
pa
b=l

\|

~



@) Y FAArY
e/ SHANGHAI JIAO TONG UNIVERSITY %ﬂ%%@iﬂgﬁ@*&*ﬁﬂﬂg%l]%&’ﬁﬁg ﬁg'_‘-?j

% 30f H

S (a) (b)

=

S 25}

@

> L

s 2.0

©

S 15¢

g

5 19} 1t cycle ' 2nd cycle
0 20 40 60 80 100120140160 0 20 40 60 80 100 120 140 160
Specific Capacity (mAh g1) Specific Capacity (mAh g%)

i 30t L

©

5 20 (o) ()

=

S 25¢

v

> 20}

2

8 15}

=

]

5 1o 31 cycle Ll 4th cycle

0 20 40 60 80 100 120 140 160 6 2‘0 40 60 Sb 1(‘)01é01;$0160
Specific Capacity (mAh g?) Specific Capacity (mAh g)

A 1.12 PTCDA 48 ES-F H a7 DU P F) 78 7 B B 2R

PTCDA RS54 S0 E T It iR e M E B VIR R N TR
PTCDA 7t NN AR R IS5 28k, WIS X PR ATS (XRD) X i
oM. WRE, 9.2° ATHHAXT R (011) SEEMEIR T LW, S
15 6° MIATHA A B . IXATREZ BT 6.0° ¥ srgE 2l (011
A TN JZ IE BT EO 7R TR e (5 8] 7) 9.2° WL HEFIEMR T
M 6° MIENKIARFLE. FTUARRILLTES 1, 7 LTSRS, A A4
WAL R A . SRR, 12.4021), 24.8042) 1 27.6(102)45 Ak A4 5 L 528
NRIGVRE B ERATEAR, X ULBH 1 AE MM R R, AR S5 R A 2
R AEAE BRI IR AA 8], [F] H5808 J 21 1 PTCDA Z[R] LI ) di A4 25 46 B A8 4K,
XRD ATHFEEHEI T 10 B8 LLJG (3 28 A — JF 46 (3 2k IR AR H . R W
PTCDA HIZ5 M AENE A R FFAAL

Intensity (a. u.)

= IN W IO

5 10 15 20 25 30 35 40 45 50 55 60
2 Theta(°)

A 1.13 BI-CEE SR XRD E
ZLAMEIE (IR) Wid# 7 PTCDA fE R AT 5 I RIS LE R, BT
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B ¢ AIANTE K2 1788cm™ AL TR (112 PTCDA H I BRIEIE [, T iXAMIETE
R 1V AR AL 55, R T AE R MR PTCDA A EA R 4
PERIRIE R A T AR . AR — ML T 1821 om ™ BT I AE S R R R I R
ST I PR 2 24 2 38T T2 B A B A R A 28 (C-O-Na) » fEEHT i3] 3.0V 5
(53] 7) , AT 1788cm™ KU SGERHIIK L . RFLEBANIIIREF, SUEBIEM
oo SR1M, 7F 1821 cm™ AbRugrE 78 s it FErp A AT 2k . 5 REF] PTCDA 1)
AL S PR, XA 1821 omt A FRIGE T g 2 H 6 B3 T R P R 2 T T AR
T SEI M RKBTE. M ATTET MG R AR 2 2 SR AR SRR T 2 BT I e T3 A8

11,1788 ; . . s .
2000 1800 1600 1400 1200 1000 800 600
Wavenumber (cm™?)

B 1.14 Bi-CEYEH /S PTCDA 44MERE

Intensity (a. u.)

1.5 MRBERFENX

I PL B2, FRATAT DU I B AT RS T it AR AR B SR TR KR
JR S, FRMIRZ BA RIGHI AR NS 7 b AR . (H2, TR
MTFIRERAZIAR R, EIX AN, TR VR 2 [0 AR T i e B a0 TG HL FELAG
MR IS R e PR S, A Z BRI LG, AR FRRZ; ALK
PERL LI B SR IE AR MR IR AT, (H FEI S B AR XTI

1. 4-ZREA L (CHDA) HAMWANREM—A/ s . CHDA 7] LSS
K FRIFER, ARk EWANE T, B R RN T R .
CHDA & —FhiB £ AN B 1 HL il A A L. £ CHDA 7Nt b, ml LUl I g
AN TOH b EAR SR, e s ) A7 BELRT R B, e 48 R e 1) P vt () F AL 22 3R 0

PRk, AR SO AT LR AN 7 TH ) TAE

— RS E N HR AR R 2 —Fh CHDA AR ES
FHth, JE¥ CHDA 5 CNT #1754, il %1535 CHDA/ICNT EA4MEL, FExt
A MR AT = GE R B S PE BRI B S M R AE . 7 & H S Ak
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i, X} CHDA i fi#kaEit 1T ik,
TR CHDA 5HE A A BRI E R A ALk (CMK-3) 3 BlHET
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FE MRXFE

2.1 {EMRER%

PR A22VEIE A B AL e R R I R T FUR R OC 2R, AT DA S i — 6 B AR R
FHSCH AL 2 R o FL RIS PA R 2275 (Cyclic Voltammetry) & —FP3R 1S 72 v 1)
TR o BAAAT DA e i AY 57 s S FRT BRI PR 5T, 3 W] DARIE 7 B AR 7
W — T A, Al U E o CRORIE H iR RN E IR B,

PEIAR 222 A — Pl g e it D 78 F e b, G P e B I R S) TG K, 2138
TG J 73 DL F e 38 R IR AR [R] R R 51T T P, B 2 5 EIGd RAHE 1k, Bk
KE, MM 9 W K. fESEBRM A, X0 =/ TE 5 bk i ZEAN
HATIE .

&
E”‘ -------- 7\
\
S n'ﬁ'\
J \
\\
E s | f N\
£
M 2.1 =ZAkk R

FERXA = ARkt R R AT =F3 0, 2 A IEAR [ Dl 3, FRE R oA
R B3R, RAR IR BRI, 7 A P R SR

O+ze=R
G MR ) IEARAARET, IR AR Bk B, KRR ROV,
A= BB B B AL
= O+ze
Frbh, —IR=EMIERk a4, 77 AT — I e B SIS A — IR e B 1 iE
JRREAE o PRI A 7 V2 AR AR 223 . — R, TR 2%, AT RIS
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B e A B BRI 7o, PR IG F (3 Ppc, 9 4% F 375 Toa 19 4% 8 FL 437 Ppa,

ER[I R Bz #E R, 4 Sevick-Randles 75 %

VA6 FHL ST 5 % P PR FRL L (1) 06 R R gp® = 20 P

2

2.2 X §t&k5iT5F (XRD)

X SR AT S — T LR e S ST T R AR G R T T, R T
b TR MU BB, TR BOR R YR X Ok, 4 S b R
VB P 5 A AT, R TRt T LARR B 5 28I £ T AT RO — 7 Tl A
(9 X AR [ T REAT AT S 5 o 308 3o 0 AT 1 £ P T, e B T LA
P — A R P T M S G S A TR G, R TR AR
fry oz B R — 6 HC A Fr 15 S A P AR I SE ok il TR 2R ks, &8 i,
WHRZ OGN T, LR FREATLUR BRI, FTeL X SRATS 4
W BT Z IR IR, BRIEZ ERFRRE IR « XOURTH 29T 7T BLH &
TR T/, AR K RN AL, JE R4 b B T 0 4 A P e e, (7]

2.3 A TFRME (SEM)

FHH - AR e — Pl i AR S R T R T — IR LT, R T R SRR
P S 2 T R I — i 7 S R o ST B L 3R T I F = S A 3R T Y iR+
FHEARF, 7oA AR RO A R RIS SR IE 5 . T HUms & LG
BT, B B T LRE R — gk EG . ERR TR
BRI ZZ A iz, WTUAERS T, IREST, H 2 r &4 T
RS, T DLZEARIR S e 0 R L

2.4 ESHETREME (TEM)

BHHE T BAEE (TEM) & — MU S — A7 R0 2 AR H R i 1Y
R, HIXL T IE RS R RN 2 SR AR TR AR . PR RO
I ERAE AR BRI b, BEE g SRR G R 2], #lin CCD L.
W T IAKBUIN, B R RT DASRAS AR B v Tl A A Y
8o X AEAFAE I AT DAL 2 AR R PR RO 487, lansa AR T, X G B
AT LIS B vy 1 LT o 5 i - BB AT AR 1) 2 OB e gy, 38
LB s ARl AR RN, R, MORLRHASE R AT
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THE RESEARCH ON ORGANIC COMPOUNDS AS
ANDOE MATERIALS FOR SODIUM ION BATTERIES

Over the past several decades, the major energy source globally has been fossil fuels,
which are non-renewable, finite, and environmentally hazardous. In efforts to address
these problems, clean and sustainable energy systems have been studied including
solar cells, fuel cells, and rechargeable batteries. Li ion batteries are currently the
dominant energy storage systems in the portable electronic device market. However,
the commonly used electrode materials in Li ion batteries are inorganic compounds of
LiCoO,—, LiFePOs,—, and LiMn,—O4 prepared from limited mineral resources.
Additionally, the synthetic steps of these materials often include energy demanding
ceramic processes. Therefore, there is demand to prepare future electrode materials
from renewable resources with minimum energy consumption. One possible approach
to this end is to supply electrode materials from biomass or recyclable organic
materials.

The material’s abundance is a simple and clear reason as to why sodium ions are
attractive as charge carriers for rechargeable batteries. A decrease in the theoretical
gravimetric and volumetric reversible capacity is also a clear disadvantage when
compared between Li and Na metal electrodes. The electrochemical equivalent of
Na'/Na is more than three times heavier than that of Li*/Li. However, the difference
in the theoretical reversible capacity becomes smaller when compared for LiCoO,
and NaCoO, as layered oxides with the same crystal structure. When one-electron
redox of the cobalt ion (Co**/Co*" redox) is assumed to occur, the theoretical capacity
is calculated to be 274 and 235 mAhg ™ for LiCoO, and NaCoO», respectively. As a
result, reversible capacity is reduced by only 14%. The sacrifice is found in the
voltage difference. This problem can be potentially solved if the material’s innovation
is realized in the future, and current research progress to overcome this problem is
shown in this review. Similarly, the volumetric capacity of Li metal is much larger
than that of Na metal because of the large difference in the molar volume of Li and
Na metals (21.3 A® per Li atom and 39.3 A® per Na atom; AV = 18 A®). The
difference in the volumetric capacity becomes much smaller when compared for
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LiCoO, and NaCoO, because the difference in the molar volume for LiCoO, and
NaCoO; is small (32.3 A® per LiCoO; and 37.3 A® per NaCoO,; AV = 5 A%). If the
final target is to realize the battery technology based on the sodium ions, not metal,
the energy sacrifice can be potentially reduced, and therefore, NIBs are expected to
be the competitive battery system for LIBs.

This paper will introduce the common materials for the Sodium ion batteries’
electrode, including layered oxides, polyanionic compounds, carbon-based electrode
materials, Ti-based compounds, Na alloys and organic compounds. Especially, this
paper will concentrate on the organic meterials.

Sodium ion batteries have recently gained recognition as an intriguing candidate
for next-generation battery systems, largely on the basis of their non-toxicity and
potential cost advantages stemming from the natural abundance of Na resources.
Compared to the wide attention given to lithium insertion materials, there have been
limited studies on sodium insertion materials, primarily due to the poor Kinetics of the
Na ion de/ insertion reaction caused by the relatively larger ionic radius (102 pm) of the
Na cation than that of the Li cation (76 pm). For example, many inorganic intercalation
materials composed of a 3D network have rigid structure and relatively small tunnel
size proper to diffusion of Li-"ion but not of larger Na-"ion. Thus, intercalation of the
larger Na-" requires a greater lattice expansion, resulting in the larger strain compared
with that produced by Li-". This causes a slower diffusivity of Na-+ than Li-". Therefore,
a larger tunnel size seems to be favorable for the diffusion of Na * due to smaller
structural perturbation. Of course, an exceptional case may exist because the diffusion
barrier of Na-"ion can be lower than that of Li-" ion depending on the host lattice
structure, as suggested from theoretical calculations. ™ In contrast, organic
compounds have structural flexibility because of their less rigid structure compared to
inorganic compounds, which in turn provides higher mobility of Na ions in organic
compounds. Accordingly, organic compounds are considered good candidates as
electrode materials in Na ion batteries, particularly for overcoming the problem of poor
kinetic properties.

According to the research of Yuwon Park, Dong-Seon Shin, the organic electrode
material, disodium terephthalate, was obtained using simple wet chemistry and
showed excellent electrochemical performance, thus making it a promising candidate
for Na ion batteries. The capacity fading was negligible over 90 cycles and the rate
performance was as good as commercialized electrode materials of lithium ion
batteries, although the Na cation is 1.3 times larger than Li cation. The redox potential



EKP #\_—.‘ " fé x @

\\/ SHANGHAI JIAO TONG UNIVI:RSIIV ﬂi]%%@5&%%@*&*7}'5{‘4%%I]%&’f§ﬁ§ ﬂ:g_'-t

| was around 0.4 V vs. Na/Na-", which is ideal for the anode applications from the view
point of safety and energy density. Also, various derivatives of disodium terephthalate
were easily synthesized and exhibited different electrochemical properties compared
to disodium terephthalate. These findings imply that the thermodynamic and kinetic
properties of organic electrodes can be controlled by the chemical modification of
benzene-carboxylate scaffolding through the addition of functional groups. Because
of this structural richiness of the organic architecture, organic electrode materials will
be successfully utilized for the next generation rechargeable batteries.

Ji’s group has demonstrated for the first time that commercial PTCDA
sub-micrometer rods without any modification exhibit high electrochemical
reversibility in forming Na, x PTCDA (0 < x < 2). The high capacity (=140 mAh/g
at 10 mA g- ), good rate performance (91 mAh/g at 1000 mA/g), and excellent cycle
life for 200 cycles in the potential range of 1-3 V demonstrate PTCDA as a promising
cathode for SIBs. The crystal structure of the PTCDA electrode, revealed by exsitu
XRD, is well maintained during cycling in a voltage range from 1 to 3 V. This
indicates that the concerned possible dissolution of PTCDA may not be a serious issue
in the EC/DEC and NaPF-¢ based electrolyte. They also discovered that Na ions can
be incorporated by the fused aromatic rings in PTCDA, and a very high capacity of
1017 mAh/g is observed through the first discharging PTCDA to 0.01 V. Our results
point out that the retention of the crystal structure over cycling is instrumental for
superior electrochemical performance of organic-based electrodes in SIBs.

This paper will demonstrate the advantage pf organic electrode based on a small
molecule by analyzing two types of electrode materials. | gained a sodium-ion battery
with the 1,4-Cyclohexanedicarboxylic acid(CHDA), one kind of small organic
molecule as electrode materials, which has the specific capacity of 138mAh/g. The
electrochemical performance and structure of sodium-ion battery electrode are also
tested by kinds of methods.

Since, the conjugate carbonyl small organic molecule can dissolve in the aprotic
electrolyte solvent. This behavior causes some problem. Some physical way can
prevent the carbonyl compounds from dissolving on the surface of electrode such as
using polymer electrolyte. Some active material with a high specific surface area,
such as, micropore carbon can also be used to solve such issue. This paper will further
demonstrate the electrochemical performance improvement by compounds made up
of CHDA and some porous structure carbon. Finally, I gained a sodium-ion battery
with CHDA and Carbon Nanotube(CNT)_(mass ratio is 1:1) compose to electrode
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| materials, for sodium ion batteries gives a specific capacity of 163 mAh/g.



