Journal of the Korean Electrochemical Society
Vol. 15, No. 4, 2012, 207-215
http://dx.doi.org/10.5229/JKES.2012.15.4.207

2)Eo) 3R] AT EJFHE S A9
At XJElel gk A+

2%14'"! . O]__.(g‘ . ‘il—ﬂ]{\_]w . ‘%:7]_%_m . O]}\J-Q%w . FHT o Ol&r_ur‘ .
Q&R . 71%21*

TP AR DA AR EATR, S BT A gt ot
7] 2AF2GSAUA, 1A - A2 g s $areetr) e 8

Rl ,

(201214 99 4 H4=: 20121 10 21 A=)

A Study on the H;PO,-Treated Soft Carbon as Anode Materials
for Lithium lon Batteries

Yong-Nam Jo™", En-Young Lee', Min-Sik Park’, Ki-Joo Hong'"", Sang-Ick LeeTTT
Hu-Young Jeong'", Zonghoon Lee™, Seung M. Oh', and Young -Jun Kim™*

Advanced Batteries Research Center, Korea Electronics Technology Institute, Seongnam, Gyeonggi 463-816, Korea
" Department of Chemical and Biological Engineering, Seoul National University, Seoul 151-744, Korea
" Advanced Battery Materials Team R&D Center, GS Energy, Daejeon 305-380, Korea
7School of Mechanical & Advanced Materials Engineering, UNIST, Ulsan 689-798, Korea

(Received September 4, 2012 : Accepted October 21, 2012)

=

Ju

A2 IS TS F 900°ColA AP ste Axg AZEFHEY 27 B4 Wske} g
Fol2dA & o= &AEA ] A7y A4S Hrlekanh. g @He EDS 4o
phosphoruse YAF Ul AAF oz EA57]= st mdel] HAlE AR o™, PO(0<x<4)
o A% JHI= Al JS5S XPS 48 B3 & 3} ot Q1A Mg AZEFHRY] b
S 3900mAh g ! oo R Qake A 9 AZEINL(336 mAh g*‘)ﬂu} F7ksaeH,
ik X 7Fe] SU1gtel upeh W g3o] Futske A4S YeEMISITE W £ U=
0.5V vs. Li/Li" o’golA Hd=E= &3 St 25 AYS I, J 2= Ag=
POL(0 <x <4) A3l 2Js] AZEFIE Yo AE e 7]Fol 9t AL T4 5
2 AEs T gl 3 A 2 wi%ZE At AT ETNEC] 7Pt 95473 1

< HERiIG.

=z 2
q

(e}

O{N'

"

Abstract : Soft carbons are prepared by heat-treatment of cokes with different amounts of phos-
phoric acid (2, 4.5, and 10 wt% vs. cokes) at 900°C to be used as anode materials for lithium
ion batteries. From electrochemical measurements combined with structural analyses, we con-
firm that abundant nano-pores are existed in the microstructure of soft carbons prepared with
the phosphoric acid, which are responsible for further lithium ion storage. Significant increase
in reversible capacity of soft carbon is attained in proportion to added amount of the phosphoric
acid. We also demonstrate the effect of structural modification with phosphoric acid on elec-
trochemical performance of soft carbon to elucidate the origin of additional capacity.

*E-mail: yjkim@keti.re.kr

-207 -



208 J. Korean Electrochem. Soc., Vol. 15, No. 4, 2012

Keywords : Lithium ion batteries, Soft carbon, Phosphoric acid, Anode material, Phosphorus

.M B

e AAls 2lEel2FA7E 19919 Sonyoll <]
3 Ao J8stE olF AATEA 7Y Bol ARE
HI e &5 AAlelH, dAl= 7H &3] =X
A @7 e A Sdo] TP Wl AREEA
ALE!D SRR A 59 o] 87 372mAhg!
2 AgHo|x, 147849 24 5402 s &
g 5Ao| 22 don, Mz Furgos F
o EAo] AstE g3 PgAdol vt Tho]
Aot B3] FIol glEol2dAE 7189 Fue A
A717191 A5FF(power tool), H7|xFs}(electrical
vehicle), AR A7FA] 28] (energy storage system) 5
o3 I AR Yo] g uEr 188, IEY, I
QA BlEol2A] A Wist 877 Skl
Ao, 5 Al g A 1A 2 JdA SAs
AT F Jde NZE 55 &A) Jige] 8=
Tk oo dal AgstE slolEzl= A7 AEA
(hybrid electrical vehicleyg Z|Fo]2dA|e] 55 4
AZ AMEEe AZEFIEL IEEy Jey &
kiAol S AAEY st FES W gl
‘:]_'3—5)

AZEFHES dptHoR M{A I} AIALE
700~1500°Ce] 2=ollX G2k 21S @3k, nano
domain®] 2% FZ2 Iae vgAe] Fxy BEA
S YERATE ESE 2500°C ©)de] 2=ollAl Exielst
H 3 722 WHike 540 Ut AZEFHES] u
ATze gxg] 2= m2t A H, o= 8] &
A ol g AT EIIE pxF EXAI A7)
3} kg EAd tigk Ry o] HYPoktd &
3] 700~800°Ce] 2ollx EA gt AZETHEL &
o] o]2 &3¢l 372mAhg BT} H& W 838
Uehfjo] AXEFHL] x4 EA FF o3
HES- 7]tel] gt A A3rF R ESC) Sato et al.
2 HRTEM3 'Li-NMR #4°2 2§ o] A%
74l extra covalent siteo] s HEstow
Dahn et al-> 700°Collx] SA42g LZETHL o
FA5H= hydrogenel] 2l o]20] Agsle] 3 &
Zgo] SUIBIATAL B3SO NMR B4o02 &
A Aol AZEFIEY AAH 2E2 ionic stated
o] Tatsumi et alol &J8] HAEJACE! FEF ATH
Tl mE AxEFIES A7|sley B4 tig
&= @o] HPEJLE > AW 700~800°ClA E
g AZEFHLLS Tt o] Eol FHE B

<

) EAo] 53R Bl ofF
TR BBl A &5 2AZEs AMEER] £3)
3 s Ao, dAll 25 AAE AR EE AZE
FHLe 7o) geko] 250 mAh g™ ©|skE A3 oo
A AZEFHLY A7|81EE g MAAIZIZT 9l
A7E A FaA=E o)

E AFeMe AZETHEY] AFA] ZAd <
2HS E3tele] dA ks o4t AElE AZEFES
Az om, it Al W AZTEFIR] T2
A BEAs} [k e wske w45, of
&8 F B4 A dA6l s AFEiaTh

&
X
r'l:I
e
)
::1‘
4

I
o

2.4 #H

A 29} Qlak(sigma-aldrich, 85 wt%)S A
ZHoll disted -7 2, 45, 10wt%e] FHHZE
homogenizer(SMT HF93)oll4 A7 59 wylsle]
Az} Q4] EFES AxS H, N, #217100A]
900°Ce] 2&=2 2717+ Bt EAeldte] AXETFES
Azt QA A g AxEFIE] A, 27
siebd B4 WHslE dolrr] f8 ks E36IK
B2 FAALE TS A FHOE Ax3HA
(Fig. 1). o|8A Axd AZEFELS T3 7]
SC(A42F 0 wt%), SC-HPO-1(2 wt%), SC-HPO-
2(4.5 Wt%), SC-HPO-3(10 wt%)o. & HHslirh. A
E7lRo] H|¥HAL uEHE =4 7]|(surface area
analyser, Micromeritrics Tristar 11 3020)% ©]-&3}]

Cokes
Mixing
(Coke & H;PO,)
Heat treatment Heat treatment
(900 °C, N, flowing) (900 °C, N, flowing)

Phosphoric acid-
Pristine soft carbon treated soft carbon
(SC) (SC-HPO-1, 2, 3)

Fig. 1. A flow chart for the synthetic processes of
phosphoric acid-treated soft carbons.
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Fig. 2. FESEM images for (a) SC, (b) SC-HPO-1, (c) SC-
HPO-2, and (d) SC-HPO-3.

Table. 1 The physical properties of SC, SC-HPO-1, SC-HPO-2, and SC-HPO-3

Soft carbons Amount of treated H;PO,  Specific sur_face Particle size (um)
(Wt%, vs. coke) area (m*g ") d10 d50 d90
SC 0 22 6.1 10.7 18.5
SC-HPO-1 2 2.6 6.9 11.1 17.7
SC-HPO-2 4.5 22 6.9 11.7 19.6
SC-HPO-3 10 2.8 7.4 12.7 21.2
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Fig. 3. (a) HRTEM images combined with SAED patterns (inset) and (b) XRD patterns for SC, SC-HPO-1,

and SC-HPO-3.
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Fig. 4. The atomic ratio of carbon and phosphorus detected by EDS on the cross-sections (inset) for (a) SC-HPO-1, (b)

SC-HPO-2, and (c) SC-HPO-3.
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Fig. 5. The XPS spectra of P 2p for SC, SC-HPO-1, SC-HPO-2, and SC-HPO-3 after Ar" etching; (a) Etching
time = 0 sec (b) 1800 sec, (c) 3600 sec, and (d) atomic ratio of phosphorus.
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Fig. 6. (a) The voltage profiles for the first cycle and (b) differential capacity plots of the first discharge for SC, SC-HPO-

1, SC-HPO-2, and SC-HPO-3.

Table 2. The electrochemical properties of SC, SC-HPO-1, SC-HPO-2, and SC-HPO-3

Soft carbons First cycle

Discharge capacity (mAh g™

Charge (mAh g™') Discharge (mAh g ") ICE" (%) <0.5Vws. Li/Li"  >0.5Vvs. L/Li"
SC 436 336 77.1 171 165
SC-HPO-1 488 391 80.1 167 224
SC-HPO-2 525 423 80.6 172 251
SC-HPO-3 577 437 75.7 157 280

"ICE: initial coloumbic efficiency
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Fig. 7. The differential capacity plots for the first discharge of (a) SC-HPO-1, (b) SC-HPO-2, and (c) SC-HPO-3 with
different cut-off voltages such as 0.1, 0.075, 0.05, 0.025, and 0.005 V vs. Li/Li*. Corresponding voltage profiles are given in

inset.
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