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Polyacrylonitrile(PAN) Hf-8 982 o8 7B 27N SodFE Axstd glEole A &5 g2d=
AME3l, Ao & A BAs) Ar|slsky 5238 3EEith 238EF Alzd ol @l 2835 Wsse
€3] 93] L= (HTT: heat treatment temperature), 8142 71229719t <PdS(stabilization)r] A5 ZWgo=
TRiFE dgold, AZE vAAR] BAY B AU BEX G AT B A6l AE G 2 WYE
700°C~1500°C2A, A2}e=rt 4e84E AedLe vsle] Ao, 900°C B o1F Fe AxAe By
b =§ MeE Fvle uE 3 PAELL Skl v, & AL e ZHAHE A By 283 g
A8 7tE E9716) webd AR 258EAY AAEAC 9L Wth 53], O 7k B9l Axd
PANA| H=E9] 5AE ZEoley IS ke AXd £ - d B4 dxjstke A0S By €34 MR o
€ 7EEE7IM B4 S BN 8489 odst 715728 (surface functional groupySe] ElEelezte] u)rleid
ghgol s AHE H o= ERIEH siEt). AsREr|olMe HgEtAel PAN A8l ZIsiAlE AEe sl
A% Fol =Ee BAY e FAAA F= 98E ke, A Sole dael dojdslyl gl AEzA
(fixed-length condition)| Al & - WA EE B &F7 Ao|F QA o] L4373 Aoz Jehytr)

Abstract : Poly-acrylonitrile (PAN) based carbon fibers were stabilized under various tensions in the presence of
air at about 200°C and sequentially carbonized under some different gas environments in the range of 700 to 1500°C.
The prepared carbon fibers were used for rechargeable lithium ion battery anode to investigate preparation parameters
effects on electrochemical characteristics. It was found that the tension during stabilization, carbonization temperature
and gas atmospheres affect the carbon fiber properties such as conductivity, mechanical strength, surface morphology
and diffusion coefficient of lithium ion, which are closely related to the on electrolchemical properties as well as
the charge/discharge characteristics.

Key words : Poly-acrylonitrile (PAN)-basedcarbon fiber, Lithium ion battery, Anode, Preparation conditions, Elec-
trolchemical properties.
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2.1. PANA| Et24Ro| M=

PANA 449 98% CourtauldsAle] PAN AR-2 gt 7t
o] A &o] 16 umelL 6000 71=te] A Felz A= ot

AxE A < 3l(stabilization) *2le ZHA U (forced-
convection) L& AXE ANt air £97], 230°ColA] 3
3k PAN 452 AZ3INTE PAN AF9] & L2 37
T OE & Eo 4% FAY FE vigel A¥ XA
~15.03 Mpays ¥3lAZth. &%= PID controller 8°C/min®
718 X 230°CE €Y F 2417 BT AXIshEA g EkA
g satgr}. o] ¢HY3} A2lE d-fr(stabilized fiber)E 3}
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Table 1. Stabilization and carbonization conditions of carbon fibers
prepared

Carbonization atmo-

Sample sphere HTT [°C] Stabiliz[zll\t/}gg]tension
N7 700
N9 900
N11 N2 1100
N13 1300
Ni5 1500 10.97
Hil H,
All Ar
Vil - Vacuum
N11-0 1100 )
N11-5 N, 487
N11-15 15.03

Az ZA] wWE PANAl ©AA49 U&= ASTM(D3800
279yl w2k =SS tensile strength®} tensile moduluse=
ASTM(D3379-75)°1 w2t Instron(Model 4464y AME3 5
mm/min®] cross-head SEZ A2 2590 AAER
o] 242 24 A9 7= ZANHNERelectric IM6Z A3}
o] linear sweep voltammetry(LSV)HOo2 At AFAAE o
o] A&e F& F, A4S &4l Fatinh s A
A2 sl we} AlZ3 PANA B850 X YEl(surface
morphology)e] W3} #&s7] $lsle] SEM £4& 3 &
A Ela e FAe 2x9 9710 wet A 23 PANA €4
A Fxo Age Wsles 3] $31 FI-IR ¥4 % 3}
At

2.3. PAN/| Etapif7e| TV |5F8tY SHYZAL

231 9243 Az 2 Az =¥

FEHR PANA| gl AFAZ polyvinylidene fluoride
(PVAE)[6 wt.% in 1-methyl-2-pyrrolidinone(NMP)]$} =H A 2
acetylene black(AB)YS EEAT 6 wt.%%t 4 wt.%] HEE 4
I g acetoneS HA7IEI] A& FHP| (ipm<50000E L2
A &3 wE &, ™A Cu foil ol 100 ume] FAE
castingdI{th. d20lM 3T B ARE A7 QBN %
70°CE ¢4 AZAZ] F rolling pressE AHE-31 110~120°C)
A rollingg 3IHTh AT Z71E 22 emP AE F, 110°C
RAF 3lelA 31T Bt ARE A7 F 19| HFol glo] Ar
9719 glove box W2 &7t} @289 half cell S4S &=
AFet7) Y8t 3oz FHEFEHS AMESIUIL separatore
polypropylene(PP)& AM&-3td A& ZYs3ith M2
ethylene carbonate(EC)$} diethyl carbonate(DEC)E 71802
propylene carbonate(PC)?} dimethyl carbonate(DMOYE 943 H]
€2 535 218 AMEIE EEYLS 1 MY lithium hexafluo-
rophosphate(LiPFg) S - AH8-3F1 e}

232, & -93A B4 2 fFel2e] A4S F

AzE A8 & . #d EA4L power supply(DCE5 V, 10
mA)9} battery cycle test program2 ARE-3}] A F(galvan-
ostatic)HO 2 2 - WA E sl ARIGEH WA cut-offe 1.2
V, C ratet 300 mAh/g 71F0 2 C/6E2 AYPsIAnt. glFol&
9] AMAlG: 3L current pulse relaxation(CPR)HS AHE-3}
Qr} 4567
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o] 7+4%e & F Utk UEE 3 Fox Zo] wishrt

= 1097 Mpa2] AE7R= F7i6tgov o) Wyt &
15.03 Mpa 27 43T ol AfolA EAAKEe] &
&3+ Agre] A%l 23 oz AAE L AR EL ol
°]f-2 1097 Mpa Y A7 E F7H8lth AFT 15.03
Mpad] A8 ZANME Zhdlke 2S¢ 7 Uth A== A
L 7B ¥ A e 7 I Edw &
=9 MFEE VA sl =4 FEe 2L ¢ 5 Utk

ole} zke- FAe SEMeY siMx E1F 4 gled), <
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3} 39 wgle] g ©2449 EW morphologyE Fig. 19
YERLT. o) F7le) we) Rgo] 2asla, Ze] W}
$I= 1097 Mpa B8 2271 g@24d49 wigizr} Folxe=
A& & 5 Utk AYHE 7R FL BRI E = &
7gol g 23} 15.03 Mpa2l #5538 A8 A AzH
gaidfe 8ol Zekdl d4e) #Rgnt

31.2. &34 &5 2 slx B9 i

sk bASIAY e B AP E HaFox
PAN +¢] Zo] Hsp7b 1E 1097 Mpad] 938 2AFIA
ZARBIR o, galx2|Ale Aarks BYrdA galxe] &
o e AHF, d3x 2z A7NEEe] HIlE Table 29)
UeRIT). ¢H3tE PAN A9 AEL 125 pmfion}, &
A E 2571 S35 wEl PANA] B89 x2e 7tA
& HAFa ok Uxe A8 exd uel Zslsitir)
1100°C ©]F2+= 1.79-1.81 g/em®e] FHoZ W3y} glee
o F3 AUt A=ETE L& F7l wat ZrlEigon E3
1100°C o] 2xoMe A EE AL & 4 3tk 2
24, 900°C ©]3ke] Ao gtarzr) wds)r) oay A
o] VA He ARE Ho FHUGL A o F&
F RS Rk FA) U

g golae B4 HMaE 2Ale) SdaiA AL, Fi,
¢ 2T AFEEA HNE gE ARy roA XY o
24 Eel3 B4 WslE 2AFSlY Table 3¢ JeRQATH
9] AN gelAe 258 1100°C, 248 QK43 Ao
1097 MpaZ ATt £97]d 02 A&, 959 Hal=
R N2t Ar 297[90AM AlzE Sa889 ALTr} S5

KV 1Bon

Fig. 1. Scanning electron microscopy of PAN based carbon fibers
prepared with various stabilization tensions. (a) 0 Mpa, (b) 4.87 Mpa,
(c) 10.97 Mpa, (d) 15.03 Mpa.

Table 2. Properties of PAN based carbon fibers prepared with
various stabilization tensions

Tensile  Tensil
strength modulus
[Gpal  [Gpa]

Sample Tension Diame- Density Conductiv-
[Mpa] terjum] [g/em’]  ity[S/cm]

Ni1-0 0 117~127175~1.77 220~260 1.5~1.8 230~270
N11-5 487 83~95 1.76~1.78 410~460 1.8~2.3 280-~310
N11-10 1097 78~83 1.79~1.81 430~480 2.7~29 350~390
Ni1-15 1503 6.8~80 1.78~1.80 440~470 24~2.6 300~340

B U6 Az ARt 9k "olAle Ane Aot

@3 F AME O dNYE © 7kA BYUoA A=
H gaddte] B9 49 3155 AR Fig
2% Fig. 30 Z47} g8 2x9 712 BY7d & R
spectrume B3 QIET), Fig. 294 Biule) o], gy
2=7F F7Htel wEbA 1630 cmlollA 2] peak7} VER)E
C=N, C=C 2] 3}tEol thet 2910 cm'ol 9] peak’} e}
We C-H A% 1110 cm oM 9 peak’} YERE= N-H A%
o Hlgo] A3 RS & F U AL 120z IXT)
HEE ae Aae] g dio] APl wEkA, HICSH N/
C Hl&o] Z4d Aoz Algd g3l = 712 297]9)
ME IR spectrum? AHEH Aro 2 A3 @244= C-H
Age], N2 AEsh gadfE= N-H 2] & 2917)0M
Aze SGMRET peako]l & Ao 2 ) Zzt H/CS N/
Col Hlgo] & Zo= A9}, Fig. 39 &3l oy =89
TR A2 $AATEY] R 2AL 3l Nt
Ar 271014 AlzE S folM Fa B4 vt Y 2o
AE & F e, F25 Bo) FFTFE d@io) [7)A A
o] F71ta YelA & Studebakers] Adbet & Hatw
tH'0 o)e} 7He AFNE Table 49149) AZAEE o)A 9
Aol BRo] AR sl Az @289 vlaa
w2 HEEAY 2HAAYT & g9}

3.1.3. ¥sAA] ReBe)Ee) e Alzg
o] 9] iHA 4 3}

7181814 whdel g 2lEole] FAAIS A s] S8
A, B3FAdA M2 & di7A sREY7dA AzE
PANA| &t24HF AFES e 2 CPR S ARl =4

A3 A%

Table 3. Properties of PAN based carbon fibers prepared with
various HTTs

o Diameter Density  Conductivity
Sample HTT [°C] [wm] [ g/cm3] [S/om]
N7 700 8.8~9.3 1.76~1.78 1.0~1.3
N9 900 8.2~8.8 1.78~1.80 150~160
N11 1100 7.8~8.3 1.79~1.81 430~480
N13 1300 7.6~8.0 1.79~1.81 560~600
NI15 1500 7.6~8.0 1.79~1.81 570~620
0751
C=C, C=N
C-H fing compounds
8 29100m™  1g30¢m" N=H
S onf 111008y
S 2
f o,
o] A
?
Q
<R N0 FNL,
065
1 o 1 i L i ] 1 i 1 " 1

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber [cm™]
Fig. 2. IR-spectra of PAN based carbon fibers prepared with various
HTTs under nitrogen gas atmosphere. (a) 700°C (b) 900°C (c)
1100°C (d) 1300°C (e) 1500°C.
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Fig. 3. TR-spectra of PAN based carbon fibers prepared with various
atmospheres at HTT of 1100°C during carbonization. (a) N, (b) Ar
(¢) vacuum (d) H;_

Table 4. Properties of PAN based carbon fibers prepared with
various atmospheres

Diameter Density Conductivity
Sample  Atmosphere [um] [ g/cm3] [S/em]
N11-10 N, 7.8~83 1.79~1.81 430~480
H11-10 H, 7.8~8.3 1.79~1.81 460~500
Al1-10 Ar 7.8-83 1.79~1.81 460~480
V1i-10 Vacuum 7.8~8.3 1.79~1.81 460~490
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F : Faraday <
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Fig. 4. The variarion of lithium ion diffusion coefficient of PAN
based carbon fiber anodes prepared by various gas atmosphere
during carbonization. HTT of 1100°C. .
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Fig, 5. Charge/discharge characteristic curves of PAN based carbon

fibers prepared with various HTTs. 1M LiPFs in EC/DEC/PC
electrolyte at current density of 25 mAg -, (a) 1st cycle (b) 2nd cycle.
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Fig. 7. 1st (a) and 2 nd cycle (b) charge/discharge characteristic
curves of PAN based carbon fibers prepared with various atmos-
pheres. 1 M LiPFg in EC/DEC/PC electrolyte at current density of
50mAg™.
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carbon fibers prepared with various stabilization tensions. 1 M
LiPF¢in EC/DEC/PC electrolyte at current density of 50 mAhg -1
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