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(57) Abstract: The present invention not only provides a method for pro-
ducing a carbon nanofiber composite, comprising a step of synthesizing car-
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faces of the synthesized carbon nanoribers with a transition metal by deep
coating, but also provides a method for producing a secondary battery, com-
prising a step of producing a three-electrode battery by using, as a negative
electrode material, a carbon nanofiber composite coated with the transition
metal.
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100 ... Synthesize carbon nanofibers by chemical vapor deposition

200 ... Coat transition metal layer on carbon nanofibers

300 ... Produce secondary battery by using, as negative electrode active
material, carbon nanofiber composite coated with transition metal layer
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Bavuid ol dol &Y Fe, Co, Ni, CuE 9@ DaAUwAE 23y 9
g £ A=A olgdte e FA/MA £33 2 2A = ol
a7 Azl BE Aok,

B ownge  TrAATARAY  AY el uE  AREEA,

N

A LFHIE 20150358589] 1, nEH L 2 AT AT
A Y22 FdALE 9 “ILo| 9 A] Y F o]z} A ) &
Holg&stE/Ag /2 u=da5dd  F4  H% 14 Add

al
A Aoy, FHAHL AW AP Toln, AFVIHE 20164
5UIYRE 2017d 4¥30¥ 71X o)},
(73 7]1<]
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FAlo weh kg F2A(E5A, tololRE, daunAdd, @rUxFr,
g FE Y. gaxe A8 FaA FoAH g AdRE Bi ol
90% °]4< 1m "o F7IE MAE AHLY B@AAZEZA herringbone,
platelet, spiral$9 ttok3t )& 7R},

gH, ojAAAE o3 W FHFA WHo] JtEstd AAEE £ Y=
AAZA, gF olZAAA7 eyl AR F2 18" AR FEHAA 9 Ni-
Cd AA7} ok, o2 ojxdAE HEe ade FFLEEAIGE G e
AU 9. AR, dF clAAAE YA F=g E §FL £
e dEdoes ARy Qo §3], 949 FI7 ovx dxr}
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242 747 AR Al g Balo] Zrkehe EA oI,
JHY, HF 252 920 AgHE fF oARAE FA/HAS

W2 @ u A% (dendrite)d] ARl AR 43, o2 skl wete]

q@4ol Q7] WEBA PE olAAAY SIAE F2 ZodA LI FELo]

AHEE AL T

HAZ YF oAHA IFAER dAFHE A 3 EEFL
a#)® (graphen), BAYxFH(carbon  nanotube),  ErAUxA-G(carbon
nanofiber), @2 T ¥ &8~ JHE(hollow or porous cabon) 9] gth. 2
oA Aed viet Fo], drvdxAdRieE 35y AL, WNHAERE 2 2
U2 2&S 79 gul g4 ASd vE §2 HIEHAFE K3 Y]
AndA A2, F2A, A A% 5 off Hgol e, B4 PHn 2
242 ARH AFY F5F, TY T4 Z& EYsey JHdE 7]'747] o o]

T4 @A} d= FAA € WA F de /FS 24 2
Aoz woHTh
olgg v &F Az EARL 2 WY £FoF A% we

FA/MA 2FF 288 7= €A% .

oo

Syl "ol #5< Fe, Co, Ni, (wE ZPs Gdavt=iF BFA
2URE AT, ol HF olxAA &I AREA oj&dd 2
O
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N2

[f2)% &3}

FIZE Bavx

&L Fe, Co, Ni,

AL 0.1M ol&te] WNE A +

T 7] AZ Z, 80ToA 12X ol ARAF

ZA A= (working electrode)<

o
FFRYOIE(PC)7} 1:19 FAHEEZ EFH LY
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2atAe) AzPEe AR
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ek olAAA A
Cu FolA o= st}
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U4 ¢ A7) AolFE
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7+E | o] E(EC)
M9 LiCl0E

=1
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=94
&3l 3}

ojgt Zol, ¥ AL UE oAAAY &3 Az2A HH A4
ARG $5% Baded4E YU F, do] BEY Fe, Co, Ni, Cu
298 o AAAE AzsA Foh oW, wauePis HEE AL
AAND F Qo] WF Al AFska, od® daueifdl FIsH
298 ol FHFL AN L ANRH A3 VY/EAE A7,
Saueds EHe A% AEHS 341 5 o

7 A%, JARAE Aelde PNeS AL f1 BES F4A
F glomz, §%% 4ol AUHL AFY $9E AN F A= xdt
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g
1o

g o] wpA gk AAjdel H{EHE 8387 4FECD) FA 9
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T
z,
o,
o
z

1228 AAdo] wE Ho|F& TYAe Yay

T o4 B g9 uEAd AHAde mE AHojgdo] IHH
garuxAdf 5FAY SEM AR zA, 42 (a)(NFs-Fe, (b)CNFs—Co, (c)CNFs-
Ni, (d)CNFS-Cu®] SEM ARl 2 uehdl AoliL,

T 55 £ 299 uEAg AAde m©E dolg&ol IHE
gAueMF EFAY AR E A7 H3ted Raman Spectra L ZZ A,
Z+7} (a)CNFs-Fe, (b)CNFs-Co, (c)CNFs—Ni, (d)CNFS-Cu®] Raman Spectra A&
2z 2 e Rola,

£ 6e B wnd ugAd ANdd we dolFHel =9d
gAUAd R EFA AN dolgH9 AT AUAE RAEH] Y5t XPS 24 &
TP AXE YEbd XPS spectra® A, Z4Zt (a)CNFs—Fe, (b)CNFs-Co, (c)CNFs-
Ni, (d)CNFS-Cug] XPS Spectra ATE TejT 2 Upehdl o),

T 72 B a9 nigAg AAde mE Hojg&ol z:¥EH
gAuseAda BEgAdA ARNEEZ WM LiCIOE AFEste (VE £33 Ao,
z+zt (a)CNFs,  (b)CNFs-Fe, (c)CNFs-Co,  (d)CNFs—Ni,  (e)CNFS-Cu$]  CV
TPARE JHTE el Aol

T o8& E 9o nAgd HAde wWE AoFHo] IHH
gAU=AR EFAE GAF olAAAY FFAR AEEt AFdE A9 30th
Aolg Setel £%8 UEh AT ol:, ZHZk (a)ONFs, (b)ONFs—Fe, (c)CNFs—Co,
(d)CNFs—Ni, (e)CNFS-Cu®] Cycle performance FHZAFAE adZ=z Ve
Aoltt.
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ool B wgel mEAd A dE

= 1o Yehd ule} ol WA, Hus|4EAYL ol §5kd waAY
gIAT AT BAYRAHSE FHDTGW0). d7H, Savhed g
FHlE BANFZHYCODIE o837 WRe] oF Mo fojdez
AN E ARE & 9

olo}, A7 ¥AE dAU=AF FUI}A HolFEHE ZHYFTHS200).
A714, Ho] F£22E Fe, Co, Ni, Cu 59 o= 3hyr} o]&d + Jon,
22 Azte WOBFEL ol4dkd AAMuE APsE Aol wPANY. Ea

Aol F& YA HAP(dip-coating) WAE o|&dted, HIHAQU
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dolgdo] 3wE BaUmMs BWAE IAZ AH8SH
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N
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o
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£ o= 2 gwe wEAd Axdd H8¥E A FAYCOD)S

T 20] Yepd vhe} Zo], BAA FIAR AT dAURARE F
g WA E o] &3t AT AFTAHOR AFANZT. o, 47 £H
HEPe FLF LEEIE A7) Y8 3-zonel® FAsY T, AR MFC(Mass -
Flow Controller)® ®FE 7A2E9 H£ZF& FAdFon, eBArAUAKE
AAAN717] 3 BA9oE g (Ethylene)s  AFE3tL,  7]AEES
2AN2RE £28, Aol t2z dag ALa9T. |

%, R 1§ Fzsd, davxida 0 AHE Ba &XE 200
A A7~ (CoHy/Ny, Korea standard gas), 7Z[AHFS A JlA2E 20%
F A7V A(Hy/Ny, Korea standard gas), 281z #jdo] 7l22+ 1e® 24
7}2~(Ny, Korea standard gas)& A}%ﬁ}%u}-

[E 1]
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Gas Molzcular tornla Speciticaton Manufacturer

N, gas N, 99%, Korea Standard Gas Co
H, gas H, 20% Korza Standard Gas Co

", H, gas ,H, 207 Korea Standard Gas Co

Bavedes B4 PHe, WA AdE BEM BAy=ASE
HAAZ7 P AAAZ AL UAZNI foan)E WS W3, o
whse] obdstg s Az EPSIAA 10T/minE 600TAA FHLEES
2 FUT. o]F, 0BT Fi JtAE FTHFH LEE 600CE FAF ©,

27 oY 2B Fa At2s @4 THFo] BAURASE AZART.

Bgo] BY ¥ AA s2E BHEY LR WZARG. oA,

w60 FHOE HIA YOS o857 W] thF Ak
golstnz gz AP 4 Yo

o

eF CRIEE EES R TR

=)
HE olAAA $5% $EL ded F dE e ATSAR Ae
=S | < '

T 39 ZAlE ket Zo], gavixAdfol IZEE] 3 AEE Ao
, Co, Ni # Cu ¥ o= 349 84 HHoA AL8Ag. &,
gar| A=A oz G4 H2UASE 0.1 M9 Fe, Co, Ni 2 Cu & o
st Mol g4 MM YHY(dip-coating) 3t WHEE AML3I%TH. 718

ir

gau=d47 438 YA EN foan) e Aol F& o] YauFa, 5%
T¢ W7l Ax F, 80THA 12A1F ol ARAFT. oW, FA=

gdau=ds SFAF)E BF 22 @9 S5EE Ze AHolgd 8§99
Hagste] HolFE §99 EFEE FAAYGOCMN, 0.1 MY Ro|F&
o AHg3tL), HIEY A9 @AU=ARFE Ade d&EZ(withdrawl

—

P
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S,
=

ofi

speed)E 23t BiAvxAdRe BHA 9 HolgHd =¥
A= ot
ol9} o], HIYL NAdY FAHL DEAA AHE AAANA <+

9i, FLE ZHFL FAA AL FYAL F QA B

oz} AR AZ D A7H}H B4 =
Aed vsh 2o, 2 WAL HerdzAvos vaRU4E
HHAAD, 4742 Ho|BEOR Fe, Co, Ni, uE +8A02 Azse] 43w

Bagedfol 9adse PEoR Sateds 2HAS AR
98 Bat=dt TPAE AF  oAAA
AZ AHeted 30F AAE AZHYG. F, 0T ARIAA 12413 o3

3AZ AAE Aro] AYR ZFE B vkX(glove box)olA AxdPow,
3AZ AAE half cellE AFsH oM, z—}‘ﬁ%ﬂ%(working electrode) 2 2=
Aolgdol =I®YE wauxAdw EFAE,  ddi(counter) E 7|E
4%, EBygozE glass fiber
separatorE AM&3RTY. AR ZE= EC(ethylene cavrbohate)I PC (propylene
carbonate)7} 1:1 FAH&EE ZTZ¥E Ao 1M LiCloot - &3E AHES
AHE-3HI T

H=Z(reference electrode)22& #F

4717

ALY wps o], E wdME dEdFAPeR gadrGE
AFNAN T, 47FA HelFEHOR Fe, Co, Ni, (uE FEA0E Azt 437
gavedfol 93P PPos Bauxdd BRAE F4sm, Y9
davheds BgAY EYssd 4Ae Ol BAREE 043k
B, o wyor Azd EFAE FYPIoz st 33 A
JNAAANE Az, A7 E 4L AL, olstdA B4 Fu] B
A7185td 540 ta A9a oL 2 |

WA, AolEkel =W waUwAR HFA 4% 479 449
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g 2 F7|E Scanning electron microscopy(SEM, Hitachi, S-4800)2.2
aFst.

wsl AATFZE 2 n) A4 L2 Raman spectroscopy(Raman, Horiba Jobin-
Yvon, LabRam HR) 2 photoelectron spectroscopy(XRD, Thermo Fisher
Scientific, Multilab-2000)2.2 &3+ th. o|w, Raman®] 74-¢ 514 nm Art
laserS AL&3tglom, XRDE 10-80° o 20 WHOA Cu Kadg Atgstd
0.0169] scan step® &A3FNTY. FAH @A=L HoAA &4 Ni ‘3! Mo 9]
A3 ZAVE] Yt Al Ka g o] &3t X-ray photoelectron spectroscopy
(XPS, Thermo Fisher Scientific, Multilab-2000)& &A3&}%it}.

Hdolg&ol IHE ©aURART JBIAE SFTAER A8t XY
343 WA A94e Fohwsl HAsted A71ESE 54 (Electrochenical
characteristics)(solartron, SI1287)&  o]&3dte LI AAAFH (Cyclic
Voltammetry) 2.2 0.01 ~ 2Ve] AStoA 100mV/se FAIEEZ AFE A7l
A7188d EAE AT, T3, Automatic battery cycler(WonATech
Co.,Ltd, WBCS3000)E AH&stel ZF.4d &F 2 Ao]E(cycle) FAE
ZAF3IA T |

a3 4 E9

SEM

AE (NFsoll Wl 7FA19] Aol F492 Fe, Co, Ni @ Cug ZHT 3,
nAHe HelE ZAEY] s Sl AL FARGen, 1 ARE T 4
e AT

E 4olH & £ glEo], Y OFsE 2% 2& 529 0.1 Mo} Aol
T4 £ Y T SEM imageE AT A, & 4(a)9 AL Feo Iyo)
CNFs& #d3tAl A4 e 2AS AT F .

B T 409 E ADAME ONFs 98 EAR Codt Curt 2 Holgs
o]Fo] "u glon dRE= FHo] HA g syt =&EHo] Jrt. =
4(c)lME Niol & Wolgl glo] IYHol oy FAFL Feo H]Ftd
FEET. (NFsE ZB37] f8] AM8E dol F4% 5 Fedt Nig ®uA
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#Ysta 2 "olgh flol F®Weol Ho Lig Ad-egd HaAHolAM (NFs

ok

olo] wel, Ho]FE& A FTHol WE Holg&F9 ZHY Y

ArE U3 e X £ (Fe > Ni > Co=Cu )&A], Feo] 7% 53¢

82

Raman

Mol  F&o] ZI¥YHE (NFs9o ZAAMLE EAE7] 93 Raman
spectroscopy® FHsGed, 1 AfE & 59 YeERAY. & 594 B £
9%o], EE Raman HolElo]A FAHP CNFs LY EA A==A 1,340cm™
2 o)A YElE G-band (Graphite-like band)@} 1,580cm™ ZxloA] U=
D-band (Defect-like band)’} BEHIUTH = 5(a)9 7% 680cm 'olA Fe0, =
5(b)ollAE 670cm A Co0, = 5(c)lA 550em el A Ni0, = 5(d)dlME
260cm oA} Cu07F YERES & & ATt

XPS

Aol &9 AFNA(binding energy)E XANSI7] 48] XPS EA&
Fsigdod, 1 A#%E = 69 JeRUG. d7]A, 2F duAE AVEAHE
zpolo wret 2 A Jetded, & AVSHEE AT dak AAE ZEHA
F717) e dEoz ¢e AguAE 7tAA "t

T 6ollA Ul 7HA Aol 259 AFAAAE HWEH Fex 710~730eVE]
AU E JIA3, Co=  780~810eV, Ni2 850~890eV, &Il Cul
930~960eVe] At A E 7HA I glo] A E NFsoll 2B E Ho] g% F Fed
A7 AR E7 M8 & AdAUAE M AR FFEHAT.

718353 EA

B IR A mEt Holg&Ho]l Z®E dauxRAdS EIA9
A7158HA EAS AT, oW, A7]gerE §4d EH??} e de 43
dolr 7] 3] EC(ethylene carbonate):PC(propylene carbonate)7} 1:19
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HAugs ERE S99 LiCIGE £847 AfAe ALsd AYe
AR5

3 A LA FE (Cyclic Voltammetry)

Aol F%o] IWH FsE YF oAAAY LIA2  Agst
FHALARFEE TP 2H, o) = 79 Yeuid.

A9 gEF AY-2E g Ay« ot 43t #d JHE e
4 Art @3AH, 4% 719 ied Ae A9 HE S #ARlol
Atgl, &9 939 Aol7} Aol CV(Cyclic Voltammetry)e] FHEej7l i F oz
yeldt. |

T 7T gdF oAAAY FSAZR FA4T (NFsE AA=ZRF ALSS
224, 3 AA FHA 0.6V, 1L.3velAM Fd 37k, aga Fd Adde
0.4vell A Atsl 937k yetwen, F #HA 24 Ade 0.7velA g4 g37}
283 WA AldE 0.4VolA At 337 Yehg

T 7(b)E (NFs-Feel oigt A=A, R WA FA Al 0.5V, 1.7VelA
%9 937 agm WA AelE 1.2V, 1.ovelA At 337} Yegton, %
HA FA Aoe 0.6V, 1.3VelA Y I3zt aglz 3 AldE 0.4V,
1.7Vl A Akst 9137} YERs T

E 7(c)x (NFs—Cooll i@ Z#=2A, A WHA FH Al 1.3VelA Y
B3R e, o)F &.bdelA s, B9 J3sk dehlA) gt

= 7(d)E NFs-Niel Wigd A=A, R ¥ 2d A 0.6V, 1V,
2.2Vl B9 PArt aE: A AdE LIV, 1.8V, 2.2VlA A& 3=}
vehdod, £ wa R A 0.8V, 2.2Vl S WAzt agm wa Ads
1.1V, 1.7V, 2.2 Vol 4 48 537 Jepgr},

T 7(e)= CNFs-Cuell digt A#zA, A WA 4 Al 1.4VilN g9
HAzt agn A Alde 2.1VelA 4kl 37 Yelged, F WA 4 A
0.8VollA 3 37k WA Aol 1.1V, 1.8Vl 4ks 37} eyt

WA Al AR g, 3 g3 AdE B 2 solid electrolyte
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interface(SEI) A34d 3} 3’&%‘.‘-"] Je RAoZ Alg®Ey. EF,  CV(cyelic
voltammetry) 2T 9] WAL &7 FHo| o, (NFs-Fe®t CNFs-Nizt 7+
2 v "98e Jepgdda, AlelE diH] §%3 HuFyES A= Mg 2
HAFUG.

o

<y

Cyclic performance(Galvanostatic charge-discharge)

do] F&o] ZFHE (WFsot tizwoz UAFA 4FA OF
2832 Agatel 382 Ag Az AAY AV SHE SA5UT.

Azd 3715 A A7ty §4E Lotrr] skl 100mA/gd] %
A4t F.wd §A4E AR LT, 30th Ale]E T A &% 585
A3t 47t & 83} & 2] el

¥ 2% EC:PC7F 1:19] FAME=E £33 &9 1M LiClI0,E &3
A deA, 2F olAAAY F=AE 72 (a)NFs, (b)CONFs-Fe, (c)CNFs—Co,
(d)CNFs-Ni, (e)CNFS-CuE AM&3to] AZg A9 30th Ate]E Fte Cycle
performance FHFAFHE Yeld Ao|t},

FrA) && (Retention rate) (9)=30A}0] & F A &F/H ) HdL&F X100

b
oo

[2 2]
Max. discharge After 5 cycle After 30 cycle
Samples ?;fﬁ;g Discharge capacity | Discharge capacity Retention rate
(mAh/g) (mAh/g) (%)
(a) 310 ~ 135 154 49.7
(b) - 670 362 275 41
(c) 872 234 172 19.7
() . 942 344 241 25.6
(e) 1028 387 136 13.2

T 8% ¥ 28 HEIW, & 8(a)x YA Fo AAAN ONFsE &=
=32 Alzd 49 A ZAAZ, 7] &% 310mAh/gollA 30AtolE &
154mAh/g 2.2 743t 49.7%9 FA E&E HAFA.
= 8(b) WA E 8(e)Ee F&£02 zIYH ONF

Il

4 o] =
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