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Abstract

There is a lot of interest in several different types of lithium-based rechargeable batteries,
due to the expectation of high specific energies and energy densities. With only a few exceptions,
elemental lithium is now generally replaced in the negative electrode of rechargeable consumer
batteries by materials with a lower lithium activity because of potential problems with safety and
loss of capacity upon cycling due to the instability of the lithium/ electrolyte interface.
Recently, Co oxide based material shows high discharge performance in anode materials. And Sn,Sb
alloy/intermetallic exhibits excellent elctrochemical properties as both Sn and Sb can be alloyed
with lithium (LizSns: 994 mAh/g. LisSb : 660mAh/g), and thus attracted many attentions of
scientists.

In this study, nano-sized Co powder was prepared by chemical reduction method. Dissolved NaBH,
was added into an aqueous solution of cobalt chloride to reduced Co ions. Reaction products were
washed by distilled water and acetone. On the other hand, carbothermal reduction method was
employed to synthesis the SnSb alloy intermetallic powders with a view to forming
submicrometer-sized Sn,Sb particles from inexpensive oxides.

The anode powder electrodes were prepared by dispersing powders, carbon and polyvinylidene
fluoride(PVDF) binder in N-methyl-2-pyrrolidone(NMP) to form slurry, which was spread on the copper
foil. The cells were charged and discharged at a current density of 0.2 mA/cm® showed voltage
behavior over the voltage range 0.001 V-2.5 V versus Li/Li’

‘Nano cobalt powder has a high discharge capacity due to high surface area. The prepared Co based
powder has no crystalline peaks in XRD, indicating amorphous structure. The discharge capacity of
powder is as high as 902 mAh/g due to high specific area. But, discharge capacity of powder

decreased drastically with cycle.



On the other hand, the Sn-Sb powder was successfully formed by carbothermal reaction of Sn-Sb
oxides and carbon, The low specific surface area of Sn-Sb powder consisting of nano crystalline
SnSb and Sn particles of SnSh will lead to improvement of cycle-ability. Especially, the
polycrystalline characteristic of SnSb particles is considered to be beneficial to the cycling

stability. The large amount of grain-boundaries inside the particles can buffer the volume change

during the lithiation and delithiation process.
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2.1.1 olAAA S T+

(23 23 AA]

23 2z AAE I=F, =EF AFH, A2HY power tool Tl A&
o @4 FestsEn Q= AAEZAE Ni-Cd, Ni-MH, Li-ion dx7 itk
deje g, A7 el AHESEE 13 AX 9 AT 28 23 AAE
3 Ax 9 @] maintenance’t L YOO Z "sealed AR F1E JHr}

b A5 A 2F

1) 2% Ni-Cd battery (& 7t=5 ¥ige])

Wy 2 AA 7 23 A BFA FEelA sl d vE, &8 23 AA =
19609t FgellA FL3t HAh Ni(OHRE ¥TF22, Cd & #3522 4}
&3t MA oy, ¥y FLAS AP AL FFAAG Ni-Cd A
A9 7Hg 2 AolH e AsA S it Al EFE FE&4E AgETE 3
olty. ¢z FE&AL I ZE Y FEARTG AEAo] Hojuode I
ol e

Ni-Cd AA9] A2 1.2 VI, ( ¥lu- AAdA @ 15V, 534 20
V) Ni-Cd AA M= AAE o AHE317] Aol Z43H memory effect o
Tl B3 5 A A §Fo] Sol=e A4fo] AT

Memory effect®] @A o H7I|AE7|HA ojd A A AHREa
k. A= 717 A9 o] & A4S & 4 Uk £o] A=
T 24 T, g& Age] ¥xstda el "9E7 FEeA Ee
ojt}.

Memoryet & = I+ 4L AA (& 9 Ni-Cd AA)E A

oo i



AT o 2R memoryE A€ F Atk Memory effects CAGI=E)F4% 1L
w9 EAog. Fl=F 352 FAH T2 A X E oF2 ded ¥A
o] dojupdA, whZo] dojdt RE LS HAA T2V} SEHA HIAY FRE
Hag, HAY 72 AR Fx Aol AAE FHIA BHE AFIEA
#FAA 1, ol2st A A7} memory effecte] Aol €.

2) Ni-MH battery (U #& 22 X))

1970 d el "=4 A7 &5 (Hydrogen Storage Alloy)” o] 7i¢= At 5
2AF Faeold 4 229 ¥t w428 FFAt HEIUGL
e &% gaolth oldl wel 19903 d X Ni-Cd AR &3 Cde&
Fa AF dFoz YA memory effectE Hsta, Cdolate 8 £3
E 22X FA Ha, =% %% FUAA Ni-MH AA7 443 {00 2
Y= Ni-Cdet $9F 1.2 VEA 7€ A 38o] 7H5etd.

G- L, 7HF0l uiRn E¥o] HojAde Aelth. wEA o} 7EA power
tool? ZX 1 AFE Q73E &8 77l A= Ni-MH7} Ni-Cdx.t} &g
atrt.

3) Li-ion @A

Li-ion A& Ni-Cd, Ni-MH X ¢t& HFo] tp2dh. dd HAYe] 36 V
2 71E AA9 38y "gg. HAPdEE F89 Al f71 &g AL
g 2 ojfre AA WRel AsEdA st 4 whge] dold W, Ay
o] F&4Y B 1.35 VoA #al7t dojutnz didlel 4 V o] Mt
ANAE Zaf flo] FAFF {7 &rlE HaAZ AL Li-ion dAE &



A FF22ZE LiCoOE AHEsta, 55 7HEo|Y graphiteg AH&-gich
A A= LiCoOr £ell 1= Li o] o] mA yshx S59 ZY £o02
Stk WA Ald=, dubgo] dojdth. Graphite A T& &l A+ Li
2o] WA o Ad && o)Fa FFo AA Fx £02 S0z
, A Li o]20] ¢34 &35 AelE &ok ok A droh. oY o
w2 Z7)d = Liol&o] 2vlE ge AAE o ok ddx 39 7 Swing
AA" s EEAAAY Yo ot o} 3t "rocking chair conceptel] <
o2 BHoy dEoA Li-ion AX 2 B3t Li-ion AXA
Li 25& ¥350 gA 2o Li 45 m$ wgAdo] ¥

Foln, Bol gou U W oA 49T + Urk

(8 24 AA]

3y 22 AR A= "gE5HAA (Lead Acid Battery)” ¢ %3 tid Ni-Cd
(Nickel-Cadmium Battery)7} lth. o3 AX &= 8=l 73 RIV|2 3
=

p &5 7
1) SLI (Starting, Lighting and Ignition)

AE A 2ol FEAXZE fEAHQ ool dF HA = AFAATY box
Helo] 25 FH3n 9 vHgridAe EHHARYG 15FA Ni-Cd7zt

AFEG AN Aol BEANA st A7 AEAE FEANE A
A%, AEA SLI $o2 2ol FEAAGE Aol thzoh



2) UPS (Uninterrupted Power Supply)

AZ17F UzE o, v =24 Feld ddE I8 BHer AAI} AL
Sdd. $FHA7 o8 Jf 2% dHE FHd2 Jom FIyx A

3) 71}
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iy AA A 54 iy dA e 297t 23 FH0 £ oy AFa
A AAE dAE FFAE AL 2RAH2Z APl oY o)f Wi ¥
HA e AgH At FotAe Bl o] Aol A% localized
Hi e 54 Bolx ok



212 & olA dA9 49

Age] 38t WA dFHog AR o]F(electron transfer) Ao wt
o, z+ AR wab A3 electrochemical potential (-AG/nF)ol]A #H-§
o] dojdtt FTUHA @& AL EF A7t dEo2A AYAs} LA
331, Aol At AAAE ol &ste Aol A9 712 Aot

2 F °]2 A A= intercalation chemistryE o] &3 AA2A, A7 333
° & lithium$ intercalation & + v ¥ 2 5 A& lithium ions
transport & 4 A& WMAEA HFYALITAAR7IEWHE AHEEH. 2 A
o] NFEE Fig. 19 JEbR A

FFol HES XA e FAES AL o] 59 FHES FAA
FIFom¥y & £EFT WMHAl FFO
x.-og 53 rbsd AR g5 AMRHE dEAQ A ZLELL

FAANE U o2 FIAM g = 3
1 ANE 4% Aolod BF o2 o]FAA ¥FF Aoz HEoe
. FWAC mE Wse Aot AN B3 W oA @1 g

§ oleol FI% &3 AolF o Fat olrh



Fig. 1 8§ ol2 A A9 /HF=




213 AF olF A9 7z

AA e fF 742 Table 19 Yt Aol &=, =5, A% 2 A3
dog o|Folx eow, AA TEIY FSH AfdE 7LD Al FHIt
ARG & £ Ut AFL 7Bz As/F o]l U F e BEAL
Y 2AQ2 o FAH Jom AHAL AAWY A7 5§
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TAaste A A5 AgEA, A7) FH oz Asl/gde] dod = e
B4 fFet.

A Hue AA A|xgog Z+Futy 9+ Li-ion HA Foks 19804 th
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Y fds FAAHY o AgE FS @Y IS AV HF 559
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agoE gE oo AAY AEHE 7] FHA FdF ol2g FF ¥ &
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214 45 €243 &5 &4

1) 4= g4

gl E ol AAE Li-CIC7t old &4 A5 AANE 55 EEHZ A%
sta, F5 #2229 HdF FFEES AT Ao BEold. 45 #ERAL
T2 22 Vander Waals 3 Alo]& o]2o] o5& I e 4 3FE T
32 Fx9 ol olF TEE 7 AuIF tiREeltt gF o= AA
o) %= ARZE LiCoOs LiNiOz, LiMn:Os 53 oS¢ ®Wo] £z A&7}
MEE gl

P FF JAAAY G5 FAR FAHY JFAHLEE AU F3E g
o o3} HIIE YAstn AR F Jon JAAME Tt YF 32 A
AHE AFstE 98 3t

= E2F2 Fwctr de BEC] A7 EgHow AfFRo EEX 9
27t 7bsdjor . 45 SEAL AgE ASEA AR dxAo| o}
Heol TAAE A&t olsty FHE EFojut A BT S AL AHFA
ANA FFE& HAF 1 VoA ALz F ol @i Ase v
o] glo] &4 A5 ¢ EAAZAY 9 S I

(2) &5 822

&3 AR2E JF F£0] 3860 mAh/ge HEFHE 1A oz WYEwW
AA e e wE Ao FAHo= FHo 3 F FF F9 <t
Ao FAE st AAE ARG S5t 2E5Y A% FAME LIC
(Lithium Intercalated Carbon)t &% WolA #FHET zov FH3} <Ay
ARl M $sith LICAEENE Fdo4 &27) o g8



9F ole AXe §3§ ARoZAEL 34, CVDI % IR 34,
PANA, 2374, dol A, s 59 g2 4%, nas fad 72, E9
W A @3tE 5o wad AR/t AEET RS dEsd Fdi,

FALAL AXE FHEA, = JHEAZ YEg F o ZAE SAA4 &
2AZ dEE ZAAES Y3 3 A= Sanyo, Matsushita, A&T Battery,
Shin-Kobe, GS, Moli, Mitubshi, Hitachi Maxel, Sony, SOD, LG Chem,
STC 5ol &4 AE AH3 3)Al= Sony, Hitachi Maxel, A&T Battery %

32 25 JAAY &5 FAR FAHHY JsHoRE AU e
ol 23 HaAE At AR F gon JHAE Tk oY =
o MaAE AMEds 4TS o 55 A &5 EE2EH olE 1A
AT AFASG A7) ARAEES TGN AT =4AZ FAHEH
APA = 0~45 Vel 7] 53t g AT FEHEA fHFol2A

A AFAE EEA Hol2E3 FEFY 435 Ha, JAA &9 A
2, 285 3 9 FF4 3 &3 £ 59 4L ok

Fig. 32 #lF &% AAS gdF o2 AA $Wd WAUESS vud
adeltt gdF 85 22 WA ST AHE3E f9 #Zo] oA "dx7t
2 A7l Ao due FAHL Qo AA HAE FHAHAAA ASE
o= F 7FA] Az ZA o) TS

AAZ 2F 552 HAA Ao 2§ ooz LHHJGI F
AAd gA] gF 5522 504 Hedged 2 HE 7 EAH.
FA ojde e ¥ AR dEoE EASYE AV AT A=
v BEY £ U4F 7HA 2 ZA(dendrite)ol} Pl YA 2 o2 FA
HE 397 gk ol2¥ dendritew FHeol A uet A& AHA3ES
A3 A "(separator) S #FH FFo] £, T cEoly Ato]F 54



dzte] dele] "ot a8 & AFE FAXNZSFE dendrite’t A7 A
FE22 3% $H& PsE AolE 5Ao] 33 Astdn. Ale]Eo] W
"ol wel 252 4% JeE 7t dendrite T7IE olAR &39 #HEF BFF
FAZFo] FAYA &g o]l woA T R GF T LFAFA AL ¥A
o doju} 23 Pl Fddr HF F5 §HL2 179 T =0l
ol F¢ AxEV] 43 A8 tHAY FRIF oJy¥A dd.

EAZ YF 52 73 5o ¥y, & A& R diAe 2 F
T oA 2 EAo] FE3 HHPHEUE wstd u¥d BAAAE =
o] & 80| YolAA oA Lrrt AstdET. FE Alo]E 5L uFs W
Al vy F2d 5
. BEA BE F5S S5 A& B ST AolE 54E FHA
71717F o o H ot

oy FAHEL Ay BF F& 23 AA= F83It olFojAA R}
Hon g F& dAl ZE o9 A7 FH3HH FH FH/ LA Tt
wak obyet W] 34 AAE HE 5 A #E e 928 o5
Az AL E FF ol 23 AAJ ALEy] AFRs4L. & gF F5

27} WA A4 £wAol WAP we}t UF F45¢ dimensione] W3 I
ZAE IF 240 dendrite¥ o2 A% HEsol AA vee] Aclo]
230 Agatd FHAN dEY %

AR R AT AL 498 fAEY] A2 AR FHe] FE T
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Voltage (V)

45

LiCoO; (gyered)
4.0 = —
LiNiO,
35
e
(spinel)
30 \
25
0 50 100 150 200 250
Discharge capacity (mAh/g)

Fig. 3 Voltage VS discharge capacity of cathode electrode.

Table. 2 Type and specific of cathode electrode

LiCoO; | LiNiOz | LiNi1-xCoxOz LiMnzO4
Structure Layered| Layered Layered Spinel
Preparation Easy | Difficult Difficult Difficult
Cost High | Moderate Moderate Low
“apaclty | a5 | 160 19 120
(mAh/g)
Cycle Life Long | Moderate Long Moderate
Safety Good Fair Excellent

- 17 -




Electrode of Li
metal

Electrode of
Carbon
matrial

Fig. 4 Difference of Li-metal anode and carbonaceous anode.
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215 %9 Y3, 5343

Fig. 59 AAE AAE @4 AAL 27] AAY 0] &F2 Foy Alo]&
7ttt = vl&Fo] FAa7t AoEE A A& A Siold Al #e
75 £T2 £7] H]&Fo] Ay AlolE o met B Fo] §43 ALT
ohoolell tiE AL FA/LHA Liol2o] /g uep B2 B
ol ¥ 53|, YA A Fdo] BAs] F&o] oA Hog oty
a1 vk E£3 Fig. 63 2o] 229 yxstel 535E AAste £ HA
A 54 FEE 71dEd.

(DR g Qe mFs] PLL Li olee yd/gdl we £
2 e 4A EE RE o] BFo] Mt #hol BAHI] folsmE ¥

ZE Ynstste] 22 e JAE A9 A dER dA Do By =@
28 el A A% FE TS A Udoltt £F, Y3t
S vlgdFol F7hske] Li o) 29 4tglol &olstnz z7] HA 9 ul&F
LS

)% E3s} : A3 A4E Hhsto FH/4%

of AbolZ Fol }E g FAE PAsE Yol

A
Lo >
Mo
)
lo
o
o
o
e
ot
o
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Capacity( mAh /g)

No. of Cycle

Capacity( mAh /g)

No. of Cycle

Fig. 5 Necessity for nano—powder or amorphous powder, and composite

powder for anode

g
000,00
Q0000

800000
00000
OO%)OO

8

OO0

)

[ Sile comporent: eparsion | [Restiction by X addtion

Fig. 6 Advantage of nano-scale and composites
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2.1.6 AA 2] o] u-§F ALY

Anode 29 A4 72 ol Solz & YT Li 449 AFwE Az}
BBz A7 A4 & A AAE AsFE FHE BB AAAN 24
g+ 9t o249 AL 7¥ F Aok

Q: 23 99 FA 7 AstF (C/g == Ah/kg, mAh/g)

F: #gdo] A5 (A 189 Ase, 9.65x10" C/mol, 26.8 Ah/mol)
Az g e AaFe Ay 71EHE 489S T AGsA SAHHUG
1.602x10" C = 445x10% Ah (1 C =1

o} vl &)

(6.022x10% /mol)x1.602x10*° C(4.45x10%* Ah)=9.65x10* C/mol (26.8 Ah/mol)
Z:8EHE AA T 2% 7t Li 9# A

M: &84 #4% (g/mol)

A AR 12 B¢ BE AsFS

) Co metal
Z:1 M :5893 g/mol

Q=26.8x 58193 = 0.454776853Ah/ g=455mAh/ g
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2.2 44 399 (chemical reduction)® !

v&549e Holi} {7 Eujdl 54X FE ol2o] o] HHZ EA
A ¥ ¥ sodium borohydride(NaBHi), KBHs, hydrazine(N:Hy)3# 22 F7]
AAE HIMelY 55 o228 FUANA Uk F&F ELE AEATI B9
b #71 842 AH F eI 25 Yx 22E Axde TRl
dz Ed &3E Cool2o] &A 93t] #FAH] Co U= E2o| FA

-FA BT FE5A(: Coddd, Cudid 5) FE&dd A Ht —
AZ0AA) > dHP/AH - Ax —» yxe A7) 7d EFL

B vx 29 — AR A5 AE
-89 9g 71 dE

2co*2 + 2BHy (894) + 3H0 — 2Co (CoxB) + xHz + yH3BO;3

Co™” + NoHy(39A) + xOH — Co + yH:0 + zN

ojig TR LR AxdE FEE HAANY YA A7E 4 nnF TE
A Aew dEA Utk A2 ZAHY 2EAA EEo] AxHn dFoE
%ol AxE F JoBE JE A FA3S shsAe]l L& FHolH.

H
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23 &4 49 A (carbothermal reduction)

ta 4 duye BiE, d3E 32 B3Er 2o AgY $ug AdHes
Azst=d 788 4o, A2 E Jhutel=g B A AF g4 4 A
A Az ol Aok W. Gruner®’o] =9 tungsten carbide 2] 4 9 39
o] HukAQl viEE 543 v (M = Metal)

MOs (s) + 4C (s) — MC (s) + 3CO (g)

A A Z tungsten carbidet™ $12] 43} Zo] AP oz ANAHA = g off 9
RS e F2E AR YA HR Y MOsH carbon Y Aol 9] 3gREg-oll
oJaiA MAEE CO(g) Foll = carbon ¥H3-31e] COg)E A7) 31, 4(2)34
ol AR ASE YR 2 s Sojzith AgE Ul A AR 4kstE 9
ook dRhete] COxAg)E WEEo LEH1(A] 3) dFE 2= Co O
EADA(A 9).

ol213k ¥kg-ol IyH w, CO (g)7} AIstE el A Ra=le £ & Varo A3tE
el st vkg3td COz (@)2 WEHE £% Vbrl 848 waodd  A(, 2,
3, 4% g B4 wge dougy

MOs(s) + CO(g) — MOs(s) + COq(g) (D
COa(g) + C(s) — 2CO(g) (2)
MO2(s) + CO(g) — MC(s) + CO(g) (3)
CO(g) + M2C — MC(s) + COAg) (4)

E3 A€ COg)7h AshE WA el s £ Vart A3E 9] e}
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3o COgE WEHE S5 Vbl 848 =E 4 foe 46-153F 22 v
oégz_q.[z&g,m]

rII.
o|o

olo
o

CO(g) + MOq(s) = MOy(s) + COAg) (5

COAg) + C(s) — 2CO(g) (6)
MxOy(s) + CO(g) — M(g) + COq(g) (7
COx(g) + C(s) — 2CO(g) €
CO(g) + M(s) = MC,O,(s)™" + COx(g) 9
MCxOy(s) + CO(g) — MC(s) + COA(g) (10)
MOy(s) + CO(g) — 2M(g) + COq(g) (11)
COa(g) + C(s) — 2CO(g) (12)
CO(g) + 2M(s) — MCiOy(s) + CO2(g) (13)
COa(g) + C(s) — 2CO(g) (14)

M:CxOy(s) + CO2(g) — MC(s) + COqg) (15)

ol & ol A% Ay A4HE N i FFL FAaHy, BLTFFLS
Z 715 0] MCLOy 9 22 oxycarbideZ7t F4d oA 31 §F A S 2 tungsten carbide
7F dA4 9.

4 89l vkgo A 7] 34 wkgol 98 FAHE COge ARHARl

TR FJFS AT wEpA] AAHJA £ okgdl flojA e

E JAHE 42 2719 EFE F o9l g@4 4 g W
Aoj M e} &3S A= vEgd o3 A EAE CO@E T3 HF2
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3. 43 ¥4

31 44 BA¥| 9@ CoAl 229 A=

2 ddo AMSE A& A8 otel 9 Table. 391 YebIUTH

Table. 3 List of raw materials.

molecular . )
sample purity |manufacturing company
formula
Cobalt (II) chloride )
Samchun,pure.chemical
hexahydrate CoClz - 6H20 |97.0 %
Co., Ltd.
. i Samchun,pure.chemical
Sodium borohydride NaBH4 98.0 %
Co., Ltd.
Cetyltrimethylammoni Samchun,pure.chemical
) CioHBrN  {99.0 %
um bromide Co., Ltd.
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3.1.1. CTAB(Cetyltrimethylammonium bromide-%°]24 AW FAHANE A
7HE 22 Alx

Fig. 79) Yeld ZX& o] &3t 3000 cc &F9 vA 27 2 F/HF
5500 cc B3 % 30 ¥71F ne: A2 (N2 ZE3] HAA3A ol &
A BT ol t2vh AR 5 de e 73S Ay EF ¥ A
N2 A 798E& ol o]Ed AL st A S/ AS
ALE EHRWAHA 842 cobalt (II) chloride hexahydrate$t AW A A
¢l cetyltrimethylammonium bromide(¢}3} CTAB)Z FAjo] 3ZF v HA &
ety = & vlAdE YA sodium borohydrideE YAt

Z} z}+e] Ao magnetic bargE W] WS Al7|HA A3 I old
£4do] &2 HFANE CTABE 3] B& 71¥7F AAHY #Bol2g°] U

ve @i Sxd Folg 71¢qrh
Axe FUSAA DBAA BHs Boso| %o AWEo] wolx ¥L
A7l 98 BYdA golo] £ w7l gAe ANF £ AW BHAL

Sojglt m7Ac) HakAZTh CTABZ I3 47l #ol2e 93 +5 3
7] wWEel x4 ol Mol vhrol BoleES WAL oW &z
wrgol dolubd Eael g9 A(SY §A-HEA, FAA FA-FIEA)
AH Aedoz Wge ¥ 4+ AU

ol she] $F F §AS WAL 4B o] §42 Fig 89 UElY
Ao W3 $Ee AU AR FFFL 23, AL 18 AA 3
o AlE ¥ RTe o 80 T oBdN AzAATY
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3.1.2. CTAB(Cetyltrimethylammonium bromide-<%}°]<4 AW #A4A)NZ

e e BEel Az

Fig. 791 Yeld FX& o] &3 3000 cc &F ulA 2740 &4z FH/+
E 500 cc ¥ o 30¥7F 1ex A N)E 383 HAs Y ol 3
A2 54T Yol Jh2rt mAUZE e A FYHE AYsta BF 1 7o
M2 UmA FHE ol o249 AYS Ad3dnt. HAE TR AS
AAE ERUHA 849 Cobalt (II) chloride hexahydrateE %% H]# o
Adstdn = g2 vlFAdE FYAA sodium borohydrideE 43t th.

Z} Z}o] u]F ol magnetic barE 2ol RS A|F|HA M A3 HH}.

AXLE FAEAN THAA 43 ETEC] Fo JHEC] HolA ¥E
Axrt HE A §4o] £ HAQ §AE XA §Ho] EoYE H A
AstAZ ek olw &4 o] wEZo] dojupx o &Y M(E&E BFH-H
=4, FAA SA-FHFNANA H2Hoz AFS & 5 UUTh

olgA 3t &3] F A& WAL Y o] §4L Fig. 89 HEHH
Fxe $1 %S YA AF L FHTE 28, AELE 13 44 34A
o AlE F BZe oF 80 T 2BAA AN
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[ [wD

1: N, Gas

2: Hose

3: Glass tubing
/‘& 7 4: Gas Inlet

5: Gas Outlet
6: Reaction flask 3-neck

7: Reaction flask beaker flat bottom
8: Micro magnetic stirrer bar

9: Magnetic stirrer

1: Solid suspension cup

2: Glass microfiber filter

3: Solid suspension clamp

4: Adapter, Filtering, For rubber stopper
5: Flask, Filtering with joint

6: vacuum pump

Fig. 8. Schematic diagram of Filtering.
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313 € T% B4, AA 984 ( TGA : Thermogravimety Analysis
,SDT2960(TA Instruments, "|=) - DTA : Thermogravimety Analysis -
Differential Thermal Analysis, STA409pc(Netzsch, %) )

2e-FA W] FHoFHE Age o ¥zt AHE dn A L A
F E4E 3718 TGAE AAEARL, L=d&EAS FH37] 98 DTAE
AAet A

Aol AT 2 HYE 2 10 T 718 $=2 ~1000 T Felx
AE ZEE 01 pg IATH

314 &4 39 9A¢g

B Tl o) AxHe HxH EES Fig. 99 ded 2ZEHE =9

A EAEE st g4 ZPAAT oW g4 IHAZ A 8E TS XX
2 (glucose, C¢H120s, ORIENTAL CHEMICAL. INDUSTRIES, Extra pure)®]

nt

TS gy g g4 sl ojFo|ldn
CeHi206 — 6C + 6H20
CoAl 2%} CeHi062 2 FA B E 80 : 2022 3t CeHOs® £%
o FAE AW old Exd Al CHiz0e® FA &l 60 %A A& A<
sto] 229 FAS ARG oA A BE2 FHT FAE] Ho
A @& WA 2Fos Aol %5 F Axd CoAl 2EH 2ol Y. 9
A HA BLLE 259 AFHVE ol &8t o 1 A} 7HEF £ F)
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Output

cooling water
Heater Input
T H O O O O O O l cooling water
Graphite Insulator thermocouple

Insulator 1,6, crucible

Output

gas O O O O O O Input

Heater gas

[21-N0)

Fig. 9. Schematic diagram of reaction equipment.
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315 E¢ 5497}

(1) vl&¥ 4 EA H7} (BET, Surface Characterizing Analyzer,
ASAP2010 & TriStar3000 (Micromeritics, ¥ =F))

B A3 49 BET #X & Static el o3 A

PV, PV, P, V, P,V 160
e L U S -

Py, V4, Ta © Manifold system pressure with adsorbate gas, volume, temp.
P2 : Total system pressure after the adsorbate gas expand into
Vs, Vi, V. @ The volume of free space about sample,

The interconnecting tubing, the gas removed by adsorption.

BET #X% olgstel 22e) ugRds} n4 7% £42 st

(2) AR F% 34 (X-ray diffraction, Rigaku, RINT 2500)

Algel A FREAL diffractometerE o] &3 XA Ao &) T4
G208 o2 XA 34 BAE 3t X AYdds CuKad (A=15418A)& o]
g3l @ At 36 kv, & AF 26 mA, scan speed = 5 (main peak &3

A] scan speed = 0.2°), step size = 0.02°(main peak 574 2] scan speed=0.01

), 26 = 20~150° o] 2722 SAH}AH.
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) vA =3 #F

MA Z2F BEE Aste] g FHNM BEo|R me B P
A ol &3 1 A7 7% BAAZ F o 70~80 To} LEANA o
g0l 3% UAX AZAA AW S Aok Feld 2LE carbon

taped £ AW EW 9o 4% SR Fol AA Y FA A% Al
4 (FE-SEM, JXA-8600)% %3 #Ax @v]7 (TEM, JEM-2000FXDel <]3)
#2590,
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316 7] s 54 Bt

@2 F"HE Co %9 #F o2 AA ¥Fo=2x49 7| 353 FAHL2
3 2ol AU FAHE ELL FAHEZ 20 %9 A=A JHEEAHY
10 %9 Polyvinylidene fluoride(PVDF) ®llti¢} 374 43¢ N-methyl-2-
pyrrolidone (NMP)oll &3jAlA &#2E& Azt €88 E Cu foil el
SENA 8 T, AF BHA7INA 12 Az §¢ A2F F 100 kg/em® 4o
2 89 39t =xd AFL A% 0146 mm HAZ AAAY. 48§
cell2 Coin cells(type 2016)35 ©] &3ttt Counter R reference A58
= dF +5& AgEgen, HYL 1M LiPFs¥  ethylene
carbonate(EC)-dimethyl carbonate(DMC)¢] ®-#ju]|Z 111 &AL AHL31Y
o %A 2 CV A¥E WBCS3000((F) dote)g A&z, 29d =
AL 02 mA/em’® 001-25V(L/LiDNA 33t4 1, Cyclic voltammogram(CV)
AAL2 1 mV/isecd] 2122 Pt
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32 &4 4 #8) o F SnSbA P29 A=

321 A& €

5

£ A ALE3 A5 ot#l 9 Table. 49 2t}

Table. 4 List of raw materials.

molecula )
. manufacturing
sample r specific
company
formula
SN-100P particle SiZe(ﬂHO 0.01~0.03 Ishihara Sangyo
SnO; | surface area(m“g) | 70~80 )
(sphere) ture density 66 Kaisha, Ltd.
maor |5 20
particle axis '
FS-10P SnOs size (ym) | minor 0.01~0.02 Ishihara Sangyo
(needle) axis ’ : Kaisha, Ltd.
aspect ratio 20~30
surface area (m7/g)| 25~35
B purity (%) 99.6 11 Sung
ANTIS=1 o, [ brightness(%) 99.0 Antimony Co.,
P particle size(m)| 0.3~0.38 Lid.
Corax particle size(nm) 20~25 Korea Carbor
C surface
N220 5 115 Black Co., Ltd.
area(m”/g)

Fig. 100} A8 A8 23 A& et 2% U= 37)19 daeEz

W EAE ole olF MA9 &2

_34_

Ag2 2ol7lo] A st




(c) (d)

Fig. 10 Microstructure of raw materials.

(a) SnO: (sphere) (b) SnO: (needle) (c) Sb20s (d) carbon black
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Table. 49 tehd 82 P2 T4 Sn0% Co BEWAE ol &3]
pae] Pgo FYYL /ARl U 271F PHE e 2k
T4 S0, (SE o 52 74%)

d= S€'5 D (s : BET Surface Area (m%g), p : density (g/cm®)
d= 6
sx 108 wm?/gxpx 10 "% g/ nm?3
— 6
Tx 10 ® nm?/gx75% 10 "% g/ nm?
=11.43nm

Carbon black® 7%

a= sﬁp (s : BET Surface Area (m%g), p : density (g/cm®)
d= 6
sx 108 nm?/gxpx 10 "2 g/ nm?
_ 6
3.6x 10 ™ nm?/gx115% 10 ~* g/ nm?®
= 14.49nm
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322 B ¥¥(ball milling)& ©} &3 A EF

SnO2(SN-100P, Ishihara Sangyo Kaisha, Ltd.) #%3 SbyOs3(FS-10P,
Ishihara Sangyo Kaisha, Ltd.)¥ %<& 39 ¥8& 938 B3 carbon black
(Corax N220, Korea Carbon Black Co., Ltd.)# thg wh3-Ao] wt3o] AAk
F SFs Ao

25n02 + SbyO3 + 7C — 25nSb +7CO (1)

4Sn0; + Sbe0O3 + 11C — 2SneSb +11CO (2)
e F vk F A7) 54 B3t A3 540 Fda B3 " (2)4 & 7
Fo7 F B4 50 g 7]|F (4 mole SnOz = 5873 wt% = 29.37 g, 1 mole

ShyOs = 2541 wt% = 1421 g, 11 mole C = 12.87 wt% = 6.44 g)2.& At
gt gAdstac

50 g2 39 ¥4 FY tpall =1:20 0] HEE FAE 4T 3
ol 6 ®2 2¢¥ E °F 1000 g€ 307 cc sus jardl] FYstd 71AH B 4
S AAE o] o BAPA B} sus jard) vIEE AP BEEY £YE
Hazs7] st 2y =A2A 9 120 cc® n-Hexane(CeHis, 995 %,
Oriental Chemical Industries)& 37} 3t oF 120 rpme 3d £:2 24 A
7t B EgEAG
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323. 4@ % ¥4 AR 9¥4 ( TGA : Thermogravimety Analysis
,SDT2960(TA Instruments,?]=) - DTA : Thermogravimety Analysis -
Differential Thermal Analysis, STA409pc(Netzsch, =) )

LR WaPe) BHowRy AR F Wy AU *n A4 2 A
2 B a7 93 TGAR dAaa%, LEAE4e 2457 918 DTA
g Ax e,

Agel AN X WYL B 10 T Y FE2 —1000 T Pl
AL e 01 pg oAt
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324 &4 € #49UH9

TGA-DTA A#RE ugo=z2 349 Fig. 99 AAE =ZerE]& (Rotary
furnace)& ©|&3 Ar 47 FolA 7 T/mind $& £ 2 800 T, 850
T,900 T A &% FA 2z} Z+ 2 A7k 33 8d EAE A8
Ar gas® ITEE AR FHFE 1 ¢/mineE dASA FAd. 7+4E
Ao 2 ¢+& Ar 9712 e A3 718 A 20 £ Ax Ar 728 &9
BT
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325 &% 54 H7t

(1) 24 +% 34 (X-ray diffraction, Rigaku, RINT 2500)

Algel A& Fx EAL diffractometerE o] €3 XA 3AYo] 93 T4
620802 XA 3 48 3dth X A= CuKad (A=15418A)& ©]
£33 @ A 36 kV, F AF 26 mA, scan speed = 5(main peak =& A
scan speed = 0.2°), step size = 0.02°(main peak 74 A| scan speed = 0.01%),
260 = 20~150" 9] 7o 2 FAFAY

SnSbhe] AAY =7] (crystalline size):= SnSbel F 939 t)s)} scan
speed = 0.1°2 ZH43te] W/FEL(FWHM)E 287202 F3te 2ol 274 2
©] Sherrerd]"?& o] g3t SnSbel Z2AY A71E AsA

__0.92
Bcos©

(B:w7bE 6 : 3lAZ %, A : Cu targetdl| A Y= X-He9 9% 15 A)

(2) vlAl 237 #F

oA 22 #2E A o] FAHAA THER e EEd @IS
g Fol 2592 1 AR 717 B A2 F % 70~80 TY =04
©go] FUE drtz AXRAA AH F£HE AT EHE €2 carbon
tape2 £ AlH TG 9o A® =¥ A7l Fo HMA BAIE FA A @
1] Z(FE-SEM, JXA-8600)% %3 Ax &wv73 (TEM, JEM-2000FXDol ¢
3 #AHA.



326. A7l 384 =4 Hr}

B 4 Y 93] Az SnSb FL9 @F ol HAA HFozA9
A7 g5tA 54 ted Zol FASATY. JFAHE LS FAHEZ 20 %
o] AxA 712 B3 10 %2 Polyvinylidene fluoride(PVDF) ®}<lt] ¢} 37
41°] N-methyl-2-pyrrolidone(NMP)el| 83|21 A &2e]& Axstdth &8
g Cu foil g9l =XAA 80 T, AT EH7A 12 A 5 AxF F
100 kg/em” 4o 2 &9 gk £¥® AFL A4 0146 mm AAZ 9
A&dct. AL cell& Coin cells(type 2016)3 & o] &34t} Counter ¥
reference FFo2E HFE FFE AMEsden, AsAdL IM LiPFe#
ethylene carbonate(EC)- dimethyl carbonate(DMC)¢] ¥-3uj&2 1 : 1 &%
S AHgEdTh F-9d 2 CV 2438 WBCS3000((F) dotd)S AE-3t
I, A 24L& 02 mA/em’, 001-25 VLVLIDAA #391, cyclic
voltammogram(CV) 24382 1 mV/sec? Z7d o2 33}

- 41 -



4. 43 2 nF

4.1 A3 FAYA 43 Y= IBEA 2T HA

411 2 Bl &% Co ¥F AZA CTAB H7h #%0 me Az ¥
2o 54

Fig. 112 44 #ddel o3 A= 229 X-A 3d B4 Zdol
Fig 1o Yeh}xo] Alxd 229 X-4 3d 4 23 232 o] &
AHA &e vAE 298 € 57 Utk

Fig. 12 44 43¢ &) Azxd &% ALY 2719 oA 23 9
2gS AA HAE FAL AR A0 7 (Field Emission Scanning Electron
Microscope) 2.2 # &3 AlRlo|t). (a)~(c) AR CTABE #H7tsh#] &2
oo 24 ApRloja. (d)~(f) A2 CTABE H7Fs 229 %3 Aol
ool EEELS 7 AFE A% 253 AFHVIE ol&d 4 A O,

AF FAPE o] &3F &l Fo Holde §FAF FAAI £ B
$ol dojvtzz AAHY AV7F vAEA He E3E d& 5 =, Fig.
128 9 2 el 2A9e 27iE CTAB #H7F 22 A% oF 100
nmolA ¢ 10~20 nm AEe A2 I EEZ Bolxn, CTAB/ A7S
2 e BT AS % ~20 nm ALY ZVE UjAE 2L E¥EE BT
°F 10,000 Hj&olA #FA ZAFESY 77 dAk A BRP o, 30,000 HE
7 60,000 W2 #F A & ZAH| ofd UAY £EEC X9 2 FA
o2 B AYS & & U
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with CTAB

amorphous-like

without CTAB

amorphous-like

20 40 60 80 100 120 140

Fig. 11 XRD patterns of Co based powders prepared by chemical reduction.
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(a) (d)

(b) (e)

(c) (f)

Fig. 12 FE-SEM micrographs of Co based powders prepared by chemical
reduction.( (a)~(c) without CTAB, (d)~(f) with CTAB )



Fig. 132 944 @dHoz Axd Co #%9 CTAB H7l #Fd =&
TGA-DTA ZAolt. q4 o] dojd 7 Fo) Axd F9 ¥¥S Ar
97194 10 C/ming $& $E2 1000 T7A 258 28 243 o)
ol (a)& CTABZ} #7lel Edolx (b)= CTABY H7MEHA &2 £
oltt. ¥ 2HEZE uiwad] B (a) 2HZAAN Hol: 1398 T &

7} (b) 2P Zo M= Holx ekt o] 13986 T2 2% CTABY
Sl 2 FE peakz FAHET

£ (a)b) EFAA 2% 7HE Z¥HE(< 200 C)ol 54
Holgd, ol A4 Y A AIEd mAAR FFHFT-desd 24 2u
A9 F&FE 8 T TR d4dd.

o} 65678 T~73050 T2 ®IoA Cod AArt dojdol dFHey
o] A& 700 TolA dAe F 533 XRD Aol A Fglo] st53ch

2

o}
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Sample: 05-923; 1; wih CTAB

TGA-DTA File: C:ATA\Data\05923-1-withctab 01

Y1 Y-2
105
29663
01988mg) - 04
100 | 01988ma
- °.62u -~
o5 4 \ (0.6449mg) g
'\ \ L 02 8
! 8
X 90- \ \ 7. 406% 5
- (0.4964mg) ]
5 5
k- L
2 851 00 o
12249° AN 3
\ ®
‘/\ \\\ wodtc 1560% 025221 g
00 pesrc 4o S004IC___(01046Mma) (-0.01690mg) E
! R L .02
6s5678°C 00 46°C
75 .
Residue:
78.70%
5275mg
70 v T - 7 - T T — LI
0 200 400 600 800 1000 1200
Exo Up Tempersture (°C) Universal V25K
(a)

Sample: 05-923; 2. without CTAB TGA-DTA Fils: C:.\05923-2-withoutctab 0t
Y-1 (Y—2l
105 15

L 10
g
g
~ ros 8
g ®
= -1376% ]
£ 1.285% =
s (0.02663mg) (-0.02850ma) a
= 34— “‘t L 00 5
13694 g
(-0.02837mg) %
o
DN i L o5 "
80 ~ 531.26°C 659.94°C ’
Residue:
87.80%
(181
75 . y r - r g -0
o 200 400 600 800 1000 1200
Exo Up Temperature (°C) Universal V2.5H

(b)

Fig. 13 TGA-DTA of Co based powders prepared by chemical reduction.

( (a) with CTAB, (b) without CTAB )
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412 A s o3 Ax @ Co B2 &4 ¥ - EA=d %9 &4

Fig. 14 94 394 5 B4 glucoseE H71st Ar 29794 500 C
1 AN7HEt &4 39 - dAg 3 E2o X-A 24 ddolr). glucose:= &
AAl FA ol oF 60 %ol=E FA TFE AU BEFHe] HE F
% ¢ glucose = 80 : 2022 st HI}F dE 500 T L 2xoA dA
Al A Y A5} vt AAS HA Rz vAEAS & F 4
o}

Fig. 16= 500 TolA &4 38 - Exe | 29 AAY A7 vlA
zx7e RIS AA WAE FA AA dv]7(Field Emission Scanning
Electron Microscope)>2 #Z& Apzleld. (a)~(c) AHJ& CTABE #7hst
2 &L BEo A Aol (d)~(f) AH¥LS CTABE #H7igh #d9 =3
AbZloltt o] EEEe 2 AL A 257 AHIE o] & A A

& AZAA BFEAT. 29 =& AWE 2¥ CTAB H7hd 223
A7 R Fe Burol m37)7 A5 2 & & 9l CTABE H71ge
2 Uxe mA%S Adsa9oy FE-SEMeE #2A] CTABE H7te %
Wol H7bsA k2 EEEG 94A ZV|7F 2 A& #FSAY. @A Fig.
169419} o] TEMO 2 vhA] £ =g A& 27 CTAB 7l £¢
of o 15~20 nm AX9 @4 I Fo] A AL B F AAY. oA
CTABE #H7IstA &2 £%d+e UetuA &2 Aoz Hol CTABZL 8
S doA BE FHd ¥4 ZY TS PP} Ao B
=% BET 54 23, CTAB7} 37td 222 Fule IF FA7 459X
=4°l &7bs32, CTABZ} d7hsA 2 £¥e BET HEHL 3.804l
m’/gel k.
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BETS |88 d& 271 theel A& olg3te] Astar

d= s§ o (s : BET Surface Area (m%g), p : density (g/cm®)
_ 6
s< 108 nm?/gxpx 10 "2 g/ nm?3

_ 6
" 3.8041x 10 8 nm %/ gx8.789x 10 ~ g/ nm?

= 179.4567759nm
w2t CTABZF A7HE A &L B39 a7]= BET 323 <F 17946 nm
2 Bt
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with CTAB
amorphous-like

koot

without CTAB

amorphous-like

20 40 60 80 100 120 140

Fig. 14 XRD patterns of carbon-coated Co based powders {500 T, 1 hr.]
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(a) (d)

(b) (e)

(c) (f)
Fig. 15 FE-SEM micrographs of carbon-coated Co based powders
[500 C, 1 hr.] ( (a)~(c) without CTAB, (d)~(f) with CTAB )
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(a) (b)

(c) (d)

Fig. 16. TEM micrographs of carbon-coated Co based powders
[500 C, 1 hr.] ( (a),(b) with CTAB, (c),(d) without CTAB )
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Fig. 17 XRD patterns of carbon-coated Co based powders {700 C, lhr.]
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(a) (b)

(c) (d)

Fig. 18 FE-SEM micrographs of carbon-coated Co based powders
[700 C, 1 hr.] ( (a),(b) without CTAB, (c),(d) with CTAB )
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Fig. 19 Discharge capacity versus cycle number of Co electrode by
carbon-coating heating treatment at 500 C for 1 hr.
[Effect of CTAB and content of C]
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Fig. 20 Voltage of Co electrode versus cycle time of Co electrode by

carbon-coating heating treatment at 500 C for 1 hr.

[Effect of CTAB & content of C]
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Fig. 21 Discharge capacity versus cycle number of Co electrode by
carbon-coating heating treatment at 700 C for 1 hr.
[Effect of CTAB 1
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Fig. 22 Voltage of Co electrode versus cycle time of Co electrode by

carbon-coating heating treatment at 700 T for 1 hr.
[Effect of CTAB |
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(a) (d)

(b) (e)

(c) (f)
Fig. 23 FE-SEM micrographs of Sn based powders prepared by ball
milling. ( (a)~(c) needle, (d)~(f) sphere )
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Fig. 24 TGA-DTA of Sn based powders prepared by ball milling.
( (a) SnOz-needle , (b) SnO;-sphere )
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Fig. 25 Phase diagrams of Sn-Sb binary system, (a) proposed by Predel

and Schwermann™” (b) proposed by Vassiliev et al'®
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Fig. 26 XRD patterns of Sn based powders by carbothermal reduction.
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(a) (c)

(b) (d

Fig. 27 FE-SEM micrographs of Sn based powders by carbothermal
reduction. [850 C for 2 hrs.] ((a)~(b) needle (c)~(d) sphere)
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(a) (c)

(b) (d)

Fig. 28 FE-SEM micrographs of Sn based powders by carbothermal
reduction. [900 C for 2 hrs.] ((a)~(b) needle (c)~(d) sphere)

_72_



(b)
Fig. 29. TEM micrographs of Sn based powders by carbothermal

reduction [850 C for 2 hrs.]
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Fig. 30 Model for the first step of the reaction of the SnSb phase with Li.
This step is followed by lithiation of Sn'®
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Fig. 31 Discharge capacity versus cycle number of SnSb electrode
by carbothermal reduction [Effect of formation ]
(a) 800 TC, 2 hrs. (b) 900 C, 2 hrs.
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Fig. 33 Voltage versus cycle time of SnSb electrode

by carbothermal reduction at 800 C for 2 hrs. [Effect of formation]
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Densification and mechanical properties of WC-TiC-TaC-Co
alloy

Pukyong National University, Young-Mi Chin, Hae-Woong Kwon
Material Technology Dept, Korea Institution of Machinery & Materials
Dae-Sik Im, Seong-Hyeon Hong, Byoung-Kee Kim

1. Introduction

Mechanical properties of WC-TiC-TaC-Co alloys can be effected by size of
carbides in alloy. Recently, in order to increase wear resistance and tool life,
ultrafine cemented carbide based on WC-Co were developed. In spite of
development researches on ultrafine cemented carbides, development of ultrafine
WC-TiC-TaC-Co based alloy has never been tried. In this study, ultrafine
WC-TiC-TaC-Co composite powders were prepared by ball milling of ultrafine
TiC-Co, WC-Co and TaC powder and the densification and mechanical
properties of WC-TiC-TaC-Co alloys were studied.

2. Experimental

Ultrafine TiC-5%Co (KIMM), ultrafine WC-Co(Nanotech) and TaC(H.C Starc
k) powders were used as raw materials. The alloy systems studied in the rese
arch were P10 grade [WC-(18-22)TiC-(15-18)TaNbC-(8-10)Co] and P20 grade
[(71.4-73.4)WC-(9-11)TiC-(8-10)Ta(NbC)-(7.6-9.6)Co] .

The raw materials, hexane, and cemented carbide balls were charged in
stainless jar and milled for 24~72 hours. The milled powders were dried,
compacted under the uniaxial pressure 3ton/cm’ and then pressed in CIP. In
order to degas during sintering schedule, the compacts were held at 1100C for
30 min in vacuum. The specimens were sintered at 1320C, 1350C and 1400T
for 30 min in vacuum.

The mechanical properties such as hardness, transverse rupture strength were
measured and fracture surfaces were also investigated by SEM. The density,
coercive force and magnetic saturation of sintered specimens were also
measured.

3. Results and discussion

1) Densification and mechanical properties of P10 grade

As the sintering temperature increased from 1300C to 1400C, the size of
carbide increased as shown in Fig. 1. The full densification can be achieved at
1350C due to fine powder in compact. The hardness of sintered specimen
increased as sintering temperature increased from 1300C to 1350C ~1400 as
porosity in sintered specimen decreased. The transverse rupture strength



shows the maximum value in the specimen sintered at 1350°C for 30 min. The
fine carbide size and no-porosity contribute to the maximum hardness of
specimen sintered at 1350C

2) Densification and mechanical properties of P20 grade.

The compact specimen was full-densified at above 1350°C and carbides in
sintered specimen did not growth rapidly compared with those of P10 grade as
shown in Fig. 1 and Fig. 2.

Usually, P10 grade has lower TiC content than P10 grade. TiC particles grow
more rapidly than WC particles in liquid phase, and so P20 grade has fine
carbide particles.

The hardness and wear resistance of P20 specimen sintered at 1400C were
higher than those of commercial P20 alloy due to fine carbide size.

3. Conclusions

Ultrafine WC-TiC-TaC-Co powder were fully densified at low temperature
such as 1350C. The P20 grade alloy prepared in this study has high hardness
and wear-resistance due to fine carbide size.
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Sintering Hardness | TRS Kic Density | COgrcive  |Magnetic saturation
condition (kef/me) (kegf/mf) | (kgf/mi) (%) (He) (%)
1320C,30min | 1485(x396) | 113443 1002(x057)] 9621 % 93.83
1350C,30min  |1646(+14.35)| 203.437 10-75()*‘119 99.16 141 9355
. 11.27(:1.64
1400 30min | 139704696) | 131.269 ) 99.38 198 79.84
1633(+25.18)| 133912 |9.94(x0.23)] 9985 1% 8141

Table 1. Properties of ultrafine P10 alloy with sintering condition.

(b) (c)
Fig 1. Fracture surface of ultrafine P10 alloy with sintering condition.(Carbide : 0.4 ym)
: (a) 1320C, 30min (b) 1350C, 30min (c) 1400C, 30min




Coercive

Sintering Hardness TRS Kic Density Torce Magnetic saturation
condition (kg f/mr) (kgf/wr) | (kgf/m) (%) (He) (%)
10.05
1320C 30min | 630 €030 | &3 | (O 89.91 270 819
1722.8(x256) | 89728 | 10.3(x0.) | 9821 256 7393
1350°C30min | 2038(+16.04) | 152.243 ”~44§*°~29 101.83 302 72.4
_|20114(:1698)| 133002 |11(*0T3] 1945 281 7931
1400°C ,30min
2030(:325) | 128409 | 11.4(:02) | 101.38 321 6359

Table 2. Properties of ultrafine P20 alloy with sintering condition.

(a)

Fig 2. Fracture surface of ultrafine P20 alloy with sintering condition.(Carbide :
: (a) 13207, 30min (b) 1350C, 30min (c) 1400, 30min

(b)

(c)
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%1 Y TiCN-CoAl &% Ax
(Preparation of ultrafine TiCN-Co Powder)
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Abstract

Mechanical properties of WC-TiC-TaC-Co alloys can be effected by size of
carbides in alloy. Recently, in order to increase wear resistance and tool life,
ultrafine cemented carbide based on WC-Co were developed. In spite of
development researches on ultrafine cemented carbides, development of
ultrafine WC-TiC-TaC-Co based alloy has never been tried. In this study,
ultrafine WC-TiC-TaC-Co composite powders were prepared by ball milling
of ultrafine TiC-Co, WC-Co and TaC powder and the densification and
mechanical properties of WC-TiC-TaC-Co alloys were studied.

1.4 &

yeg 9 22 YntE 540 $+8 WC-TIC-TaC-CoAdl 23FFL Zolu %
& FE&AY HFaAFTR de o|8Hx U B YA E 7EY FHo] ofd
A - BAGHA A 28d 2L FAHQ Mechano—chemical F3L AH&3le] %]
H TiC-Co%t TaC-Co2%2< FAstd #AHE =vid 27 29y WC-Cot T g
2 BE4d o2 EF ¥ H4¥std AITEAVANA 2BARSAY HAEHR
kg o]l 83te 42F AXE IJIYT F AXE 22AE 9 A TiC-Co®t TaC-Co¥
o] 2RZF¥TY 71AH EAQ X 9F & 2457 98 SEM, miAEZ 9 W
Y, BAE R 2343 2 54, 34y, 4=3H, Ki 53 2 UrtEyd 3F
HA¥E AAsAH.

2.4% 92 2%

273 WC-TiC(TaC)-Co'2e] WxEet=rv LASPS)dl ¢ zv|g A2A A
x4

:



a4 3 g3E4AY dAFe] A JAHEE dAL 2FdE SPS FAE
AlgEte 2A2E7A] 5239 3BT 2ZsQd. 22 257 130CHAA UEE
F7HR oY 1400TAA AZA R £§0] 2A3o the] wtoz LHA/ AR
SN A3t golaA HA EUdth 2F =71 T ue @38
A ZA717F FUkste AEE RAFY dA 2dolmz zuly AL A8
(Fig. 1, 3) &88 L 2242 F7tdl w& wAsA F7tstd 43 Fe] 718 50)
ZHEA e B £Foln AXE 1300TCAA HuAE BRAFth(Fig. 2) Fig. 3
< 1300ToA SPS 4&Z€ AW #HHoZ &38 47t vlg ZuAsiy 27
T U A V]FEe] AFFES & F Atk o APlM SPSel o zulY
WC-TIiC(TaC)-CoAl 2 Ax 754 & A&

Pkl
o R .
1 - .
10183 " E o
Rom § -
H - 3
W o > -3
s Z - e
3 . . 5
H - 3
- .
98.21 S - .
I — ot
" e TaseT To00T *
Tempersire{'C) Temperature °C)
Fig. 1 Fig. 2 Fig. 3

< Fig. 1 SPS&%x ©& 2249 Y%/4x37] Fig2 SPSL%E w& 2dAe 7AH £4
Fig. 3 1300ColA SPS&dA 9 9 >

Z27H WC-TiC(TaC)-Co ¥£%2 JF 2 o3 vy 224 7144 544
Zt

Z91¥ WC-TiC(TaC)-Co #2& ¥ 27 & A Fig. 59 2ol 71& #Ed+
DS AHES 22 ¢ }E( Fig. 4 ) H&o &38 A7|7r A3 3¢ ¢ +
Ao EF Fig 694 B vie} go] 2AA F ©3E 7|8 oy, nfEEox
A Ut =28 259 48 T 71AA 540 E FF BUL AEE 4eR

TTEE BAEY. 398, 20y WC-TiC(TaC)-Co £ZS HEF & AF42HL
1400C, 308 &< A8 dx 2 714 SEHZXE Table. 13 2tk AF 2429
A 1400TAA AxE AEF 7% PIOANHY v 23 3432 doy A: ¢
yrtegd e di F7iske 2348 ddh




Fig 4. Fig 5.
< Fig 4. 55 22& A8 22939 HAB(&3E: 167 m),
Fig 5. & 7N £9& A8 2Z2% 59 Ao (238 04 m) >

R iy
1758 e =

136

1349

AWM B 012 =0l ac ga2

B8 | sow wFOU  kghimm kgfimny
#40, 452

Fig. 6 WC-10TiC-1212Co 23 %79 54

Vickers
U5 8 o go
A FE (AL 2 (jm3) & Jf/‘;grrjnz) Hardness | :mm) }
£ (kgf/mm°)
27y WC-TiC-TaC_CoA|
- 9.48 70-94 181525 |  0.07
38 P10 AF 9.97 126.34 17755 0.12

#x0} R Eo] = AU A (#40 mesh EFuILt £ cloth)ol 4583 vh2 A, 30N, 400 rpm
< Table. 1 298 WC-TiC-TaC-Co &2 A2 EA37} >

3.4

rhu

1L & 47104 209 TiC-CoAl 53 oxided @il o3 /3wt oJ3ld



71E€ A8 Ax 2= 1700CHT #$ $& 1200CAA 03m °jste] %u| ¢
TiC-5%Co % A =7t 7Hs3t Aot

2. & BN 7129 FALXE(I500T)RT W 1050°CoA A 6A17H 5 89/
Aetste 4A$ TaC £2 AZ7F 7392 AxE TaC £22 oF 50 nm ~
200 nm ©°|t}.

3 27Y HEEY ARz AF 2FA 7€ 2FLE0T)EY B2 135
0CAME AZA 9 XLt 7Hs3t At

4. 27 Y WC-TiC-TaC-Co ¥#29 AF 2AAE 7|1& FEET S A4 244
Bop A%, yetrAo] 53

a9 2

ATE AFrIeF 9 2147 ZEEo ATFALAYE 48D AARLALE
S7/HEAE D" A7) A Yoz FYPHR LT oo FA=HY.



. The 56* Annual Meeting
&) of the Intemational Soclety




The 56th Annual Meeting of International Society of Electrochemistry - Busan, Korea / September
26~30, 2005

NANO-COBALT POWDER PREPARED BY A CHEMICAL
REDUCTION FOR SECONDARY LITHIUM BATTERY
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In order to improve the performance and decrease the size of Li-ion
batteries, it is necessary to increase the specific capacity and volumetric
energy density of both the anode and the cathode materials. Recently, Sn
and Si based materials shows high discharge performance in anode
materials. Cobalt oxide is a good candidate for high performance anode. In
this study, nano-sized Co powder was prepared by chemical reduction and
its electrochemical properties were evaluated.

Water containing dissolved NaBH; was added into an aqueous
solution of cobalt chloride to reduced Co ions. On the other hand, water

containing dissolved NaBH,s was also added into an aqueous solution of



Cobalt chloride with CTAB forming pore in powder. Reaction products
were washed by distilled water and acetone. The powders were filtered and
dried in N; atmosphere. The anode powder electrodes were prepared by
dispersing powders, carbon and polyvinylidene fluoride(PVDF) binder in
N-methyl-2-pyrrolidone(NMP) to form slurry, which was spread on the
copper foil. After drying of coated slurry in vacuum, Li/Co oxide coin
cells(type 2016) were assembled. Li foil metal used as counter and
reference electrodes. The electrolyte was 1 M LiPFs in ethylene
carbonate(EC)-diethyl carbonate(DEC). The cells were charged and
discharged at a current density of 0.2 mA/cm2, showed voltage behavior
over the voltage range 0.001 V-2.5 V versus Li/Li".

Cobalt powder with nano-size was successfully fabricated by a chemical
reduction process. The XRD pattern of Co powder shows the broad peaks,
indicating amorphous structure. The addition of CTAB during chemical
reduction leads to less agglomerated structure of powder and increases
specific surface area of powder. This Co powder has a high discharge

capacity and cycle-ability.
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Abstract

Nano-sized Co based powder was prepared by reduction of cobalt ion
in solution. The prepared Co based powder has no crystalline peaks
in XRD, indicating amorphous structure. The discharge capacity of
powder is as high as 902 mAh/g due to high specific area. But,
discharge capacity of powder decreased drastically with cycle.

1. Introduction

It is important to improve the performance of Li-ion batteries. The anode
materials with high specific capacity must be developed. Recently, Cobalt
oxide considered as a good candidate for high performance anode.
Nano-sized Co based powder was synthesised by reduction of Co ion and
its electrochemical properties were tested in this paper.

2. Experimental

Cobalt chloride was dissolved in an aqueous solution. NaBH; dissolved in



water was added into an aqueous solution of cobalt chloride to reduced Co
ions. Precipitation product was washed by distilled water and then acetone.

The powder was filtered and dried in nitrogen atmosphere.

The anode powder electrode was prepared by mixing powders, carbon an
PVDF binder in NMP. The paste was spread on the copper foil. After dryin
g of coated slurry in vacuum, Li/Co oxide coin cells(type 2016) were assem
bled. Li foil metal used as counter and reference electrodes. The electrolyte
was 1 M LiPFs in ethylene carbonate(EC)-diethyl carbonate(DEC). The cell
s were charged and discharged at a current density of 0.2 mA/cmz, showed
voltage behavior over the voltage range 0.001 V-25 V versus Li/Li".

3. Results and Discussion

Fig. 1 shows the XRD pattern of prepared Co based powder. The
powder has no crystalline peaks in X-ray diffraction pattern of powder as
shown in Fig. 1. The BET value of the powder is 3.804 mz/g, indicating
high specific area of powder.

3 % 8 & &8 & 8

Intensity(arb.unit)

Fig. 1 X-ray diffraction patten of Co based powder.
Fig. 2 shows the variation of the discharge capacity of Co based
electrode powder with cycle number. The discharge capacity of powder
lithium-inserted in the first discharge was about 902 mAh/g, which is



higher than that of carbon (372 mAh/g) due to high intrinsic capacity Co
based material and high surface area of powder. The discharge capacity
decreased to 400 mAh/g in second cycle, and then to about 370 mAh/g in
the 20th cycle.

1400
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Fig. 2 Variation of the discharge capacity of Co based electrode powder
with cycle number.
The voltage profiles for first several cycles of the coin cell using cobalt

based powder are shown in Fig. 3. During the first discharging of the
coin cell, the potential of the cobalt based electrode decreased drastically to
about 0.75 V, then showed a discharge plateau at about 0.75 V, and then
continuously decreased to 0.01 V.
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Fig. 3 Voltage profiles for first several cycles of the coin cell.

4. Conclusion

Cobalt powder with high specific area was prepared by a chemical
reduction of cobalt ion by NaBHs. The Co based powder has amorphous
structure due to rapid precipitation This anode containing Co based powder

has a high discharge capacity and cycle-ability was not good.

Keywords: Nano, Cobalt, powder, lithium ion battery, anode
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