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Raw Materials(Fe, Ti, Mn)

Arc Melting(A.M)

I

Pulverize(-325mesh)
[

Electrode preparation

- Ni electroless plating(Ni-P)
- Shaping

- Heat treatment(H.T)

Cycle test

Analysis(XRD, SEM, EDS)

Fig. 1 Experimental flowchart

Table 1. Sample preparation method

A B c D E
AM AM AM AM AM
shaping | Ni-P Ni-P Ni-P Ni-P
electrode shaﬁing HT shaping | shaping
electrode | shaping HT HT
electrode | electrode |  Ni-P
electrode
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oAz ¥ 24

Ao A8 FeTi 2 FeTiMn¥3& Fe(99.9%), Ti(99.6%) Mn(99.86%)& Ark ¢]7] )
A Zgzul olag olg5te] &3 ARHATH TYH YEAEE 9L 4 YEE F9 A
Z3ed 4363 435 dEdden Azxd $E AHL B 2430 A2 3A
325mesholdte) YEE Z2He 22e AU

Ni #3dx3a
Table 2. o} vreb 29 dg olgsto) F3A =F& dHd AXA= =F44L
V102 &3 g9 FFEEE Y3 10T oA 308 A& whgA2l F A3 Fzsta o

3 500mie] AE fdo) FIEY 208 ¥ A 80TAA 08D TS =22 Ay
sl

Table 2. Conditions of Ni electroless plating solution

pH Temperat‘.ure of  Solution
solution
NiClz -6H:O 30g/1
NaH.PO: -H20 20e/1
7~8 75~8T NHCI 42/
NayfCsHsO: 2H0  7ipA

k!

AAlds AR AP48 A7 98 g °ﬂ 20wt%2] Ni¥{99.9%, 5
mE A7ee) & E¥Y £ =4 93 6ton/om’ 9 d‘ ]'5]-‘?1 A 58T fAEEY.
4YE YT 47 10mm, F4 08mme) 2718 2= 9 2Yoz AZHAG

439

B AdgdM dAge 43838 HIFE FEHAN 2o BE WsE zAlEAT A9
A A ARETE HGHd 9 10%0re) ATERZ B4% T AT A A}
Aok dAE X5+ 400, 800 D 1000THA Zhz}h 1A} FA8 3 Aule] FYAIzic A
¥ dAE 1000T 9 2EciMT ARtz 2 99 APEY ¢ 238 AdAY
A9 Zo.
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3 Ni 93271 #2353 = AL F48 239 Nio] 5|2z Hojgly @Eoz 49

=

‘ja) - * FeTi

Intensity

20

Fig. 2. X-ray diffraction patterns of FeTi powders
a) arc melting sample
b} Ni electroless plating sample
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Fig. 3. EDS analysis result of Ni electroless plated FeTi powders

Fig. 42 A& =gd3 o FFELE SEMOE #IAF Aoz =3 A4 ul&f &
w 9 d¥ QA9 A7) F4% AL B F Aok 20009 SEMAACANE dANHe
FWd =59 Ni2 9% 5 gon, dAshte] FWE M3 zAE] HaAd dee
200001 2 Hdisie #AF A3 =F dd vE = F YA FdoE A E29 52
NigA-Ee] #gsizA FR8S 93 gom, FeTiMn{X200008] A% gAEe] FAs] £330
osix AY¥E A& £ 4 Ut gt ¥ FSEZY 30 FHE olgE HAN =
& T3 @g=e] 2r7 FkEA Wi ez 4490

Fig. 5% FAf=FL & $S892 Azd A3 b )W 224 % A3(a )9 @3
THe vmst B RAelck b o H4st a o Hl&] WAL Eo] BA Frise BAHA
“T50mVY-2d A Bed AsAstd el gz Ao Mol MY IFA FHAEHE
e o 4 oglah o] ANE 2 o FeTit2e A% I AMwtoz: wHas 9
A5Ao] Yl AZo29 Ago] BrSHATL Nitk 2€ Q47 FEs= A% 1 =4
2 A" $ e JMsAde BdEvdn 4"t a8y TAGEIVORE b5 9
Aggo] Homz olF g ANYE Bayt Aok AP E YA ITY GRS
et AAY dAYs 7sid 2 S AdARu dgo ed oo wa 48
3|3 Awsdc '
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Fig. 4. SEM micrographs of FeTi and FepgsTiMngis powders
a) pulverized FeTi powders( X 200)
b), ¢) Ni electroless plated FeTi powder( X200, 2000}
d) pulverized FeossTiMngis powders( X 200)
e), f) Ni electroless plated FeossTiMngs powder{X 200, X 2000)
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Fig. 5. Discharge curves of FeTi electrodes ﬁrepared with
a) non-treated powder and bh) Ni electroless plated powder
(discharge rate : 10mA/g)
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Fig. 6. Discharge curves of FeTi electrodes using powders heat-treated

at 1) 400C, 2) 800C and 3) 1000C before shaping
(discharge rate : 10mA/g)
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AYF 9 949 xst

A9d A3 dF dA=E YA FEFELTE dAedE 9 AR $4E E4QL
GERIRE 1000TH x4 Alstgded o A9 WHABHL FAY FAE Fig 7
of vetdigich dEAd X2 ASE o 2uAE wAL o] FrtEn, g AE
9 98 AFEHdE g8 fAIEAY A Ao]FE AL FAE L3 At A
ogle] AN £33 vehlin glon AT He Fex Ao dAHdA FAYLE ¢ F
k. olEE Fae oA Ale]Zo] ME LFASY YUER 9" Be FAS A
33 A7 WEoE JAdan. ok AYE @AY £ AT FF dAHRE
7l A9 &B2xEd 7 AEE Fol ¥FETEY A A Frletn APAd A
2 4 3t Wi 28 AAHE F9 aAs FEE9S Aow AztEn. g A}
o]0 uwte &FAN dUo® AR A=A} T2 94ge Fdn Y & Q.
tigh,  opz) wWhHLHE 22~25 mAh/g AEE AW o|lE FeTi §E8AAToz:= A8
A FAELFE e AT E Azsedd A7 L2 T Ao HMEy g
A ASYLEE FEANAA 4849 23 L dg § Ao B AFdN Uehd die
AzFA E935t Ale]Zo] wg ¥4 FAZ AZEY A8 Fe-Ti-X¥IA3
g AYE 7tsAel agds ReAd.
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Fig. 7. Discharge curves of FeTi electrodes heat-treated at 1000°C
after shaping(discharge rate : 20maA/g)
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Fig, 8 Discharge characteristics for Fei-xTiMnx electrodes heat-treated
at 1000C after shaping (discharge rate : 20mA/g)
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Fig. 9. Discharge characteristics for FeTi(ll) and FeossTMnos(A)
electrodes with additional Ni electroless plating
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Fig. 10. Discharge curves of sintered TiFe electrode at 10wt.%Ni
electroless plating (discharge rate 10mA/g)
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Fig. 11. Discharge curves of sintered FegsTiMngs electrode at
10wt.% Ni electroless plating (discharge 10mA/g)
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ELENZNT: “roi

Fig. 12. SEM micrograph of electrode surface and EDS mapping analysis
after cycle test
a) FeTi b) FepesTiMnsis
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Raw Materials(Fe, Ti, Ni)
|
Arc Melting (A.M)
|
Pulverize(-325mesh)
|

Electrode preparation

- Shaping
- Heat treatment(H.T)

Cycle test

i
Analysis{(XRD, SEM, EDS)

Fig. 13 Experimental flowchart
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Fig. 14. XRD diffraction pattern of Fe;yTiNix powder
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Fig. 15, EDS Mapping analysis result for Ni in Fei-xTiNix
(a) x=01 () x=02 (c) x=0.3
(d) x=04 (e) x=05 {f) x=06
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Fig. 16. Changes of discharge curve with Ni contents
{discharge rate : 10mA/g, Room Temp.)
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Fig. 17. Changes of capacity of FeixTiNix with cycle
(discharge rate : 10mA/g, Room Temp.)
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Fig. 18. Changes of initial capacity with Ni content
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Fig. 20. Changes of maximum discharge capacity curve
of FeosTiNips electrode with temperature

Fig. 21. SEM micrograph of non-treated and heat-treated FeosTiNigs
electrode (a) non-treated (b} heat—treated at 850C
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Fig. 22. SEM micrograph of FeosTiNies electrode
heat-treated at 9007

4e

Fer.TiNix ¥5& A=zt Nizdd nt& $A4F L dAde A$e =A% 27
g e Feg 4o '

1. Fer,TiNix 83839 BALHE x = 059 =444 714 3 AT 4 g 3
& Alo]E5A 0] WS dggHe dAFUT. '

2. 2% @ XRDENZAT x = 069]49) ZAHNME Niol FeTidtel 58 nes
A ZE3 NiTol A4sIRew ozie] Was3e BaA7e 4oz Azg,

3. GAZAA e AL 271 BVEF) AR S48 FeysTiNins 320l tiste] 700~900T
o SEWNA Z LA A PAEHL TAY I 700 ~ S50THN BAE
F3 Ao|ZHA0) WA AMHNCH QOTHNE 8P 71T 8] fASK 2ao
BHAFe] AA ANEA gL B

— 128 —




