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Aol el - AT A5 F24 ]850 /Y ¥kon], NaOH A71%e) Zbol] oa WA R Cd(OH)= 873014 y 4oz Wgjse
Ax7t S71IT. WAl NaOHZF 87be Aajolol i Y 7 -CdOH), 729 B23 vguse NaOH7F R7b57] & Agelox 448 8-
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Abstract: Tthe morphology changes of cadmium hydroxide into r phase by electrolytes were carried out to improve the high rate charge and
discharge efficiency of pasted cadmium electrodes. KOH solutions with different concentrations of NaOH were used as electrolytes. It was found
that the utilization of active material of cadmium electrode was the best in an electrolyte with 1.82 M NaOH. The amount of 7 - Cd(OH),
increased in proportion to the concentration of NaOH. The surface area measurement showed that an active material which contained mainly 7
~Cd(OH), had a higher specific surface area than an active material of B-Cd(OH). In a sealed cell, the discharge capacity was improved at high
rate charge and discharge (1.0 C, 20 C) by using an electrolyte with NaOH. Furthermore, these improved performances were maintained up to 500
cycles at 1.0 C rate charge and discharge cycles.

Keywords: pasted cadmium electrode, structure, electrolyte, Cd(OH); system
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e to
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F 74} roller® /\}%6}"1 05 mm FA¢ A3 HENUTh o A
=& graphite painte] $33te] AZAZ E KR-AARA&(97A

Table 1. Composition of Electrolytes

Electrolyte No. Composition

KOH 741 M+ LiOH 095 M

KOH 6.67 M + NaOH 091 M + LiOH 0.95 M
KOH 593 M + NaOH 1.82 M +LiOH 0.95 M
KOH 5.19 M + NaOH 2.73 M + LiOH 0.95 M
KOH 4.45 M + NaOH 364 M+ LiOH 0.95 M
KOH 3.71 M + NaOH 455 M+ LiOH 0.95 M
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Figure 1. Schematic diagram of half cell.
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Figure 3. Preparation of sealed Ni-Cd battery.
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Figure 4. Model for the charge and discharge mechanism of

cadmium electrode[8].
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Figure 5. Effect of NaOH concentration on the utilization of
cadmium active material.
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97% A= F74AT 1 o) FRAME Zase AL U
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Figure 6. Cycle characteristics of cadmium electrodes(@: KOH
741 M, O: KOH 667 M+NaOH 091 M, ¥: KOH 593 M +
NaOH 1.82 M, V: KOH 519 M+NaOH 273 M, Il KOH 445 M
+NaOH 364 M, [ KOH 3.71 M+NaOH 455 M).

7t ZASYTE R HAA L glon, AR A2 E cycle] I
SFHAME 3 cycled e FAEF =971 FAHE AES Yz
At 3 cycleAol FAEHF] HuAo == ol 7] F
HEAQ CdOY Asld o)A CAdOH:E HIHCIO + H0 —
Cd(OH)y) &0 A=A A £31} cycleol APl o
2w gtego] SHUldl A Hel o] F& F=Fo| AxA
& FAFogA o]&Eo FAHE Ao AZHL,

3.3. EEHe FxHig}

Figure 7(a)~(f)= NaOH A7}¥E2 Azg A WA 05
C rated] AFUEZ 10 cycleZhR ¥ - B3 3 WA oA A
Y 8E249 FT-RY 2345 Yehdth NaOH/} #7194 gL
Figure 7(a)= B-Cd(OH)9 FZo 9std A9 Aujgs &
At} o= B-Cd(OH):9 O-H stretching®l 93t band’t 3601
cm ‘A YelEEd & £ IvH20-23]. 2822 B-CA(OH):
o] FzYdE LiOHY KOH AddegRy A2de ¢ 4 A
. NaOH7} @718 Figure 7(b)~({HE 7 -Cd(OH):8 ZA =
93ty Aujgde & F 9k o}E y-CdOH):2Y O-H stretching
o] <)% band 3709 peak, & 3586, 35289} 3236 cm'elA YEH}
=R I e

Figure 8(a)~(f)¥ NaOH A719¥2 Az® A& oA 05
Crated] AFLER 10 cycleZtA] 3 - HAE T WA A
e 8229 XRD AL Yehd Aok agdA AE B
-Cd(OH):E, O r-Cd(OH):E, @t CdOE Yehith Figure
8(@)lX NaOH7} #3& H7IHA @& Agde Ags FLoje
LAY E] G2k 7 -CAOHLEE EA8A T F2 B-CA(OH),
o el HAHEL ¢ & Yk E£F Cd39 ¥ w24 o)
At vpHE F4 FlEHo] FoldeS REFT Y azy
7t SAdelN Fl=RTY F AN EFA s E FHAA
= CdoE= £ 4% XRD AHHANE @S & Ao
% - WA cycleo] 103744 A olM FAE CdO filmol 24
ZFol7] Yoz HZ9d NaOHE H71e Figure 8(b)~He 8
-Cd(OH)29) peak7} 422 43t 7 -Cd(OH):®l peak’t Z7}
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Figure 7. FT-IR reflectance spectra of electrodes cycled in (a)
741 M KOH, (b) 667 M KOH+091 M NaOH electrolyte, (c)
593 M KOH+1.82 M NaOH, (d) 519 M KOH+273 M NaOH
electrolyte, {¢) 445 M KOH+3.64 M NaOH, (f) 371 M KOH+
455 M NaOH electrolyte.

3} NaOH #7hao] 274855 yabel B4 Fol Wobde Uet
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Figure 9(a)~(f)& 108 cycleo] 289 WA AR A =)
#H® 249 SEM Atdo|t}. SEM AHRle #Este] B NaOH
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F& ¢ 5 A 243, ez B-CAOH)t €53 &
<, NaOH7t #7beA ¢4 Aol 449 CAOH).%E 23
(Figure 9(a)) NaOH7} #7Hd Aajdol e 4o y-Cd(OH)
7} A9E BolFn ItkFigure 9(b)~ (D). o]+ NaOH A&
o] H7E Z$ Na oo FERAL udL2 ZAAYE HEY
Aol Z AATZY 7 -CdOH)S BAd TFost= Aoz 4
g 5 Jrisl

Table 20 WadedAy H3Y FEZEY nFgEAS Yet
WAtk #2 B-CAOH),7t o] EAlste 2R v EHFH)
1581 m”/g2ld] wlated AATZE 2t= ¥ -CAOHL7F 22 A4
B AT 222 uEHAL 27113184 mYgEA 171~199%¢]
S7hg & Beolx 9tk NaOH7F #sfde] Hrlgo] wAd] 9
& 7-Cd(OH:Z AN e2A HERA0 2718 Aoz Az}
Hr, o] &g vEAAIe] AP vH@AAE JeElIA gg
St 2 ubg AN Ao B} Furs Yoy AHolmz
BARTHE y A B4} o] & 8o e Aoz A7

Ustet, A0 A 8 3, 199
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Figure 8. X-ray diffraction pattern of cadmium active material
after 10 cycles in (a) 741 M KOH, (b) 667 M KOH+091 M
NaOH electrolyte, (c) 593 M KOH+1.82 M NaOH, (d) 519 M
KOH+2.73 M NaOH electrolyte, (e) 445 M KOH+3.64 M NaOH,
(f) 371 M KOH+455 M NaOH electrolyte(A: 8-Cd(OH);, O
7 -Cd(OH);, @: CdO). ‘

Table 2. Specific Surface Area of Cadmium Active Material on
NaOH Concentration

NaOH concentration (M) Specific surface area (m%/g)
0 1581
091 2711
1.82 31.84
273 2829
364 31.44
455 30.64
3.4, LHY Hx|9 £ - WUNME EA
Add 24 A3 F=EHET)Y ASERANA M 53
%< 29 KOH 593 M + NaOH 182 M Az} s1=9
NaOH7} 7bE A 48 249 AadE do|2EY oy &3

ol Ab&E FAEF 1 Ahe 2HE KR-AAAA A ALg3le] % -
WAEFS 10 C rated] cycle SA4< vlaatdth Figure 10(a)ol
01 C rate2A £33 02 C rate2A WA go] A% curve
&, Figure 10b)ell= 05 C rate % - WM 9 2A AL curve,
Figure 10(c)& 1.0C rate, Figure 10(d)l &= 2.0 C rate24] % - vt
A do) FA A curveE 247 JYehAT Hl2F Agel &)




Ni/Cd AA oA dafde] 23 Ho|2E

(a)

(c)
Figure 9. SEM photographs of cadmium electrode after 10 cycles; (a) in 7.41 M KOH, (b) in 667 M KOH+091 M NaOH electrolyte, (c)
in 593 M KOH+1.82 M NaOH, (d) in 519 M KOH+2.73 M NaOH electrolyte, (e) in 445 M KOH+364 M NaOH, (f) in 371 M KOH +
455 M NaOH electrolyte.

ok 05 C rate7hAe 3 A curve?t WS A Aol
Bl gt 8y 10 C rate 2 20 C rated & £ .94
23 E AEATGA Zol7b LA, 10 C rateRTE 20
C ratedl A 2 i} 17} @48 delde 2S¢ ¢ 5 gtk
Flgure 112 Z -9 AFded g $ALSe ¥gs v
# Aot} i‘iﬁﬂ°—‘|‘°ﬂ NaOH7} H7Hd A97F A7t9A e #A
Bt} 1.0 C ratedl A oF 32 mAh, 20 C rated] e ¢k 77 mAh;g
T =& yAegs YER) 9o ol Adf o] NaOH 4 &
o W = 9344 FRHUY HHA MEHE CAOH) 24
2AREE S FAZ A Aoz AdAnh $AA 7 49 CAOH);
7t AHE Ao g3 ngFA 2AAM Bt 44 QY]]

A =g A5 B4 1197

6

N

] £3 FlEETY) H R
39 FatgtEe] AAHY UH%"ﬂ ‘%ZW whggHoz dsd
FEol dFsdA FUHAHE Cdovt Cd(OH)n"Z) olgoz
2ok w24 g3E7]) gEd Aoz WZErH3725).

Figure 126 1.0 C rate2X % - 4AF W] cycled] @2 uhA
&% WsE eItk NaOH7F 37be A Ao "7}
HA & AAdRtt cycle 271 2 500 cycle Aol 27} 6.2%9%
51% RE =& FAEZE Yehigen 500 cycle7}A] dkAkgl
Aol AEHAT Cycleoll W& wdgeke] da14E 500 cycle
Aol 27t 106%% 115%2 Hl48 539 dFAEE ey
o Ho|2EA FEgATE AT UHPY Ao A
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Figure 10. Discharge curves of sealed Ni-Cd cell at (a) 02 C
rate, (b) 0.5 C rate, (¢c) 1.0 C rate, (d) 2.0 C rate.
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Figure 11. Comparison of discharge capacity at various discharge
rate.
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Figure 12. Cycle characteristics of seald Ni-Cd cell(@: KOH
741 M, O: KOH 5.93 M+NaOH 1.82 M electrolyte).
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