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Fgar o RaHpEiandi 2~3mm> B ez oo
ROFERRT b AT 2 S WIS R P 7 XRD A 470
% hoW 420 o d WP TR £20 5 30~90°2 G 6 1
& Yt o fEd 235 FI#(ICDD no. 04-0802)+ $7 # RA ¥ § 4
B S5 % T 4a(11) ~ (200) ~ (22002 (B11)d & 5 x> @ 20 =43°

21530 R HERPE Rk p L RLE GLEL  d R TP T L UL - i

FIRETERZIFE T 545 ARk ¥ b d  Scherrer Equation
¥ l" ﬁg?+~m95+~ ,a 65nm’ "k’ SEM ‘L%#E f-d» ’ _ﬁ A ;\].{1‘_«"1‘
5

094
d=—+ (4-1)
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d: s~
Aor X Sk e E (B i+ Cu s Kal = 1.54056 A)

B: it L3
Op : ¥ESTE TR P4 B (20 = 68°:540(220))

RGP e o[52] Fapdle = fhiB R b s S ok L
W ATR B T A > BT @R RS s & B R Tt 0 B3 4
§F Mg D AR FORBR Y O B EF Rk edcds pH &
2112~113 > F e 218 > 3iehpH B4 6~7 0 2 4 6 2,4 R

4-1(c) 47 » 7 LB TLARIER SRS § P A SR 0 AR G ATl &
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B 4-1(b)tp 1t 4ramrs 3 5 o LBl 4-2(b)c XRD %% ¥ 044 41 » 47 (220)
b BESTME Uk R4 2 PR fplE R T2 Ak p Az kA
Focrue S R R R MESTE B S YRR RO RARUELT PR
= E- R pH ER R4 2 KR F T2 RE >
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FER e BRERE FF AT AR T - E G 0 &R
Pz FFSATI Ay mam® il PEEREK -
412,]ﬁSDS?HH*%%?%i%%Wn- 7

B AEAER ARE P VR o BRI G AT T 23

57



) 10nm WD 3.0mm

)00 10nm WD 3.0mm

B 4-1 407 KRRV T F and g A () F A et 8 s (b)w/o SDS
and w/o pH control(c)w/o SDS and w pH control(d)w SDS and w pH
control(e)w SDS and w pH control-remove SDS(f)colloidal method

followed by EPD-0.1V,5hrs
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control(b)w/o SDS and w pH: control(c)w: SDS and w pH control(d)w SDS
and w pH control-remove SDS(e)colloidal method followed by

EPD-0.1V,5hrs
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Glycolic acid Glycolate amon
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RI* gt TR Y Ag/AgCIGM KCL ki3 iR) » A 2 ap o &
THE 0207V & FRe ot d 41 FRIER L §F WG d &R
o MEHEREZAE=0V~IVE » Ffd F=50mV/s> BlE 4% F

SR AER S OIM AR IM Y EoRR R BT BReaniE AT 4
B 4-6 #7m o ZET A R TREDLGFLE ARSI FEL D
Bg o B BIY RT IR R RIS R B R F R o R L
LR B E i 0E ek e e S

d B 4-6 ¢ ¥ 144 R e SDS £ 4] pH=11.2~11.3 shF Jyif i+ T
TE Sk eng 2 IR BN R4 1(d)F e R e < R

e F HF T AR IR %if]t‘c SDS 48 2 K 3R R & K 7
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RF T SDS BT R AEH L B D b g AT
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¥
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(Transmission Electron Microscope, TEM)E ##.% SDS & % ¢ £4n 2
FAR N E b A o] 47 T 0 d Bl OELRF st R
—EAEEBRER T B ERERY DRRG AT hER

T EATHRR S E R 0 2 (S ¥ie A B i 7 EDX(Energy Dispersive
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AF IR PR 2R3 5 1.4 22 SDS 2.-SO4 oAt AP R

frd ant bip i > RSB P TV A AL SDS o Bt o B R

A

% RE Bt A A MRS 1 eSDS (8 418 Bl shd 6 A de W 4-1(e)
Srom 0 T g AR AR T i 5 dF 2~3nm > e AR R B PR
%2 A RER 4-1(d)F koo Bl 4-9(a) 5 A% SDS i 2. TEM # i
Bl 7o SRR T AR R - R
A5 EIBRER T T G 2.99 nm 0 4o Bl 4-9(b)#ror o @ Rl E H T
fRg LeEM AR d Bl4-6F o B AL A2 ",’TT SDS =44 3
AAARR & 0 vt R SDS e R iR & X 0 R R T
2~3nm > B Ao SRR AR WPV e L F 1 T R eniE o
4.1.3 *Hae T4 3 K IERIAF T 5 B

0t Al 40 3 KRBT > MR E AT § R P FRLT
FRE I AFL ML KR A Ll NEART A AREF 5 (F

LA AR 0 BT SRR k- BF LT

R HTHEE o V- SRR T F LR

(‘m

K2
\3\
e

(S
=M
[
~F

AR TS TR Rk RIBARY AT AR &
DR ARE AR T

F s T s 0V AR S ]P0 2 A6 A e )

62
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HRES R EA Y o P 41§ TRBE S 2 AR b ek
Beif > VAR BEF B R oAzl pH B 5 1121130 7 11 & F fheh
AR Al AaSE kRS B 2~3nm 2o B > F]pt oo ) H pLx it W B/
BndT A AR B E SRS REY TR SN R F AR

AFEE A BE (CNT)/B A (CCY L o
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Current Density(mA/cm?)

1.5

e
/ N
| a - . W
0.0k | I el e, iy N 7 V_/
o = A= v ’
-1.5F
( —\/— Colloid.-w/o SDS+ w pH control-EPD- 0.1V, 5hrs
30F 4 —O— Impreg.- w SDS+ w pH control-remove SDS
—<>—Impreg.- w SDS+ w pH control
Impreg.-w/o SDS+ w pH control

_45 1 N 1 2 1 2 1 N 1 N 1

-0.2 0.0 0.2 0.4 0.6 0.8
Potential(V-vs. Ag/AgCI)

B 4-5 40 2 FOFRITRTF ¥ hi )

3o4-1 g3 KRR b end § RS A

F O GE 2 i F %o d A (cmd)
Impreg.- w/o SDS and w pH control 16.90
Impreg.- w SDS and w pH control 11.57
Impreg.- w SDS and w pH control-remove SDS 14.41
Colloidal method followed by EPD-0.1V,5hrs 9.64
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Current Density(mA/cm?)
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—\/— Colloid.-w/o SDS+ w pH control-EPD- 0.1V, 5hrs
—O—Impreg.- w SDS+ w pH control-remove SDS
Impreg.- w SDS+ w pH control
Impreg.-w/o SDS+ w pH control

0.0 0.2 0.4 0.6 0.8 1.0
Potential(V vs. Ag/AgCl)
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w SDS and w pH control
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Spectrum 2

ull Scale 251 cts Cursor: 5814 ke (5 cts)

B 4-8 412 F 3pf > At e EDX B]--w SDS and w pH control

F 42 £ 2 K 3ERTRLE o amAsed ¥r A 4 - w SDS and w pH control

Element | Weight % | Atomic %
C K 21.72 75.62
O K 2.55 6.67
S K 1.36 1.77
Pt L 74.37 15.94
Totals 100.00 100.00
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B 4-9 (a)4a 2 L #pk¥ A # 2+ en TEM B]- w SDS and w pH control-
remove SDS ¥ (b)4a 7 F Jf ki & 1w B
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SEI 5.0k K500 104m WD 4.6mm

B 4-10 # Fe ok 40 TR T chaa 41 3 K B 2 K AL E (CNT)/ L (CC)

14 & 25 52(2)0.1V,10min(b)0.5V,10min(c)1.0V,10min(d)2.5V,10min(e)

riowm
A A f w2 CNT/CC(f) 5 i 2.5V,10min A f ¢ 2 CNT/CC(g)

5.0V,10min(h). 5% 5.0V,10min 7 4% & 22 CNT/CC #4875
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B f A PR AZIE 250 f e i B4R 0 T - BERFEFH R FIARP
Fod @ & S0VaykiE™ » Lo BT AN ALE 50 1) 16 3¢
Bae =~ s BB dentg R 25V e+ > B8 TR EH T AgARA 4T
R AR H e T IR AR T RRATT R A0 &0V
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G E=0V~1V B FHh #F=50mV/s: Pl 84041 2 KBk R 2 1M
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doim B2 %Kfffé W 40
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Current(mA)

%«« «««««««««««««««(‘((<<<<<<<<<«<<<<(<<<<<<<<<<<<<<<<<0(‘00000 RO

—/— EPD-0.1V,10min

—— EPD-0.5V,10min

o4 EPD-1.0V,10min
EPD-2.5V,10min

—— EPD-5.0V,10min

Deposition time(s)

Bl 4-11 7 F ohde LR 030 65 1 )
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Current Density(mA/cmz)

OF
2k
Ak —— EPD- 0.1V,10min
—/— EPD- 0.5V,10min
EPD- 1.0V,10min
EPD- 2.5V,10min
-6 F —C—EPD- 5.0V,10min
] N ] N [ 2 ] N ] N ]

-0.2 0.0 0.2 0.4 0.6 0.8
Potential(Mvs. Ag/AgCl)

Bl 4-12 7 fp ¢h 4 TR T 04047 2 F 3R CNT/CC i1 § w8 Y R

# 4-3 F fe oA TRT 04047 2 L kT CNT/CC F iha § o ff

HeTiE i F mre A (cm’)
EPD-0.1V,10min 15.31
EPD-0.5V,10min 17.69
EPD-1.0V,10min 14.28
EPD-2.5V,10min 13.55
EPD-5.0V,10min 12.27
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— "~ ——EPD-0.1V,10min
N_ 10} ——EPD-0.5V,10min
& i EPD- 1.0V,10min
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-2 | 1 1 ! X 1 1 1

00 027 04 0.6 08 10
Potential(Vvs. Ag/AgCl)

Bl 4-13 7 | ¢ 4c 3 BT chgadt 2 3 3£ CNT/CC + 7 fE§ it [
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| 4-14() #7177 > @A S ik R RdF 4~ d B E2 97 & 2 4F 0 2~3nm & )
A 0 d Bl 4-15(2)7 1 g @A AT R AR F K RE b diie )
o @ SERAT Eog T 222,08 nm > 4e Bl 4215(b)5 7 -

FRZEF FAKEROMEE R A0S » iR T ot
TN REZERRFES > ARIEEHL gasrghitaiy v
fers i & I o Aol 4-16 22 B 4-17 #77 » £ B 4-16 ¥ B 5] & § "%
& % £_0.5V,10min 3] 0.5V,60min % 3L HFw > @ 0.5V,80min 6
& R/ 0.5V,60min 7iE > 0.5V,100min =& fz B * v 0.5V,80min &
oo E FRE A 440w i F R Behd R AT T Ak
Foo 6 F Y Bemab AR Ap e & KR 417 F B RF O
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min FhF R %A EX ¢ 0.5V,80min (h{ K o F)pt o HIR)ALAE PR e
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FREAE R 8 2 5 ML e g o
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00 10nm WD 4.6mm CCMS S 10,0k 000 10nm WD 2.7mm

- - -~
10.0KV CCMS S| 10,0k

Bl 4-14 7 F A PR T enda 41 3 A 3R CNT/CC 1+ éhd & AR
(2)0.5V,10min(b)0.5V,20min(c)0.5V,40min(d)0.5V,60min(e)0.5V,80min
()0.5V,100min
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B 4-15 (a)4a47 3 K 3Ekt 2 K F 2 0 TEM Rz (b)sadr 5 o 4

SR AR

Mean particle size = 2.08 nm
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EPD- 0.5V,20min
EPD- 0.5V,40min
6k —— EPD- 0.5V,60min
EPD- 0.5V,80min
—>— EPD- 0.5V,100min

e~ 2 F M

& _
- : \ e
Al Sy
< T i
£

2 2F

‘0

C |

8 4F —o— EPD- 0.5V,10min

c

o

=

@)

0.2 0.0 0.2 0.4 0.6 0.8
Potential(\ vs. Ag/AgCl)

Bl 4-16 7 AR PFEF T 40471 2 383 CNT/CC F ehd § 5 R §l

% 4-4 F AT k4 2 F 3R ONT/CC L ehid § %56 o

e (T 12 i F Mo #(cm’)
EPD-0.5V,10min 18.24
EPD-0.5V,20min 20.57
EPD-0.5V,40min 21.86
EPD-0.5V,60min 24.97
EPD-0.5V,80min 17.48
EPD-0.5V,100min 16.31

80



>+ —{1— EPD-0.5V,10min
10 EPD- 0.5V,20min
EPD- 0.5V,40min
- —/— EPD- 0.5V,60min
o) EPD- 0.5V,80min

—>— EPD- 0.5V,100min

Current Density(mA/cm?)
(@)]

0.0 02 o 04 06 08 10
Potential( vs. Ag/AgCl)

Bl 4-17 3 I 7Aq BERF T chgn 41 3 3R CNT/CC s 5§ 1 )
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Pt 4f_,

Pt 4f

Intensity(a.u.)

1
N\\/\'L‘\/ m

Y VW
[ o [ o [ o [ o [ o [ o [ o [ o [ o [

8 82 8 78 76 74 72 70 68 66
Binding Energy(eV)

] 4-18 (a)EPD-0.5V,10min 2 %4 % # ¢ XPS % 2% ]

g Pt4f_,
= Pt4f
[%)
@ W
o
+—
E 4
Y,

84 82 80 78 76 74 72 70 68 66

Binding Energy(eV)

B 4-18 (b)EPD-0.5V,20min 2_ 44 %f >3 XPS st 3% ]
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Intensity(a.u.)

Pt 4f5 "
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\ —A. I:\"v‘:""w
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Binding Energy(eV)
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Intensity(a.u.)

v v

1 M M 1 M 1 M M 1 M M
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Binding Energy(eV)

B 4-18 (e)EPD-0.5V,80min 2 4a % 477 XPS #c 3 F

Intensity(a.u.)

'/ Pt4f ,
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84 82 80 78 76 74 72 70 68 66
Binding Energy(eV)

Bl 4-18 (HEPD-0.5V,100min 2. 443§ 4> XPS it ¥ )
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245 F RABER T AR LR 4T 2 ONT/CC + et i

e iTiE 2 Pt/PtO ratio
EPD-0.5V,10min 1.70
EPD-0.5V,20min 1.69
EPD-0.5V,40min 1.65
EPD-0.5V,60min 1.71
EPD-0.5V,80min 1.21
EPD-0.5V,100min 1.17
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feFlE- BB E o
#-B 4-17 ¢ 0.5V,60min #7# F| B F ch3 L P fReng iR R B “,‘T?
YL 4-19 ¢ 0.5V,60min #7R] € Flehda i f T N ERE =B
B fptE T E DA ERNE T BRI E o S ET S
specific activity(A/cm*/mg Pt) » 23+ & 14 48 3] 1.85(A/cm’/mg Pt) » % &
T R[4 o dok 4-6 #0058 R AR g SR
f 2 A FIESER e N @ R e Ap g A A 0 P B e R RCE

SRS ED &S RERA Y HF ALK F
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Deposition time(minute)

B 4-19 7 I Adf pFRF T A K Bk CNT/CC e ?"E.

% 4-6 447 % KA ONT/CC # % e it fic

RSA* Activity [Pt loading

Process
(m*/g Pt) [(A/em*’/mg Pt)|  (ug)

160°C ,8hr(use
citrate and acetone)

PtRu/CNT[54]| 395 1.89 11.9

140°C ,2hr and
EPD-0.5V,60min

PtRu/CNT/CC 394 1.85 6.66

* RSA : Real Surface Area
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