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Table 1 Bath compositions and conditions of the electroless Ni -P plating

(Unit: mol /L)

NiSO, 0.2
CH,COONH, 0.11
NaP,H, 0.16
DL-Malic Acid 0.11
tri-Ammonium Citrate 0.04

Bath temperature : 353 K
Dipping time : 10 min

Table 2 Bath compositions of the Ni-W alloy platings

(Unit : mol /L)
NiSO, 0.02
5(NH,),0 -12W0;-5H,0 1.66 % 1073
tri-Ammonium Citrate 0.06

Table 3 Electrolytic conditions of the Ni-W alloy platings

(AC-DC hybrid electrolysing)

Sample area (dm?) 0.3
Bath temperature (K) 298
Frequency (Hz) 1~1000
Base current (A) 0~2.0
Amplitude (A) 1.0~2.0
Quantity of electricity (C) 360 ~ 1440
pH 50~8.0
Wave from Square wave
Counter electrode Ni plate
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Fig.l Conductmetric titration curve of nickel sulfate or ammonium tungstate

with tri-ammonium citrate
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Fig.2 Relationships between electrolytic conductivity and pH of nickel sulfate
or ammonium tungstate with tri-ammonium citrate
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Fig. 3 Visible absorption spectra at wavelength 500 ~ 800 nm
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pH6

pH 7 ' pH 8
Fig.4 Scanning electron micrographs of Ni-W alloy platings at square wave,
298 K, 1 Hz, 0~1.0 A,1440 C

10 Hz

100 Hz 1000 Hz
Fig.5 Scanning electron micrographs of Ni-W alloy platings at square wave,
298 K, 0~1.0 A, pH7, 1440 C
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1440 C 2880 C
Fig.6 Scanning electron micrographs of Ni-W alloy platings at square wave,

298K, 1 Hz, 0~1.0 A, pH 7

-05~05A Ol A

0~2A 0~4A

Fig.7 Scanning electron micrographs of Ni-W alloy platings at square wave,
298 K, 1 Hz, pH7, 1440 C,



8T V3 =7 ARMLENES REN242 2006

-5 Y-
NEs Y TAT y DEHILEEFig8IIR L7, AT Y OBITEASEINL Tz BEBZELIICS
pHELICBWTIE, # Y FAFrE=Zv LD WTik, mERICRAIZON, v X VOERHK
ERLEEOERH I REZENTE LV, EPERL. ¥ FRATOEERENRL L
HMET PH7) I2B8WT=w X VvBLU S 7 o Lo THBEETIRSY ¥ VA7 OETBES
100 7 V 100
1 ] %
w Z ,}///j é % _ w® yR/e
N ERE T in
E 60 / é / % 2 60 /, Z /% ........
5 f/ / /// T g m 7 / .......
N E R R S R
S WA ...
20 % g é % 20 %‘? %
L mll  AAA
1 10 100 1000
pH Frequency (Hz)
100 100 .
7z
) 8o g 177 - g % ?gg 7 f,: . s
s 7 % S a e
£ 60 7 / % ...... Eﬁg / % ....... A
= /’ 7 7 9 w 7
g A % 7 £ N %
Y 4 N%a% g é Uz{) %ﬂé é ...... 4
mm Ma
& 360 é‘o'uﬁﬁ ’ 0.5~050~1.0 ﬁﬁ
Electric current (A) Electric current (A)

Fig.8 Relationships between Ni and W of Ni-W alloy platings at square wave,
298K, 1 Hz, pH 7, 1440C, 0 ~ 1A
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Fig.9 XPS of W 4f and Ni 2p electron binding energy of the Ni-W alloy platings at 1440 C.

797



SEEET v 3 =0 A RMAFFESEIENEAZ 2006

HEEIZh - TWwhEELbNE, /2. BEREL
BT, BEEOBRKIZHEY., = v T VOEHE
WEPER L, ¥ v FAT OERLENBLL
2o SHE, =y P VOBIEBTEMS S ¥ 7 A
FrEN LBV HBEBEMICERFRISLZI LIS
HETLZELEEZOLNRE, FOR/KE, BEREOHEK
I, YT AT OBEIIEKT 595,
Yy VOBMEFEL(ERT A0, =y
DEBENLER L, ¥ ¥ 7 AT OEH TN
WA Lle —F. BRERSB L RIEOE{LIZS
WTIk, BiFERd T ) Z iz b o 7295,
05 ~05 ATIE= v X VOEHLEHH60 %,
YUY TATYOERMEFHN Lot T
i, —ERICD - SERDEBICR D Z LT,
NiWEED->EPO=w VR E VT AT~
o ZHEPRICER L. 812, A+ o bEmsiR
EVZ LIS CBEH LD, =v v
OBMEHNE LRI LI EIGERT L & 2
bitd, LoL, NiWSE&D o ZHD=v 7
LY v TAT B0 BRPICBERE LD, B
WEIFEL{EASL, 0~10 AL l~S, =v ¥
VB Y FAT Y OENEFHIORIZ%
2o ChomFERLIY, pH 7. BE# Hz, &
HE1440 C. E0 ~ 1.0 A5, NiWEEDH- &
FOZy X VBIVY Y FAT L OBNE, &8
EEEHEICERE L.

3.3.3 X#HAEFERESITERE (ESCA) 2L£3
RO

EEEREAELSEERLANIWEED - &
RED= v X VB LUy ¥ VAT OFEREE
R D7z DICXAEFREGATERE - THAT
FITo R EFiglZR Lz, NiWE S - &
FEHO= v rVvBLUY ¥ 7 AT Y iZEROEE
TEMLTVAZ LPHEAETEZ, ThofRL
D, NiWAEH > ZEXHMICBENL TCWwE=v ¥
VWBIXUS v AT REEERELICEDLS
3 FAEREIELLEWEEZ bR,

3.3.4 FlotmaWSRBER
BEREAZLSBERLLD-> EOBE - HE
st RARA ELEB L LT 2 AB| o5& E
TS AREE I T E 24T - 724K £Figlo,
FiglliZiR L7z ChoDERLY) ., EREDHE
iz & D EE K LEEOR LR TR,
iz, BEREOEMIZL > TNIWEELD - &
DY T AT OBNEIFREINLEEFE 2o
LEREEZOND, T, BENELETEZE
X DTEEN TS Z LR TE L, Ak
FLEFTALICEY Y 7 RAT DEFTENEL
LEBRPE o BRILLEZE 26N,

3.3.5 WEMEHBHR

EREY LS EERLANIWAED - EZO
T RT3 -0 I BMEMH TIX10 %,
TH ) EITIiE10 %KL M) T AICBRES
HRMT 5 EFTORMERE L SR EFigl2ic
ALl PVIZg AREERENIPO- & L~
Ni-WEE®H - S ITBEFREHIE . BRI ™
ELALEZONE, £/, EREOHEMIZLD
MEEOREFR LR, BREOHEMIZL ST
NiWE&EBH-ED Y ¥ VAT ¥ OEHEATE
LEBRBEL ZofzizbtEZ NS,

TRA A vERSIEE (SIMS) 0k 3
RS H MR
BREZELICLVERLANIWEE&D - &
D=9 VB LTS YT AT OFHEB + D
TE50I10, ZRA G VEESTEBICTIESY
ARG, figtARERRNEEEBICTlEL
Ty, FOERLZFigl3icmi L. NiWAED -
EOERSTHLIMWO_RAF > h Y v b
PBP LT BHEFNIWE D - E ORI
CHIWTE, NiWEEH - Z0EEIL360 CTIk
#0.15 um, 720 CTi2#0.30 um, 1440 CTIi#
045 umTH 2 Z L HER TS /2o BT, ERT
HATAIO AT 7 PEEBICER L TwAfHE
PERAOMETHL LYW TEL, DI X
L0, BREOMIMIZME, BELAZ LR

3.3.6



T VX =7 ARENEMES &FEN24Z 2006

=
2 40 (Test load : 25 gf)
- 35 }  Standard (W
g- 2'5 [ :Jﬂa -..-.llll.-.E.l)l-l.llll
2 S 30 }
g 20 5 25 |
% 1.5 5 20 ¢}
= o
= = 15
1.0 9
= 2 10 |
0.5 5 Standard (Al)
0 s = r N 0 I..IIll.llll-..llI..I‘-I:IIIHI
0 2000 4000 6000 8000 0 05 1.0 15 20 25
Quantity of electricity (C) Film thickness (um)
Fig.10 Relationships between film thickness Fig.11 Scratch hardness test of the
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Fig.12 Corrosion resistance test of the Ni-W alloy platings by sulfuric acid and sodium hydroxide
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Fig.13 Depth profiles of the Ni-W alloy platings at square wave, 298 K, 1 Hz,
0~ 1.0 A, pH 7 by SIMS



HET VI = AREAEIAE SN 242 2006

—

T&7zo T, BESHMSTOFERLY, =v ¥
WEE Y TATDH Y Y PHITIER—SE2 R
LTWwaB I EhE, =y VOBITIZEWSY v
AT OEBETIRI o TWD I EPHERTE
72

3.3.7 NiWEEDH-ZORETOEA
EIAMATOERLY, vyt sy 7R
FrOAYy FBIRIEE—EHERLTWSEIE
b, = FVOBITIEVY ¥ T AT OFE
AR, NiWEED o EFER I A TY
LrtEZONE, T/, EEBNPH - & L
Ni-WEED XD RBIZH2TwLH, Ef
T LWL N BT B0 —EBIE L T
WL EEZLND, REN T v FERELYH
WAZEIZEY, —BHRICERSRERERD,
HFORES—BMIcETh, T/, BRSSO
I ET, PN T EE LIRS, RF5d
{ehtEIONDL, &5IZ, —BWICERANE
N bl lizkh, BER-ERBIHERY,
BERBEORYSL R 2Y, Ho ZRENE—
fbLi-tZEZ 605,

4. ¥&£O
TUVIZo A LEONIWEED - EIZBITA =
wAaNE S YT AT OENTEEIC oW T HESR

HEfTolfR, LTOEE HLAL R,

(1) REERPCIEIESR SO&GELLEY, =9 i
WBYXFS v VAT ryroEALERFa bo—
Vel

(2) EREELICEDLLT, NikWEED - EKHA
DT WBIFF Y TATFYIIEBELTD
FEETEMN L T,

(B8) ¥ Z7ATyrOEMEOMIC X ) EEE, it
AtERE L mEL,

(4) NNWEED 2 EhDS T AT UL, =9 i
NOBHTI - TR L Tz,

5. 23X
D JISTHEEEEED > SEE BERELTR

_'12_

w—

& (BARTHEHEL)

2) BRI EABIED > EFEEOYYE EEXHE
£WF7ESR ple0 (HFI T

3) E+ARBER REHE RHE: RELE-
1L & T (H ARE)

4) #& BE, H)IEE - &E, 18 (1980) 152

5) 0. Younes, E. Gileadi : Electrochemical and
Solid-State Letters, 3 (2000) 543.

6) M. Obradovic, ]. Stevanovic, R. Sstevanovic,
A. Despic ! Journal of Electroanalytical
Chemistry , 491 {2000) 188.

7) T. Yamasaki, P. SchoBmacher, K. Ehrlich,
Y. Ogino : Nano Structured Materials , 10

(1998) 375.

8) /hRE (RERFAK LFEH) BEFLEME
DD D2 DD > ZHHT, FFHFET * A
Fp&.

9) FERNE, WHRF, ELEE: #IROTH
EIREE (=3 HR) pl43.

10) +#IE, ATk, FBIEE HPE—: FE
WA, 51 (2000) 718

11) Afem, BLER, WERE=: AR FME
82 (1961) 34.



