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2.1 AR

Al Y RITMRERE AL ARSI HIEA LTz (Wi
99.99%, AFRELEE 3um). All iqﬂﬁu%@m‘zﬁ%ﬁ a2

TIHEMRAfET 2 9. £ 2 THEAEBMIE &S, KA
H1200-600 °CC 24 hr IENEE(L L, K\l ABIREENEE
TR S TH BV,
22 HBEEN

Do TERICITESRD L< 1T SUS304 27 > L AH
ZHW. Ni BT — 07 Watt 188 L O
Sulfamate #3 % FV /2 (Table 1). Z 405 OWMZEVLEE L
7= AL R % 0.37-1.48 vol%l272 % X 912z, ~27%
v NAX—=F—FIIA T, BV — REREE i~02-2A
dmZTNl ELTI0pm ENT L2, WIhoma vz

S bIRIRIT 40°C & L7z, 180 pH i I LR ERE ©
L< v ol VRN 5 g £ LAY

Table 1 Ni > ZIROAEL (mol L)

‘Watt bath Sulfamate bath
NiSOs 6H.0 1.02  Ni(SOsNH2)2 4H20 0.9
NiCL 6H20 0.19  NiCI2 6H20 0.18
H3BO:; 0.65 H3BO; 0.65
SDS *1 69 m

*1 RTIUEER T R Y T A, miE 10° 2 ERT 5.

23 RRARIT=—/V

Ni-Al A ENT %3 2 7272 SUS304 A7 > L Af %
Ar-8 vol%H, FXFHSUCEHL L 72 EBXUFHT 3 & LI
70 hr INEA L, Ni & Al DL A24T > 7=,
24 XxF7F2)B—Tav

o X FEOMIEREIZ X XAREHT (XRD) % 7z,
BEIE Cu, HIE40kV-50mA, 2 Y~ R DS, SS, RS
NENZIL, 1°, 04mm TO0.02deg. = &EDAT v/
A U EATo Tz, BOBEITITEATE 7ML (SEM)
Z W=, IEEE 15 kV, WD=10 mm T/ & T
(BSE)Z FWTHIZR L7z, F7z, P OV ot
FOHTITIE SEM (B L- R L ¥ —43 Bl X H A
~7 haA—% (EDS) =M 7z,

3 ERFERBIOEE

3.1 BEEITICHT 2EMERFORE

Fig. 1 lZK&H 200-600°C “C 24 hr ZULEL L 7= Al ¥R
% 10 g L' Nz 72 Watt 382 VY, BEERFEMK EIZ 10 um
AT U723 BO XfEHTE (XRD M) 27, Wit
DU ETINEVLEE U 7=356 T H, ALNi 38 X OEEHROF]
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PROBBBHENTZ. ZOZ LnBMEN LS ALK
KOERHRMACITHER TE o7,

WIZ, Zhblchz, Al¥ARZ 20 g L' INx 72 Watt
WHV, Do XERO AlJRFEA%E B % EDSIZLDY
BIE LR R % Fig. 2 (ORT. g1 ALK OBVLELE
FEDOBINE & HITHOTNITHN L, 400°C THLEE L 7%y
KT NBAL &JBRUE A D ERIT LB AR T4y
p=025 ZiBA % Ni-AlHGENIRZ 155 Z L3 TE 7z

- T = 5
S = - —
2 F = = = -
9"' < ON
| 2 :
z | 600°C J
g | 500C
£ [400°C =
£ | 300C
£ }200°C — 4
&g noHT —/
& | brass T ! -
30 35 40 45 50 55 60
Diffraction angle, 26 (deg. Cu Ka)
Fig. | Ni-Al A BT XAREHTIXHE (Watt 15, 40 °C,
WHAIEHFRE10gL!, i=1Adm?)
l 0 T T T T
= Watt Nickel bath
K 0.8F 700 rpm, pH=4.5,0.4 A dm” :
§ 0.6F g
-1
R= 20gL
2 04F o T ’8 -
2 - o
g 9 PR |
3 02% —————— ¥ 8  logL 1
0 1 1 1 1
0 100 200 300 400 500
Temperature, T'/C
Fig. 2 Ni-Al EAEMIEF O Al G4, Ik 5 ALK
REVOEREE DR, (Watt 7, 40°C, iBH Al &
A 10,20g L, pH=4.5, i=1Adm?)

Fig. 3 |3ff 4 O pH [ZFH#E L7~ Watt 184 W =354
DR Al G HRIZHT 5 pH OFBEERT. T—XD
NTOXILVD, pH=3 OEFAIZIT p DIEIHEL, pH
OEINE & HIZ pIFHML T pH>3.5 LLECTHMET
5 B=025 NELIND T Lot



I.O T T T T
. Watt Nickel bath
] - =2
& 08 NoHT,1gL",700 rpm, 4 A dm™~ !
o O
2 06F © _-e-- i
= o
g ’
- L / _
= 04 .
£ . s
5] OT1 o
S o2f : 5 4
O
0 L ol I L 1
20 25 30 35 40 45 50
pH

Fig. 3 Ni-Al HE BN O Al HH 3, BITxT DU
pH D (Watt 13, 40 °C, 3 Al AR 10, g
L, i=1 Adm?)

Fig. 4 % pH=5 |ZF#%% L 7= Sulphamate 5% FV 7235
B O Al AT DT AERE DR B LR
FRSHEERIZA DB EIIET — X DT DOERLZN

DS, PXAEED NS WIGE DTN B ISRKENT &M
AR/NSoY

INFETRLEL IS BITxIT DiEiAx Db > ZHYE
S ORBEZ R LToAER, @R TRV LT Al
MARZH, @ pH Do VR EARH THRIZAT S

ZLICE S THRRD BEGELIND Z &R moT.
0.5 T T T T T
_ Sulfamate bath
& 04F HT=600C,5gL", pH=51Adm" —
g
_éz- 0.3 (5\
£ Oy
E 0.2+ \ e
g k"
(5]
= L \ J
I 1y
8 T f8-8-0-

Agitation speed /rpm

Fig. 4 Ni-Al & ENET O Al GHE, pIIxT DHIE
MRED R, (Sulfamate 1y, 40°C, I8 Al &4
wm5gL!, pH=5, i—=1Adm?)

Fig. 5 X 24 E TOMFTTH 52T L fcali 12
BT, HoZHHD AIMKEAREEZ THLNI
TEEDSEFERD Al EAREZTRT. ZHLETD
et L[, T2 DIELOENRENT EFRET

HDHN, BT AURRBE SIS & Al &4 3R
WL, Do XBIREEDOEBIIHED N &N
bMWD, ZORENSEREEL LT 2Adm2 LT
EL, BITANTTREZRIR D I8 AU RIREZ &< 3
HZLICE o THBTH D 25 at%Al 2&Te Ni-Al 54
O o EEIMERFTRETH D Z EAbooTz.

1.0 T Ly T m T
—O—05Adm sulfamate bath 200rpm, pH 5

0.8 -
—A—15Adm
06 - 2Adm T f

-2
-2
2
2

0.4

0.2

Al content in deposit, A (-)

1 1 1
0 02 04 06 08 10 12 14
Al content in electrolyte, C (vol%)

Fig. 5 Ni-Al BN O Al EH K, pICHTT DRI
AL EYRIRE DR (600 °C BVLEE Al £,
Sulfamate ¥, 40 °C, ¥#EIXA 200 min”, pH=5)

3.2 BEBITICRT 219 ALREORER JUMHE
SNDEEEIA T =R A

Guglielmi |FIFEEVERI L RRBOERH>ZT AT =
ALEREL, HOETIMIBEDO L Z AR LHY 9
HAHZARE LTURBOLNTND D, A H=X
ADOFEMFINTRE 2 BN E 20, B L
Guglielmi D A B = X LIPS 856, HoXIHo
AR C 28X E25 &, HORELUETHAED -
TP ORI pIXAIFIL, Cx(1h)% CIlTk LT
7y b LEBRICEBRBEREI S LS.

ZOFEBREITHNS, ALHARIZRZ T o-7 VI R
T Ni-Al HED - X ETo 150, IWH7T L
RTRELEEDSEEROT VI T EREOBRE
Fig. 6 (2R3, i 70 FREMEWGS, T4t
BEORNE L HITHEP T I TE6 & it%jm LBX
Z 0.3 vol%ld FCIIES 7L FEAEITIZIE—E L
ol (MR . SbiTlRbneT—4 %:H?Jb\ﬂfﬁ
L7z, Wb D Guglielmi D71 > k% Fig. 7 \ZRT.
BB DD 5T, Guglielmi 717 v MMIIEIFEAR
BGAERLTEY, -7 VI FTOEED - X FEHN
Guglielmi DEF /S TND = L RNbnb.

AREER T LT —H % Figs. 6, 7 \ZIR CEHAQ TR
L7z & Z A, Fig. 6 TIX p OFIFZEN O RS S, £72,



Fig.7 CIXITEMRDO T vy RGOz, £z, D
X o-7 e Al HROYLETHE W ED LN
ZEMDOD. TNHOFRERND, Al & 600°C THIEL
PR HZ LIk, AUREFEIIET VI =7 A
ko TEDN, AUVBERBT IV RO m< RS 2
Sl EZOND. 2L, BERa-T VI T DER
WZIEH 1000 °C LLEDORERVETH Y, ZIUT Al O
Bl E Y B A, 600 °C TAERK L7ZEMET VI = A
IRERTH DD, DRSS TH=, Fig.1 ®
XMREFTCIIMH TE ozt Ex b5,

At OREE LTI, KR T AV R 2Bz

Lo THREMHEST D ENMETH D Z LD biroTe.

T T T
< 14} s | 1 | e
R 2t A [=05Adm’, O O i~ lAdm: U2 E'i
"é v i=15Adm~, O O ii= 2Adm" &
= 1.0 11.0 é_
o Q
= 08F 10.8 =
5 06F o % 4 foe =
g T I 2
O‘f,‘ 0.4}‘ % T % T 504 §
= 02F %‘ T A T H02 <
< C I £ ST o
0 1 ¢ 1 T 1 tlj | ? T | % 1 foo
0 02 04 06 08 10 12 14

Al or Al,O; content in electrolyte, C (vol%)

Fig. 6 Ni & OEGENEFO Al GHEFEEL -7 VI
MR EA & & KB T OPRREDBIFR. (Sulfamate ¥,
40 °C, ¥BHiIZA 200 min!, pH=5)

30 — T 30
’s pH=5 -O-i,=05A dm” 25
- - . 2 2]
<, O i,=1Adm =0 i,= 1Adm~ =
R -2 -2 s
5; 20 0O i,=2Adm b i=15Adm” 120 3
2 Q
S sl -0, = 2Adm” 9 15 —
—_~ Vi Q.
S ° e/ =
= 10 10
< At QO
T y;
5 ] e 5
g m—_
; ! —0
02 0 02 04 06 08 10 12 14

Al or Al,O5 content in electrolyte, C (vol%)

Fig. 7 Ni & OEABHIFO Al BL N a-T VI T
KOEGHLREM SIER L2 Guglielmi ©~7'=
> kD, (Sulfamate #3, 40 °C, ¥#ii%A 200 min’',
pH=5)

33 T=—/VRERZ & B Ni-Al &BREULEM DL
Fig. 8 & Fig. 9 I Sulfamate ¥8 % >, SUS304 27

L ASH 2 10 um B E D > Z 21T o 723k 2 Ar-8 vol%

H, H1800°C 3 LTV 1000 °C IZBW T 3B LN 70hr 7=
— VALER U 7= 3Rt o Wi < 7 v ks & O 1A o
FONTHER 2RI, IpR, TNETIORLZL 910, #
B ZTFEOMIIRE XS5V TW ez, Zo
FEERITB LT Al EAFRN 25 at% Th - I=akh 23R
LCEfEL7-.

Figs.8,9 @ 0h 137 =— VABERT O WrimBl4E « /o Hrfs
RThHD. HEDSEOREIITH 10 pm ThH D IFTF
W ERBY Thotz. FIRLT line 1 1IZHR 55 BUBE
BRI AVRIATH Y, BB 25 line 2 1 TIEERICH
2o TNIiDBHHENT-. £77, HoXRE 2T 1R
O E CHEAUIRE < HBipoTEY, W TOMA
JERITE Z > TN 2 L D3R S 7=, 800°C T 3h
T ==L LI E Al KiAMEIEZ DO F FOMKT
Mt S (ine 1), line2 1XNi 721 25 A Tuhi-.

WIZ, 3hr DT =— /U2 L~ T, BEOHLERC Fe,
Ni, Cr ([ZIHRE AR R Sz, ZHUIAT v LA E
HED - RO CTHAJEHSE Z 5722 L 2R LT
W5, BT =—)V& 70hr &35 &, 7T=—/LHiZ
RN RE7e Al R ivhs< b L L big, Al X
A - ZERRIZHDT- > THOI L TWAD Z L2
572 (linel,2). ZOFER, Ni & Al D 2 & T e
AR L2 EE 2 BN, ZORBITITAH)NS Fe AL
BLTHOMT 5L LB, AlGARITMmD TR 2o
TV, ZHUT AL D AT > L AEMIZ D THER L
Tl EZLND.

7 =—/WREM 1000 °C (2725 & (Fig. 9), Fig. 8
RNl X5 G0 T O Al BRETITA O
P, AT L TWA T E RN bhoT-. LasL
Al OEFEIFFIZELS 20, T=— 0Bz k- T
NiALTFENCAER L2 b DD, Ni-Al RO AL
UL MEG D - EEE 27 2 L A MO OF H.
JEBDEATZRER, HEE DS ZEF O NizAl 303K
TL7=.

PLEDOFERNS, Ni-Al 50 & &ETFRHRH
1000 °C TOT =—/VAEEIZ X - T NizAl @@ b e
PERT D ZENARETH D Z Ebhno T2y, FAE
72 NiAl BB LAY O 7= DI A TH D A
T VA LA D o SO O YLk EBL 192
JEBNY TIEZ AR T 2 Z RS HOPETH
5.
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Atomic %

Fe-Cr-Ni Ni
i;Al

SRR/l 5 e
10 20 30 400 40
Distance / pm

Fig.8 %125 at%® Al Z & A4 % Ni-AlE A BT Z Ar-
8 vol% H, H1 800°C IZBWT 3 HBLWNT0 hr 7 =—
JVRVER U 7= 3Rk o i < 7wk ds L O 1Al
LRGSR, (Sulfamate ¥, 40°C, BIEIXA 200
min', pH=5)

Atomic %

0- B S . e
L — N o S o ,J

§

= | i\

' o ) ; = '»m\'“"*J I
L EANAAL] [ St ) 11 0 L =

10 20 30 400 10 20 30 400 10 20 30 40
Distance / um

Fig.9 %125 at%® Al & A4 %5 Ni-AlE A EITIEZ Ar-

8 vol% H, 11 1000°C 2BV T 3 B LN 70hr 7 =—
JVRLVER U 7= 50BoWri < 7 v fikss 3 OWriE J7 1)
TEHEINTHER.  (Sulfamate 78, 40 °C, ¥HHIZA 200
min!, pH=5)

4 FL

NizAl &EMEAYIEOERAZ BN E LT, Al K

Z V= Ni-Al a0 - & L FIUTH L T =— /AL
HIEBRAZIT TR, LLTOfma 7.

()NizAl DFARIZARS T2 Al & 25 at% BT HEE

Do EREAGDT2DD, Al RKRELIRSN:,
BOo TR/ ERE L.

(2)Ni-Al A ® - & 73 Guglielmi D A =X LIZHEH

ZEERML.

QB)IETLFFAKT Ni-Al HE D> XA T =— LALEL

T 52 LI2X Y, NiAl @@L A IEMER "THE
ThHHZEERE LT

—77, Ni-Al A - ZFEORLDIZ HHOENRKE N
ZENMEE LTHLMNIRY, ZO—KE LTALK
RKEBH OB LBEIELS, HOWVITREE THDHZ LN
Ez DN, ABRESD - X ITHWD ALHERE O
BB D b 21T 5 BN DH. Fl2, AT LA
B A D o ZEOM COM AL Z LT 5729
W20, PRI A AR T A M E N H D Z LN
DI, SOICHANBRREZED D Z ERAVETHD.
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