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Aluminizing microstructure and its formation mechanism on
electro-deposited nickel layer on copper matrix
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Abstract: The surface of the electro-deposited nickel layer on copper matrix was aluminized by a slurry pack
cementation process. Using aluminum powders as doner, NH,Cl as the activator and albumen (egg white) as the cohesive
agent. The surface morphology, the thickness, the phases and the elements distribution in the cross-section of aluminized
layer fabricated at 800 ‘C for 12 h were studied, and the aluminizing mechanism was discussed. The results show that
the interface of the Cu/Ni is bound excellently after aluminization. The microstructure of the aluminized layer is a
single-phase Ni-rich Ni,Al; intermetallic compound. The thickness of aluminized coating was 200 um. The average micro
hardness of the aluminized layer is HV 1 100. AICl, is responsible for the transportation and deposition of Al in the slurry
pack.
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TP Ni )2, SRJEE Ni 482 R T R
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Table 1 Compositions of plating and parameters

Composition Cont??t/ Parameter
(gL")

NiSO46H,0 300 pH 3.5-4.0

Current
H;BO; 40 density/ 10
(mA-cm %)

NiCly-6H,0 50 Plating 7

time/h

B B A VE . SR

KRN 45 um TOVALER(78%) s 7, LA
NH,CIOTT R 7350 22%) 16 s A7), XS 8 1E ARG 45
FUHI & 2ERE o AR R (0 KN, 2 0 FR B K
NH,CICHATH ) 30%) AR T, BFEE 5 min, 1§
G RE, IMNER XS EN, BN
AT, PSRRI TR Ni PR FE R I 1)
BN LS TR, 76 60 C RILZ T4 1 he HUH
RE, RO\ BHIR I, s, FAiEE R 99.99%
MR/ PEN 3 W, ARFBAES, THEE 800 CF,
R 12 h, BN AR EEFERH .

KPR E(SEM)WE R ZRITES; R X
U4 986 BERE 43 HT A (EDX) I 5 1% 2 4 181 G 2543 1 «
KX SR AT B (XRD) 23 B il 52 ¥4k J2 26 18 1 A1 41
J8s SR FH HVS—1000 S Pl Al FEE T 5 % 23 () e A 2
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Fig.1 Microstructure of Cu/Ni interface
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Fig.2 Concentration distribution of diffusion layer at Cu/Ni
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Fig.3 Original surface morphology of aluminized coating
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Fig.4 Microstructure of aluminized coatings surface after
polishing(V(HNO;):V(HC1)=3:1)
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Fig.5 XRD patterns of aluminized coating: (a) Surface after

polishing; (b) Original surface
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Fig.6 Optical image of cross-section of specimen
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Fig.7 Distribution of Ni, Al in cross-section of aluminized
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Fig.8 SEM image of Ni plating surface
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WEY . AR 2 HNAKG)I~S). WRAE A E hEe
B/NRUTCR PRI, o DLV P B BN S
PRBh R AN [ 50 e o B 78% 4K il 22% NH,CI
B, REEE N 10 Pa, 800 C I 545 K41+
% 3.

M 3 LA, AICL 5y R4im, Bk, Al
[PEHAGUR F ZAKSE AICL. EIRFERREMIIKS) T,
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Table 2 Possible reactions and changes of Gibbs energies

during aluminizing

Reaction

No. Reaction AG/(kJ-mol ")
(1) 2NH,Cly—~Nyu+3H,+2HCl Daebc(j’f;%‘fé?gn
@) 2NHyp Ny +3Ha -296.368
(3)  2AH2HCl <> 2AICy 1 Hyy  —103.419
@) AH2HCl(y—AlCLg+Hy) ~170.975
(5)  2AM6HCly <> 2AICk 3 Hyy  —566.485
(6)  2AICIy+Hyy~2[AI+2HCI 103.489
) AICLyy+Hy— [AI+2HCI 146.634
(8)  2AICL#3Hyy~2[AIF6HCl,  529.059
) 2AICH )~ [AI]+AICl, 24.585
(10) 3AICL g~ [Al] + 2AICl, ~62.259
(1) 3AICI,—~2[AIFAICl, ~114.113
(12) 2AICl+ Al=3AIChLy, 15.423
(13) AICL+2A1~3AIC], 108.378
(14) Ni+AI=NiAl ~108.524
(15) INi+3AI=NiLAL ~267.738
(16) Ni+3AI=NiAl, ~139.967

£33 ALBFINHCL, HB7H] 800 CHPB A LB AT

Table 3  Partial pressures of gaseous species in pack
composed of Al and NH,Cl at 800 C
Gas Partial pressure/Pa Gas Partial pressure/Pa
AICI 3.8589X10° H, 6.1514x107°
AICL, 2.1645X107° N, 1.2842X107
AlCl; 6.303 1X10°° HCI 3.8853%10”

B B ARSI ER R AL B gkak
N, A AR SR A, I BTEEIX Ni B 23R T 1
B AL, Wbk, ANIMILE Ni 8% 2R A&
B OALZ. BHRNAHE A G AL (D)~
VR T R & RN AE A B ARk, THER
IS [ E A8 T 2 1) — 2 IR 2 B 225 SCRR[19]. %
B R AG T SE R 2,

& 2 A, Al [Fsfiy 52K R V.(3)FI(4) 4k
AR A AICL.  AICL, Al TR B AR SR
54 AICL  AICL KA BN(10)FI(11), B iib
Al JE AR B IR ALC]y . HEHE SCHR[ 1814, &
(1 AICL FHUHI ERE R, 5B ) Al WA BT
R AR AC . R FOARAL ) X BB FE R 1
BEGETE AL DOBUEEL Ni-Al S8 LS4 .
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M Ni-Al 0 RAEPY, 72800 CINF, —fHE
AL S04 NiAly. NibAL AT NiAl 3 B . W% 2
VL4 R E, ULk 3 s A& 035 A i 4
FUE, Hr NLAL 15 AR . AR A8 5w /) i
HH, Ni,Aly 5T NiAL Al NiALAGsG2E sk, i B b fs
5E o

BRIET RNV W VT BB ATR
YA ABE)E, BRSO A
2, SHAREAAR A X Y, Ni 2R B,
PEX B AFAEY UG R AL IR, AEB5E1
WHER, ALJEF I NI JZ0307 My susgEn, e
L HARE R Ni JR PR maeA e ke, BT Al
JEF AT LAAE NiH BE AT LA 2 4 [ v AR A7, Sn] LA
P4 g RS P TG AL, IXTEHEA R T Al J 1
I AEAR T Ni SR T ACHAT B, Al AL R [ 0038 7 T 1
TEBYH, W2y Ni Bls sy, LK
K JE e T Al JEFIERE N Al A ok .
Al G HOl Rk Ni Al JZ1EH 21 Ni Aly/Ni 9% )2 54,
ARl NLAL Z KK, IREEEE)E.

AGY = —AATInT - ;—AAZ x10 T2 -

%AA3 x10°T ™ —%AA4 x107°T3 -

%AA5x108T2+A;T+A6 (1)

X AGY At A hAEAAL, kl/mol; T JhZxt
W, Ks AA~AAs 55 R WA W) A 24
Hoh A A LU

Ay =AH%, —AAT —%AAZ x107°T? +
AA; x10°T —%AA4 x107°T? +
%AAS x102T 72 ()
. _ DG 1 -3
=—+ nl +— X +
A = =25+ AAINT +— AR, x10°°T
1

EAA3105T’2 +éAA4 x107°T % +

%AA5108T’3 — AT (3)

4 ZEig

1) 7RIl Ni B2 b, SRR RIS,
TEAZE T 1% T AR Cu/NI/NLAL 4@ AL 2w 2
HEEH . WRIZ MR BT

2) ZIEBERR PR B S, Cu-Ni SIS & R 4T,
BIREE A,

3) 800 CPRi 12 h PBER AT LLIRAT 200 um 5
JRERE, BR)ZIF SRS HV 1100 52 Ni
BEJZI 9 %, Cu FEARM 15.7 £, KOHEm TR .

4) Al YIRS T 2SRRI &) AICL, 58
Jif. AICL it 53 A HCL RV AR £ 11
WA R N S IE T AL IR
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