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The Electroless Plating on Zn-Al Alloys with Nickel

FuJ10 K ANEKO, TAKAO SHIBATA and HIDEO NAGASAKA

Processes of electroless nickel plating on Zn-Al alloys and the performance of the films were investigated. A

number of bath and activating solution were tested. Good plated films can be obtained by Cu-conversion plating

treatment on Zn-Al alloys. The results obtained are as follows.

(1) The optimum bath composition was found to be: NiSO,4 - 6H,0 0.1 M/f, NaH,PO, - H,0 0.2 M/¢, CH;
COONH, - 3H,0 0.4 M/¢, (NHy), HCxH50; 0.03 M/t, pH=8.0 (adjusted with NH,OH).

2) The decomposition instability of bath during plating process were improved by the addition of 10 mg/¢ of
Pb(CH;3;COO), - 8H,0 or 1 mg/§ of (NH;),CS. The results of bath added with Pb(CH3COO), . 3H, 0O were
superior than those of bath added with (NH; ), CS with respect to appearance of plated films.

(3) The results of NiSO4 bath were superior than those of Ni(CH3;COO), for the constituent of electroless nickel

plating bath with respect to appearance of plated films.
4) The silver activating solution (AgNOj solution, pH=10.2 adjusted with NH,OH) was superior to palladium
activating solution. (PdCl, solution, pH=5.1 or 8.4 adjusted with KOH or NH,OH) with respect to bath

stability.

(5) The contents of phosphor in plated films and phase changes in the films during heat treatment were examined

by X-ray diffraction. The phosphorus content in the films was considered to be small.

Samples prepared by these processes were tested by outdoor exposure during about 4 months. The result of

this test shows, all samples were found to change their color from gray to black brown and thin plated nickel

films (20 «m) were found pinholes, blistering, and peeling.
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Table1 ~ Components of Zn-Al alloys for test.
Alloyi t
Smmm:symg componen Zn Al Cu Mg
Binary ailoy 78.00 2200} — | —
Ternary alloy 77.851( 22.00] 0.15 | —
Quaternary alloy | 77.49 | 22.00 | 0.50 | 001
(wt%)
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Fig. 1  Process of electroless nickel plating on Zn-
Al alloys.
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Table 2 Composition of Cu-conversion plating
solution.

Copper pyrophosphate 30 g/l
Na4P207- 10 H20 100 g/l
NaNO3 30 g/t
NaF 1 gn
pH 7.0
Temperature 20 °C
Immersion time 5 min.
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Table 3  Composition of activating solutions.
(A) (B)
PdClz 015~0.25 g 0.t g
12N~HCt 2.5 ml 1.0 ml
H2 0 1000 ml 1000 ml
pH 1.5 5.1
(adjusted with KOH)
Temperature : 20°C Time : 1 min.
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Table 4 Plating performance of various electroless nickel baths.

Bath . Modifier pH of bath

No.| Composition |M/U | o on [40]50]60]7.0]860]80]10.0]11.0[12.0
Narroo 1o | 838 | NHaom

1 a2tz iz b < | =< | =<|=<]|]olo|lo|o|—
CH3COONH4 3H20| 040
(N4 )2 HCelis 07 | 0.03 | CHCOOH (10.3)
Namsposh | 020 [Naow

2 a2 2 H2 — — - o o o o o _
CH3COONH4 3H20| 0.40
(N2 HCsHs 07~ | 0,03 | CH3C00H
NiS04 6Hz0 010

3 |NarePozHe0 020 |NEOH | — | — | x| x| 0| oo | |-
H2NCH2 CH2NH2 | 0.15 | 2204 (a)
Ni504 6H20 0.10

4 | NaH2P02 - H20 0.20 ﬁHggH - = — | - o [e} o o o
NasP207 10H20 | 0.10| M2°94
usowene, o
aHzr02-H2 B — — — — — —_— —

5 | CH3CO0Na 3H20 | 020 | N2 O < | o
( Na )2HCsHs 07 0.03 (89)| (a)
NiS04-6H20 0.10

o [NatPozHz0  [020(NaOH | _ | | | ] o] e | | —
H3B03 0.02 | H2S04
Na3CgH507 2H20 | 0.20
NiSO4 6H20 0.10

g e R N PR
3 4 2 .
(NHz2HCeHs07 | 0.30| 12504 (98)

(A) : deposition
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Table 5 Activating solutions.
(A) (B)
PdClg 0.1 g/l AgNQC3 30 g/t
pH 8 4 pH 10.2
(adjusted with NH4OH) (adjusted with NH; OH)
Temp. 20°C Temp 20°C
Time 1 min Time 1 min
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Fig. 2 Plating retes as a function of the concen-
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Fig. 4 X-ray diffraction patterns of heat-treated
nickel films.
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Table 6  Pretreatment condition and plating
condition.
e Pretreatment H3PQs, 80~90°C, Imin
e Cu-conversen Copper pyrophosphate
plating bath (Table 2)
e Activating AgNO3 (Table 5-B)
e Stabilizing agent Pb(CH3C00)23H20
or (NHz)2CS
NiSO4-6H20 0.10 M/t
(a) NaHz2P0O2- H20 Q.20
| CH3COONH4 3H20 0.40
t (NHz)2HCgH507 0.03
' Ni(CH3COO0)2- 4H20 o10Mrt |
| (g ) | NaHzPOzH20 0.20 i
’ CH3COONH4 3H20 0.40
! (NH4)2 HCgH5 017 0.03 _l
pH . 8.0 (adjusted with NH4sOH)
Temperature : 70 °C

Efofee B, &R (Table 7, 8 ) BIC 13 HR
BaelRod L, 3O - EEOR5RAEZIER Lo
BoXETH, 100C, 28MOMMEEE L CRER
HEb& Lo

Bk, AEREICLIVBONIH - EREOE L% =
sV HEBIUOH = » Y VOLEABR OTEEICK
ORDIHER (Do SBEMBR= > Fvig, BRIBER
), 10D -2 TH6em, 3KMTHLI4em, 7
BT 20emTH oo

5.23 &HoZ0#HR

Table 7T ICHE/LACEFERER %A, Table 8 ICF A RFE
EMAIBEDED o 2 K HICL B0 o SREBOKREL
RUTo o sREFBRICLOT7 71, Eh, PO
REZBELTOTNORMBORLNIE VS DERIFE
Uzo
TEKFNIHET 2 LERRRAZRM LB TIEEYD
S EFZBFILBOTRROBR OVER NG ONT, TR

Table 7 Performance of plated film from plat-
ing bath including Pb(CH;COO0),
3H, O stabilizing agent.

Pb(CH3C00)2 -3H20 :10.2mg/t
Zn-Alalloy;  Ternary alloy Quaternary alloy
a2 timel 10 [ 30 | 7.0 | 1.0 | 3.0] 7.0
350°C o o} [e] o o . o
(A) annealing
non heat
treated e © © © © ©
350°C =<
(8) annealing e e © e © (S)
non heat o o o o o o
treated

(A):NiSO. bath (B) : Ni(CH2C00)2 bath
Pertomance of plated film
o : good

> : peeling  (s) :small
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Table 8  Performance of plated film fromlplat- AT ATEBE LT LTERBICRFLAMAKEEL RS &
i i i CS stabilizi .
ing bath including (NH; ), 05 stabilizing DHDNTED , KERICHNT b - & HEEHR DX
(NH2)2CS:4.2mgrt BE o7t BRINEA o720 Table 9 BXU 10 EE
In-Atalloy|  Ternary alloy Quaternary alloy o - o . — - <z
NS i ST 401 7.0 1 151 4.0] 7.0 AE A2 AU E LIEREZRLIESDT, TOER
B0C| 01 o] =] ol o o B OB AR ISR Lo
annealing (s) -
et o [ ol ol ol o = WSS RIFEH Do
treated (sS) . - -
350°C | = - A NS - BUEHTMHIBEDOR LN S & Do
(B )imeating 59) | (99) (B3) L (M) (M) L () OEREICEY k-1 hiH0, BAKROERNESN
non heat A B3 > A < >
treated | (M) | (M) | (M) | (s) | (s) | (s) At Do
Pertomants ot prated i Cee00)2 Bath DEEROF CHAD, 2hDEENESND b Do
o : good A :blistering = peeling
(ss):smaller (s):small  (M):middle ENTH o ZENPBE L TCEMDOEZ S D,

=y TVETR, REEENCH > ST E SDER = Table 9 Results of atmospheric corrosion tests

y AV Tl —I/ MR OFHEES R S vics gifclgg—%lmalloys with electroless plated
F oA RRETM LI THRBISEVERM SR 5L, Pb(CH3C00)2 3H20:10.2 mg/l
FrRE =y T VBT, ZIZMEES D o E 3N B8 n-alalioy] Ternary alloy |Quaternary ailoy
o ) a2 time] 70 [ 3.0 | 7.0 | 10 | 30 ] 7.0
W o EHHNEVESICHOT A e CEN PRI E o 35007 |B-5|8-5|0-4|0-5 | A-5
Lico THICH LERBR = » 7 vis TR O&EICT 7 onfest|E-2 | B-5 | A-5 | D-2 | D-4 | A-5
350 oC - ~ ~ _ N
VAT L, ohbE CENERE L, JEEANLER (5| smoeuig [ D=2 [B-5 | B-5 [c-3 | -3
eared | E-2 | B-5 | A-5 | D-1 | D-2 | A-5
T 5P BIFLREEZEONKE, o7, KER DHE, (A) : NiSO4 bath (B) : Ni(CH3C00)2 bath
Perfomance of plated film
W= TGRS TS DRI A C o AT S
M L7 $70, &V o&BET 7 VORERETIE
CRIZE L, HoSETRICEDRICOTNIC= 27 Table 10 Results of atmospheric corrosion tests
RGBT AEBETH oo Lo L, b CENLH gifcl%ggllmalloys with electroless plated
BEEE LIS & B CamE > 70 (NH?)2CS - 4.2 mg/|
‘ le“;‘\‘a“o‘/ Ternary alloy | Quaternary alloy
. e —otmel 15 | 40] 70| 15 40] 70
5.3 REHER . s D-2 c-1]c-3]c-3
5.3.1 =BmA® (4 )Fron eat s cs o2
PERL L7ciRKHE Table T B X U8 IR Licts, & O (g)|umseina | €3 | B5 | B-5
- R a e N Mrrated ’ C-1
BBEILED 77V, HhOBOLOD, E5IChTH,ICT (A) NiSO. tath (B) MNI(CH:COO). bath
ILDHBHOERATREMBE £ Lico BBHARE T ke ot Cnange cotor

A~ - B extent ¢f corrosion

DATFORETIRAF » 7 (7 =/ —llg) OES

ABLTH oTRBEICEE Lt B aldiEm,

45 BEOEF TR AFETER - REOLBMAKZE EIC %70, Table D1 ~5 ORFEIELOESZHEH
BEL7, RBHMRIBANS 4FE1H26B8N,56A5 ICRLAZGOTORAE,LSEEEBICELOEAL R

HETE Lo L7zo Table 9 SEFBRSRZ AN LM 5 Do o & (%
5.3.2 BREB#ER EBE= 7N, ffR=v T vl b oFEEELL

WA AMORECLD, SRR L=y TVDERE BACOHBIFABENBE LN, LhL, FARES
KROB oo > X PRECEELSBORBICERL  mINLAHHGL THER= » 7L, Bi=» 7 LVBE b
o > OREREEBOLEBOEDOONOE Y mupppm i bnis o/ (Table 10)0 72, &
T BERKEOLEICAVERORONS OO, ap i oI ORBIIEEA LT EHHB Lo
BBHIT IV, FEEAE U > & EOBE L TR O
T3 bD0ENR oM LibL, BB -TAHIZT A
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0t%<£é¢5:tmbmo,%@@Ecamgui
6. % %= PEREET > TELTAWETH B, L L, ARSI
BR= » T vsh o & OBRARBRBRAET o 10HER (KH#
ﬁmbo%),wgéﬁﬁwﬁmécﬁéﬁélé%ﬁ
Wlo XSIHEKSEBER =y TV o&EDY v &
B & ated INRBKAECHE LcER, BRICK
D ->&RENBLT LA ELEERD, VVyEBICKOE
ARENAECRL IEEZR UL, —RICY V&R 140
BDH > EETEHBLHOTH LOBERICESBLESE
R LA, 5.0 BDb > xHETI, BEACLEICE
{EDSIEM 2 S EARR Lo ALK 2D o REDY ¥
SEEPLETHOEERLMBHICOVTORNBEL
Bbhd, 370, GEEORETICH - HHEZE
BE, BTrAOHRETOARE(EBT AT LELEONE
RENIER 2378185 T &dtbh o 1o

B TN =y LG EE~DEBHE=» T LH >
EWCDWTC, £, »odBARiT LICER, —IED
ox AT HZ LR &N, LvL, KELTIEHE
TEOLEBETDEA & v OXELZT L —ICHP
HREOHEBICY LEEBR - » T rvd - & 2T 2846,
A FrOEBEIEIEAEZIRI D 28N, TDE
AEEDOBALRENBETSH L, CNHBA 4 D
BABH LTRTERDL IS,

1) FEREERECE Y VBEE A, REBES

ZEUBERFZT LG,

@) oW OEIFICIIT vE=T 2R, pHDH
BlIEIKEBILF MY 9L K0T vEZTAEMRTEH
MR o

@) HoXBRD=y FLEEFERS y TR LRL, 1 fF Bl
DNTEBR =y TV THotio ANT 7 I VEE Y HEHASLE LTHEMAING 250, 370, 4 TOHEH
Tb o OTREEH L, HEDRIFTRE T iy aiifde~OBEBE=» T LH o5 52H
Vo L= v FATRHE o7 D o2 BTEULD > Hicfh, —IEORDIIBI. 7 0w » 2 REFHE R

2o W, EHALE, Ho2BOERDOMICERA & v OEE
@ HoSPOREWUDSEMMKIT/ ST VI LBL 22U, EECH LD 2 THS RN,
DREAFERET B HHE . FELND > 3 RBIIAZEERROBRE, Hoi

—ARICKE ) VBT Y T LEROIRER S TV moganRon, SOKENBETHE EERIN
BoXldHoXBICY VESATHEYD, BUBEET S 1,

LK== YOEREEMERLTEID 2D BHRICAFEOE LHICHIVBS4ES T LIk,
HoXBELOUEDENILDEBRLIIENTES0 L N 2H#RICECERH VI LET,
mL, AESUUEER= »y T LD o 2ToIEE, &
BETOSRNBIATHR TS, MNIICK ZEEDR
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pmP FTEEYF—LDENBDTH oo 20m®D  3) Hh, G, &5k, VoL20,M3,1969,P115
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ot B -T2 LESEFENEREIREFTD 5) F Lk, P20
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