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High-phosphorus electroless nickel plating for aluminum alloy microwave enclosure
PAN Liang *, DAI Yong, XIA Hongliang, GUI Zhenbing
Sichuan Aerospace Liaoyuan Science and Technology Co., Ltd., Chengdu 610100, China
Abstract: [Objective] To address the issues of poor adhesion, insufficient corrosion resistance, and low bath stability
of electroless nickel plating on aluminum alloy microwave enclosure, it is urgent to develop a high-phosphorus electroless
nickel plating process suitable for mass production. [Method] Using SA06 aluminum alloy as the substrate, a process
was proposed involving zinc immersion followed by alkaline electroless nickel plating, then high-phosphorus electroless
nickel plating, and finally sealing treatment with the home-developed ZY-30 sealing agent. The main process flow and
key control points were described, and improvements were made to both the electroless plating and sealing processes.
[Result] The obtained nickel coating had a phosphorus mass fraction of approximately 12%, exhibited a semi-bright
silver-gray appearance, and demonstrated good adhesion. After sealing with ZY-30, the coating passed a 96-hour neutral
salt spray (NSS) test without affecting the adhesion of subsequently applied paint films. The electroless nickel plating
bath remained stable and did not decompose after five consecutive production cycles, with a product qualification rate
exceeding 98%. [Conclusion| This process is stable and reliable, offering both excellent coating performance and bath
stability, and has been successfully applied in actual production.

Keywords: high-phosphorus electroless nickel plating; aluminum alloy; microwave enclosure; adhesion; corrosion
resistance; sealing; bath stability
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AR SiO, BURLHEATILTOIN, W2 5w TR IR 5, JFORFF 1 RAEFIWIE. 28, Eidwi e RAeT
PRy B R AR TERE RV BT, A1 0 & SR AR AOBRR 455 70 1 BB IR ASC A 858 P B 5R RS b v, I
HEPRHMATZMM, T RRARR.

B FITAE 2w BB 7 (A iy BERAGRBR R SR AR BIAE 12 ~ 15 pm 28], shPEER SR I A MK T
96 h, HAUHHIRG SIS T IR EE G 1 5 iE. BT 2 A 19 SEXN-2002 m#ifb 28 T,
T BEEFXFN R APERR, BER 7 SO Tl T K . IR, JEERAESR . B G E GRILH — ML P AE)
ArE it FE R, B ER R e MR 22 (T 2 A S B R A o i) It e AN IR i) . Ak, R U
T Z B ) RK-3188 LA R T2, I B E0UR TECER FHH. SRRy, B L2 i)z 240
SR, PGRIRKE TR B EEIR, LB AE S MR 96 h it 5556 5 2R i o fE i
R R ISR . 1Z T E AT CRERIEPIE, RPN TR, RS A R
MET 98%. ACAAT ZLAMERE S SH AR TZ, BIENEG SR80 T SR 4
AT %

1 BESNERASHULEERENT
1.1 E&pe

KF 90 mm x 60 mm x 30 mm [¥] SA06 56 SR AE AN B, HA R (LR E 2301 A:
Mg 5.8% ~ 6.8%, Si0.4%, Mn 0.5% ~0.8%, Cu0.1%, Zn0.2%, Ti0.02% ~0.1%, Al &xE&.
1.2 IE%iE

BB HITAS: 7 — A LI 77 B T — 2R 4 - B Tl — #OK B — BRI BRBE H > KB >R > 4
IKBE—IB B — K P — IR B — K P — B S8 — — JUoK Bk — B i R — Pk e —
HH->T R .
1.2.1 #HiTkE

T 2 THI BTG B SR AR A%, 1320 6 T R SRR
1.2.2 AHEFISG S

K FH B B 770 8 IR W B A 3 ~ 5 min DAL BRERTH HE 5
1.2.3 B

NaOH 100 g/L, + R4l 2 ¢/L, L 60 ~ 80 °C, ] 20 ~ 40 s,
1.2.4 Bkt

HER 350 ~ 500 g/L, iR, BA] 5~10s.
1.2.5 ##

RK-501C =4E7) (1] % B $#244t) 300 ~ 500 mL/L, Zn*" 6 ~ 10 g/L, &% 18 ~ 43 °C. — 2 FEI i)
60 ~120's, IRIZEEMSTE] 30 ~ 60 s.
1.2.6 &4

fiHl2 550 g/L, i, BE 5~10s.
1.2.7  mbEAFHEE

X B 1) RK-3171 B2 T2, BATZ S50 RK-3171A 150 mL/L, RK-3171B
70 mL/L, RK-3171D 0.5~2mL/L, pH9.6~11.5, ¥ 35~43°C, Wf[A] 3 ~6 min.
1.2.8 ZFBHLFHELR

)% B 1 RK-3188 L2884 1.2, BAA T2 5%05: RK-3188A 60 mL/L, RK-3188B 180 mL/L,
B E 0.73 ~2.45 dm¥L, pH4.8~5.2, #HFE 85~90°C, H}[A] 80~ 120 min.
1.2.9 3

SKAVLE 4 st ] T 25 E 3T S P AL R

1) HEE M CrO; 80 ~90 g/L, HS0425~30g/L, NaCll~2g/L, =i, WA 15~30s.

L] L//é' L]
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2) KHJFK C [ NiB-100 # #, BAATZZS508: NiB-100 2%~ 5% (540 . i 30~50°C,
FF 8] 2 ~ 3 min.

3)  KHJEK C [ NiB-500 i, BAATZZS508: NiB-500 2%~ 5% (340 , i 30~50°C,
18] 2 ~ 3 min.

4) SR EE A Z2Y-30: ZY-30 #5740 ~ 50 /L, EFMEL X-3 45, =i, W 15~30s,
HHFERH, BT AT 110 °CRE1L 1 h.

2 WEERCRITE S

B FTAE N R AL S B T 2R U B A i,  DAORIE R B S B M 2 It R4 6 0, IF
ROEK T A 2E B R A B . 26— 0 Nl R e A B AR M R T X Zn-Ni &2, Bk M
b B D s B A R R R T 4 — S AR, BRI T R BRI MR TE AL SR A b S B
WA, XRT THREEEMRFISEE .
2.1 2%

RE T 2EREM R R —EREESN) ZInNi 542, RIRIEEEZESHEEME S I Tr 2
— o AR A FH A2 5 B R4 IR AR VAT, SR FH 2 B VARSI IR B VAV P 5 B, A L 2% P IR R E 1.08 ~ 1.14 g/mL,
R N ) BT A 75 H T 2V TR B B, AN 3R AR FE A S 0.01 g/mL 74NN 50 mL/L
f) RK-501C =4, i H L1 R A& VELHIC FAMINAT 5 B AR E X RK-501C AMin&E DUE T &), e
T ROR B AE AR 5 AMINE I R R R .
2.2 WMUEFER

BB PEAL AR PR AR 95 2 B L3 45 6 TR KA AR A F R I S — N R T . 2 D)7
T R] DA 038 S A I AR AR B A AR TS, R, DRIh, 5 S I B A 2 8 B v v 1)
NiZWREE, AT HYERRAE IR L2V N IE A, #MnJriE: #845Em 1 o/L NP ZAMIN 13.2 mL/L
RK-3171C. 477 Hl 5 EA AW pH, B pH £ 9.6~11.5 Z[a], pH A H 50% ({AEF143 50 /KB 10% (1
RO H0) BT o 87 H - R A VEAHIC AN DT J5 1 Ni® R BE B At DUE T #2096
2.3 LEHER

b5 R R VR B B RE A Ni $E 2 T, 75 B N A S B AR AT I 8, A AR N2k
H NI, PR S 1 /L Ni2 iR B 75 24 %M 10 mL/L RK-3188A Al 10 mL/L RK-3188C (#h785))
BER ST BT RN 25 SRR FE 3%, VR RRIR NiZWR B 1 B KA R S AN R B N2 IR FE I 15%, 5
TR E R 2 BEAK 30% ~ 40%. NORIFAEF=83, TIRUERNAMET 8 pm/h, BI Ni¥* SR EARIET
5.2¢/L, It HAEPERT B EEAE pH 2 4.7~5.4, {HH 50%Z /K58 10%55 BV 1AW pH, it Bk #2404
5 pm SIS IE RGUESIIE, DRIERERIE PN R ) IR o SBR[ B . FELORR
PR R EESR Ni P52 R RT 20 um, TS LB FIRIEEE 85 °C, B ILBEJZ BN T . &R TAESE A5 2
Pk, TR SR RN AR SE 7 o0 M, T A 2 o A VU P AN iR B B FR 90 °C

BEEAE R NP UREE TP 1) #EFIR 5 mL AR, 3% 250 mL #EJEM: 2) i 50 mL 4k
K, 10 mL SR JREREEFE R 7; 3) F] 0.1 mol/L EDTA (£ — & Z./%) trAEis i &, HEMRAE KL,
KD T NP FRIRE p .. (AL g/L)

14

CEDTA EDTAMNi
P = IR, (1)

o : Cepra AN EDTA FrEE IR E (AT mol/L) , Vepra i € FTIHFEMT EDTA FRUEE AR (A7 L),
Myi 4 Ni JC 5 FIEE R i 5 (58.69 g/mol) , Vs AWLER A B BAAR CAAL L) o

R R NIPREE FR N 6.0 /L, MRIEHHT TS Ni2REE, 19 ZI4HMN ) RK-3188A 1 RK-3188C #MiNH,
BARGITER 1.
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Table 1 Replenishment amounts of different components for electroless nickel plating bath

Ni2 G/ % N2 iR/ (gL RK-3188A A4/ (mL-L™) RK-3188C #1734/ (mL-L ™)
100 6.0
96.7 5.8 2 2
93.3 5.6 4 4
90.0 5.4 6 6
86.7 52 8 8

3 ARMUEEERIEXEE
DL N B JZ T it A R R A 3 (BRI R B T B B R B R R iR e 3w, idoh—A
JEEA) AfebR, XTEE T % A ) SEXN-2002 A1J 5K B ) RK-3188 PiFI A EML A8 T2 R TERE, 4550 L

* 2.
F2 TRFHEETIZSHMEREXTLE

Table 2 Performance comparison of different electroless nickel plating processes

PR T S AT AL A R Ni #% 2 NSS R4 45 R Ni #5270 Tl A FH ) 1A
o 72 h JCfE 2.0
SEXN-2002 SRR TR
& 96 h JCJE il FHTERAR 3.5
= 96 h FJE ik 5.0
RK-3188 o AR KA
= 96 h JCE il FHTRR >5.0

W Ni B2 EREHE 15 um 2247, A ZY-30 d5F P53 P b 2

FHEE 2 AT%N, XF T SEXN-2002 A4 2A 8548 T2, Pilse it A7 ot fb 2= U R 5 8 W 25 $2 7 Ni 952 1 ol 1,
TR I I P R . = B R R AR A B A S 5 R T B T oK Ni #8)2, BRI G T BE7Efk
SRR W EA R, ORISR TR bR . AHELZ R, RK-3188 LA A FH R A B
WK, VAR e . Pl ARk RK-3188 M b2 a 4 T 2 B AR Sk 1 SEXN-2002 k2%
PRI 2,

4 HAIZSHHWL
i AR A S R T AR AR Z I TR p M SR, #E 100 mm x 100 mm x 1 mm (1] SA06 454 & 7 Ak A b
Hil4 TIEEAN 12~ 15 um I Ni 852, FERFAAFKREE B0 Z2Y-30 S AT AR, B, 208 GIB 150.11A-2009
(RS =R % 56 11 35 hFlI8) 347 96 h A 2h % (NSS) 46, H-ZHE QJ479-1990
(& BB EEE ARG 7)) B A Ni RS MR EEAET O B, ks
HEYr 180°, HLEWIZ. HEE NSS ik 96 h LJEEN k& ks, 25 dkae s k. g Enss& e
¥, RIGLE R WK 3. MEHF ZY-30 B EIREAKT 40 o/L B, ZE AR Ni 982 i Pk 58 % 1
RER, (H2ZY-30 FERE KT 50 g/L i, HAENi#ZERmMPARTHEE, BHEBE, 2005,
Ik, B ZY-30 PIRCE IR E N 40 ~ 50 g/L.
3 ZY-30 HAFIREREXT Ni B MM

Table 3 Effect of mass concentration of ZY-30 sealant on properties of Ni coating

ZY-30 JREIRE / (g'L1) HERR 2 aia T s e
35 oK % N
40 Pt IR aik G
45 AR G aik
50 oK % Gk
55 AR, F T 2 Gk Gt

HE— 2B 5F b T R AN A P AR BRI Ni 5% 2 M ot B FLJa SRR 2 i gt & 77, b Ni 882454 1l
RTVER L, LS E NS GB/T 92861998 (iR FITEE B RIARIE) #17, 45 WE 4 fror.
Ni B8 2 AR 3 P O AT B TR T RIS, T pefte AN A, T >R FH T 45 8 P41 55 NiB-100. NiB-500 A HBfF ZY-30
AL, it (E4EF NiB-100 Al NiB-500 Hf 12 52 m 5 SR B 45 5 70

o« Of e
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Table 4 Performance comparison of different sealants

ES ikl A Ni 8% 2454 Ni 52 eIt
ESTR Fe AR AR Bk NS i
1 NiB-100 Fern iR IR G G NEHE
T NiB-500 FeFE R IR (1 ks A ANEHE
HHF 2Y-30 Fe AR AR £ B G &
Ak} ] DY) B N i
5 ITZiftiE Ni fEERERE
5.1 5h3

KBGO T2 AE 100 mm x 50 mm x 1 mm [ 5A06 48 & &R BImH % Ni B2, EEEHIE 12 ~
15 um 200, Wl 1w, Frfs Ni #5285 500%8:, 28 mmiRk e, 6 QI 491-1986 (L #8524
REHE) AN ER

1 {FEREASR

Figure 1 Appearance of electrolessly plated Ni coating

5.2 HEE

PA 100 mm x 50 mm x 1 mm ] 5A06 #5& &l AR, $l&ERE N 12 ~ 15 um B Ni $8)2, FRH
Oxford Ultim Max RE#E{X (EDS) /#7142 P & & . 45K ER, NiEZHFE P &S HON 12%, T 25K
FME Ni )2 P B E MK T 10% AR E K.
5.3 &858
5.3.1 NiBELALT

PA 100 mm x 50 mm x 1 mm [¥] 5A06 86 43R N, Hil&EEN 12~ 15um M NI $52, RESR
QJ479-1990 HHATZ k8. MK 2 Al %1, Ni¥% 24 I IR a ok . Wivk, Uil Ni 452 5340 14
G e

2 TETERRER

Figure 2 Result of flexural testing

5.3.2 BBELT

PL 100 mm x 100 mm x 1 mm ] 5A06 5G4l 7 AR, Hl8EREN 12 ~ 15 um ) Ni 882, &3
AbFR SR A04-9 KHLAK (JEFEFEHIZE 100 ~ 120 um 2 J8)) , Bt 5 RIS SE & /1. B 3 0] 41,
DIENALZ T, WSO, SRS Ni 482N E 6.
5.4 ftihts

PL 100 mm x 50 mm x 1 mm [ 5A06 $56 &l ARk, $1&)EEHR 12 ~ 15 um B Ni #5)2, FaHT
FAALFE, B GIB 150.11A-2009 FE 3R 735515 A& 35 AL EE AT ZY-30 £ AHRFEEIEAT 96 h FRPEEE 5K
5. M 4 1751, NSS iR 96 h J5, ZY-30 HHIKAFER Ni #2000, . B S, wi i =i ih
PG
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(a) AREHH
(a) Unsealed

ik

3 QEENRAR

Figure 3 Result of cross-cut test

(b) ZY-30 Hf 4]
(b) Sealed with ZY-30

4 REAFMFARHE NSS Rk 96 h [FHISMR

Figure 4 Appearance of unsealed and sealed specimens after 96 hours of NSS test
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