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Industrial application of cyanide-free cadmium plating technology in aviation field

GUO Yuchao " *, ZHANG Chong ', ZHANG Di !, LI Xuemin ', MA Kun', CUI Bin, QIU Xu', ZHANG Qi?

1. AECC Beijing Hangke Engine Control System Technology Ltd., Beijing 101100, China
2. Aviation Key Laboratory of Science and Technology on Advanced Corrosion and Protection for Aviation Material, Beijing Institute
of Aeronautical Materials, Beijing 100095, China

Abstract: [Objective] To address the issues of high toxicity and severe pollution associated with cyanide cadmium
plating, this study investigates the engineering application of cyanide-free cadmium plating on aerospace components,
aiming to promote the replacement of traditional highly polluting processes with green and environmentally friendly
surface treatment technologies. [Method| The throwing power, stability, and plating rate of the CFG-SN cyanide-free
cadmium plating bath, as well as the appearance, microstructure, adhesion, corrosion resistance, and hydrogen
embrittlement of Cd coatings, were studied through Hull cell test, continuous production test, aging test, scanning electron
microscopy (SEM), salt spray test, cross-cut adhesion test, and hydrogen embrittlement test. A comparative analysis was
conducted with cyanide cadmium plating. [Result] The CFG-SN cyanide-free cadmium plating bath exhibited stable
composition, with optimal process parameters of current density 1 A/dm? and pH 6.5-7.0. The plating rate and throwing
power of cyanide-free plating were comparable to those of cyanide cadmium plating. Although the cyanide-free Cd
coating brightness was slightly lower than that of cyanide Cd coating, it still met aerospace industry standard, despite
the presence of some microscopic pores. The Cd coating demonstrated good adhesion, corrosion resistance satisfying
HB 5362-1986 requirements, and acceptable hydrogen embrittlement performance. [Conclusion| The cyanide-free
cadmium plating process achieves key performance indicators close to or on par with cyanide cadmium plating, while
offering significant environmental advantages. It demonstrates feasibility for engineering application in the aerospace
field as a replacement for cyanide cadmium plating, aligning with the requirements of green manufacturing development.
Keywords: aerospace field; high-strength steel; cyanide-free cadmium plating; throwing power; stability; corrosion
resistance; hydrogen embrittlement
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Table 1 Bath composition and process conditions of cyanide-free cadmium plating

i H s i Y 1] RIS HUE
Cd2 (B CdCl2-2.5H,0 FEAN) 15~25g/L 20 g/L
B {757 CFG-A 60 ~ 80 mL/L 70 mL/L
fic iz 71 CFG-B 200 ~ 260 mL/L 230 mL/L
Bifz 77 CFG-D 5~15mL/L 10 mL/L
iR 100 ~ 130 g/L 115 g/L
LR 20 ~30 g/L 25 g/L
pH 6.0~7.0 6.8
g 10 ~ 40 °C 30 °C
AL 0.5~ 1.5 A/dm? 1 A/dm?
FHARAA KL Cd-2 3¢ Cd-3 Cd-2
I3 A A% [T AR L 1:(2~3) 1:2

1.2 IE%iE

SRR 2 A FH s 30CrMnSiA A1 1Cr17Ni2 %K, RSFH8 100 mm x 50 mm x (1 ~4) mm.
TR T PRI T 2N PE RT3 A HLBR I — T BRI ) — PR3 — 2 — FUR R —
WK Pe— T BNA 7K Pk — 52 h— T 34 K Pe— TR (1% ) I A /K Pi— AR — I sh % K ik —
FRES YRR LR — R A - IR BIA KRR B — IR BIA KB — T
1.3 tEgER
1.3.1 @ERH#EH

T SRR IR B VAT A e 77 (1) Mke R A 267 mL & /RHE, B4 100 mm x 65 mm x 0.2 mm
FIERFr, FHARN Cd-2 #atl, HN 1 A, FBERT A 20 min, HHE5EHE, I Fischer XDL230 X 5125
A &R T 2 ~10em AFEEEE, BUEERIEE 1em, fKIKICH 61 dav 03+ Oav 05+ O6~ 07+ Oz~ 090
R 2 () THEERR 2 8Re 1 (D)
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A 1.3.1 BRI R, T8 R EASEERAL (RS R AL B ) AR (v) .
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1.3.3 A

L 1Cr17Ni2 1 30CrMnSiA iR NFEEA, 7RI T ESECN TR L, SRIF7E RIRBUE Lk
TR A EEFE T B AR ESN, 3B AN T 300 lux.

1.3.4 #4%

L 1Cr17Ni2 F1 30CtMnSiA i F AFEM, Ei3 L ZESE P AT raie, 53 8~ 12 um ) Cd 8%
2o RHARIEAT I GE 2456 77 S 30088 7188 AN RI T e 8% 2 R R T 25 B2 2 mm [°FATER, &I
JRGOEEAM, FRIFETAS2EEMNL, A5 RN SRRSO RN T ERT, HFEBRZRS84
e AN G, MEB R POEERL. SR T LEERE, FEHES G161,
1.3.5  @&tihik

PL 1Cr17Ni2 F1 30CrMnSiA R A, TERE T ES8 T84k, 23] 8~ 12 um [ Cd #%
Z. Z8 GB/T 101252021 (s AUR MRS R0 ) 31T Hh v Eh 25 /8 il 56
1.3.6 HAHK

PL 30CrMnSiA 5 A2EH, TR T 2S5 N TR aith, e okl RE 5 H A H 7 7900F %Y
P T BT (SEM) M85 2 R M3
1.3.7 AWK

BEH 1Cr17Ni2 (BrHisiE 920 MPa) « 30CrMnSiA (FLFi5HE 1 930 MPa) £l 30CrMnSiNi2 A (Fi 4758 &
2 536 MPa) ¥4 J5 ik 11 B R PR R 284, 7RIS T 2S5 N T84S, SRS 7E(190 £ 10) °C MIRE T
A 24h, 55 12~18um ] Cd 5)Z. S HB 5067.1-2005 (4578 TEAMRE: &5 1 35 M%)
XEAS [EAE R R R AT R RS, b 1Cr17Ni2 B AR U 18 B B 2 8 ) JE ik 3 AL,  30CrMinSiA 5
30CrMnSiNi2A 48 553 K F WDML-50 48 W AR 15 & F 4 5 7 78 i B AL
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B R IIRRMNIN L B 7K, DAERRERAF N 1 L.
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2.1 $EESTERENFEE

2 R REE RIS 25 B . M v 21 izt iy (BB FRIA 3 BE Rk /N) , Cd 85 )2 ) FE IRk /N o 24 FLIAL 35 B
KT 3.5A/dm? I, /R RIS 2k B8 ARSI LIRS 8 0.50 ~3.50 A/dm? I, % )2 58 %
YHEK, T BHZ AR 20 F AR T E 0% IR 5 PG N AT A RO 8% . IR B B 7 em &b Cuf B FEIR 25 5
1.02 A/dm?) (A ZJRIE 66, K2 (1) THES 2R BRI 2 BURE J1ZN 74%, A0 % 55 75 AH R 451
TR ERE 12 83%, Ut B IZIC BABEBRR 1 7 B RE ) S A AR, T R SERR AR IR SR

MRPEEE 2 (R EE AR F R R N, Wl 1 R, BEE R BT, PR
BR. MHRE MM 0.50 A/dm? F+E 1.50 A/dm? I, BB K, AT FE ) S NI RT . FIR S B R
T 1.50 A/dm? J5, HEEIEKAS, BpE Rt R AT WA KR AT, R BT AU, B AR IR AR
KRG, AMUFBHEEM MR, B 5 EREN. A58, EWHEREEEHTE 1.00 A/dm® £ 4.
2.2 EEMEE
2.2.1 44

Kl 2 ffi7x 9 1Cr17Ni2 F1 30CtMnSiA iR @A R KRR UL E RN . AT L2 B8 58 2 25 %
WL, HEESMEINE], A8EeiE, ¥ HB 5036-1992 (MRS 2 ER) mMEsk. Mxtms,
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Table 2 Coatltrllf3 tl_llllllcl:(zleelslssz[l)te :iilrfrleent positions of ol i /
UCEEE em  HHUREE/ (A-dm?) JZJE/ pm o o ) /*/*

2 5.10 11.2 E //

3 3.50 10.0 ;a% 03l /*

4 2.90 9.4 S ¥

5 1.90 8.8 02 /

6 1.40 8.0 o1l . . . . .

7 1.02 7.4 0 1 2 3 4 5

8 0.67 6.6 S/ (A-dm™)

9 0.37 52 1 TEEREETERER T ZMEE

Figure 1 Plating rate of cyanide-free cadmium plating at
10 0.10 24 different current densities
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Figure 2 Appearance of Cd coatings on different substrates plated from different baths
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Figure 3 Cross-cut test results of Cd coatings on different substrates plated from different baths
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2.2.3 @ik

1Cr17Ni2 1 30CrMnSiA (44 + B 28 ipik 25 25 78 i ka8 A [R) st a) J5 R A W an 1] 4 Al 5 B
Ne 43t 96h AR ZEE MG, 1Cr17Ni2 A1 30CrMnSiA R F 2% [ 1) TC AL 2 M s L9540 2 £ m stk
a4, (HARMBLESIS, 5% E HB 5362-1986 ( KHLH A& @B 2 ihit FRERR) mE
Ko &3t 360 h MEF MG, AR Cd B2 R B IAEE, (AEFAESR 30CrMnSiA i i H I
LA, BIF5A HB 5362-1986 Frifi. #5556 1 000 h J5, THEPEFA 1Cr17Ni2 A1 30CrMnSiA i,
KA R HIE YT, TES. 4485, WEhREER,

96 h 360 h 1000 h
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Figure 4 Appearances of Cd coatings on 30CrMnSiA plated from different baths after NSS test for different durations
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Figure 5 Appearances of Cd coatings on 1Cr17Ni2 plated from different baths after NSS test for different durations
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(2) FHAEHL
(a) Cyanide-free Cd coating
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(b) Cyanide Cd coating
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Figure 6 Surface morphologies of Cd coatings plated from cyanide-free and cyanide baths
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50 250 7.0
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Figure 7 Continuous production test result
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Figure 8 Aging test result
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