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Abstract: Aluminum-based silicon carbide is an attractive material for next-generation space optical mir-
rors because of its high specific stiffness and low density ; however, surface alumina and multiphase interfa-
cial defects hinder the attainment of optical-grade surfaces. To meet the optical finishing requirements of
aluminum-based silicon carbide mirrors, an electroless nickel-phosphorus amorphous film was deposited
on aluminum-based silicon carbide substrates for surface modification. The deposition technology for an
amorphous Ni-P film on aluminum-based silicon carbide (SiCp volume [raction: 20% ) was investigated

using the process route of cleaning-primary zinc immersion-dezincification-zinc removal-secondary zinc im-
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mersion-electroless nickel plating, with emphasis on oxide-film elimination, interface activation, enhance-
ment of interfacial bonding strength, and coating-thickness control. During primary zinc immersion, the
surface oxide layer was partially removed via the formation of a friable reaction layer; however, the result-
ing activation layer was shallow and prone to peeling. Zinc nitrate dezincification effectively removed the
reaction layer and exposed the substrate. Secondary zinc immersion enabled large-area, continuous activa-
tion, and an activation layer was also formed on the surfaces of silicon carbide particles. Consequently, the
interfacial bonding strength was markedly improved relative to the untreated substrate. An 1.9 orthogonal
design indicated that electroless plating time exerted the greatest influence on coating thickness, followed
by secondary and primary zinc-immersion times. The optimal parameter set comprised 8 h electroless plat-
ing, 10 s primary zinc immersion, and 2 min secondary zinc immersion, yielding a coating thickness of ap-
proximately 50-60 pm. The proposed process enhances coating density and interfacial bonding through
stepwise activation and a crystal-cell stacking growth mechanism, providing an effective surface-modifica-
tion strategy for the high-stability requirements of space optical mirrors.

Key words: aluminum-based silicon carbide; composite materials; surface activation; electroless nickel

plating; plating thickness
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Fig. 1 Process flow for electroless nickel plating and pre-

treatment

B YR BRI R BE B AL o SO, 3 5 R

mr:
BAh &S A AR RN
20H +ZnO=7n0," +H.,0. (1)
T A V5 T AR AR B A A
20H +ALO,=2A10, +H.,0. (2)

PEIR BN 5 B B 10 B0 SO, R A B RO

37Zn0,” +2A142H,0=3Zn+40H +2A10, .
(3)

h TR UER BRI AL T2 R G B S
SR IS BR S50 (2 2, B E AR BF 10 s . IR
BE1 min AL E BRI 2 h o T4 R B E A
Jiti I A A Ak T2 A ok BECZR (A A R T Oy
2 h)#EAT R 1L . R ] Anton Paar RST 3 % 41l 4%
VAL ZHBE R R A AS A ) . IR S8 S5
2O T~11 N, A 37 10 N/min, 2040 K
BE 5 mm. SRS SR AR T ARUBE X S IR R o AR
TEHEATWLEE

WL 1S PRS0 E % A T 20 A 2 Al
WHE = HE =T L IEAC TR, EEMREVIKIR
o EsF R] Y i A I (] AR Ak 2 B R I ] = R 2R
BRBEYE R R R e o i WA DL b Ak A o R
2R R R T GO 3, 40 B 4% L L ER S
P I PL ] 5 BB AR S R A K . R AT
Hi B 7 & 73 8% (Scanning Electron Microscope,
SEM) 5 € i 1% (Energy Dispersive Spectrosco-
py, EDS) X 52 56 ik F2 v i) 32K 44 25 47 78 55000 0 A



64 e KEE TR

34 %

TCE BT o, R A AR A5 AT i AR AN R AR
SUBLE X B T R & AR AR, A5 S SEM WL 25
B S 1 11 07 N i I P 3 S N R W e S
b o T B0 BE i Tk feE 2 TR B O AR Y B T A A BT
bR, S TR R A B AR A AE K SEM K EDS
o B R AT RN A ORI AR AR SCR U 5
AN ) He A [R] 25 R AT S50 50, g 58 R — 25 S B O
AN R AT LA d e A B R S 0 A 1Y
AR

®1 ZERZAFEXIE
Tab.1 Orthogonal experiments of three factors at three
levels

ER R

IS 5] /h IR a] /s
6 10
20
30
10
20
30
10
20
30

TWRREE
F 8] /min

3

il Sl Y
O 00 0 NN NN NN o O
D= W =W N W N

©

3 #R55

3.1 RARHEUNERREES BRI

T B R T AL T2 B R o S A i
GG URIE S, XS L TR AL LA (L2
FIJE % A A 21 Cxf BB 41) 5 0 6% ik A ik A A9 4k
FHERRAE R

K2 MR HE T2 IR ZZ WS . A
P Rl U Y, J0 1 A 2R A o B 4 ke 22 1k 2
PR R ZE A e, U T4 X,
O DI LB V2 A o, AR 5 A A Al Rk A
IR, e HA PR A 50 T A BR R R
SR b B AR AR B R R R AR K 2 B
il A RETE R 8 X R A DA . ML Z R, T2
UArE RS T B SR 28 5% R
MWK R PR B - R BRI T AL
Br 1 2 A AN, O B JE B B ST AR AL T Ak B
B35 PE LIS o

REE LA REREILATE

P2 W5 ARG Ak T 200 2 2 W8 St
Fig. 2 Macroscopic morphology comparison of coatings

under activated and non-activated process
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Fig.3 Scratch test curve of interfacial adhesion of coating
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Fig.10 Specimen coating thickness under different elec-

troless nickel plating times
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