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CuSnPEAE&EE, E4HBERMETIMTRENIEMAN (%): Cu80.00, P4.50, 06.00, Sn 1.50, € 3.50, Li 1.50, Mn

3.00, Cu-Sn-P-LiMn:0s 5 #E 1 96. 50%
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1 AXRBEUFEBREHERARRY
Table 1 Compeosition and Condition of Electroless
Nanometer Composite Coating

composition condition
CuSO0s * 5SH20 / (mol - L) 0.022
NiSO. « 6H,0 / (mol - L") 0. 00038
Na.H.Y - 2H0 / (mol < L") 0. 045
C4He¢O¢ (tantaric acid) / (mol - L") 0.03
SnClz - 2H.0 / (mol - L-") 0.022
CsHsO2 {paradioxybenzence) / (mol » L°') 0. 000025
NaH:P0O: - H/0 / (mol - L") 0.10
OP-21 (neutral surfacant) / (mol + L-') 0.05
CisHiBIN (cationic surfacant) / (mol « L-') 0.05
LiMn;O4 (nanometer particle) / (mol « L") 0.020
pH 7.0
T/C 55

plating time/h 1

ENEBEFEHES TREP, HE HS SENER
ABEBOERER (ZR) M 1%, RERXSFZEAR
[6]; % P4 A RIEFE B K r#: GB 5935-86 MR 4K
EMALEE, AR EZRBIBRETH#T, F
FAMEREREBM 72h Z AR EHER, FkHR
164 A2 B RAME-HART 100 %32 fi £ 30 & {0 58
ZRA RIS KOREMA

Sk A HITACHI X-650 3% # 7 B {4 (SEM) W
EEENSME, TR A EER N 20keV,

wEH MKW ZERMBEXE Pekin-Elmer
PHI-550 ESCA /SAM £ Zh it & F B 1% {GH# 1T XPS #0
AES i X TR B AR BT AL ¥B, AlKa X SRR
1486. 6eV, $EHL £ 10kV FEH i 40mA, XPS £33
FIE 43 Pl 2 B 5@ BB 53 3 R 100eV F 50eV B 1>
RIESE/PT 1.33x10 %P, AES 43 F3K
2 3kV., ¥R 10pnA, BHEERMRET Act HE RN
AkV A 15mA, B EIRN 2 x 2mm?, 7E &4
T B Ta:0s 1EAR MR ZI R E 20 12, Snm * min ',
A4 HEM C15(284.6eV) TRE, WMEIRERN £0.1
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2.1 NWKESHEAEENRIAFR

1K CuSnPEE£¥EZE (a) M Cu-Sn-P-
LiMn O« Kk E A REZE (b) MBS, TW,
AEEEEMELERSH, MUKESHHER
REZHBRRS M. BRI K/PNA 0. 1pm, KF

B 1 Cu-Sn-P 8 Z(a) M Cu-Sn-P-LiMn.0. # 2 (b) ) SEM
M

Fig. 1 SEM micrographs of Cu-Sn-P(a) and Cu-Sn-P-LiMn.0,
(b) coatings
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PABEAKN FHRER, HUFRTEREKTHIR
FhREZ,
2.2 HAXE SRR EMmitat

BETEE kT Lk, RERXEKGE
BHRZBEHRN -, LRAKZXZTIRS
BRI —MFR, BEERKRTRERS
Fe, BEfd i/, R AT, R VR R . I BRSO R R
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Cu-Sn-P-LiMn,0. ¥ 2 F BB R E /T Cu-Sn-P &
B/NTF Qus B A, BF Cu-Sn-P-LiMn.O, R HiK B
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MEBEMHE, M Cu-Sn-P-LiMn,0. I H 7E 0. Sh B4
BEAEA; 2h BHAR A H BN, KBFE AL
AHB . Qus BRI BB, T K F
KB EAREERNBHMERRE, MIEH:
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2 MEEHLHRER
Table 2 Results of the Accelerated Corrosion Tests

water contact- salt water dipping/h* H.S tarnish corrosion rate/ (g * m~%* h~')
coating samples .
angle/ (°) 0.5 1 2 4 8 10 21 / min salt water room tem. OX.
Q235 steel plate 66 25(0)  30(1) 35(1) 55(2) 80(2) 95(3) 100(3) 10 0. 08958 0. 005556
Cu-Sn-P 72 1(0) 5(1) 10(1) 25(1) 35(2) 50(3) 75(3) 2 0. 06458 0. 004167
Cu-Sn-P-LiMn.0. 76 0(0)  0(0) 1(0)  3(1) 8(2) 12(2) 30(3) 3 0. 04692 0.003472

*The numbers mean the percentage of the sample surface that be corroded. The parenthetical numbers mean the appearance of solution 0:

clear, 1: faint muddy, 2: light muddy. 3: obviously muddy. "Faint tarnish.
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2.3.1 AES 57 21} o
B 2 % Cu-Sn-P-LiMn.0. A K E & M H # B 00 i , , , ,
Ar*ﬁﬁa‘ﬁﬁféﬂg AES é%(a)%ﬂ(b)ob&@ 2(3) EP%, 0.0 2000 400.0 6000 800.0 1000.0
BRRMEALE C. O, P. S, Cu, Li, Mn JLE @, finetic energy / €V
K2 Cu-Sn-P-LiMn.Os $52 Ar- B 51 81/5 89 AES £ (a)

2mm X 2mm FE 8 26min J§ (A& 2(b)), CEJLFH
%, 0 ) 55, P.Sn.Li.Mn I&4£ 53, Cu WEHN 3R, 584
EeHEENMEEAMITEN 0.P.Sn.Cu.Li Mn,

HAEX B8 AES K K 2|14 B 41 g 15 2 Bt 5K
BILE3, REHTREMEL, k. E@5EES, 80 - e e e
40s EE B THE T, 78 600 ~ 1400s 2 Ja], 28 Sk %t -
BiEg, HBEBRFIMEEIEE (%) 459 Cu
80. 00, P 4. 50, 0 6. 00, Sn 1. 50, C 3. 50, Li 1. 50, Mn
3. 00,Cu-Sn-P-Li-Mn-0 (5% 21 96. 50% , 1 EE 7]
E i, B4 1600s SR S BEEZFIEAR, BHRE
WK, KN EREEY 325nm, SHREEBERRE
2324 300 ~ 500nm F—3 .

2.3.2 XPS 4#7

Cu-Sn-P-LiMn.0« PIKE & # KHE R Ar BRST AT

#(b)
Fig. 2 AES survey spectra of the Cu-Sn-P-LiMn.O. coating
before and after Ar* sputtering (a) and (b)
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Fig. 3 AES depth profile curves of the Cu-Sn-P-LiMn,O4 coating
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%3 CuSn-P-LiMnO. ERPELENES
Table 3 Binding Energy of Elements in the Cu-Sn-P-LiMn;0« Coating (eV)
sample Olsie P2pis Sn3 ds.2 Cu2ps.z CulsVV Lilsize Mn2ps.2 Cls
before 530.943( -2) 129.627(0) 484.613(0) 932.522(0) 918. 000(0) 56.167( +1) 641.987( +3) 284.339(alkyl)
sputtering 531.338(~2) 133.342( +3) 486.637( +2) 932.522(+1) 917.000(+1) 642.884( +4)

after 26min  530.572( -2) 129.549(0)  484.536(0) 932.678(0)  918.200(0)

of sputtering

56.012( +1) 641.736( +3) 284. 547 (alkyl)
642.653( +4)

JE#) XPS 23K LA 4(a) M 4A(b), BERMFHE
C15,015,0(KVV).P25.P2p.Cu2p.Cu3s.Cu3p.Cu
(LMM) . Mn(LMM) |, Mn2p, Lils, Sn3d. Sn4d'*?!,
2mm x 2mm &8t 26min J5 (B 4(b)), C1sUEIR/),
Ols RAW L, Cu2p WM, Cuds. Cudp. Cu
(LMM) . P, Sn,Li . Mn W48 8, AR UL R & 4R
B*%®H 0.P.Sn.Cu.Li\Mn A,

x10°
Cu2p a
2 [t Lssoen
C(KVV)
L5 | Cu(LMM)
1 Cls
w300 CUP
Cu3s Mn3p
0s b P2p  losuse
0 —_ 1 1 —L 1 1 —
-1000 -800 -600 -400 -200 0
binding energer / eV
x10°
3r b
25 |
-930.621
2L
Cu2p Cu(LMM)
15 | 567316
Cu3p
1 Cu3s Mn3p
Ol.; > P2p Irilss
Mn(LMM n. Cls P2s o
0.5 | Mn(LMM) o o 2™
—L 1

1
-600 -400 -200 0
binding energer / eV

0 1
-1000 -800

A4 Cu-Sn-P-LiMn:O. &2 Ar* BRATBIS 9 XPS 21i%(a)
0 (b)
Fig. 4 XPS survey spectra of the Cu-Sn-P-LiMn20s4 coating
before and after Ar* sputtering (a) and (b)

M A B RTE M &P R E S AR TE
I, BATHT C1s S 6E N 284. 339eV, FrifE
(CH:) . 14 Cls W55 80 284, 6eV, WAt E
B C, BIRMEEHERFE C. WMH)E Cls BT, &

A HER 284. 5476V, R A FEEIEHERI G Co A
FLREREEEABEFTATER,

Ols WE 3 5 BT 45 & BB M 530.943eV, 5 CwO
9 Ols 45 & B 530.40eV #1 MnO: B Ols & &
530.40eV L3 ER; M4 & HE 531. 338eV 5 NagSO.
B O1s G54 RE 531. 8eV LB HRIL, H ik O LIEAY
AR EERENERFE, N 01s BETHE
4 530. 572eV, BN 0. %X E P2ps BHE
27 129. 627eV F1 133. 342eV, 5 # i P #1 BaHPO; K
P2ps: 85&BE 129. 60eV Fl 133. 50eV LB, FA
Pz P URFER PMEEARENERFEE. IS
P2ps: 58 6E 129. 549¢V, SEHMAFAEERRH, R
DA RIS FETE . 321 Sn3 ds.» G HEN 484, 613eV
0 486. 637eV, 4515 H % Sn3 ds.» %5 & fE 484. 80
eV 1 SnO 9 Sn3 ds» 45F B8 486. 70 LB IR, kY
Sn LI SnO M X, BB BEEk. A
#B Sn3ds,. & BE )9 484.536eV, Sn MFEERS
REAFE, RUBRERFE. REA Culp:. EE
4 932.522¢V, 5 HE Cu fl Cu,0 B Cu2 ps.. & FE
932, 40eV i, M CulaVV 3)HE A 918. 000eV #i
917. 000eV, 43 %55 Cu.Cu.0 B CulsVV 31HE 918. 40
eV 1 917. 40 3, LA Cu VAR SR Cu M Cu:0 FER
FTE, FIERTHCHE. W Cu2p.. ZEHER
932. 678eV, CulsVV BiHE 918. 20eV, FrLA4H R
B CulBXRFEZH Lilsi . EEHEN56.167eV, 5
LiCl B Lil 512 @58 HE 55.90eV AL, BEHBHEE N +1
#, B LL.O BRFE; AW Lils. EEHEN
56.012¢V, @FE#LU +1 #ff L0 ERFE. W
Mn2 ps/2 BI45 4 REN 641. 987V Fll 642. 884eV, 235
5 Mn;0; #) Mn2ps,» &5 & Gk 641.40eV 1 MnO:
Mn2 ps,2 E5 & FE 642. 20eV T o4 L Mn:0s #l MnO:
EaEaWYEXFE. ARSEEFRE,

HEAWHARARESERABN Cu-Sn-P-
LiMnO. ML BEREE MR . BF (5F) T8

o T 177 THIETNEEE
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XPS and AES Investigation of Cu-Sn-P-LiMn;Os Nanometer Composite Coating

LI Xiao-Hua*'' MA Mei-Hua' SUN You-Hong' XIN Xin-Quan?
(* Department of Chemistry, Nanjing Xiaozhuang College, Nanjing 210017)
(? Coordination Chemistry Institute, State Key Laboratory of Coordination Chemistry, Nanjing University, Nanjing 210093)

The Cu-Sn-P-LiMn:O: nanometer composite coating on the surfaces of Q:s35 steel was prepared by the technology
of electroless composite plating. The properties, compositions and morphology of the nanometer composite coating
were studied by weighting, scanning electron microscope(SEM), accelerated corrosion, room temperature oxida-
tion, adhesiveness resistance tests, Auger Electron Spectroscopy(AES) and X-ray Photoelectron Spectroscopy
(XPS). These investigations showed that the properties of the Cu-Sn-P-LiMn;Os nanometer composite coating are
superior to Cu-Sn-P alloy coating. The atomic number percentage compositions(% ) of nanometer composite coating
are Cu 80.00, P 4.50, 06.00, Sn 1.50, C 3,50, Li 1. 50, Mn 3. 00, Cu-Sn-P-LiMn.0, 96. 50% .

Keywords: Cu-Sn-P-LiMn,O, nanometer composite coating electroless composite plating

corrosion resistance
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