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Microstructure and Tribological Properties of Zn/ZnS Layer in Air and Vacuum Environment
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Abstract: Nano electro-brush plating was used to prepare Zn coating on the surface of quenched 1045 steel, and then the Zn coating
was sulfurized to obtain Zn/ZnS composite layer. The tribological properties of the compound Zn/ZnS layer were investigated in air
and vacuum atmosphere respectively. The results show that the pores of electro-brush plating layer became more and larger in high
vacuum atmosphere. During the wear process in air, the exposed fresh coating acted with the oxygen in the atmosphere to generate an
oxide film, resulting in the decline of lubricating property in the atmosphere. The friction coefficient in air was 0.23. In contrast, the
lubricating effect in vacuum was superior, and the friction coefficient in vacuum was 0.18.

Key words: nano—electro-brush plating; low temperature ion sulfurizing; vacuum, tribological properties

0 51 &

BUASTREE T B BER R AR e A, 3% T
05 B A 08 3R (S 34 LA B I B PR 2
fig, T ELAABE AT R BN R A i
Wi () FERUS AR TR AR R, i LB
RPEED LIRS FREETOE, SR ZnSHE K IE, MIREIZAZNZnSE. H5T
PR BB etk se 2k R ki R ARBER I IREET I BT 1 R RE -
HIRESERRAR Y iR BR, T HIHIE RIS ) pe s
v R AR R T RLAF I . ER, BUSSEREE,

SRR 45 40, ¥ KJGHERER 55HRC, %

ZnSEATEHEAN T BRE A, BRSO B,
SO, T DA R R 1 BT
ok U S LS TE T R G
SR 4 K W Rl R 45 ARAE R K i 4550 3% T i 4% Znik
JZ, FFRF AT AR IR B T 5 B AL LA K 5 2

W E AR R A B B AR

WS, B im 2 A ] Y R A SRR
S AE T RS ERE ™

Yeks HHA: 2009-12-16; f&[E HHEA: 2009-12-22

HEEWE: *FEK9733 %] (2007CB607601) ; Jb3t H AR} 3 4
(3072011); HEETiMIE4:(9140A270301070C85

{EEE T AYIA(L978—), L), KHEWA, Witk

VA 22 % ) JE REURE B2 0.8 pmo SR FH 4AOK HL Il SRR A
FE 45 FREHE T Zn B2 BT EmF:
R AL BE— i — il Ak (2 %5) —85354k (3
7)) —RITIRBE—R BT -
TREFER AT, W IRUTBUR BEPR . PIRRR



76 b B xR @ T &

2010 4

BEH 100 pm. T JE X Fif Zn 45 R TR & 75
TAbBEE . F P ARG 28 B IS B RS UE,
KERIA Zn P2 WSS, BRI, B
Bl BE AL BRI ] 2 h, 320 JEZ) 2 um [ ZnS 44
MR 7 =

FH 22 AR FT BF o) Py B 2 R A R 450 i I Lk
TP EEIEAAE TR F28 BRI B R 1 Itk B
R, AR A OICI I8 B, B2 A3 mm, A
BERTIOHV . NRAER A Zn/ZnSH G2 14550
#, EHAZRNA5 mm, JEREEH8 mm. REE EiRAERE
E, FIRFERE RS, R4k #3100 r/min |
A3 N, EEE T RI600 s, EL23EFH3.6X10°Pa,

2 RIGLERMTIE

21 E& Zn/ZnS ERRYBAR G

BILAE SZ0ZnSZ IR ETEA, B2 8B K
P AW LA . MELA WE A Zn/ZnSE K
X ELECPRE BU%, A/ =i B a0k I & e
Rl E2REHZ0/ZnS |2 Hy#E B 5 & &
. Bl ORXEMSTR A BIE M IR &=
FEAR, BEHHIZACIRIXIBIRZNSZ, JREZH2 um.
BHEMZng 2 2Z A W B Z, R
ity o BIBAEAZNZnS RN XIBAH, MEH
AIREMEARERE EERFLRMGEITR, W
BEARERE M.

14K 4K BRI S Zn i )2 IR 25 7 5 i Ak P
JEFRE AR E . T, H AR M B s
RHZnSFIZn.  H T AH S5 A ] AN AR R E Zn ik
B&RRS T Bmer s, EHERR™E—REZnS
FERIEN 2, WIfR2IEGZ0/ZnS)2 . ZnSHEA%HE
NTT AL, BIEGN/N, BEHhEES, 8
PERASAE SO0, BRZnS ELAT BT B v R 1R T

Ay ¢ bad. it G Rt

6/10/2009 |V
3.57.49 PM| 10

Bl 1 FKwEES
Fig.1 The surface morphology
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Fig.2 The cross—section morphology and line scanning
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Fig.3 The energy spectrum analysis of Zn/ZnS composite layer
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Fig.4 The phase structure of Zn/ZnS composite layer
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Fig.5 The SEM image in air
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Fig.6 The SEM image in vacuum

22.2 JEHNE
BITAZNZNSE B IREAERS HERT PR
VSRR I R AL . B RH, REZEIR
B i B ARG (0.18424) , KRAIRBEH R
BRLEE (0.23%24) , HTREREA—ER
W PR R, BEARI PRI AR B B I BUR
i, 7E0.13% 4, 50 sfaMR b Z MR, BEHEHE
RARMMEN0.237% 4, KA WAEAER B R0 T
—RRALRE, BEEERE AT, AR
I 0 ) Bk A ) S AR BT I T DA 458 PRI O X 3
B TR, WHEREES, RHZEERE
HZnSERBULIFETIE A . BT, WHEk

0.25- S
0.20
< 015

0.10

JREHE R BL

0.05

0.00

0 1(IJO Z(IJO 3(IJO 4(I)0 5(I)O G(I)O
i /s
Bl 7 ZniZnS 56545 2 R DRI I 1) 28 A0 it £
Fig.7 The variation of friction coefficient for Zn/ZnS
composite layer with time
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Fig.8 Wear tracks of Zn/ZnS composite layer in air
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Fig.9 Wear tracks of Zn/ZnS composite layer in vacuum

196

100 200 300 400 500 600 700 800 9.00  10.00
Energy - keV'

194+

155+

116

0 -
100 200 300 400 500 600 700 300 900  10.00
Energy - keV

Bl 10 Zn/ZnS &8k )= KR A () 8L (b) B

Fig.10 Area spectrum analysis of Zn/ZnS composite layer (a) in air (b) in vacuum
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