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SURUL 45"R FIZE St HHR IR T AR FeZng HIR] 2, 9K
PN SER G M R R . RAES7 5
#OHECREEHIPEER By MRS ®
ERAG, HREERGEZHIERNHS 5 HIHAAL.
KGRI, MRLRERERE R EE RGN E
TR BEXT B, AR R R O B 1
i AR R I & B D RESREE . B
T8 T B A A P e RE O TR 1 <2 s R T T F I
b, JRRE SR FDEIEN IR A SOEEZ
—A L2, FEMATESEE . Rt
WG . FHT, [ A ANA AT SO B ) 2 (IR
BB IN G B SCHRIRE -

ASAFEAL 20 ANEAR FRITBOLIA B % Bk
BRESHER, WEGERE LA RN IT
R A, K& RV AL RS PR & R 45 e
FEXS W ST M, NBORE G EE RS &
RAE ] 5 b 7 2 A TS PR A4 ) TR AR 2P 77 T
MR T 2L

S SR FH (R BO6 6 78 R (LCD) ¥ #% 32 2 iR ok
A NEOHURRE . XU IR RS KL B ez e
HEGL B 1R, BOLS R 0L, &
Kt D)) 15 6000 W, S50 e F% A R FH i A5
HOE . AN 99.99% 1) R 4G S AE AR S A
FUKY R BB E A o BT 5 U F AR 2 B Bk
W XA, ORI R A RSP 100 mm X 100
mm X 20 mm [¥] 20 RCEBGEAT 2 0k 10 IR & S 0618
TR  SLIR T FEAR AT RO ARET B S ToK S Bk s
FBRFR IS H BGOSR . TSR ERE S
W ARKLEE N 45~105 um, 8538 IRA S8 R B AL
AT INER 1 FTA. SERRRET, PREREKAESEETMT

FINIZEAT 70 C FHET 400 min PR R A 7K 2
B, IR AN -

#z1 BEOCRESUY RS
Table 1 Chemical composition of ZSnSb11Cu6 powders

(mass fraction, %)

Sb Cu Fe As Bi Al Sn
11.29  6.03 0.029 0.002 0.005 0.001 Bal

B otRE & ik

20 BB LN 1500 °C, TS KA 4 B A A
MR 240 °C, WO RURE RN 370 °C, BIIFERUE IS
T ROt R BAG. ERES 2N, HIGEZ
HEE 20 R ESl, 158 T2 S B EHEY P i S
EIAMEE GO . HARE S — Z I HARR B A
P, IR shid 5 AE S VR . TENATE IS SR
iR N, B S R AR B S B
IREGHEERASBTmRR. Bk, A7+ RH
SRR D2 7 SR B E — R R T2 a8 . R
WA T, F— 2 T2SEONE0LTIE 2000
W, M EHREOLThR )y 800 W, HEANIEE L
PR AR E RLRFFAAE, 733109 v=20 mm/s,
0=19.97 g/min,

FHOGIETE 5 8 5L LIRS SR HUZ IR 1S04386
PRI T BB 5 10 7 22 A B MRE A, 4] 1(b) s
PR RS nER 2 Fedl), Hodras by o d 85I
ARG 2 SR R R AR . PR 4 R 3 fid T AR
2954 200 mm?, {ZREE 1(c) TRy T &
JIMRR, A 6] 6 4 2 5 FE X PR 4 () 45 45 5 BE 11
SO, TR AT . AAB B RS
DIBUREAR AT BB ok, FEAE 65 BB (OM) 4
HLBE(SEM) N ILEIR 2 K 4G T, KA
Fii FL B B T ) R A (EDS) AR KB 78 J2 25 J0 R 4L AN
oA, SR X SR AT I (XRD )X B R AN 4L i AT
R AN 7347 o

Pressure head
b Tin-Babbitt & 20 steel

Support

Fig. 1 Deposition equipment and test method: (a) LCD equipment; (b) Test sample size; (c) Test method
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Table 2 Test sample sizes

t/ D/ dy/ dy/ Dy/ h kK
Sample
m mm mm mm mm mm mm
a 2
b 3
38.1 24+0.01 12.1+0.1 28.82+0.01 16 0.1
c 5
d 8

2 HERS55h

2.1 EWHSR

IR — Z OB IIR P=2000 W Al 5 42 #06Th
F P=800 W 1) LESHE 20 IR A B Y I TR
H&, TR RME 2 b)F. B2 T, 8
REERASBEZERmMTFE, T EHRLESILE
B, ISEER ARSI R . AN, AL
W 5 SIS T S AT B RIE 5, TERCIA K T A E B
T AN el AR O HROID A TR AR R HLA
HEFHLIRE R 240 °C, FE, EBE RGN
LT hb, PR B GRS R AMU L, R E R

P PE A I B IR . IR S A 1R
RS ¥ o 78 B i T B 75 (R R R I B 2(c) i
Ry AR VETE ST R b MR I T A A
MR A7 Bk s TR 12 mm X 12 mm X
30 mm ZREE KRG SBEREY, WE 2w, Bl
Je AT XRD K0 o SR FH 4% 1 RS BR TP RS 1A TR 47 65 ok
KA A %2

2.2 fHALELR

WO R v sE = MPERE, B 3 BT a2 Bt
IR FAL B A IR L. B 3(a) BT Nt
EAEET 20 RO Z, 20 B9 ZE 2R R ER
JCARAL R, Frh Bk Z AN B B R B 5y, BROBiR
X R BB B 3(b) BT A 20 N E B R IRE S
JEFIALIORA L, mEN R, GEROREGEZES
20 SMEEA SN — ke b B SR 2, A ) S 2 1)
PAERHGEERAESS 20 WAL THE%E,
XXHEE M AR G R REE. & 3(c)fr
INNBECRESIBEEMWAL, HETI, i
Z MZE T HORAT W38 5 i A AR 85 3 T2 IG & & R Ak
oo SRRy B I B A AR, AR R R
SRHEC AT BOIRHT 4, 3545 40708 L EBURDIR BT 420

B2 BotasECResrENEHR

Fig. 2 Macro-morphologies of tin-based Babbit alloy by LCD: (a), (b) Macro-morphology of cladding; (c) Test sample;

(d) Microstructure observation sample

Interface

e

Ferrite

/

<«—Pearlite

100 um|
B3 WOURESES AR EMAR
Fig. 3 Microstructures of tin-based Babbit alloy by LCD at different locations: (a) 20 steel; (b) Interface layer; (c) Tin-based
Babbitt

20 steel
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AR SCRR[ 130T 120 Jllr, HRIRHT A A(SnSb)#T Hh
A, G NTRLIR BT A e(CueSns)BTHIM, S5
N o BEEE A . SnSb 5 CueSns A5 J& T i
FUBURL, 70 B P 1ok e v JHG ™ Y T 3R T = B SRR
BRI B AT 8B, 3 Bk B 1 A
BRI AR AR LR B e R AR P B 40T N, ORAi
AR, WSRO ECA BB TN, FERZ
SR A A1,

NER—D oGO RE S EMAR, AR
HHSR T X SR AT SHU(XRD) A5 3L B G A 4 2 ALK,
HEATHGI, A R p 4 fos. S5REy, HiEE
RE&EFERYEFE A, SnSby CusSns 43 [
AR . S5 0 —E0 51 T80 % i ik [
R IR E, REONPU T AL 5 — 7 B
i 58 4@ a4k &) SnSb Al CueSns, EAITHITE
B T YR D IRE S E M., .

= — ¢-Sn
! 4 — CugSn;
e — SnSb
J
[ )
n
1 "
[ ] [ ] A
oA ° ° A. ° [ ]
10 30 50 70 90

20/(%)

B4 BEOKASE XRD i
Fig. 4 XRD pattern of tin-based Babbitt alloy

FERR RS TR IR E & 2 MR H 2T
WEE, WE S@fn, FEGED KRG SRUAHA T
PREU A ST HOIRNT i, X505 BAE TSR
B RO ZR AL B 25 TSR BT HH I EAT = B OK
W s)Fia, ZERHCRT R 8 B AT B R
ZHIRIRESEREIRNT B . N M S T BOIR T ) K&
FERRAT e R ALK, WHORAT Y. Bk R
FAIRAT 0 HAA BT ) AR AT HE 434 T EDS 25
ST, RUTAR AR 3 s, A RIZETEHCRT A
TN B TR, B B EE IR S B A x(Sn)/x(Sb)=
45.83/33.83, 5 [ FIH HE VAR o 5 o0 2O R 45 R
IR 456 XRD PIARM 4 R mTan, S5 HuR T
HWIR SnSb M. 4543 3 EDS s Mk B ar .

B 5 HEEKEEHIHIAR
Fig. 5 Microstructures of tin-based Babbitt alloy: (a) SEM
image; (b) EDS points; (c) EDS surface scan

®3 YREKES EDS miahra i
Table 3 EDS point analysis results of tin-based Babbitt alloy

Point 1 Point 2 Point 3

Element
wi%  x/% w/% x/% wl%  x/%

Sn 56.61 36.01 5552 4588 5634 36.00

Sb 6.14 380 4199 33.83 540 3.36

Cu 34.13 40.56 - - 3534 4219

MCLFIR 3 Ab e R AR R, Forh . BRI A
L 5N x(Sn)/x(Cu)=36.01/40.56 Fl x(Sn)/x(Cu)=
36.00/42.19 FEAAH[E], AT 5018 b ) AT PR AR AT H A0 [F)
— PPt AR, E R EE X Sn TR S BEINY
M) - 45 £ XRD 60 45 5 AT 0, R AT B 18 CugSns
o
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KH EDS HHEXHEE KA EE R AAT
IR, GERWME SR AEBEAREAFICE,
B SRR AR e R M R R R . BHIA S(c) T AT,
POlRMTr B E 2N TR E R, IR 328
R ESE, ERAEMEEEAYICER. Bk, HE T
AT SnSb )& A& A, R N
CueSns & )& AL A WIHIFIZE L . CugSns MU
FARAIEHT Y, R ZE SnSb 48 A4k & A Fh T e
ST IO & T g i R PR e [ 2, 7R
FERA SR, CueSns HE S MBAH AT H -
MHOR SnSb Hr HiAH 3= 2 A df s R AE A, anali(1),
M Sn-Sb G A BT K0, 24 b i B B B
260 CHIATH pAH, AR5 I8 AL a8 AR B 1 [
o #H, FHERE ARG R, TERE SR b
3 AT A R SRR AR B4

ptL—a (1)

F T BB LU, T BRI B AH A 2 FE EE o ARG /N,
AT B s i S AU AT L) CugSns
MR AL 504, BHIET SnSb AR LY, 43
i 5t A B 2 L IR e O LB P 5] 73 A1 SnSb

(a)

20 steel

Interface

FEAN CueSns AH & T & & ML & 40AH, HaAm T4
FEEE R R L IRE SR, WMEFEK.

B 6 B NS T A 4/20 AN A T oW 4121
Kotz orAi. HE 651, 20 MS5HEEKRAEEL
AEE— 2 R se B R F =, X 5065 B
TSR F LB Xt R S 23T EDS 4
Hr, tkE 6(b)fias. 45 EDS s iras O 3)a 4,
R A F BB . 8. BorRAR. BOE
BYHREORESE BN IIRECKR, 78 20 R K
T, BRERAEES 20 NERAERE RN . B
Fe-Sn — A &MEY M, 25 AEAFEE T &
B A FERIMT B ALECE, 10 Fe;Sn. Fe;Sn,. FeSn. FeSn,.
IXLEHT AR A MEREAE, &R Fe-Sn &8 AL &)
AR TFARTG I B KA 4/20 0455 A58, tErid 2
W75 Gy (E W P& 4 LT AR = AR 2L

A TR LI & G R A0, AN TR A EDS £
HY 20 AR IRE S BT TR &, WK 6(c)
Fi, AL E I 6(a). HIEWEL, T Ak
TLEREREE, . 8 SUcRSTEBAHES .
B RE SN TR ZIRERR, S, &
BEE KA SN TR EmT, A e T R

) Point4 w/% x/%
Fe 46.10 62.34
Sn Cu 527 6.26
Fe Sn 38.41 24.44
Sb 986 6.11
Fe Cu Cu l
0 5 10 15

Energy/keV

P, -

Ak

0 6 12 18 24 30 36 42
Distance/um

0 6 12 18 24 30 36 42
Distance/um

(C4) Ca Interface

L

0 6 12 18 24 30 36 42
Distance/um

Bl 6 #HFREEKA 420 HH RS H)Z

0 6 12 18 24 30 36 4
Distance/um

Fig. 6 Interface layer of tin-based Babbitt alloy/20 steel: (a) Microstructure; (b) EDS of point 4; (c1), (c2), (c3), (c4) EDS line scan
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P L AT TR AT TR, B2k T IR A /20 4N 8] St
JRTE 6 pm foti, TR A S ERRT . U
W FCAE S AL SRR IR o v 1) 1 = T R W
T EATRHRSEL TR e g &, X0 TIRmpim R
IR PR 45 5 56 B AT BB

23 HEBEREOSH

K T BRI AT L6 AN [F] ) B2 1) 5 2 L IR A 4
JREEE I AT I, R T 4 G R A

Fmax
o = 2
K Froo NECKEIYIRI /T 4 24 200 mm?,

MR R 4 By, WS EDRKESEEEM
WK, AR, X4 E 1S04386 421
M. iR, GE&EEEEVNT, BT NIEAR.
IR, FEERIEHT & & FER AR R K
T(@)Fb) B, HF BRI N DA TR, NS
s, LRI RRHZIR. HEaE =R RN,
FLWIEEA R G R, AR T8 FRAIC, IR R E A B3
EIEARMTROIR, IR g AN W 1 R T T
WE 7)) FTR. BEEEEEERNEN, WrEpal
HHHR R AR R, DRSS & VB K. 44550
JEE AN 5 FBE B3 I S I, I )5 A 5 R e Akt

7 BEEC KRGS ORI
Fig. 7 Macro-morphologies of fracture of tin-based Babbitt alloy: (a) 2 mm; (b) 3 mm; (c) 5 mm; (d) 8 mm

w4 AFEE RS iR
Table 4 Different thickness of bonding strength

Point  Thickness/mm Frax/KN on/MPa
1 2 9.037 45.185
2 3 11.804 59.02
3 5 20.375 101.875
4 8 27.536 137.68
2R

8 FIT7s A5 3 B G A 42720 4N 1) SEM 14

Bl 8(a) () AR EE R W IO RS SEM
. B 8a)f(c)rIsn, Wil koA i 2 3Rk
M PsMyt. 2t B 8(a)Fi(e) AT RO,
SR TR B 8(b) W 1 AL A BBk
ST, R MRS . T
WO 5L L G 4/20 ARIT 1R T HERRE S22 B 3]
AN SARAE, ERAR IR R R B R AT
4T AR/ ) B IR T 11 o SnSb AR BRI 5 4 ) 1)
AWM, SRTHREMS . SRR ER, BT
SnSb FHIB LR 2, ik R o — 5 TH A FE A A o B 74
R TR s i R AEEVERT R, T AR R
T - B 8(d) T~ Ao A5 T W 1L LR SnSb AR A4 #E
IR CueSns #H .
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Fig. 8 Micro-morphologies of fracture: (a), (c) Fracture in different modes; (b), (d) Partial magnification of (a), (b)
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TE 7 LR S FLEE R -

2) GIREEKRAEMMA L EZH SnSb. CueSns.
B FE VA RF AL, CueSns A1 S Se A HHBH L 7 Bk
Hrii#n SnSb FISRLE, 615 T AH MUK 5] 70 AT 7R
BRI FE B VAR IEAR 1, CueSns MY 4 A 45 5L [
FAARH FER A TR SnSb N . BIRERAS
520 WNIETERL T JEEZ) 6 pm (R (A R HE, SEILT
PR A &R S5 .

3) MG &R, BEEDIKE4/20 Mk
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Microstructure and mechanical properties of
tin-based Babbitt alloy made by laser cladding deposition

HAO Yun-bo, ZHAO Kai, YANG Ping, ZHU Zhong-liang, YANG Yang, WANG Lian-feng

(Shanghai Aerospace Equipment Manufacturer Co., Ltd., Shanghai 200245, China)

Abstract: Tin-based Babbitt alloy has a low coefficient of friction, good wear resistance and anti-adhesion, which is
widely used in aerospace, shipbuilding, cranes and other equipment bearing parts surface wear-resistant materials. In this
study, laser cladding deposition (LCD) was used to fabricate tin-based Babbitt alloy on a 20 steel substrate. Optical
microscope (OM), scanning electron microscope (SEM), X-ray diffractometer (XRD) and energy dispersive spectrum
(EDS) were used to test the microstructure, phase composition and composition distribution of the cladding layer and the
transition layer. The universal tensile testing machine was used to test the bonding strength of the tin-based Babbitt/20
steel with different thicknesses. The fracture surface morphology was tested and analysed by SEM. The results show that
there are many massive precipitates distributed in the microstructure of the cladding layer. The alloy layer is mainly
composed of SnSb, CugSns and tin-based solid solution phases. The thickness of interface of tin-base Babbitt/20 steel is
about 6 pum, the bonding strength between the two alloys increases with the thickness of the alloy layer increasing, and
the fracture of the tin-based Babbitt/20 steel belongs to the quasi-cleavage fracture.

Key words: laser cladding deposition; tin-based Babbitt alloy; 20 steel; bond strength
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