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Table 1 Chemical composition of high Al bronze alloy

powder (mass fraction, %)

Al Fe Mn Cu Others
14.36 3.93 0.95 78.81 1.95
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Fig. 1 OM surface micrographs of coatings after different thermal diffusions: (a) Without thermal diffusion; (b) 480 C; (c) 550 C;

(d) 650 ‘C
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Fig. 2 XRD patterns of coatings after different thermal
diffusions: (a) 480 C; (b) 550 C; (¢) 650 'C
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Table 2 Micro-hardness of different phases in coatings

Micro-hardness, HV

CusAly [ 2 b B IO G sy Themmaldiffusion 00 P T
. Sy TN temperature/C
PR XRD 455, PR 1 B wgion  region  region
FeAk oty A1), IOAT BAR, 0 RR AR R & A o
480 321.7 205.6 162.0
— . 550 347.2 286.7 166.7
22 FRETEYHE
Pl 3a)~() BT % 50 90 G 4 5 TR B 00 99 29 1l
R3S WU S AR 73 5
Table 3 Chemical composition of different phases in coatings
Mole fraction/%
Thermal diffusion ] ) . .
Black region Gray region White region
Temperature/'C
Al Cu Fe Mn Cu Fe Mn Al Cu Fe Mn
480 18.17 925  71.53 1.05 2489 72.15 2.03 093 20.00 7620  3.03 0.77
550 17.19 816 7271 1.94 26.02 70.17 323  0.58 2196 7452 284  0.68

650 2077  9.24 68.85 1.13 24.27

7124  3.82 0.67 21.67 7447 3.14 0.72
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Fig. 3 Interface OM micrographs of coatings after thermal diffusions at different temperatures: (a) Without thermal diffusion;
(b) 480 °C; (c) 550 C; (d) 650 C
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Fig. 4 Interface element line scanning
analysis of coatings after thermal diffusion
at different temperatures: (a) 480 C; (b)
550 'C; (c) 650 C
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Fig. 5 Hardness of coatings after thermal diffusion at

different temperatures
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Table 4 Bonding strength of coatings

Heat treatment Bonding strength/MPa
temperature/'C No. 1 No. 2 No. 3 Average
Without 400.74 391.57  382.05 391.45
480 39225 41385 402.61 402.90
550 44443  382.01 435.07 420.50
650 475.64 412.60 458.71 448.93
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Fig. 6 Fracture SEM images of coatings after different
thermal diffusions: (a) 480 C; (b) 550 C; (¢) 650 'C
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Fig. 7 Relationship between wear loads and wear loss of

coatings after thermal diffusions at different temperatures
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Fig. 8 Relationship between wear loads and friction

coefficients of coatings after thermal diffusion at different

temperatures
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Fig. 9 Worn surfaces of coatings after
480°C thermal diffusion process under

different loads: (a) 71 N; (b) 106 N; (¢) 141 N
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Fig. 10 Worn surfaces of coatings after

550°C thermal diffusion process under

different loads: (a) 71 N; (b) 106 N; (¢) 141 N
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Fig. 11 Worn surfaces of coatings after

650°C  thermal diffusion process under

different loads: (a) 71 N; (b) 106 N; (¢) 141 N



1494 v A 4 2 AR

201647 A

3 PPN A HICAE PR (¥ i 740 55 B T R =
JEERLAIA 2 LB R0 T, SRR A B o7 B 5%
EEBRLED . JErr, 480 CHY AL B )5 1) i B 5 4
S T AR R PR Y 3R 1 Ao S D LAV
B, BOAMPIR AT UGB R IR, K S
IGA T, P B M ES LS.

3 oie

3.0 B EMEIRREL K RN

KRG HAE R0 = 50 4 B 1 W 2 T A
—E MG, (w3 i etk SOk
KIIBCRA LK 1()), 12 H 145 3 TR R )
PRI BERE L, WOELZ T LA Fe MAZ O OB KK
ke ARAEBR K 2 SO AV N AR, oo
R HWHRIZEA Feu Al JGRAFAE B IR ERAE,
MR FIRAE T BT ). S S S B 1 5E
2 O S I 45 3 S5 243, Fe EHWATT IF) & Bk AH (& AH)
P50 WU TR S A (oky, A, %8 650 CHYT
b G, AL HIERAE, b AR ECR A SRR
LA AEFEAR atypy (LA 1(d)), Wik 2 &R JE T
FONIKFTT AT . A BT R R R ] I 25 A
FHTHL I 2 (UL B 3(a)), b I 2 5 T 2 ek P Bk
A [ 2 P DX ) PR R [ N OB 12), AEAH R
L FE o 2 B A4 B CD) T 5 [0 X T e K (T
> 1), BRGNS AR R X (T ),
L BERE L BE R BN (hap> k), TGS PEJZ
X T B R A B R S AT I U B, S
PR I E L) 42~44 um(LE 3(b)~(d)), X2
H T3 AL B B A F 451 LA A A FE A
JERL 0 JE G A ARG (kap ™ Kag) s TS 2 R
BE R HOAL BRI FE T g v, HOd i Z AR R I
KT RGP BOAL B AR T 5 % T2
G102 o AR R R AN BNV s IR
BB S, HAHC R AA e e . Bl A
P B B 480 CIEMWiTF =& 650 C (ALK
4(a)~(c)), £ 100~150 wm ¥4 LG P 70 2258 8 26 v B
BB Gk B e, WENIE T o # /5 S mE
PRZ 2 R AT Frs, SN B HOR S .

23t 650 CHIAY HUAL B Wi 2L IA 330HV.
Fe. Al JGEREHFWE &P EERMACEPY, 650 C
Y HUC PSS Fe LR T RGNS 22.95%, JfH I
B G SR (R IELIE KB, RO AR A
AL () IR 5 A 43 A I 2 AR I AR 2 A (AL

1(b)~(d)), ik #hdr b 25 At AR BE T & AHZR
WA IF IR B A e SR AR T, A BE R T
FEARPUR GRS oA, R 2R Bam . At
H1 4545 5 RS2 U )2 ) B S T BT BN s, 2
HA e e 2 R W A, IR A RO A
F, 4650 CHYHAL B 5 WL 2 454 A 448.93
MPa( I3 3). Bl AP B B TH e, W2 W
A58 AR AR R IR (LB 6(a)~(c)), H.£: 650 C
P HAL ISR 2 WIS IR AT b AHCE —AH). Wi
JEMSEARWTZLT, p5E & AHCEE A AR S gt
MRS RBUBE 2R, 82 IS0 mmes
IS PN E VAN

Transition region
&
Substrate
Temperatrue interval
of liquid and
the solid
Fusion line \ \

E B D II

B 12 i AR e R I DY LR

Fig. 12 Mechanism diagram of transition region formation
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Table 5 Volume fraction of & phase in different coatings

Temperature/C Without 480 550 650

Volume fraction/% 51.87 42.98 43.57 49.44
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Effect of thermal diffusion on microstructure and
wear behaviors of plasma spray welded high Al bronze coating

LIU Shu-jie, LI Wen-sheng, YANG Xiao-tian, HE Ling, WANG Da-feng, HE Yan-yan

(State Key Laboratory of Advanced Nonferrous Materials, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: The phase structure and interface diffusion of ferrum and aluminumin in the plasma welded high Al bronze
coatings with three different temperatures of thermal diffusion were investigated by optical microscopy, X-ray
diffractometry, scanning electron microscopy and energy dispersion spectroscopy. The interface bonding strength was
measured by tensile test. The tribological properties were studied by pine-on-disk wear machine. The results show that
the microstructure segregation of high Al bronze plasma welding coatings are improved by thermal diffusion process.
Thermal diffusion widens the metallurgical layer, and significant element diffusion is observed, the bonding strength
reaches 448.93 MPa after thermal diffusion at 650 “C. The best tribological properties are obtained after thermal diffusion
at 480 °C, which caused by the species distribution of the hard and soft phases and the Fe content. The wear mechanisms
are abrasive wear, which is the dominating wear mechanism, fatigue wear and adhesive wear.

Key words: high aluminum bronze; microstructure; property; thermal diffusion; interface diffusion; friction; wear
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