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ABSTRACT: In order to solve the problem of penetration and leakage caused by erosion damage of elbow of gas transmission
pipeline, it is found that there are many influencing factors of solid particle erosion, and the erosion attack angle is one of the
most key factors. In view of the above problems, two kinds of coatings, such as WC-12Co and Ni60, were prepared on 20# steel
substrate by DJ2700 high-velocity oxygen-fuel spraying (HVOF) equipment. The microstructure of the coating surface and
section were observed by Nova Nano SEM450 scanning electron microscope (SEM). HXD-1000TMC/LCD microhardness
tester was used to measure the hardness of coating section. XRD-6000 X-ray diffractometer (XRD) was used to analyze the
coating composition of the surface coating of the samples. The self-made jet gas-solid erosion tester was used to carry out the
solid particle erosion (SPE) test at three attack angles of 30°, 50° and 90°, and the micro morphology of the surface before and
after the SPE test was observed by scanning electron microscope (SEM). The SPE mechanism and erosion rate of the substrate
and the two coatings were studied through comprehensive analysis of the above test data. The results the microhardness of 20#
steel substrate was the lowest, which was 139.5HV0.1. The microhardness of Ni60 coating and WC-12Co coating were
significantly improved, which were 1 229.1HV0.1 and 613.1HVO.1, respectively. At the angle of attack of 30°, the SPE
mechanism is mainly ploughing, and the erosion rate is greatly affected by the surface hardness. The erosion rate of 20# steel
substrate is the largest, which is 0.040 5 mg/g, followed by Ni60 coating, which is 0.028 8 mg/g, and the erosion rate of the
WC-12Co coating is the smallest, which was 0.010 8 mg/g. The WC coating has the highest hardness. At small angle of attack
SPE, the coating basically does not have plastic deformation, and the coating is denser with few defects. The coating surface is
flat and the furrow is shallow. At the angle of attack of 50°, the SPE mechanism is a mixed mechanism of ploughing and
multi-impact fatigue. The erosion rate of 20# steel is significantly lower than that of 30°, but it is still the largest, which is
0.018 5 mg/g; The erosion rates of Ni60 coating and WC-12Co coating are basically similar, which are 0.011 5 mg/g and
0.011 7 mg/g respectively. At 90° angle of attack, the erosion rate of Ni60 coating is the highest, which is 0.017 1 mg/g,
followed by 20# steel substrate, which is 0.009 5 mg/g, and the erosion rate of WC-12Co coating is the lowest, which is
0.001 4 mg/g. The erosion mechanism is mainly multi-impact fatigue damage. The WC-12Co coating has few defects, no cracks
at the interface, and the erosion rate is the lowest, while Ni60 coating has cracks at the interface, many internal defects, poor
fatigue resistance and the highest erosion rate. The WC-12Co coating shows excellent erosion resistance under three different
attack angles, which provides a strong guarantee for improving the erosion resistance of gas pipeline elbow.

KEY WORDS: WC-12Co coating; Ni60 coating; erosion; angle of attack; pipeline elbow
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Tab.1 Chemical composition of coating powder

wt.%
Chemical Cr Fe W Si Ni Co B
component
Ni60 1 15 55 0 45 70 0
WC-12Co 5 0 2 81 0 0 12

*2 BEENEBSRIZSH
Tab.2 Process parameter s of supersonic flame spraying

Propane Propane
gas gas flow

pressure/  rate/
MPa (m*h™")

1.2 43 0.8 42 45 175

Oxygen Oxygen Powder Spray
pressure/ flow rate/ feed rate/ distance/
MPa (m*h™") (m*h") mm

1.2 PEeeMik

SPE {50 AE [ il w5 =0 AR it L ( DL 1)
L iEAT o R [ A T e T B PR T [ R
R BRK SRS AEREGENRIRE, &
T I I e it e, A R R, R
T o i A5 o 3 e o 40 R R A [ Aok
B, AR R e R 2RI R SR
ki ( EAZN 180~240 um, fif >4 2 000~2 300HV ) 1
g SPE A i, thil 56 244 0L 3% 3.5k il SHIMADZU-
AUW220D AIZHT KF- K5 0.1 mg ) FRE R il
FJ B B 400 o 38 2K e AR I )2 A o s R

' — Compressed gas

Z%ZﬁEQ |

Erodent
hopper

Partial pressure device

\Mixing chamber

|

Flow controller .
—— Accelerating tube

—— Rotating fixture

P a2 e e L s 2

Fig.1 Schematic diagram of jet gas-solid erosion tester
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#3 SPERBSH
Tab.3 SPE test parameters

Air-flow Particle Particle = Impact Nozzle
rate/ impact flow/ distance/ diameter/
(m*h™") velocity/(m's™) (g:min™") mm mm
8 20 80 20 4

2 #R5HE

21 REWAFEHRKELEN
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TEAE— B g/ N AL, (B EE E, REER S
Stewart “FPAGIIR S5 R —8 . FIR, WA LLE
WC-12Co BJZ R E 2 Hy 120 um, 15 2R %,
EILRES AR5, S b Jo A B

Ni60 ¥ 2 210 SEM JE 55 ks 78 e 45+ 4n 1% 4 An
K s Fin. MIFRTLAEH, &2 RmbkER >, |

K2 WC-12Co )2 MR IILH
Fig.2 Surface morphology of WC-12Co coating
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K3 WC-12Co i 2 R BITE A4
Fig.3 Cross sectional morphology of
WC-12Co coating

K4 Ni60 ¥R )z R IE A
Fig.4 Surface morphology of Ni60 coating

K5 Ni60 IRJZ R
Fig.5 Cross sectional morphology of Ni60 coating
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& Nic O Felr
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Kl 6 WC-12Co (a) FINi60 (b) W2 XRD 43474k
Fig.6 XRD analysis results of WC-12Co (a) and Ni60 (b) coatings
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Fig.7 Microhardness of substrate and coating section

24 AEWAT SPEITA

AT, SR 2 BiiR)Z SPE wilidiRAs
DL 8, WhUBS LI 9, FHIE 8 \ILIE Y, 1E
30°AAT , 208N EEM A ik B AR K, A 0.040 5 mg/g;



Es1E 12

Rz, 4. HVOF #UB WC-12Co Fl Ni60 15 275 A [F I T By Bk 7 vl AT - 113 -

0.045

0.040 |
00,035
2 0.030
20025}
g
§0.020 ¢
g 0.015}
m

0.010

0.005 |

—=—20# steel substrate
——WC-12Co coating
—4-Ni60

10 20 30 40 50 60 7 80 90 100

Attack angle/( °)
P8 AN [ A JEE ) o o

Fig.8 Erosion rates at different angles
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Fig.9 Erosion morphology of coating and substrate at different angles
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