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Abstract: The on-line thermal spray system, SprayWatch 3i, was used to measure the velocity and tempera-
ture of in flight particles in the plasma jet, which was generated by F6 atmospheric plasma spraying gun e-
quipped with cylindrical nozzle and Laval nozzle. 201 stainless steel substrates and Q235 steel substrates were
used to collect particles and prepare coatings. The influence of the type of nozzle on the in flight particles was
analyzed, and the flattening degree of splat and the microstructure of coatings were analyzed by scanning elec-
tron microscope(SEM). The microstructure, bond strength, microhardness and loss of weight were also stud-
ied. The results show that the velocity of in flight particles using cylindrical nozzle is two times than that of u-
sing Laval nozzle. However, the particles temperature is slightly lower under the same spraying distance con-
ditions. The flattening degree of splats that were obtained by cylindrical nozzle is larger than those prepared by Laval
nozzle. The pore density and loss of weight of coatings deposited by cylindrical nozzle is lower than those using Laval
nozzle. The bond strength and microhardness of coatings prepared by cylindrical nozzle are higher than the latter.
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Fig. 1 Schematic of the nozzles
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Table 1 Parameters of atmospheric plasma spray processes

Flow rate of Ar/ Flow rate of H,/ Flow rate of carrier Feed rate/
Voltage/V  Current/A o o o
(107°m® *« min™") (107°m’ * min™") gas/ (107 m® « min™") (g * min'")
I 68~70 600 40 8 5 38.5
11 72~174 630 40 11 5 13.0
I 64~65 690 45 6 5 13.0
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Fig. 2 Effect of spray distance on in—flight particles velocity
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Fig. 3 Effect of spray distance on in—{light particles tem-

perature
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Fig. 4 SEM images of splats at different spray distance (cylindrical nozzle)
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Fig. 5 SEM images of splats at different spray distances (Laval nozzle)

23 BEEAKE (9 2 o IR T W8 M ol 45 10 U4 22 B S s 1 4
6 FIEE 7 4350 P RE e e Al Laval mgne  TUBRAOK/NEIOY 1 pm 247, 1fi Laval WO il £
26 100110 il 120 mm 3 MBEHE [ 5 Bl 2op 2y U2 IR BB SU 505 VAR JE W6 2% P 19 41
W SEM . OB A 2 5 W2 & KR LI
W 6 R T AT LE L AR 3w PR ER TGO ERAEZEL 10 pm 9FLBR . 0 FLVR
B 0 R B g AL R A TR R

"EEE. 0 T4

S50 LImI

(b) 110 mm (¢) 120 mm

x1,6ae X1, 888  18Mm 20 4 l'(_) um

10 um

(a,) Enlarge photo of (a) (b,) Enlarge photo of (b) (c,) Enlarge photo of (c)

Pl 6 A [s] st B A3 7 9 2 T SEM P (Il 1 T D

Fig. 6 SEM images of cross—section of coating at different spray distance (cylindrical nozzle)
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Fig. 7 SEM images of cross—section of coating at different spray distance(Laval nozzle)
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Table 2 Properties of the coatings which deposited by different nozzles

Type of nozzle Cylindrical Laval
Spray distance/ mm 100. 00 110. 00 120. 00 100. 00 110. 00 120. 00
Bond strength/ MPa 37. 64 38. 82 38.97 37.06 31.58 33.22
Microhardness/ HV 631. 00 653. 60 661. 60 549. 50 443. 60 631. 10
Loss of weight/ mg 51. 60 48. 30 46. 40 69. 30 68. 80 80. 10
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