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ABSTRACT: The work aims to reveal the effects of three-dimensional roughness parameters of sandblasted pretreatment sur-
face on bond strength of thermal spray coating. The effect analysis was carried out on the surfaces of 45" steel specimens, which
were pretreated with sandblasting at different distances and speeds as the processing parameters. The three-dimensional topog-
raphy and roughness parameters of the sandblasted surfaces were obtained by the three-dimensional optical microscope. The
bond strength of thermal spraying coatings was tested with the testing methods of "bonding-stretching". Using the regression

analysis method, the mathematical model between the bond strength and the three-dimensional roughness parameters of coating
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was established, and the effect mechanism of the three-dimensional roughness parameters was further analyzed. The results in-
dicated that many irregular peaks and pits were randomly distributed on the sandblasted surface without fixed orientation. The
average surface roughness and bonding strength of the coating were 4.84 um and 32.8 MPa, respectively. The relationship be-
tween bond strength and 3D roughness parameters is linked by nonlinear correlation. The effect of three-dimensional roughness
parameters S,, Sar, Saq» Sq On the bond strength of the coating is significant. The contact area of coating with the substrate in-
creases with the increasing of S, and Sy The larger the Syq is, the sharper the pits and peaks of the blasted surface are , which is
beneficial to provide more anchor points for mechanical bonding of the coating. The surface topography of the combined inter-
face with larger S; mainly consists of deep pits, which leads to the formation of residual porosity defects in the depth of the pit
and reduces the wetting effect and bonding performance between coating and substrate. S,, Sgr, Saq> Sq are the main influencing
factors for bond strength of thermal spraying coating, and the regression relationship is nonlinear. The effect mechanism and
trend of each three-dimensional roughness parameter on the bond strength of the coating are consistent with the regression ma-
thematical model.
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Fig.1 Typical morphology of sandblasting sand grains
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Tab.1 Parameters of sandblasting process

Levels
Parameters
—r -1 0 1 r
Sandblasting 159 3 150 200 250 2707
distance/mm
Sandblasting

speed/(mm-s™") 129.3 150 200 250 270.7
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Fig.2 Schematic diagram of specimen connection
device for bond strength test
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Fig.3 SEM micrographs of the surfaces of the samples before and after sand blasting:
a) the sample before sand blasting; b) the sample after sand blasting
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Fig.4 Three-dimensional topography of sandblasted surface
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Tab.2 Three-dimensional roughness parameters of sandblasted surface

Sandblasting Sandbla;;ing Three-dimensional roughness parameters tll?(r)ln(tih/
distance/mm (;lfl,es_l) S/um  Sw  S/m Sgum S S/m S/m o Se/®) Se Mpa
-1 -1 5.40 4.42 22.55 6.98 0.53 37.53 60.08 49.69 53.20 30.34
0 0 4.85 3.91 21.54 6.22 0.41 34.95 56.50 47.42 46.22 27.52
1 1 4.47 3.20 22.16 5.64 0.19 29.79 51.95 48.42 49.29 38.11
1 -1 4.20 3.88 19.47 5.35 0.35 31.93 51.40 46.64 44.00 32.47
0 0 5.45 3.46 2423 6.92 0.28 34.29 58.52 49.27 51.88 35.63
-1 4.53 3.81 19.26 5.79 0.47 32.29 51.56 48.30 48.84 38.05
-r 5.27 3.61 23.10 6.74 0.40 34.74 57.84 48.49 54.45 29.62
5.53 3.28 22.56 6.94 0.28 32.23 54.79 48.46 46.70 31.58
-r 4.31 3.96 17.59 5.52 0.48 34.95 52.54 48.16 34.50 29.84
r 4.41 4.36 23.28 5.73 0.37 32.93 56.21 48.69 61.89 35.05
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Tab.3 The results of linear regression analysis

Parameters Evaluation Confidence interval
Ao -98.2121 —312.1343~115.7101
A1 79.1220 —105.7682~264.0122
A2 3.1177 —1.4451~7.6806
A3 0.4315 -0.2761~1.1392
A4 —1.0033 -20.7124~18.7057
As 16.4362 —45.5166~78.3889
A6 —68.9272 —216.7979~78.9434
R 0.6217
F 2.6579
P 0.3681
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Tab.4 The results of nonlinear regression analysis

Parameters Evaluation Confidence interval
Xo —19.2499 —48.4024~-9.9027
Al 13.7812 11.4503~39.0127
A2 5.2626 0.5997~11.1250
A3 0.6477 0.1512~1.4466
A4 0.0479 —2.1529~2.2487
As 0.1817 0.0593~0.7226
A6 -15.2104 —40.9664 ~—10.5456
R 0.8826
F 11.7585
P 0.0523
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Fig.5 Residual plot of regression analysis

it — 2 o T AR R U 2 45 G R R A
DR T = AERLRE FE SR, R RTZ A [mE 23 M 7
TEXT AR AT AR, AT A R LR 5. AT L
Bl BUPRE = 4ERBEE S S Sa MIRIZE S
SRR RN AN, LD L ERR . EERE R T
Siu~ Ssic FEE T FEA K, X5 Bt 47 204k
PEIIE T, E R B R AR UL 6.

Residuals

x5 BHEASTITEER

Tab.5 The results of stepwise regression analysis

Independent

variable Coeff. t-stat p-val

X, 7.7177 3.327 0.0208

X, 4.6459 2.8207 0.0371

3 0.4352 2.6989 0.0428

X, 0.3043 0.461 0.6688
X 0.1857 1.3443 0.25

X -8.8674 -3.647 0.0148
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Tab.6 The results of linear regression analysis after
removal of some parameters

Parameters Evaluation Confidence interval
X, -17.6617 —39.4122~4.0887
M 7.7177 1.7548~13.6807
A 4.6460 0.4120~8.8800
A3 0.4352 0.0207 ~0.8496
As —8.8674 -15.1177~-2.6172
R’ 0.8293
F 6.0716
P 0.037
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Fig.6 The effect mechanism of three-dimensional roughness
parameter S, and Sy, on bond strength of the coating
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Fig.8 The effect mechanism of three-dimensional roughness
parameter S, on bond strength of the coating
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