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Alumina Grit Blasting Parameters for Surface 
Preparation in the Plasma Spraying Operation 

M. Mellali, A. Grimaud, A.C. Leger, P. Fauchai$, and J. Lu 

This paper examines how the grit blasting process influences the surface roughness of different sub- 
strates, the grit residue, and the grit erosion. The influence of  grit blasting conditions on induced sub- 
strate residual stresses is also discussed. Aluminum alloy, cast iron, and hard steel were blasted with white 
alumina grits of 0.5, 1, and 1.4 mm mean diameters. Grit blasting was performed using either a suction- 
type or a pressure-type machine equipped with straight nozzles made of B4C. The influence of the follow- 
ing parameters was studied: grit blasting distance (56 to 200 mm),  blasting time (3 to 30 s), angle between 
nozzle and blasted surface (30 ~ 60 ~ 90~ and blasting pressure (0.2 to 0.7 MPa). The roughness of the 
substrate was characterized either by using a perthometer or by image analysis. The grit residue remain- 
ing at the blasted surface was evaluated after cleaning by image analysis. The residual stresses induced 
by grit blasting were determined by using the incremental hole drilling method and by measuring the de- 
flection of grit-blasted beams. 

Grit size was determined to be the most important influence on roughness. The average values of Ra and 
Rt and the percentage of grit residue increased with grit size as well as the depth of the plastic zone under 
the substrate. An increase of the pressure slightly increased the values of Ra and Rt but also promoted grit 
breakdown and grit residue. 

A blasting t ime of 3 to 6 s was sufficient to obtain the highest roughness and limit the grit breakdown. The 
residual stresses generated under the blasted surface were compressive, and the depth of the affected zone 
depended on the grit diameter, the blasting pressure, and the Young's modulus of the substrate. More- 
over, the maximum residual stress was reached at the limit of the plastic zone (i.e., several tenths of a mil- 
limeter below the substrate surface). 

Keywords grit blasting procedure roughness, residual stresses, 
surface preparation [ 

1. Introduction 

SURFACE preparation is the most critical step in a plasma spray- 
ing operation (Ref 1). Coating adhesion quality is directly re- 
lated to the cleanliness and roughness of  the substrate surface, 
especially when spraying onto cold substrates (Ref 1-6). Grit 
blasting is generally used to roughen the substrate surface to ob- 
tain better mechanical adhesion of the coating to the substrate. 
Other than the abrasive nature and size, blasting conditions are 
critical to (1) the surface roughness achieved, (2) the quantity of 
embedded abrasive particles (which has a potential negative ef- 
fect on the adhesion of the coatings), and (3) the abrasive wear 
(which increases the grit blasting cost and the quantity of em- 
bedded particles) (Ref 7-14). The main grit blasting parameters 
are the nature, shape (particles with blocky and angular shapes 
afford greater cutting action), and size distribution of the abra- 
sive. Important features of the blasting procedure are the type of 
machine (in most cases suction or pressure type), nozzle internal 
diameter, air pressure, blasting angle, blasting distance, blasting 
time, and abrasive recycling. Few data are available in the litera- 
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ture, and only several studies are directly applicable to plasma 
spray (e.g., Ref7 and 15). 

This paper examines which variables of  the grit blasting 
process most influence surface roughness and grit wear so that 
these variables can be controlled to obtain reproducible rough- 
nesses. The influence of these variables on substrate contamina- 
tion and the effectiveness of the cleaning procedure (air blast 
followed by ultrasonic cleaning) is also examined. The number 
of variables was limited by selecting one grit. Usually, alumina 
or silicon carbide grits are used in plasma spraying because 
these materials result in sharp peaks and undercuts that appear 
favorable to coating adhesion. The results of  Yankee et al. (Ref 
15) show that the wear of SiC is more important than that of 
A1203. The surface roughness values obtained with SiC are sig- 
nificantly lower than those obtained with AI203, which are also 
more regular. Thus, only A1203 grit was used in the following 
studies. 

2. Experiment Setups 

2.1 Blasting Machines 

Two types of  machines were used: (1) a suction-type ma- 
chine (STM) built at the laboratory and equipped with a straight 
boron carbide nozzle with an 8 mm internal diameter (ID), and 
(2) a pressure-type machine (PTM) manufactured by Rivolta, 
also equipped with a cylindrical 8 mm ID B4C nozzle. 

These two machines were equipped with translation and ro- 
tation movements (see Fig. 1). The velocities could be varied be- 
tween 1 and 20 mm/s for translation and 0 and 150 rev/min for 
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rotation. Moveable switches allowed the translation movement 
to be reversed and control of  the number of nozzle passages in 
front of  the samples or the sample holder. In the following, the 
translation velocity was optimized to achieve the optimum 
roughening and then kept constant. The corresponding blasting 
time was then increased by varying the number of passes of  the 
nozzle in front of one sample. The nozzle could be fixed at dif- 
ferent heights to vary the blasting distance between 55 and 255 
mm. The rotation of the nozzle varied the blasting angle from 
90 ~ to 45 ~ . 

The air was compressed with a screw compressor followed 
by a 2 m 3 tank. The air was cooled at 3 ~ to reduce humidity, be- 
fore passing through an oil filter. The air pressure could be var- 
ied between 0.2 and 0.7 MPa, and the maximum flow rate was 
40 scmh. 

2.2 Substrate Samples 

To check the effect of  the substrate roughness on plasma- 
sprayed oxide coatings, the tensile adhesion test DIN-50160 
was used (Ref 6, 16), The grit-blasted samples were disk shaped, 
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Fig. 1 Setup for sample and blasting gun displacements 

25 mm in diameter and 4 mm in thickness. Three materials were 
chosen: (1) a soft aluminum alloy AU4G (0.5 wt% Mn, 4.1% Cu, 
0.7 % Mg), (2) a hard carbon steel 100C6 (1.3 to 1.6 wt% Cr, 0.95 
to 1.1% C, 0.4% Mn) annealed for 2 h at 800 ~ and quenched in 
oil, and (3) a cast iron FT25 of intermediate hardness (2.8 to 3.5 
wt% C, 2.8 to 3.2% Mn, 0.03 to 0.05% S). The corresponding 
Young's moduli and Vickers hardnesses (5 N load) are summa- 
rized in Table 1. These samples were placed in an appropriate 
holder that allowed attachment to the grit blasting rig. 

2 .3  Grit Sizes 

Three sizes of white alumina (Cristalba Pechiney, France) 
were chosen with standard sizes of 0.5, 1, and 1.4 ram. Figure 2 
shows scanning electron microscope (SEM) images of  the 1.4 
and 0.5 mm sizes, and Fig. 3 presents the size distributions 
measured with sieves. In most of  the experiments, after one pass 
the grit was changed so that blasting was always performed with 
new grit. However, in some tests the same grit was reused to as- 
sess the influence of the blasting parameters on grit wear, rough- 
ness, and residues left on the blasted surface. 

2 .4  Surface Roughness Characterization 

Two surface roughness parameters, both quantities ex- 
pressed in micrometers, were measured: 

Ra, defined by: 

1 1 
Ra = ~m j'0 lyldx (Eql) 

Table 1 Substrate Young's moduli  and Vickers hardnesses 

Young's modulus, Vickers hardness (5 N load), 
Material MPa ffV 

AU4G 70-74 114 + 4 
FIE5 80-125 189 + 20 
100C6 210-230 946 _+ 50 

(a) 

Fig. 2 SEM micrographs of alumina grits. (a) 1.4 mm grit size. (b) 0.5 mm grit size 

Co) 
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where lm is the analyzed length, x is the direction of the measure- 
ment, and ly[ is the height of  the peaks and valleys along I m (see 
Fig. 4). 

�9 Rt, which is the difference in height between the highest 
peak and the deepest undercut (see Fig. 4). 

These two quantities were measured either by using a perthome- 
ter or by image analysis. The perthometer (Mitutoyo Surftest-201; 
Mitutoyo, Z.I. Paris Nord, 95957 Roissy CDG Cedex, France) was 
equipped with a 5 Jam radius diamond. It was calibrated with a cali- 
bration surface (Ra, -3  p_m; Rt, -9 .6  I.tm) and moved horizontally 
at 0.05mm/s. 

For image analysis, the samples were embedded in Me- 
caprex SS resin (Mecaprex, Presi, 38320 Brie et Angonnes, 
France), then diamond cut (starting from the non-grit-blasted 
surface) before being polished first with SiC abrasives (sizes 
varying successively from 305, 500, 1000, to 1200, with 5 min 
polishing time for each disk at a load of 3 N). Finally, these sam- 
ples were polished with diamond-impregnated cloths (with suc- 
cessive sizes of 6, 3, and 1 p.m) for 3 min each. A specific 
procedure was developed to determine R a by image analysis 
(Ref 16). The mean R a and R t values (of 20 measurements) ob- 
tained by both methods were the same within 7% (Table 2). 

Each R a value presented in the following discussion is a mean 
value resulting from measurements performed along 20 parallel 
directions. The error bars in the figures correspond to the stan- 
dard deviation. 

2.5 Stress Measurement after Grit Blasting 

Grit blasting induces compressive residual stresses, which 
depend strongly on the blasted material, blasting conditions, and 
grit size (Ref 16). These stresses are distributed in a very thin 
layer beneath the surface (Ref 17). The resulting stress distribu- 
tion within the samples can be determined by the incremental 
hole drilling method (Ref 17, 18) or a modified layer-removal 
method (Ref 19). In the present work, except for one sample 
where the incremental hole drilling method was used, the simple 
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bending method of  a flat beam was chosen (Ref 16). A 34CD4 
steel, which has a Young's modulus (200 GPa) close to that of  
cast iron FT25, was used for these measurements. The beams 
were 2 by 10 by 100 mm 3 and were grit blasted on one side. 

The curvature measurement allowed determination of the re- 
sidual stress generated within the substrate, but provided no in- 
formation about the stress distribution. Thus, these stress 
measurements can be considered indicative of the residual stress 
evolution with the grit blasting parameters. 

Table 2 Comparison between roughnesses obtained with 
the perthometer and by image analysis 
Results are for specimens blasted under identical conditions. 

Ra, Rt, 
Technique I~m lain 

Perthometer 13.7 :J: 4.2 101.6 + 38 
Image analysis 14.7 + 4.5 94.0 + 33 
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2 . 6  Residue Contamination 3. General Considerations 

Contamination of the grit-blasted surface by grit residue was 
determined by image analysis. The white embedded alumina 
particles were clearly seen and their total surface S" determined 
as the contamination ratio CR, defined by: 

CR =( ) •  100 (Eq2) 

where S is the substrate surface area. This measurement of residual 
contamination was performed after a cleaning procedure of blast- 
ing with compressed air at 0.5 MPa on the sample surface for 20 s 
and 4 min of ultrasonic agitation in an acetone bath solution. 
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Fig. 6 Influence of grit blasting angle (A1203, D - 1.4 mm, p = 0.8 
MPa, blasting distance d= 100 mm); �9 = AU4G, A= 100 C6, • 
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3.1 Comparison o f  the Blasting Machines 

In both cases, as illustrated for a PTM in Fig. 5, which repre- 
sents the grit flow rate, mg ~ versus the blasting pressure (in the 
range of  0.2 to 0.6 MPa) for the three grit sizes, mg ~ varies al- 
most as the square root of blasting pressure, p. This leads to the 
following empirical relationship (valid between 0.2 and 0.6 
MPa): 

mg ~ = (30 - 8.5 x D) ~ (Eq 3) 

where D is grit size (mm), p is air pressure (MPa), and the factor 
(30 - 8.5 • D) is determined by linear regression. 

The grit flow rate is lower with the STM than with the PTM 
(e .g., for the 1.4 mm grit, 3.2 kg/h at 0.7 MPa with the STM com- 
pared to 21 kg/h at the same pressure with the PTM). However, 
whatever the blasted material, within the precision of  the meas- 
urements, the R a obtained at 0.7 MPa with the STM was the 
same as that obtained with the PTM at 0.3 MPa. At that pressure 
mg ~ was only 13 kg/h with the PTM, compared to 3.2 kg/h with 
the STM at 0.7 MPa. The difference in mass flow rate can be ex- 
plained thusly: With the STM the grit is entrained by the airflow 
suction, which is not very efficient, whereas with the PTM the 
grit is directly entrained by the air from the pressurized tank 
where the grit is stored. Thus, the PTM is more effective and ef- 
ficient than the STM, since higher velocities are imported to the 
abrasive to offer a greater cutting action. Pressure-type ma- 
chines are more convenient for large jobs that require high pro- 
duction rates or to roughen very hard surfaces because more grit 
can be entrained than with STMs. All the following results were 
obtained with the PTM (except for nozzle wear and blasting an- 
gle), since this was the more efficient machine. 

3 .2  Nozzle Wear 

Nozzle wear must be checked continuously because it can be 
significant. It increases drastically with grit size and blasting 
pressure. With the STM, for example, after 50 h working time at 
0.7 MPa with a 1.4 mm grit, a B4C nozzle ID reaches 9.1 mm 
compared to an initial ID of 8 mm. The consequences of such 
wear are an almost 40% increase in the grit flow rate and a 20% 
decrease of  the obtained R a. 

3 .3  Blasting Angle 

According to the study conducted by Wingren (Ref 7) on In- 
conel 718 substrates, there is a slight reduction of the grit residue 
and R a when the grit blasting angle, 0, is 45 o rather than 90 ~ Fig- 
ure 6 shows the evolution of Ra versus 0 with a STM at a blasting 
pressure of  0.8 MPa. For the three substrate materials, it can be 
seen that the decrease of  0 below 60 ~ results in a significant re- 
duction o fR a for soft materials. 

3.4 Surface Hit  by the Grit Particles 

Blasting time, which is an important parameter (Ref 7, 14), 
depends on nozzle/substrate relative velocity, internal diameter 
tp of  the nozzle, air pressure, and diameter di of  the surface hit by 
the particles, which itself is a function of the spray distance d. 
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The evolution ofdi with d has been measured for a blasting pres- 
sure o f p  = 0.3 MPa and three grit sizes by blasting a surface 
(AU4G or FT25) positioned at different distances from the fixed 
nozzle. The blasting time of 3 s was determined by a screen inter- 
cepting the grit flow and moved with a pneumatic jack. Figure 7 
presents the results obtained with a PTM. The same curve was ob- 
tained with 0.5 MPa, It can be seen, according to the precision of the 
measurements (+_3 ram), that di varies linearly with dand is almost 
insensitive to the grit size and the two blasting pressures. 

4. Parameters That Influence R. and Rt 

4.1 Choice of Blasting Time 

As already shown by different authors (Ref 7, 14), the influ- 
ence of blasting time, tb, is significant; below a critical value, tbo 
Ra varies significantly with tb and its reproducibility is poor. For 
t > tbc the surface is overblasted. Finally, a time ts has been cho- 
sen that, for the different tested materials, corresponds to the be- 

- _ _  "------------ 

ginning of the plateau of the evolution of Ra with blasting time 
(Ref 7). It was obtained by adjusting the translation velocity to 
14 mrn/s (ts - 3 s). This blasting time was almost insensitive to 
the studied pressures (0.2 to 0.7 MPa) and blasting distances 
(between 100 and 150 ram). In the following, n passes corre- 
spond to a blasting time of3n s. 

4.2 Blasting Distance 

The influence of blasting distance is illustrated in Fig. 8(a), 
(b), and (c), respectively, for AU4G, FT25, and 100C6. These 
figures show that, for a given material, R a increases with the 
blasting distance, d, up to 100 ram, remains almost constant up 
to 150 mm, and then decreases again for higher values old.  The 
dispersion increases slightly with d, and the plateau is slightly 
broader with hard materials. When d is too short, the rebounding 
particles reduce the number and/or the efficiency of impacting 
grit particles with which they collide in flight. When d is too 
large, the particle velocity decreases, especially for small parti- 
cles that have low inertia. 
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The results are more dispersed when considering R t, as illus- 
trated in Fig. 9 for AU4G. The smallest grit has no significant in- 
fluence on the different values of Ra obtained for the three 
different materials in Fig. 10. 

4 .3  Blasting Pressure 

Figure 11 shows the influence of blasting pressure on R a for 
two substrate materials and two grit sizes. Whatever the sub- 
strate, the influence of pressure on R a is very low, but as will be 
shown later, grit wear increases drastically withp. 

4 . 4  Grit Size 

Grit size has the most important influence on Ra; Fig. 12 indi- 
cates a linear relationship. The value of R a decreases slightly 
when the substrate Young's modulus increases. Note that when 

Table 3 Deflection and curvature due to grit blasting of  
34CD4 flat beams (2 x 20 x 100 mm 3) 
p = 0.3 MPa, d = 130 mm, PTM, mean value often 
measurements. 

Grit size, Deflection, Curvature, 
m m  m m  m 

One pass 
0.5 0.32 5:0.07 2.76 5:0.52 
1.0 0.66 5:0.05 1.28 5:0.09 
1.4 1.08 5:0.15 0.8 5:0.11 

Two passes 
0.5 . . . . . .  
1.0 0.84 5:0.06 1.02 5:0.08 
1.4 1.12 5:0.11 0.76 + 0.07 

Four passes 
0.5 0.37 5:0.05 2.37 5:0.45 
1.0 1.07 5:0.05 0.78 5:0.04 
1.4 1.56 5:0.02 0.54 5:0.01 
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Fig. 11 Influence of blasting pressure, p, on R a for two substrate ma- 
terials (d = 130 mm, one pass, PTM); �9 = 1.4 mm, A = 0.5 mm 

the grit size increases, the number of peaks and undercuts for a 
given mean length, l, decreases, and their height or depth in- 
creases. This can be seen by measuring the ratio, R, of the length 
I of the real surface cross section to the length lm of the corre- 
sponding flat surface (before grit blasting). R varies between 2.4 
and 2.7, this last value being obtained with the largest grit. Note 
that the smallest grit leads to more uniform surface asperities 
and low values of average dispersion of R a and R t. 

4 .5  Blasting Time 

The blasting time was varied by increasing the number of 
passes, one pass corresponding to the time ts defined in section 
4.1. Figure 13 shows the evolution of R a with the number of 
passes. With the 1.4 mm grit size on the AU4G substrate, Ra var- 
ies very little up to the sixth pass, the drop being very important 
at the seventh pass, which corresponds to the smoothing of the 
peaks due to the hardening of the material below the surface 
with the increase of the compressive residual stresses (see sec- 
tion 5). Similar behavior is observed with the FT25 substrate, 
but with a lesser decrease. With the hard 100C6, the same trend 
is observed, but only after ten passes. With the smallest grit, 
R a decreases very slowly with the number of passes for the 
three substrate materials. The decrease of R a is also regular 
with the intermediate-size grit. As will be shown in section 5, 
the compressive residual stresses generated below the sub- 
strate surface are less important with the 0.5 and 1 mm grit 
sizes than with the 1.4 mm grit. 

When considering the variation ofR t for AU4G and 100C6 
(Fig. 14a and b, respectively), the same behavior as for Rais ob- 
served, but with more dispersion in the results. 

5. Generation of Compressive Stresses 

The measurement of residual stresses has been performed by 
using the incremental hole drilling method for one blasting con- 
dition of a cast iron FT25 sample (see Fig. 15). The curvature of 
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Fig. 12 Influence of grit size (0.5, 1, and 1.4 mm) on R a for three sub- 
strate materials (p = 0.3 MPa, d = 130 mm, one pass, PTM) 
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flat beams was measured for 34CD4 steel alloy. The stress val- 
ues obtained are only comparative (the highest deflection or the 
lowest curvature corresponding to the highest residual stress), 
since the depth of the plastically deformed zone was unknown. 

Figure 15 shows the residual stress distribution within a cast 
iron FT25 substrate, grit blasted with 0.5 mm white alumina. 
Compressive residual stresses were generated and distributed 
within a thin layer beneath the grit-blasted substrate surface (0.4 
mm in Fig. 15). The maximum stress, corresponding to the depth 
of the plastic zone, was reached at 0.05 mm from the substrate 
surface. The magnitude as well as the depth of the zone affected 
by the grit blasting are strongly dependent on the blasting condi- 
tions (particularly the impact pressure and the size of the parti- 
cles) and on the Young's modulus of the substrate material. 

The deflection and curvature of 34CD4 flat beams for differ- 
ent blasting times (or number of passes), three alumina grit 
sizes, and a grit blasting pressure of 0.3 MPa are shown in Table 
3. The stresses are proportional to the induced deflection and in- 
versely proportional to the resulting curvature of the flat beam. 

Each result is a mean value of ten measurements for each condi- 
tion. 

For comparison, assuming that the Young's modulus of 
34CD4 is that of FT25, a deflection of 0.32 mm corresponds ap- 
proximately to the stress distribution shown in Fig. 15. From Ta- 
ble 3, it is seen that the use of larger grits increases the deflection. 
The influence of the number of passes (n) becomes appreciable 
for the larger grit size. However, for n > 6 to 10 (6 for the lower 
Young's modulus substrate), such changes become almost neg- 
ligible, in good agreement with the results shown in Fig. 13. An 
increase of the pressure from 0.3 to 0.5 MPa results in an in- 
crease of the compressive stresses, especially for the largest grit 
particles (see Table 4). 

6. Grit Wear 

In the preceding sections, grit blasting was always performed 
with a new grit, without recycling. This section examines grit 

28 

21 

14 

Ra (pm) 

A A 

X X X "~ X X X X X X 

Ra (IJm) 
28 

21,  | �9 

" i  �9 
14, t, �9 

A Z~ ~ /x T A A X 

L~ 

7'  x x X ~ .  x x  x x x 

Ra (pro) 
28 

21 

14 

7 

0 

{ �9 �9 �9 
�9 mu 

x X X E x •  x x 

0 " ~  I ~ I ~ I I , 0 I I i i I I m , , , ~ 

0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 2 4 6 8 10 

Number of passes Number of passes Number of passes 

A 
Z~ 

X X 

1 i 

12 14 

a) AU4G b) FT25 c') 100C6 

Fig. 13 Influence of number of passes on R a for three grit sizes (p = 0.3 MPa, d = 130 mm, PTM); �9 = 1.4 ram, A = 1 ram, x = 0.5 nun 

140 

120 

100 

80 

60 

40 

20 

0 

Rt (pm) Rt (pm) 

�9 A �9 
z~ z~ ~ ) �9 

/x A ZX 

+ + + + + + + + + 
+ 

140 

120 

100 

80 

60 

40 

20 

0 

�9 �9 

-t- 

A A 

+ + 

A A A 
A A 

+ + + + + 

A 
+ 

/x 

0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 

Number of passes Number of passes 

+ 

14 

a) AU4G b) 100C6 
Fig. 14 Influence of number of passes on R t for three grit sizes (/9 = 0.3 MPa, d = 130 mm, PTM); �9 = 1.4 nun, A = ] ram, x = 0.5 mm 

Journal of Thermal Spray Technology Volume 6(2) June 1997--223 



wear with blasting pressure and the consequences on roughness. 
The grit wear has been measured by a sieve analysis after each 
cycle. No influence of  the substrate was detected on the grit wear  

presented in section 6.1. 

6 .1  Evolution of Grit Size Distribution 

Figure  16 represents three grit  distr ibutions after one pass 
(one cycle)  for three blast ing pressures.  The f ragmented  grit  
is important ,  especial ly  for  the largest  particles,  and a s ingle 
pass s ignif icantly increases the quanti ty o f  small  particles,  
part icularly when blast ing pressure  increases.  The  gri t  frag- 
mentat ion increases with the number  o f  passes, as shown in 
Fig.  17. 

The mean grit size decreases rapidly during the first three cy- 
cles. Table 5 summarizes the percentage of  wear after one and 
five cycles for three pressures. Wear is greatest for the largest 
grit size, and it increases with blasting pressure and number  of  
cycles. 

Table 4 Deflection and curvature  due to grit  b las t ing  o f  
3 4 C D 4  flat be ams  (2 x 10 x 100  m m  3) 
d = 130 ram, one pass, PTM. 

Grit size, Deflection, Curvature, 
mm mm m 

0.3 MPa 

0.5 0.32 + 0.07 2.76 + 0.52 
1.0 0.66 + 0.05 1.28 _+ 0.09 
1.4 1.08 + 0.15 0.8 5:0.11 

0.5 MPa 

0.5 0.43 + 0.03 1.93 + 0.13 
1.0 0.75 + 0.04 1.13 -+ 0.06 
1.4 1.89 + 0.06 0.45 + 0.01 
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6 .2  Grit Wear and Substrate Roughness 

Figure 18 shows the influence of  the number of  cycles on the 
roughness (Ra) of two substrates (AU4G and 100C6) for three 
pressures (note that the substrates were changed after each cy- 
cle). The results indicate that R a diminishes with grit size due to 
its wear. This influence is more significant for the softest mate- 
rial and less sensitive for the smallest grit. 

7. Grit Residue 

The sample surfaces were grit blasted with the three white 
alumina grit sizes for the same blasting time (four passes), dis- 
tance (130 mm), and pressure (0.3 MPa) and were then cleaned 
prior to analysis. The cleaning procedure was the same as that 
described in section 2.6. Without cleaning, the grit residue was 
more than twice that measured after cleaning. 

The residue measurements indicated that the difference be- 
tween 0 = 60 ~ and 0 = 90 ~ is not critical (on the order of  5%). In 
the following, all measurements presented were performed with 
0 = 90 ~ 

Figure 19 shows the evolution of grit residue with respect to 
the grit size of alumina on the blasted surface of XC38 steel sub- 
strates. It can be seen that the grit residue increases with the grit 
size (1% for a 0.5 mm grit size compared to 7% for a 1.4 mm 
grit). 

The grit residue increases with blasting pressure and time 
(Ref 7, 14) due to the higher energy and flow of the grit blasting 
particles. Note that compared to the initial grit sizes, the grit resi- 
dues are mostly fragmented particles with a mean size less than 
a few tenths of the initial size. The increase of the grit residue 
with grit size is due to an increase in grit fragmentation with re- 
spect to grit size, and the small particles (a few tenths of  the in- 
itial size) resulting from the fragmentation are embedded within 
the undercuts by the impact of  the large grit particles. According 
to the results of  Yankee et al. (Ref 14), who studied the influence 
of  the cleaning procedure (ultrasonic method or air blasting) on 
the grit residue, the ultrasonic method seems to be the better. 
Nevertheless, the results obtained with a combination of  these 
two methods indicate that the grit residue cannot be completely 
eliminated and that new techniques should be developed. 

Table  5 Percentage  o f  gri t  w e a r  af ter  one  and  f ive cyc l e s  

Grit size, Grit wear~ % 
mm 1 cycle 5 cycles 

0.2 MPa 
0.5 
1.0 "9 27 
1.4 17 39 

0.3 MPa 
0.5 13 31 
1.0 15 40 
1.4 28 66 

0.5 MPa 
0.5 20 44 
1.0 26 60 
1.4 31 77 
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Fig. 17 Evolution of the grit size distribution after five cycles for dif- 
ferent blasting pressures. Black bars correspond to the initial size dis- 
tribution (d = 130 mm, PTM) 
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In good conjunction with the results presented in section 6, 
the grit residue increased with: 

�9 Blasting pressure: for example, by 10% with 0.5 MPa com- 
pared to 7% with 0.3 MPa (1.4 mm grit) 

�9 Number o f  grit cycles: by about 60% for five cycles com- 
pared to one cycle 

�9 Number o f  passes (with a new grit at each pass): from 7% 
with four passes to 9% with 18 passes (1.4 mm grit) 

8. C o n c l u s i o n s  

A systematic study of  grit blasting parameters was made for 
three different substrate materials: aluminum alloy AU4G, cast 
iron F'I~5, and hard steel 100C6. The study focused on a PTM 
using a boron carbide nozzle of  8 mm ID. White alumina grit of 
three sizes (0.5, 1, and 1.4 mm in mean diameter) was used. The 
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Fig. 19 Evolution of grit residue (% area surface) with grit size (p = 
0.3 MPa, d = 120 mm, four passes, PTM) 

28 

influence of the different blasting parameters on the resulting 
roughnesses (R a and Rt), grit residues, and induced residual 
stresses was studied. 

The PTM was by far the most efficient, similar results being 
obtained with pressures 2.5 times lower than with the STM, all 
other blasting parameters being constant. However, the grit flow 
rate was three to four times higher with this machine for the 
same nozzle internal diameter. 

The results for the different blasting parameters are: 

�9 Blasting time, tb: Below a critical value, tbc (in our experi- 
ments, close to 3 s), Ra varied drastically with tb; above tbc, 
Ra, and Rt reached a plateau. 

�9 Grit size, D: Ra and Rt increased almost linearly with D, the 
highest slopes being obtained with the materials having the 
lowest Young's modulus. 

�9 Blasting distance: Almost no influence between 80 and 150 
mm 

�9 Blasting angle: Little significance, provided it was between 
60 ~ and 90 ~ 

�9 Blasting pressure: Roughness did not increase much with 
pressure, while the grit flow rate increased with the square 
root. 

Grit blasting induced very high compressive stresses below 
the blasted surface due to plastic deformation of the material. 
The affected zone and the value of the compressive peak in- 
crease strongly with grit size, blasting pressure, and blasting 
time. Therefore, depending on the Young's modulus of  the ma- 
terial, after a given number of  passes the roughness decreased, 
the peak being smoothed due to material hardening below the 
blasted surface. 

The grit residue depended on the grit fragmentation and was 
enhanced by increasing grit size and blasting pressure. Residue 
increased from 1% with a 0.5 mm grit to 7% with a 1.4 mm grit. 
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When the quantity of  f ragmented particles increased (i.e., when 
the grit was recycled without sieving), the grit residue increased 
from 7% with one cycle to 11% with five cycles for the 1.4 mm 
grit. 

This grit residue can negatively affect coating adhesion. For 
example, when alumina and zirconia were sprayed on cold sub- 
strates (Ref  6), the adhesion increased almost linearly with Ra, 
but its maximum value was below 20 MPa. However ,  when 
sprayed on substrates preheated at 300 ~ without oxidation, the 
adhesion was highest ( - 6 0  MPa) on surfaces o f R  a between 3 to 
5 lain (i.e., as obtained with 0.5 mm white alumina grit) (Ref  6). 
The adhesion decreased when the Ra increased. This occurred in 
conjunction with an increase of  grit residue and residual 
stresses. 

In conclusion, the best way to improve ceramic coating adhe- 
sion is a substrate roughness below 5 ~ m  Ra obtained with a 
small alumina grit size and a low blasting pressure. 
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