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ing particles cause more severe erosion than suspension without
particles, and suspension containing irregular particles causes
more severe erosion than the suspension containing spherical
particles.

There is another difference between the damaged surface in sus-
pension II and the surfaces in the other two suspensions. As shown
in Fig. 3(a) and (c), the pit has a round shape with rim around it. It
is a typical erosion pit by the collapse impingement [15]. However,
as shown in Fig. 3(b), some indentations and scratches appear on
Fig. 1. (a) Vibration cavitation apparatus, (b) SEM

Table 1
Suspensions and specimen for the experiments

Suspension no. Suspension description Specimen no.

0 200 ml TA suspension, not used in the experiment /
I 200 ml TA suspension + 0.2 wt% spherical particle 1#
II 200 ml TA suspension + 0.2 wt% irregular particle 2#
III 200 ml TA suspension 3#

of irregular particles is 5.0 ± 1.0 �m. Fig. 1 shows the particles
observed by Scanning Electrical Microscope (SEM, FEI Quanta 200).
The surface of the spherical SiO2 particle is smooth, while crevices
and concaves are found on the irregular particle surface.

Terephthalic acid (TA) in the suspension was used as a cavitation
detector according to a fluorescence testing theory [11]: the ther-
mal and mechanical energy released by bubble collapse is sufficient
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to cause the sonolysis of water and lead to free radical formation,
mainly the hydroxyl (OH•) and hydrogen (H•) radicals. Terephthalic
acid is a scavenger of OH• and a well-known dosimeter for ionizing
radiation [12]. It rapidly reacts with the resulting OH• to produce
intensely fluorescent hydroxyterephthalate (HTA) [13]. TA suspen-
sion was prepared by dissolving the TA in about 800 ml de-ionized
water into which 5 ml 1 M NaOH was added. The suspension was
stirred for about 1 h and water was added to adjust the volume to
1 l. Then, 200 ml suspension was picked up and put into a beaker
where 0.2 wt% particles were added. In this experiment, spheri-
cal particles and irregular particles were added into TA solutions
respectively to form different kinds of suspensions. The composi-
tion of each kind of suspensions and the corresponding specimen
used in it are listed in Table 1.

2.2. Cavitation damages on surfaces

The duration of each vibration cavitation experiment was set
to 1 min based on Karimi’s study [14]. Fig. 2 shows the damaged
surface of each specimen after the experiment. Plastic deforma-
tions and erosion pits appeared on the original smooth surface,

Fig. 2. Damaged surfaces of specimen under Wyko MHT-I
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e of spherical particles, and (c) irregular particles.

and the surface roughness increased. It is a typical damaged sur-
face at the incubation stage of the cavitation erosion under the
collapse impingements. The mean surface roughness and the num-
ber of erosion pits are marked in Fig. 2 and Table 2, respectively.
It was found that the surface roughness of specimen and the
number of erosion pits in different suspensions were different.
The surface testing results indicate that the suspensions contain-
on solid surfaces in suspensions containing spherical and irregular

the specimen surface besides the typical erosion pits. Such indenta-
tions are smaller than the erosion pits, and they have sharp triangle
shapes. Such marks are not found on the other two surfaces, and
they are assumed to be the result from the collision of the irregular
particles to the polished solid surface.

The assumption was validated by the elemental composition
detection on the surface. The energy spectrums of two damaged
surfaces of specimens 1# and 2# were shown in Fig. 4. Because there
is little Si on the original stainless steel surface before the exper-
iment, the Si peak appearing in the curves represents the direct
contact of the particles to the specimen surfaces. Compared with
the few concentration of Si on the surface of specimen 1#, irreg-

Table 2
Pits on the specimen surface

Specimen no. Number of pits Average depth
of pits (�m)

Average diameter
of pits (�m)

1# 41.0 ± 7.5 0.60 ± 0.06 1.33 ± 0.22
2# 51.0 ± 5.0 0.50 ± 0.05 0.85 ± 0.50
3# 21.5 ± 5.0 0.58 ± 0.08 1.75 ± 0.50

II interferometer with measured surface roughness.






