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MONITORING DURING CAVITATION EROSION OF MULLITE CERAMIC
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Cavitation erosion of mullite samples was monitored using vibratory cavitation set up with stationary sam-
ple. The level of degradation of the sample was monitored using weight loss and image analysis. Thermal
imaging analysis was focused on determination of temperature line profile and histogram of temperature
distribution at the end of the experiment. The results of image analysis were compared with infrared thermo-
graphy results.
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Introduction

Mullite belongs to a group of a high temperature ceramic material with good mechanical strength and
excellent thermal shock properties. Typical applications include, but are not limited to, coatings including
thermal barrier coatings, thermocouple applications, furnace muffle tubes, kiln rollers, sight tubes, rods
and kiln furniture [1—3].

Cavitation erosion of engineering materials was investigated and results were related to the different
types of steel, coatings, as well as the engineering ceramic materials [4—9]. Cavitation erosion is a pheno-
menon, which can be observed where fluids, which are transported with some velocity, are in contact with
engineering material. In this study, image analysis is applied for characterization of the damage level during
cavitation erosion testing, using determination of the damaged and non-damaged surface.

Among non-destructive techniques (NDT), the infrared thermography (IRT) is the only diagnostic
technology allowing the operator to instantly visualize and verify thermal performance [10—14]. Active
thermography represents a non-destructive technique, which is based on observing temperature differences
with an infrared camera after a thermal excitation. It is divided into lock-in thermography LT, pulse thermo-
graphy PT, pulsed phase thermography PPT [10—14]. In this paper, this approach was used for temperature
line profile and histogram of temperature distribution determination at the end of experiment.

Experiments

Materials

Mullite is a good, low cost refractory ceramic with a nominal composition of 3A1,05:2Si0,. In this
paper mullite powder was used for sample preparation. Samples were pressed and sintered at 1200°C for
3 hours. XRD and SEM of the obtained samples are given in Fig. 1. XRD confirmed presence of mullite and
o, corundum (Fig.1.a.) The structure after sintering was with small grains, high density and some porosity
(Fig. 1, b).

Cavitation erosion testing

Cavitation erosion testing was performed according the procedure described by ASTM G32 standard
[4—9]. The ultrasonic vibratory cavitation set up was used. Stationary specimen method was applied accord-
ing to the ASTM G32 standard. The usual characteristics for the frequency and peak-to-peak displacement
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amplitude of the horn were used, as well as characteristics of liquid [4—9]. In order to obtain the erosion
curve, the weight loss measurements were performed after each exposure interval. The weight loss was rec-
orded every 10 min for a test period of 80 min. Weight losses of the tested specimens were measured using

the analytical balance with the accuracy of £0.1 mg.
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Fig. 1. XRD (a) and SEM (b) of the mullite sample

Results and discussion

Image analysis results
During testing, as it could be seen from the obtained results (Fig. 2, 3), the degradation occurred, and

its level was increasing during the time of experiment (Fig. 3). The results of the image analysis applied for
monitoring the level of degradation are given in Fig. 3, where the time of exposure is related to the level of

degradation, which is over 25% after 80 minutes.
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Fig. 2. Weight loss Fig. 3. Level of degradation

during cavitation erosion testing

Thermal imaging
Mullite samples after 80 minutes of cavitation erosion testing were heated by two IR lamps for 90

seconds and then cooled for 630 seconds. This mode was applied as in previous experiments [14]. The ther-
mal changes at the sample surfaces, which allow discovering defect zones, can be noticed after only 15
seconds of cooling. The results of IR-heating and observed changes of temperature are presented in Fig. 4.
Based on the obtained results presented in Fig. 4, a and b, the temperature profile of the sample indi-
cates formation of degradation area. However, these results are not too detailed, so the number of pits, as
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well as their dimensions, could not be measured. Similar can be said about the results given in Fig. 4, ¢ and
d, which confirm that temperature changes are caused by cavitation erosion, but these results could not be

related to the dimensions of the pits.
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Fig. 4. Thermal imaging:
a, ¢ — thermographic images; b — temperature line profile;
d — temperature distribution histogram

Conclusion

Thermal vision imaging was used for temperature distribution and histogram of the samples at the end
of the testing period (80 minutes). The obtained results showed that image analysis could be a useful tool for
determining the level of degradation, while thermal vision imaging could be used for degradation detection.
First approach is cheaper and requires a common camera, unlike the thermal vision, where good and reliable
results are strongly dependent on the resolution of the camera, which makes the procedure much more ex-
pensive. However, when the temperature is higher than the room temperature, thermal imaging could be very

useful.

This research was funded by the Ministry of Education, Science and Technological Development of the Republic of
Serbia as a part of the projects TR 33007, 111 45012, TR 35002 and ON 172060.

Odessa, 22 — 26 May, 2017
—50 -



ISPC «Modern information and electronic technologiesy

REFERENCES

1. Schneider H., Schreuer J., Hildmann B. Structure and properties of mullite — A review. Journal of the Euro-
pean Ceramic Society, vol. 28, iss. 2, 2008, pp. 329-344. https://doi.org/10.1016/j.jeurceramsoc.2007.03.017

2. Cao X.Q., Vassen R., Stoever D. Ceramic materials for thermal barrier coatings. Journal of the European Ce-
ramic Society, vol. 24, iss. 1, 2004, pp. 1-10. https://doi.org/10.1016/S0955-2219(03)00129-8

3. Brunauer G., Frey F., Boysen H., Schneider H. High temperature thermal expansion of mullite: an in-situ neu-
tron diffraction study up to 1600°C. Journal of the European Ceramic Society, vol. 21, iss. 14, 2001, pp. 2563-2567.
https://doi.org/10.1016/S0955-2219(01)00267-9

4. Ning Qiu, Leqin Wang, Suhuan Wu, Dmitriy S. Likhachev. Research on cavitation erosion and wear resis-
tance performance of coatings. Engineering Failure Analysis, vol. 55, 2015, pp. 208-223.

5. Ning Qiu Leqin Wang, Suhuan Wu,b Dmitriy S. Likhachev ,Research on cavitation erosion and wear resis-
tance performance of coatings, Engineering Failure Analysis, http://dx.doi.org/10.1016/j.engfailanal.2015.06.003.

6. Branko Matovic, Vesna Maksimovic, DuSan Bucevac, Jelena Pantic, Jelena Lukovic, Tatjana Volkov-
Husovic, Devendraprakash Gautam. Oxidation and erosion behaviour of SiC-HfC multilayered composite. Processing
and Application of Ceramics, 8 [1](2014) 31-38. https://doi.org/10.2298/PAC1401031M

7. Dojc¢inovi¢ M. Roughness measurement as an alternative method in evaluation of cavitation resistance of
steels. HEM.IND., 67 (2) (2013) 323-330.

8. G. Garci'a-Atance Fatjo’, M. Hadfield, K. Tabeshfar, Pseudoplastic deformation pits on polished ceramics due
to cavitation erosion. Ceramics International 37 (2011) 1919-1927.

9. Tomlinson W.J., Matthews S.J. Cavitation erosion of structural ceramics. Ceramics International 20 (1994)
201-209.

10. Michael Vollmer, Klaus-Peter Mollmann Infrared. Thermal Imaging: Fundamentals, Research and Applica-
tions. Verlag Gmbh, and co, KGaA, 2010. https://doi.org/10.1002/9783527630868

11. http://whatis.techtarget.com/definition/thermal-imaging.

12. Maldague XPV. Theory and practice of infrared thermography for nondestructive testing. New York: Wiley;
2001.

13. Carosena Meola. A new approach for estimation of defects detection with infrared thermography. Materials
Letters (Elsevier), vol. 61, iss. 3, 2007, pp. 747-750. https://doi.org/10.1016/j.matlet.2006.04.120

14. Pavlovic M., Dojcinovic M., Martinovic S., Vlahovic M., Stevic Z., Volkov-Husovic T. Non destructive
monitoring of cavitation erosion of cordierite based coatings. Composites Part B 97 (2016) 84-91.

M. I1aBnogiy, C. MaptinoBidy, M. Bnaxosiu, M. [loitginoBid, 3. CteBiy,

T. Bonkos-I'ycosiu, O. Bonnapenko

Peanizaniss ingpauepBonoi TepMorpagii a1 MOHiTOPUHTY HedeKTiB BNPOAOBK KaBiTauiiiHoi epo3ii
MYJIITOBOI KepaMiku

Ilpogedeno monimopune xasimayiunoi eposii 3paszkie Myaimy 3a O0OHOMO20H GiOpayiiHol KagimayitiHoi
VCMAHOBKU 3 BUKOPUCMAHHAM CMayionapHozo 3pasky. Cmynine 0ecpadayii 3pasky 610 KOHMPOIbOBAHO 34
donomozoio empamu 6azu i ananizy 300padcenv. Tennogizitnutl ananiz Oyi0 30cepedrcero Ha SUHAYEHHI
npo@inio ainii memnepamypu i 2icmozpamu po3nooity memnepamypu 6 Kinyi excnepumenmy. Pesynomamu
auanisy 300pasicenus Oyu 3icmaesieni 3 pe3yibmamamu inppavepsonoi mepmoepagpii.

Knrouosi cnosa: mynim, kasimayiiina epo3is, oeghexmu, ananisz 300padicents, meniosizisi.
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