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Abstract: Corrosion behavior of polymer-derived ceramics (PDCs) was investigated in aqueous 

hydrofluoric acid (HF) and sodium salts (NaCl or Na2SO4). Two oxides (SiCO and SiCNO-(Hf)) 

and two non-oxide PDCs (SiCN and SiCN-(B)) were examined in this study. The HF acid corroded 

the oxide PDCs, whereas non-oxide PDCs resisted acid corrosion. Nevertheless, the degradation is 

slow in some cases to extend the engineering ceramic materials lifespans. The PDCs composites 

were hot corroded by NaCl or Na2SO4. The Na-salt attacked the PDCs, producing corrosion layers. 

The cross-sectional X-ray elemental analysis and microstructure surveillance exhibited that the 

corroded layers comprised of distinct regions. The corrosion mechanism is discussed in line with the 

experimental discoveries.   

Introduction 

     The polymer to ceramic technology impacted in the development of ceramic fibers, coatings or 

ceramics and it is generally termed as polymer-derived ceramics (PDCs). Preceramic polymers 

initiated over 4 decades ago as precursors for the expansion of Si-based ceramics. Recently, several 

significant advances have been targeted for the functional properties in PDCs [1, 2]. The Si-

containing ternary systems, for example, silicon oxycarbide (SiOC) and silicon carbonitride (SiCN) 

ceramics with enhanced assets via precursor route developments were the main interest in last two 

decades in PDCs research [3-6]. The SiCO, SiCN, SiCNO-(with hafinum) and SiCN-(with boron) 

systems are a class of extraordinary properties prepared from the PDCs route by controlled 

thermolysis [1, 2]. 
 

     The study of these advanced PDCs ceramics under highly corrosive conditions, such as in strong 

acids or salts will help in understanding and estimating the lifetime of ceramic components in a 

particular environment conditions [7]. It is understood that the reliability of PDCs depends on the 

corrosive environmental conditions; however there are limited study in this field. Such a study can 

deliver the direction for the improvement of process parameters and is of significant technological 

importance for the research of the PDCs. These materials are considered as potential candidate for 

use in gas turbine engines or heat-engines where they can encounter multiple hot-corrosion attack 

along with the concentration of the impurities (sodium, chlorine and sulfur) [8]. Hence, the hot 

corrosion was studied out in sodium chloride (NaCl) and sodium sulphate (Na2SO4) [3]. On the 

other hand, the fluoro chemical industries to withstand the corrosive halogenated inorganic acids, 

especially hydrofluoric acid environment. Hence, the hydrofluoric acid (HF) was used [9]. The 

paper mainly focuses the corrosion behavior of SiCO, SiCN, SiCNO (with hafinum) and SiCN (with 

boron) ceramics obtained through PDCs route. 
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Experiments 

 

     Materials Processing. SiCO: Poly (hydridomethylsiloxane (PHMS) ((CH3)3–Si(O)–[CH3(H)Si–

O]n-Si(CH3)3) (Sigma Aldrich, India) as the preliminary polymeric precursor and the addition of 5 

wt.% 1,4-diazabicyclo [2.2.2] octane (DABCO) (Sigma Aldrich, India) was used to crop SiCO 

foams. In order to drop the gelation period, ~ 5 wt.% DABCO catalyst was used for cross-linking 

PHMS. Consequently, foam polymer was unprotected to pyrolysis treatment by heating to 1000 °C 

in a rolling argon gas atmosphere (purity 99.9 %, flow rate 5 L / min) at a heating rate of 5 °C / min 

for 2 h and the furnace cooled to yield SiCO foams [10]. SiCNO-(Hf): Hafnium modified 

polysilazane was produced by the chemical alteration of polysilazane (HTT1800, Clariant, 

Germany), followed by the addition of 30 vol.% hafnium tetran-butoxide (Sigma-Aldrich, India) 

and variegated for ~ 30 min. The modified polysilazane was cross-linked at 300 ºC for 3 h and 

successively thermolysed in argon atmosphere at 1300 ºC for 2 h at a constant heating rate of 5 ºC / 

min to yield SiCNO-(Hf) foams [11]. SiCN: Commercially available polyurea (methylvinyl) 

silazanes (Sigma Aldrich, India) was used as the preliminary precursor for SiCN ceramics and then 

it is mixed and successively thermolysed in argon atmosphere at 1000 ºC for 2 h at a constant 

heating rate of 5 ºC / min to yield SiCN foams [12]. SiCN-(B): The fabrication of the polymer 

precursor - a boron-modified poly hydridovinyl silazane with a chemical composition (B[C2H4-

Si(H)NH]3)n- from which the SiCN-(B) ceramic was prepared and it is reported elsewhere [13]. The 

thermolysis of the green body was carried out in an argon atmosphere by heating at a rate of 1 K / 

min to 1400 °C, keeping the sample at this temperature for 2 h, and cooling back to room 

temperature at a cooling rate of 5 K / min. 

 

The as-thermolysed powder was ground and powder of particle size less than 125 µm was 

designated for pulsed electric current sintering (PECS) (Sumitomo Coal Mining Co. Ltd., Japan). 

The sintering was achieved in vacuum at 1300 and 1500 ºC temperature. The pressure, holding time 

and heating rate were kept constant at 30 MPa, 30 min and 50 ºC / min respectively. The sintered 

ceramic pellets were used for the corrosion study analysis. 

 

     Corrosion test. The hot corrosion studies were carried out in NaCl (mp 801 ˚C) and Na2SO4 

(mp 884 ˚C) which act as sources of corrosive species for sodium, chlorine and sulfur. Corrosion is 

an activated process with increasing temperature [8]. The four as-sintered samples were salt tested 

under different temperature and a maximum of 1000 °C for 24 h. The salt deposition layer thickness 

in ceramics can serve as a measure of the corrosion performance for the general cases. The general 

flow chart of the salt corrosion test is shown below (Fig.1). 
 

 

 

 

 

Fig. 1: Flow chart for the salt* corrosion test. 

 

The acid corrosion test protocol consisted of keeping the samples in an azeotropic 38.26 

HF/61.74 H2O (wt.%) solution at 90 °C (20 °C < T boil of the azeotrope) [9]. Testing at an elevated 

temperature quickens the corrosion process in a reasonable time scale and it also simulates actual 

chemical progression. The four as-sintered samples were acid tested under a maximum of 90 °C for 

2 weeks. The general flow chart of the acid corrosion test is shown below (Fig. 2). 
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Fig. 2: Flow chart for the acid* corrosion test. 

 

     Characterization. The microstructures of the PECS ceramics were detected using scanning 

electron microscopy (SEM) (FEI Quanta 200, USA) in both secondary emission (SE) and back 

scattered electron (BSE) mode. The elemental composition was attained from the energy dispersive 

spectroscopy (EDS). The X-ray diffraction (XRD) of the sintered and corroded samples were 

booked by D8 Discover, Bruker AXS X-ray diffractometer, exhausting CuKα radiation (λ = 0.15408 

nm) in the 2θ range between 20° - 90°. The peaks were indexed with reference to powder diffraction 

files from the International center for diffraction data (ICDD) databank. The phases of each of the 

corroded samples were characterized by XRD and SEM coupled with EDS for the opinion of the 

phases formed and morphological changes of the corroded surface. The cross sectional areas of a 

corroded sample were also examined.  

 

Results and discussion 

 

     SiCO in salt and acid environment. The XRD profiles of as-sintered, acid and salt corroded 

sample are shown in Fig. 3. The sample after hot corrosion transformed from an X-ray amorphous 

to a crystalline state. The sample exhibited cristobalite (SiO2) and mixture of SiC and SiO2 peaks. 

Low intensity peaks of SiO2 and SiC were observed. The XRD results reveal that both the samples 

were predominantly SiC phases after acid corrosion. EDS elemental analysis is for elemental 

identification purpose only. Fig. 4 shows the SEM images of SiCO ceramic in different time interval 

lower time have less attack and vice versa. After NaCl test the image looks like rice-husks structure 

and depending on the exposure time the attack was getting severe (see Fig. 4). 

 

Fig. 3: XRD of as-sintered, salt and acid test sample and their corresponding EDS analysis of 

SiCO ceramics. 
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Fig. 4: SEM images of SiCO after 6 h (left) and 24 h (right). 

     SiCNO-(Hf) in salt and acid environment. The XRD profiles of the NaCl and HF corroded are 

shown in Fig. 5. The sample after hot corrosion transformed from an unstable tetragonal phase to 

RT stable monoclinic HfO2 phases. Sodium dramatically accelerated these transformations and 

catalyses the crystallization, in addition to heat-treatment in high temperature. The ceramics were 

completely hot corroded by Na2SO4 at 1000 ºC for 24 h under atmospheric ambience. It shows that 

the extensive corrosive nature of the sodium sulphate compare to sodium chloride. The SE images 

of hot corroded sample surface quite stable, this shows that if the sample has less porosity and 

dense, the attack seems rather limited, whereas for acid test samples are unstable.  

 

 

Fig. 5: XRD and SEM images of as-sintered, NaCl and HF test on SiCNO-(Hf) sample. 

     SiCN in salt and acid environment. The XRD profiles of as-sintered, acid and salt corroded 

sample are shown in Fig. 6. The sample after hot corrosion transformed from a hexagonal to a cubic 

SiC phase. The XRD results reveal that both the samples were predominantly SiC phases after acid 

corrosion. EDS elemental analysis is for elemental identification purpose only. Na-salt induces 

crystallization initially and gets saturated. 
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Fig. 6: XRD of as-sintered, salt and acid test sample and their corresponding EDS analysis of 

SiCN ceramics. 

     SiCN-(B) in salt and acid environment. The XRD profiles of as-sintered, acid and salt 

corroded sample are shown in Fig. 7. The sample after hot corrosion has many phase 

transformation. SEM images of SiCN-(B) ceramic in different time interval lower time have less 

attack and vice versa. After NaCl and HF test the image looks like husks structure. 

 

Fig. 7: XRD and SEM images of as-sintered, NaCl and HF test on SiCN-(B) sample. 

 

Summary  

 

Based on this study, the corrosion behavior of these PDCs in fluoro, sodium, and chloride 

environments are clearly understood. The conclusive remarks from this study are: 

86 13th International Ceramics Congress - Part C



 

 Salt test. Phase changes in the samples were predominately due to sodium and catalyse the 

crystallization, in addition to heat-treatment in high temperature. Crystallization stops 

further corrosion in the sample. This shows that the samples showed resistance in NaCl. On 

contrary, the ceramics were completely hot corroded by Na2SO4 at 1000 ºC for 24 h under 

atmospheric ambience.  

 Acid test. Oxide (SiCO and SiCNO-(Hf)) based ceramics degraded into powder form in HF, 

while non-oxide (SiCN and SiCN-(B)) based ceramics are quite stable. The kinetics of 

dissolution of SiC grains is slower than other phases (SiO2 and HfO2) in this system. 
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