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Abstract 

This study presents the synthesis of the MAX phase compound Ti3SiC2 by sputtering titanium, silicon, and graphite 

targets using a magnetized sheet plasma source. Ti3SiC2 thin film on stainless steel and polycarbonate substrates was prepared 

with different deposition time of 60, 90, and 120-min. X-ray diffraction (XRD) scans of the samples showed the effective 

synthesis of Ti3SiC2 as the stoichiometric peaks corresponding to the (002), (104), (116), and (1013) facets of Ti3SiC2 were 

detected. Further, scanning electron micrograph (SEM) images of the samples revealed that increasing the deposition time resulted 

in a smoother surface and the formation of grain-like structures. 
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1. Introduction 

Since its successful synthesis, MAX phase has become 

one of the prevalent thin film compounds that is synthesized 

and deposited on different materials [1-3]. This group of 

ternary compounds, with a formula Mn+1AXn (n = 1, 2, or 3), 

is composed of an early transition metal, an A-group 

element, and C or N (the X factor). This layered carbide or 

nitride has caught the attention of researchers for its 

functional and industrial applications. This is primarily due 

to its useful properties as it combines the characteristics of 

metals and ceramics. For instance, it is electrically and 

thermally conductive, shock resistant, and damage tolerant 

at high temperature like metals, as well as oxidation and 

corrosion resistant, thermally stable, and has low density 

and high melting point like ceramics [4-9]. As such, MAX 

phase materials have great potential as heating elements, 

high-temperature bearings, electrocatalysts, photocatalysts, 

and nuclear fuel claddings [10-14]. Titanium silicon carbide 

(Ti3SiC2) is one of the most studied MAX phase materials. 

This nanolaminate compound has a layered hexagonal 

structure with excellent physical, electrical, and thermal 

properties. For instance, it has low density (4.52 g/cm3), 

high fracture toughness (7 MPa m1/2), high elastic modulus 

(322 GPa), high melting point (3200 °C), good electrical 

conductivity (4.5x106 S/m) and remarkable thermal 

conductivity (34 W/mK) [15-18]. Ti3SiC2 is usually 

synthesized via physical vapor deposition using sputtering 

techniques [2]. Typically, Ti3SiC2 is synthesized via reactive 

sputtering using methane (CH4) as the reactive gas.  

 

Also, most of the methods employed require high 

deposition temperature. This limits the use of materials that 

have low melting points and are sensitive to high 

temperatures. Thus, there is an interesting need to find a 

method that lowers deposition temperature or one that does 

not require substrate heating. Consequently, the applications 

of the MAX phase in coating and surface modification 

industries would create opportunities for the use of 

temperature-sensitive substrates. Hence, in this work, the 

synthesis of Ti3SiC2 without applying substrate heating and 

biasing is presented. This novel route was achieved using a 

magnetized sheet plasma source. The thin film was 

deposited onto stainless steel substrate by sputtering 

titanium, silicon, and graphite targets with accelerated Ar 

plasma. To show that no substrate heating was employed, 

the deposition was also done onto a temperature-sensitive 

polycarbonate (PC) film.  

 

2. Materials and methods 

The sheet plasma negative ion source (SPNIS) facility 

with a magnetron configuration was utilized in the 

experimental runs. Fig. 1 shows the schematic diagram of 

the magnetized sheet plasma source. Titanium, silicon, and 

graphite disks were used as sources of Ti, Si, and C, 

respectively. The targets were negatively biased with a 

potential of –1 kV and sputtered with Ar plasma generated 

in sheet form and accelerated at a discharge current of 4 A 

and discharge potential of 70 V.  
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Stainless steel type 316 substrates with dimensions of 

15x15x0.5 mm3 were placed 4 cm away from the targets and 

prepared with differing deposition time of 60, 90 and 120 

min. These processing times were selected based on 

previous works conducted in the SPNIS device [19-20]. 

Accordingly, a 60-min deposition process resulted in high 

sputtering yield and deposition rate. Meanwhile, a 

processing time greater than 120 min may led to re-

sputtering of the deposited film.  Moreover, the substrates 

were neither heated nor biased. The deposition was done at a 

gas-filling pressure of 6.0x10-3 Torr. The experimental setup 

used in the sputtering process is displayed in Fig. 2. The 

same parameters were used for a temperature-sensitive 

polycarbonate (PC) film with dimensions of 15x15x3 mm3, 

albeit its distance to the sheet plasma was set at 3 cm. The 

samples were then characterized using X-ray diffraction 

(XRD) for crystal structure analysis and the confirmation of 

Ti3SiC2 synthesis. Further, scanning electron microscopy 

with an attached energy dispersive X-ray (EDX) 

spectroscopy (SEM, JEOL JSM 5310) was utilized to 

analyze the surface morphology of the samples and to 

validate the presence of the three elements of the desired 

MAX phase. 

 

 

3. Results and Discussions 

After the deposition process, the steel samples display 

metallic gray to blue-colored deposits while the PC samples 

exhibit brownish shades. Successful synthesis is validated 

by the EDX scan of the steel sample as shown in Fig. 3, 

which shows the presence of the three elements of the 

desired MAX phase. It must be noted that the unlabeled 

peaks are inherent in the stain-less steel type 316. Further, 

the superimposed XRD scans of the steel substrates in Fig. 4 

show the comparison of the coated and untreated samples. 

Accordingly, the graph exhibits the peaks at 2θ values of 

9.60ᵒ, 38.5ᵒ, and 78.3ᵒ, which correspond to the (002), (104), 

and (1013) facets of Ti3SiC2, respectively, as indexed in 

JCPDS No. 40-1132 [18].  

It can also be observed that the sample prepared at 60-

min deposition time did not display the (002) phase of 

Ti3SiC2, but it exhibits the (116) phase of Ti3SiC2 at the 2θ 

value of 69.6ᵒ. Further, using the peak of the samples with 

the highest intensity (2𝜃 ≈ 78.3ᵒ), Table 1 summarizes the 

full width at half maximum (FWHM), peak intensity, 

crystallite size (D), and lattice strain (ε) of the samples. As 

seen, the intensities of the peak and the FWHM of the 

samples decreased when the deposition time was increased 

to 120 min.  Correspondingly, there is an increase in the 

crystallite size and a decrease in the lattice strain when the 

deposition time was increased from 60 to 120 min. Indeed, 

this result indicates an increase in the crystallinity of the 

sample. In addition, the microstructures of the steel samples 

are shown in Fig. 5 as observed through an SEM. It can be 

seen that the surface of the substrate with greater deposition 

time is smoother. Also, grain-like structures are formed as 

the deposition time was increased, which indicates the high 

plasticity of Ti3SiC2. Meanwhile, Fig. 6 displays the 

diffractograms of the Ti3SiC2 thin film deposited on 

polycarbonate substrates. As seen, the samples exhibit 

similar peaks to the steel substrates (Fig. 3). Likewise, the 

presence of the impurity, in the form of TiSi, is observed. 

Interestingly, the peak at 2θ value of 9.60ᵒ has substantially 

increased as the deposition time was increased from 60 to 

120 min. Similar with the steel samples, the FWHM of the 

Ti3SiC2 thin-film deposited PC substrates decreased from 

0.118 to 0.120 when the deposition time was increased from 

60 to 120 min. As such, this indicates an increase in the 

crystallinity of the sample. Indeed, these findings reveal that 

synthesis of Ti3SiC2 using the SPNIS can be carried out 

without applying bias and heating to a substrate. Finally, the 

scanning electron microscopy scans in Fig. 7 show that the 

samples became smoother as the deposition time was 

increased. Like the steel substrates, prolonging the duration 

of deposition resulted in the reduction of the impurities in 

the samples.  

 

 
 

Fig. 1. Schematic diagram of the SPNIS [19].
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Fig. 2. Experimental setup of the sputtering process. 

 

 

 

 
 

Fig. 3. EDX spectrum of the deposited steel substrate. 
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Fig. 4. XRD scans of the Ti3SiC2-coated steel substrates (Unlabeled peaks are inherent from the steel substrate). 

 

 

 

 

Fig. 5. SEM images of the samples synthesized at deposition times of (a) 60 min, (b) 90 min, and (c) 120 min. 
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Fig. 6. XRD scans of the Ti3SiC2-coated polycarbonate films. 

 

 

 
 

Fig. 7. SEM images of the polycarbonate film samples synthesized at deposition times of (a) 60 min, (b) 90 min, and (c) 120 min. 
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Table 1. FWHM and lattice properties of the samples synthesized at varying deposition time. 

Sample’s 

Deposition Time 
2θ (ᵒ) 

Intensity 

(count/s) 
FWHM (ᵒ) 

D 

(nm) 

ε 

(%) 

60 min 78.32 640.23 0.168 61.0 0.09 

90 min 78.29 200.35 0.168 61.0 0.09 

120 min 78.31 163.27 0.120 85.4 0.064 

 

4. Conclusions 

The MAX phase compound Ti3SiC2 was effectively 

synthesized in thin film and deposited on stainless steel and 

polycarbonate substrates using a magnetized sheet plasma 

source without substrate heating and biasing. XRD results 

confirmed the successful synthesis of the ternary compound 

as the peaks corresponding to (002), (104), (116), and 

(1013) phases of Ti3SiC2 were observed. Based on the 

intensity of the XRD peaks, the content of Ti3SiC2 is greater 

when the deposition time was set at 60 min. Also, the 

surface of the coated steel substrate is smoother with grain 

formations as the deposition time was increased from 60 

min to 120 min. For future studies, it would be beneficial to 

examine the physical, thermal, electrical, and other 

functional properties of the prepared Ti3SiC2-coated steel 

and polycarbonate substrates for potential industrial 

applications. 
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