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Abstract 

In this study, SiC supported Pd nanoparticles were found to be an efficient catalyst in 

acetylene selective hydrogenation reaction. The ethylene selectivity can be about 20% 

higher than that on Pd/TiO2 catalyst at the same acetylene conversion at 90%. 

Moreover, Pd/SiC catalyst showed a stable catalytic life at 65
 o
C with 80% ethylene 

selectivity. With the detailed characterization using temperature-programmed 

reduction (H2-TPR), powder X-ray diffraction (XRD), X-ray photoelectron 

spectroscopy (XPS), N2 adsorption/desorption analysis, CO-chemisorption and 

thermo-gravimetric analysis (TGA), it was found that SiC owns a lower surface area 

(22.9 m
2
/g) and a broad distribution of meso-/macro-porosity (from 5 to 65 nm), 

which enhanced the mass transfer during the chemical process at high reaction rate 

and decreased the residence time of ethylene on catalyst surface. Importantly, SiC 

support has the high thermal conductivity, which favored the rapid temperature 



  

homogenization through the catalyst bed and inhabited the over-hydrogenation of 

acetylene. The surface electronic density of Pd on Pd/SiC catalyst was higher than 

that on Pd/TiO2, which could promote desorption of ethylene from surface of the 

catalyst. TGA results confirmed a much less coke deposition on Pd/SiC catalyst. 
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1. Introduction 

 

Selective hydrogenation of acetylene is an important industrial process to remove 

acetylene impurities in the ethylene stream for polyethylene production. Even very 

small amount of acetylene could lead to the deactivation of polymerization catalyst 

[1-5]. Thus, the acetylene must be reduced to be as low as 5 ppm [6, 7], meanwhile be 

converted into ethylene as much as possible. The Pd-based catalysts are typically 

applied to this reaction due to its high acetylene conversion and relatively moderate 

reaction temperature [8, 9]. However, Pd-based catalysts usually have a relatively low 

ethylene selectivity and short catalyst lifetime, attributing to the over-hydrogenation 

of acetylene and the formation of “green-oil” species at high acetylene conversion [10, 

11]. Further improvements on ethylene selectivity and catalyst lifetime are still 

required [12, 13].  

Among the supports investigated, TiO2 was considered as an excellent candidate for 

acetylene selective hydrogenation reaction because of the “strong metal-support 

interaction” (SMSI) effect between TiO2 species and Pd nanoparticles, which could be 

induced by thermal reduction at high temperature [14-18]. Panpranot et al. [19] 

pointed out that anatase TiO2 as Pd catalyst support resulted in a higher ethylene 

selectivity and higher acetylene conversion compared to those of rutile TiO2. 

Therefore, anatase TiO2 will be applied as the contrastive support for Pd nanoparticles 

in this experiment.   

Recently, silicon carbide (SiC) has been reported as an efficient support for many 



  

reactions, such as Fischer−Tropsch Synthesis [20-22], dehydrogenation of 

ethylbenzene to styrene [23] and oxidation of H2S to sulfur [24], due to its 

outstanding features of physical properties, such as high mechanical strength, high 

thermal conductivity, high oxidative resistance and chemical inertness [25]. 

Meanwhile, it is worth noting that the main pore network of SiC support consists of 

mesoporous and macro-pores, which significantly enhances the mass transfer during 

the reaction [26]. Most recently, Cao et al. [27] applied α-Al2O3 spray coated on a 

ring-like SiC substrate to be used as the support for Pd catalyst and tested for 

acetylene selective hydrogenation reaction. It showed better selectivity than that on 

Pd/α-Al2O3 catalyst. To the best of our knowledge, this is the only work demonstrated 

the potential application of SiC on acetylene selective hydrogenation to ethylene. It 

will be very interesting to get catalytic performance for Pd directly supported on SiC, 

which will be reported in this contribution, and compared with that on Pd/TiO2 

catalyst. Extensive characterizations were carried out for a deeper understanding on 

Pd/SiC catalyst for achieving the higher ethylene selectivity and longer catalyst life.  

 

2. Experimental 

 

2.1 Catalyst preparation 

  1 wt% Pd/TiO2 and 1 wt% Pd/SiC catalysts were prepared using the incipient 

wetness impregnation method. Typically, 1.0 g anatase TiO2 (Aladdin) or SiC (SICAT, 

Germany) was impregnated with PdCl2 aqueous solution for 12 h, followed by drying 



  

at 110 
o
C overnight and calcined in air atmosphere at 500 

o
C for 2 h. The as-prepared 

catalysts were denoted as Pd/TiO2 and Pd/SiC, respectively. 

 

2.2 Catalyst characterizations  

Powder X-ray diffraction (XRD) patterns of Pd supported catalysts were tested on a 

DX-2700 instrument equipped with a Cu Kα radiation (k = 0.15418 nm). The scan 

was carried out with 2θ ranges from 10
o
 to

 
80

o
, step-size of 0.03

o
 and accumulation 

time of 0.5 s. Pd loadings were obtained using an inductively coupled plasma-optical 

emission spectroscopy (ICP-OES). X-ray photoelectron spectroscopy (XPS) were 

measured using a XSAM800 XPS equipped with an Al Kα (hv = 1486.6 eV) after 

in-situ reduction of the as-prepared catalysts at different temperatures in flowing H2. 

The obtained XPS patterns were calibrated with C1s peak at 284.6 eV and Si 2p peak 

at 100.3 eV for Pd/TiO2 and Pd/SiC, respectively.  

The BET specific surface areas and total pore volumes were determined by N2 

adsorption isotherms, using a Quantachrome NOVA 1000e instrument. The samples 

were degassed at 200 
o
C for 5 h under vacuum prior to the measurements. The 

specific surface areas were obtained using the Brunauer–Emmett–Teller (BET) 

equation, while the pore size distribution was determined from desorption branch of 

isotherms with Barrett–Joyner–Halenda (BJH) method. The total pore volume was 

obtained from the amount of adsorbed nitrogen at a relative pressure of 0.99. 

 Temperature-programmed reduction (H2-TPR) experiments were carried out with 

5% H2 (balanced with N2) at a flow rate of 30 ml/min. Typically, 100 mg catalyst was 



  

loaded inside the reactor, which will be heated up to 550 
o
C at 10 °C/min. The off-gas 

was detected using a thermal conductivity detector (TCD). Pd dispersion and 

crystallite size were determined by low temperature CO chemisorption measurements 

in a Micromerities AutoChem II 2020 Automated Catalyst Characterization System. It 

was calculated on the basis of the molar ratio of the chemically adsorbed CO and the 

Pd amount in the catalyst. A 1:1 CO/Pd chemisorption stoichiometry ratio was applied 

in the experiment. The thermo-gravimetric analyzer (TGA) were applied to get the 

weight change of spent catalysts during heat treatment, from room temperature to 500 

o
C, at a heating ramp rate of 10 

o
C/min in air flow of 100 ml/min. 

 

2.3 Selective hydrogenation of acetylene measurements  

Selective hydrogenation of acetylene was carried out in a fixed-bed reactor with a 

space velocity of 30,000 ml/h/g at atmosphere pressure [28]. Typically, 100 mg of 

fresh catalyst was uploaded inside the reactor and pretreated in H2 flow at 500 
o
C for 

2 hours prior to the activity test. The reaction was performed over the temperature 

range of 40–100 
o
C in the mixture gases of 1% acetylene / 2% hydrogen / balance 

with N2. The effluent gases were analyzed using an on-line gas chromatograph with a 

flame ionization detector (FID). Conversion and selectivity were defined as [29]: 

 

Acetylene Conversion (%) = 
 cetylene  inlet  - cetylene  outlet 

 cetylene  inlet 
                       (1) 

Ethylene Selectivity (%) = 
 thylene  outlet - thylene  inlet 

 cetylene  inlet - cetylene  outlet 
                        (2) 

 



  

3. Results and discussion 

 

 

Fig. 1 XRD patterns of Pd/TiO2 and Pd/SiC catalysts. 

 

The powder XRD patterns of the TiO2 and SiC supported Pd catalysts were shown 

in Fig. 1. On Pd/TiO2, XRD results showed the characteristic peaks of pure anatase 

phase of titania (JCPDS 21-1272) with 2θ degrees at 25
o
 (major), 37

o
, 48

o
, 55

o
, 56

o
, 

62
o
, 71

o
 and 75

o
 without detecting any other phases such as brookite and rutile [19, 

30]. XRD patterns of Pd/SiC gave five diffractions peaks at 36
o
, 41

o
, 60

o
, 72

o
 and 76

o
, 

corresponding to the characteristic peaks of SiC support (JCPDS 29-1129). These 

diffractions peaks of Pd/SiC catalyst confirmed that there exists the 

face-centered-cubic β-SiC with the stacking faults of hexagonal α-SiC [31]. The 

characteristic peaks of Pd and/or PdO species were not captured on both catalysts 

because of the high dispersion and relatively low Pd loading at 0.8 wt%. 

  Fig. 2 displays the N2 adsorption/desorption isotherms results obtained on Pd/TiO2 

and Pd/SiC catalysts. Both of them exhibits type IV isotherms with H3-type hysteresis 

loop, which is a typical adsorption behavior of mesoporous structure materials (2 nm 

< pore size < 60 nm) according to the IUPAC classification [32]. The hysteresis loop 



  

of the catalysts expanded almost to P/Po = 1, suggesting that the mesoporous pores 

were completely filled. The measured BET surface area for Pd/TiO2 was 42.1 m
2
/g 

and Pd/SiC catalyst was about 22.9 m
2
/g. The pore size distribution of Pd/TiO2 was 

quite narrow, at the range of 8 - 25 nm, compared with that of Pd/SiC from 5 nm to 65 

nm. The broad pore size distribution of Pd/SiC catalyst could contribute to the 

enhancement of diffusion of reactants and products during the chemical processes at 

high reaction rate [33].  

 

Fig. 2 Nitrogen adsorption/desorption isotherms (a) and pore size distributions (b) 

over Pd/TiO2 and Pd/SiC catalysts. 

 

The Pd dispersion and crystallite size were determined using CO chemisorption and 

the results were summarized together with BET surface area and total pore volume in 

Table 1. It was found that the Pd dispersion on the Pd/SiC catalyst was significantly 

lower than that of the Pd/TiO2, due to the low surface area of the Pd/SiC catalyst and 

relative weak metal interaction between Pd and SiC, leading to the bigger Pd particle 

sizes [34].  

 



  

Table 1 Texture properties of the prepared samples 

Sample Surface area
a
 

(m
2
/g) 

Volume
a
 (ml/g) Crystallite 

size
b
 (nm) 

Pd dispersion
b
 

(%) 

Pd loading
c 

(%) 

Pd/TiO2 42.1 0.18 4.0 27.9 0.81 

Pd/SiC 22.9 0.07 14.9 7.5 0.80 

a Determined by nitrogen adsorption/desorption isotherms;  

b Determined by CO chemisorption;  

c Determined by ICP-OES analysis. 

 

The reduction characteristics of the fresh catalysts were investigated with H2 in the 

temperature range from room temperature to 550 
o
C with the heating ramp rate of 10 

o
C/min and the TPR profiles were shown in Fig. 3. Owing to the easy reduction of 

PdO species under H2 atmosphere at room temperature, PdHx (Pd β-hydride) could be 

easily formed by the interaction of activated H2 with the reduced metallic Pd on 

supported Pd catalysts [35]. On the catalyst of Pd/TiO2, a reverse peak was observed 

due to the release of hydrogen from the decomposition of the Pd β-hydride. Another 

reduction peak at 346 
o
C was attributed to the reduction of surface Ti

4+
 to Ti

3+
, which 

was relative lower than that for pure TiO2, due to the presence of metallic Pd [36]. In 

the case of Pd/SiC catalyst, the decomposition of Pd β-hydride occurred at slightly 

higher temperature due to a larger Pd particle size over Pd/SiC catalyst, as suggested 

by chemisorption results [5, 16, 18]. Moreover, the Pd/SiC catalyst presented a 

positive H2 consumption peak around 100 
o
C, corresponding to the reduction of PdO 

species. It indicates that the PdO on SiC wasn’t fully reduced at room temperature 

owing to its large particle size.  



  

 

 

Fig. 3 TPR plots of Pd/TiO2 and Pd/SiC catalysts. 

 

The electronic properties of Pd on the two supports were investigated using in situ 

XPS technology at two reduction temperatures, 200
 o

C and 400
 o

C, to obtain the 

information on the changes of electric density. As shown in Fig. 4 (b), the binding 

energy of Ti2p1/2 was shifted toward a higher binding energy at 464.80 eV with the 

increasing of in situ reduction temperature to 400
 o
C, due to the reduction of surface 

Ti
4+

 species to Ti
3+

. It indicates that the electron density of Ti atom in TiO2 was 

decreased [37]. As shown in the Fig. 4 (a), the binding energy of Pd3d3/2 over Pd/TiO2 

(400) reduced at 400
 o
C was slightly shifted towards a lower binding energy at 340.45 

eV compared with that for Pd/TiO2 reduced at 200
 o

C (340.58 eV). It is because the 

surface Pd metal could accept the electron from the reduced Ti species by stronger 

metal-support interaction [38]. Furthermore, the Pd3d spectra area of Pd/TiO2 (400) 

was lower than that of Pd/TiO2 (200), indicating a stronger interaction between metal 

and support. However, on SiC, the binding energy of Pd3d3/2 was similar regardless 

the different in situ reduction temperatures, suggesting the negligible effects. The 

(b) 



  

Pd3d2/3 binding energy of 340.29 eV in Pd/SiC catalyst was shifted from a higher 

binding energy of Pd/TiO2 (400) catalyst at 340.45 eV, suggesting that the electron 

density of surface Pd atoms over the Pd/SiC catalyst was higher than that of Pd/TiO2 

catalyst. The higher Pd3d spectra areas for Pd/SiC demonstrate a weaker interaction 

between Pd and SiC support.  

 

 

Fig. 4 (a) Pd3d XPS spectra for Pd/TiO2 and Pd/SiC catalysts; (b) Ti2p XPS spectra 

for Pd/TiO2 catalyst. 

 

The catalytic performance of Pd/TiO2 and Pd/SiC catalysts in selective 

hydrogenation of acetylene reaction was tested in a fixed-bed flow reactor and the 

results were presented in Fig. 5. As shown in Fig. 5 (a), the acetylene conversion on 

Pd/TiO2 catalyst increased quickly when reaction temperature was heated up from 40 

o
C to 70 

o
C, and then remained at about 98% from 80 

o
C and above. The acetylene 

conversion over Pd/SiC was relatively lower than that of Pd/TiO2 at the same reaction 

temperatures, but reaching the similar conversion from 90 
o
C.  



  

 

Fig. 5 Catalytic activity of Pd/TiO2 and Pd/SiC catalysts: (a) acetylene conversion 

versus reaction temperatures; (b) TOF versus reaction temperatures; (c) ethylene 

selectivity versus reaction temperatures; (d) ethylene selectivity versus acetylene 

conversion.  

 

Though Pd/TiO2 catalyst possessed higher conversions of acetylene (Fig. 5a), its 

TOF was lower than that of the Pd/SiC catalyst (Fig. 5b). What’s more, compared to 

Pd/TiO2 catalyst, the ethylene selectivity was lower than that of the Pd/SiC catalyst. 

As shown in Fig. 5 (c), the ethylene selectivity on Pd/TiO2 catalyst dropped to be 

lower than 70% when the reaction temperatures are equal or higher than 70 
o
C, 

however, Pd/SiC gave much higher ethylene selectivity as 96% at 70
 o
C and kept at 80% 



  

when the reaction temperature increased to 100
 o
C. Fig 5(d) displays the relationships 

between acetylene conversion and ethylene selectivity. General speaking, ethylene 

selectivity decreased along with the increase of acetylene conversion. However, the 

decreasing rate is much slower on Pd/SiC catalyst compared with that on Pd/TiO2. 

The ethylene selectivity can remain at above 80% at high conversion of acetylene. 

As reported in the literature, the hydrogenation rate of surface ethylene species to 

ethane was much faster than that of surface acetylene species to ethylene, especially at 

high acetylene conversion [39]. Compared with the Pd/TiO2 catalyst, the ethylene 

selectivity on Pd/SiC catalyst was pretty higher at the same acetylene conversion, 

suggesting that the hydrogenation rate of surface ethylene species to ethane on Pd/SiC 

catalyst was slower than that on Pd/TiO2 catalyst. The large Pd particle size and weak 

interaction between Pd and SiC may benefit the high ethylene selectivity. In addition, 

the support of SiC possessed broader pore size, which could help to reduce the 

residence time of ethylene in the matrix and transform less ethylene into ethane. The 

higher thermal conductivity of SiC could also help to avoid the formation of local 

thermal spot among the catalyst and reduce the hydrogenation reaction rate of 

ethylene species to ethane. What’s more, the electron density of surface Pd atoms over 

Pd/SiC was higher than that of Pd/TiO2, which could reduce the adsorption capacity 

of ethylene and inhibit the excessive hydrogenation of surface ethylene species to 

ethane [9, 29, 40, 41]. Based on the above results, it is beneficial to use Pd/SiC 

catalyst in the partial acetylene hydrogenation reaction with higher ethylene 

selectivity than that of Pd/TiO2 catalyst did. 



  

Catalytic lifetime is an important factor for acetylene selective hydrogenation 

reaction especially at high acetylene conversion. As shown in Fig. 6, the durability 

test of Pd catalysts on different supports was carried out under the same reaction 

conditions for 48 hours (65 
o
C, space velocity ca. 30,000 ml min

-1
 g

-1
, 0.1 MPa 

relative pressure, hydrogen : acetylene mole ratio ~2:1). The conversion of acetylene 

decreased to ca. 58% from 99% over Pd/TiO2 catalyst after 48 h, while the ethylene 

selectivity can be relatively stable at ca. 60% over the same reaction period, giving an 

ethylene yield at 35% at 48 h. The trends are consistent to what reported in the 

literature [33, 42]. On the contrary, Pd/SiC gave much more promising results. Over 

48 h, both acetylene conversion and ethylene selectivity remained relatively stable at 

about 54% and 85%, respectively, having an ethylene yield at 45% at 48 h. The results 

suggest a much better stability on Pd/SiC catalyst. 

 

Fig. 6 Durability test over (a) Pd/TiO2 and (b) Pd/SiC catalysts at 65 
o
C.  

 



  
 

Fig. 7 TGA plots of spent catalysts of Pd/TiO2 and Pd/SiC. 

 

The spent catalysts were analyzed using TGA technique to investigate the coke 

deposition, as displayed in Fig. 7. It is found that the weight loss on spent Pd/TiO2 

catalyst was extremely higher (about 9.5% of total weight loss) than that of spent 

Pd/SiC catalyst (about 2% of total weight loss) during the temperature up to 500 
o
C. 

That means there were much more burned carbonaceous species over the spent 

Pd/TiO2 catalyst. According to the published articles, the lost species (between 100 
o
C 

and 250 
o
C) were attributed to the combustion of coke associated to metal sites which 

could be considered to be harmless to the catalyst deactivation [43], the lost species 

(between 250 
o
C to 400

 o
C) were the loss of “green-oil” which could reduce the 

availability of hydrogen and/or acetylene on the surface of catalyst [44]. As shown in 

Fig. 7, there was significant weight loss (about 2.5% of total weight loss) over 

Pd/TiO2 catalyst between 250 
o
C to 400

 o
C, however, “green-oil” were not observed 

over Pd/SiC catalyst, which should be due to its special pore network, high thermal 

conductivity and big particles of Pd/SiC [45, 46] and explain why Pd/SiC has a longer 

catalytic life than Pd/TiO2 catalyst. 



  

 

4. Conclusions 

 

In this contribution, SiC and TiO2 supported Pd catalysts were prepared by 

incipient wetness impregnation method and tested on selective hydrogenation of 

acetylene. Compared with Pd/TiO2 catalyst, Pd/SiC exhibited much higher ethylene 

selectivity and longer catalytic lifetime, attributing to its broader pore size and high 

thermal conductivity. Importantly, the electron density of the surface Pd atoms over 

Pd/SiC catalyst was higher, for reducing the adsorption capacity of surface ethylene 

species. Results indicate the novel catalyst as Pd/SiC with higher ethylene selectivity 

has great potential in selective hydrogenation reactions. 
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Highlights 

► SiC supported Pd catalyst was prepared and studied in acetylene selective 

hydrogenation. 

► Ethylene selectivity on Pd/SiC catalyst was about 20% higher than that of Pd/TiO2 

catalyst at the same acetylene conversion at 90%.  

► Pd/SiC catalyst showed a stable catalytic life at 65 oC with 80% ethylene selectivity. 

The coke deposition was greatly suppressed. 
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