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Figure S1: High magnification SEM images of MXene catalyst at 1µm and 200nm. 

 

 

Figure S2: SEM image and EDX elemental mapping of ZnO nanoflakes. 

 



 

 

 

 

 

 

 

 

 

Figure S3: SEM image and EDX elemental mapping of Ti3C2Tx. 

 



 

Figure S4: SEM image and EDX elemental mapping of ZnO-Ti3C2Tx (15 wt%). 

 

 

 

 

 

Figure S5: SEM image and EDX elemental mapping of ZnO-Ti3C2Tx (10 wt%). 



 

 

Figure S6: SEM image and EDX elemental mapping of ZnO-Ti3C2Tx (5 wt%) 

 

 

 

 



 

Figure S7: NH3 TPD spectra of Ti3C2Tx, and ZnO-Ti3C2Tx nanocomposite. 

 

 

Figure S8. GC chromatogram of pure methyl oleate and for biodiesel product over Ti3C2Tx 

catalyst, (a) pure methyl oleate and from MX-01 to MX-04, (b) MX-05 to MX-09, and (c) 

MX-10 to MX-14. 
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Figure S9: GC chromatogram for biodiesel product over Ti3C2Tx catalyst (MX-01). 

 

Figure S10: GC chromatogram for biodiesel product over Ti3C2Tx catalyst (MX-02). 
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Figure S11: GC chromatogram for biodiesel product over Ti3C2Tx catalyst (MX-03). 

 

Figure S12: GC chromatogram for biodiesel product over Ti3C2Tx catalyst (MX-04). 
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Figure S13: GC chromatogram for biodiesel product over Ti3C2Tx catalyst (MX-05). 

 

 

 

Figure S14: GC chromatogram for biodiesel product over Ti3C2Tx catalyst (MX-06). 
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Figure S15: GC chromatogram for biodiesel product over Ti3C2Tx catalyst (MX-07). 

 

 

 

Figure S16: GC chromatogram for biodiesel product over Ti3C2Tx catalyst (MX-08). 
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Figure S17: GC chromatogram for biodiesel product over Ti3C2Tx catalyst (MX-09). 

 

 

Figure S18: GC chromatogram for biodiesel product over Ti3C2Tx catalyst (MX-10). 
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Figure S19: GC chromatogram for biodiesel product over Ti3C2Tx catalyst (MX-11). 

 

 

Figure S20: GC chromatogram for biodiesel product over Ti3C2Tx catalyst (MX-12). 
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Figure S21: GC chromatogram for biodiesel product over Ti3C2Tx catalyst (MX-13). 

 

 

Figure S22: GC chromatogram for biodiesel product over Ti3C2Tx catalyst (MX-14). 
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Figure S23: Conversation and selectivity of the methyl oleate using (a) MXene and (b) ZnO-MXene catalysts. 
The error bar representing the relative deviation is within 1.5%. 

   

Figure S24: (a&c) The carbon balance for MXene and MXene-ZnO; (b) gas compositions using MXene catalyst 

(entry 13) and MXene-ZnO catalyst (entry 9). 
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Figure 25. GC chromatogram of pure methyl oleate and for biodiesel product over ZnO-

Ti3C2Tx catalyst; (a) Pure Methyl Oleate and MXZ-10 A to MXZ-10D, (b) reactions from 

MXZ-10 to MXZ-10I, (c) reactions from MXZ-10J to MXZ-15 M. 
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Figure S26: The possible reaction mechanism of selective hydrogenation of methyl oleate over MXene and 

MXene-ZnO. 

 

 

 

 



 

Figure S27: GC chromatogram for biodiesel product over ZnO-Ti3C2Tx catalyst (MXZ-10 A). 

 

 

Figure S28: GC chromatogram for biodiesel product over ZnO-Ti3C2Tx catalyst (MXZ-10 B). 
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Figure S29: GC chromatogram for biodiesel product over ZnO-Ti3C2Tx catalyst (MXZ-10 C). 

 

 

Figure S30: GC chromatogram for biodiesel product over ZnO-Ti3C2Tx catalyst (MXZ-10 D). 
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Figure S31: GC chromatogram for biodiesel product over ZnO-Ti3C2Tx catalyst (MXZ-10 E). 

 

 

Figure S32: GC chromatogram for biodiesel product over ZnO-Ti3C2Tx catalyst (MXZ-10 F). 
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Figure S33: GC chromatogram for biodiesel product over ZnO-Ti3C2Tx catalyst (MXZ-10 G). 

 

 

Figure S34: GC chromatogram for biodiesel product over ZnO-Ti3C2Tx catalyst (MXZ-10 H). 
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Figure S35: GC chromatogram for biodiesel product over ZnO-Ti3C2Tx catalyst (MXZ-10 I). 

 

 

Figure S36: GC chromatogram for biodiesel product over ZnO-Ti3C2Tx catalyst (MXZ-10 J). 
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Figure S37: GC chromatogram for biodiesel product over ZnO-Ti3C2Tx catalyst (MXZ-10 K). 

 

 

Figure S38: GC chromatogram for biodiesel product over ZnO-Ti3C2Tx catalyst (MXZ-5 L). 
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Figure S39: GC chromatogram for biodiesel product over ZnO-Ti3C2Tx catalyst (MXZ-15 M). 

 

Figure S40. (a and b) GC chromatogram of Ti3C2Tx and ZnO-Ti3C2Tx with variable catalyst 

loading. 

 

 

Figure S41. Conversion and selectivity of (a) Ti3C2Tx and (b) ZnO-Ti3C2Tx up to 5 cycles at 

lower conversion reactions. 
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Figure S42: HRMS spectrum of pure methyl oleate (m/z 297.2787). 

 

 

Figure S43: HRMS spectrum of reaction after hydrotreatment process using MXZ-10 catalyst (m/z of C18 

(254.1538 and C17 (242.2841). 



 

1H NMR spectrum 

 

Figure S44:  13C NMR of hydrotreatment reaction 

13C NMR spectrum 

 



Figure S45:  13C NMR of hydrotreatment reaction. 

 

 

Figure S46:  XRD of fresh catalyst and reused catalyst of MXZ-10 with SEM images. 

 

Figure S47: SEM image and EDX elemental mapping after the hydrotreatment process of  Ti3C2Tx. 

 

 



 

 

Figure S48: SEM image of Ti3C2Tx, after hydrotreatment reaction at different reaction condition. 

 

 

Figure S49: SEM image of ZnO-Ti3C2Tx catalyst after hydrotreatment reaction at different  reaction condition. 
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Figure S50:  (a) 1H NMR of hydrotreatment reaction with time-dependent study. 

 

 

Figure S51:  (a) GC chromatogram of hydrotreatment reaction with time-dependent study; (b-c) Conversation 

and selectivity data of Entry 9 at 4, 8 and 13h. 

 

 

 



 

 

 

 

 

 

 

 

 

 

Table S1: Comparative study of MXene and MXene-ZnO catalyst with previously reported study. 

 

 

References: 

Catalyst Metal 

loaded 

Substrate Solvent Temp 

(°C) 

Pressure 

(bar) 

Time 

(h) 

Conversion Selectivity product Ref. 

MXene-nano 

sheet 

- Guaiacol Hexadecane- 

dodecane  

350 50 4 56 61 Phenol [1]  

MXene-nano 

sheet 

- Guaiacol hexadecane 

dodecane  

350 50 4 56 17 methylanisole [1]  

Ti-based 

MXene 

- furfural 2-propanol 180 5 48 62 49 Furfuryl 

alcohol 

[2]  

MXene Ni Palmitic Acid 

  

decane 300 40 4 100 78.11 Alkane  [3]  

MoO2@Mo2CTx Ni Palmitic Acid 

  

decane 280 2 4 100 97.09 Alkane [3]  

Ti3C2N-CNT Co Propyne   150 1 5.4 99 96 propene [4]  

Ti3C2Tx Pt pchloronitrobenzene Ethanol-

water 

30 10 1 100 99.5 p-

chloroaniline 

[5]  

Ti3C2Tx   Methyl Oleate  Solvent-free 300 30 15 100 61.3 C17 This 

study 

Ti3C2Tx Zn Methyl Oleate   Solvent-free 280 30 13 100 90.04 C18 This 

study 
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