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Characterisation 
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Figure S1. (a) Mass loss and heat flow, and (b) temperature programmed H2O and CO2 desorptions during Zn3.3Al-LDH 
calcination. 
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Figure S2. Powder XRD patterns of ZnAl-LDHs following calcination at 300 °C as a function of Zn:Al molar ratio. 

 
 
 
 
 
 

 
Figure S3. SEM of Zn3.3Al-LDH following calcination at 300 °C. 
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Figure S4. Temperature programmed CO2 desorption profiles for Zn3.3Al-LDH reconstructed by steam, water, or 
hydrothermal treatment. 

 
 
 

  
Figure S5. Powder XRD patterns of ZnAl-LDHs following hydrothermal reconstruction as a function of Zn:Al molar ratio. 

 
 
 
 
 
 
 

 
 

10 25 40 55 70

In
te

ns
ity

 /
 a

.u

2 / 

 ZnAl LDH
● ZnO

*

●

Zn1.6Al-LDH

Zn2.0Al-LDH

Zn3.0Al-LDH

Zn3.3Al-LDH

●●*
*

* *●



 

4 
 

 
(a) 

 

(b) 

Figure S6: Influence of reconstruction protocol on (a) tributyrin conversion and (b) methyl butyrate yield for tributyrin 
transesterification over of Zn3.3Al-LDH at 60C. Reaction conditions: 10 mmol tributyrin, 300 mmol methanol (TAG:alcohol 
molar ratio 1:30), 2.5 mmol dihexyl ether internal standard, and 100 mg catalyst. 

 
 
 

Table S1. Physicochemical properties of hydrothermally reconstructed ZnxAl-LDHs. 

Catalyst Crystallite size 
/nm 

% ZnAl 
LDH 

Surface 
area/m2/g 

Base site loading 
CO2 titration 

molecules·g−1 mmol·g−1 

Hydrothermal Zn1.6Al-LDH 18 42 43 2.9 × 1019 0.05 

Hydrothermal Zn2.0Al-LDH 24 53 60 3.5 × 1019 0.06 

Hydrothermal Zn3.0Al-LDH 25 73 76 4.7 × 1019 0.08 

Hydrothermal Zn3.3Al-LDH 27 73 53 6.0 × 1019 0.10 
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(a) 

 

 

(b) 

 

Figure S7. Influence of Zn:Al molar ratio on (a) tributyrin conversion and (b) 24 h conversion and turnover frequencies 
for tributyrin transesterification over hydrothermally reconstructed ZnAl-LDHs at 60 C. Reaction conditions: 10 mmol 
tributyrin, 300 mmol methanol (TAG:alcohol mole ratio 1:30), 2.5 mmol dihexyl ether internal standard, and 50 mg catalyst. 
Note that 50 mg catalyst was used to ensure that measured conversions were free from mass transport limitation. 

 
 

 
Figure S8. Hot filtration test for tributyrin transesterification over hydrothermally reconstructed Zn3.3Al-LDH. Reaction 
condition: 60 C, 4.98 ml tributyrin, 24.4 ml methanol, 1.18 ml dihexyl ether internal standard, and 100 mg catalyst. 
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Figure S9. Influence of TAG chain length on transesterification over hydrothermally reconstructed Zn3.3Al-LDH. Reaction 
conditions: 110 C, 300 mmol MeOH, 10 mmol TAG, 2.5 mmol dihexyl ether internal standard, 20 wt% butanol, and 100 
mg catalyst. 

Table S2. Conversion and FAME selectivity following transesterification of different chain length TAGs over hydrothermally 
reconstructed Zn3.3Al-LDH. Reaction conditions: 110 C, 300 mmol MeOH, 10 mmol TAG, 2.5 mmol dihexyl ether internal standard, 
20 wt% butanol, and 100 mg catalyst. 

Triglyceride Conversion after 24 h/% FAME selectivity after 24 h/% 
C4 19.7 96 
C8 16.3 97 
C12 11.1 70 
C18 8.2 77 
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Table S3. Conversion and TOF data from published literature of selected base catalysed transesterification of triglycerides. 

Reference Catalyst TAG Conditions TOF / h-1 TAG 
conversion / 

% 
Xi et al.1  2:1 Mg:Al 

HT 
Tributyrin 3:1 methanol: oil , 60 ºC,  

4.6 wt % catalyst 
187 82.3 after 20 h 

Umdu et al.2 60% 
CaO/Al2O3 

Sunflower 
oil 

9:1 methanol: oil, 50ºC,  
6 wt% catalyst 

100.8 80 after 4 h 

Georgogianni et 
al3 

Mg/MCM-41 Rapeseed 
oil 

10:1 methanol: oil, 60ºC,  
0.1 wt% catalyst 

0.45a 85 after 24 h 

Georgogianni et 
al3. 

2:1 Mg:Al 
HT 

Rapeseed 
oil 

10:1 methanol: oil, 60ºC,  
0.1 wt% catalyst 

0.084a 97 after 24 h 

Hamad et al4 3:1 Mg:Al 
HT 

Rapeseed 
oil 

18:1 ethanol : oil, 79ºC,  
0.04 wt% catalyst 

1.98 6 after 5 h 

Hamad et al.4 ZrOCs Rapeseed 
oil 

18:1 ethanol : oil, 79ºC,  
0.04 wt% catalyst 

46.2 64 after 5 h 

Woodford et al5 Mg2Al HT Tributyrin 30:1 methanol:oil, 60C,  
1.7 wt% catalyst 

329 41.4 after 24 h 

Woodford et al5 Mg2Al HT Triolein 30:1 methanol:oil, 60C,  
0.5 wt% catalyst, 35 wt% butanol 

to solubilise TAG 

10.8 20.7 after 24 h 

Woodford et al.6 Cs-MgO Olive Oil 30:1 methanol:oil, 60ºC,  
0.5 wt% catalyst 

35 wt% butanol to solubilise 
TAG 

34.2 11 after 24 h 

Woodford et al6 Cs-MgO Olive Oil 30:1 methanol:oil; 90°C, 2.8 
wt% catalyst, 25 wt% Butanol 

96b 93 after 24 h 

Montero et al7 Nano MgO  
400 C 

calcined 

Tributyrin 30:1 methanol:oil, 60ºC,  
1.7 wt% catalyst 

 

222 80 after 24 h 

Rabee et al8 Mg/ZrO2 Tributyrin 30:1 methanol:oil, 60ºC,  
3.4 wt% catalyst 

102 70% after 24 h 

Liu et al9 
 

Zn2Al Soybean 
Oil 

1:1 vol ratio methanol:oil; 140 
C; 1 h-1 WHSV; (prepared by 

alkali precipitation) 

- 76%, 
Continuous 

flow  
WHSV = 1 h-1  

Jiang et al10  Zn3.74Al Rapeseed 
oil 

1.4:1 wt ratio methanol:oil, 200 
C, 2 wt% catalyst (prepared 

by alkali precipitation) 

- 85% in 90 min 

This work Zn3.3Al Tributyrin 30:1 methanol:oil; 60°C, 1.7 
wt% 

290 17% after 24 h 

This work Zn3.3Al Tributyrin 30:1 methanol:oil; 110°C, 3.4 
wt% catalyst, 20 wt% Butanol 

78 19.7 after 24 h 

This work Zn3.3Al Triolein 30:1 methanol:oil; 110°C, 1 
wt% catalyst, 20 wt% Butanol 

33 8.5 after 24 h 

a Calculated over 24 h reaction; Calculated after 3h, 31.5% triolein conversion. 

1. Xi YZ and Davis RJ, Influence of textural properties and trace water on the reactivity and deactivation of reconstructed layered 
hydroxide catalysts for transesterification of tributyrin with methanol. Journal of Catalysis (2009), 268, 307-317. 
2. Umdu ES and Seker E, Transesterification of sunflower oil on single step sol–gel made Al2O3 supported CaO catalysts: Effect of 
basic strength and basicity on turnover frequency. Bioresour Technol (2012), 106, 178-181. 
3. Georgogianni KG, Katsoulidis AK, Pomonis PJ, Manos G and Kontominas MG, Transesterification of rapeseed oil for the 
production of biodiesel using homogeneous and heterogeneous catalysis. Fuel Processing Technology (2009), 90, 1016-1022. 



 

8 
 

4. Hamad B, Perard A, Figueras F, Rataboul F, Prakash S and Essayem N, Zirconia modified by Cs cationic exchange: Physico-
chemical and catalytic evidences of basicity enhancement. Journal of Catalysis (2010), 269, 1-4. 
5 .Woodford JJ, Dacquin J-P, Wilson K and Lee AF, Better by design: nanoengineered macroporous hydrotalcites for enhanced 
catalytic biodiesel production. Energy & Environmental Science (2012) 5 6145-6150. 
6. Woodford J.J, Parlett C.M.A., Dacquin J-P, Cibin G., Dent A., Montero J., Wilson K., and Lee A.F., Identifying the active phase in 
Cs-promoted MgO nanocatalysts for triglyceride transesterification, J. Chem. Tech. Biotech., (2014), 89, 73-80 
7. Montero, J.M.; Brown, D.R.; Gai, P.L.; Lee, A.F.; Wilson, K. In situ studies of structure–reactivity relations in biodiesel synthesis 
over nanocrystalline MgO. Chemical Engineering Journal (2010), 161, 332-339.  
8. Rabee, A.; Manayil, J.; Isaacs, M.; Parlett, C.; Durndell, L.; Zaki, M.; Lee, A.; Wilson, K. On the Impact of the Preparation Method 
on the Surface Basicity of Mg–Zr Mixed Oxide Catalysts for Tributyrin Transesterification. Catalysts (2018), 8, 228 
9. Liu, Q.; Wang, B.; Wang, C.; Tian, Z.; Qu, W.; Ma, H.; Xu, R. Basicities and transesterification activities of Zn–Al hydrotalcites-
derived solid bases. Green Chemistry (2014), 16, 2604-2613. 
10. Jiang, W.; Lu, H.-f.; Qi, T.; Yan, S.-l.; Liang, B. Preparation, application, and optimization of Zn/Al complex oxides for biodiesel 
production under sub-critical conditions. Biotechnology Advances (2010), 28, 620-627.  
 


