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Abstract 

-Valerolactone (GVL) is an organic compound which shows its great potential in energy and 

polymer application. Normally, transition metal catalysts were employed as an effective catalyst for 

producing GVL from methyl levulinate (ML). However, non-transition metal oxides were usually used 

as support material for these catalysts, it provides catalyst to be higher dispersion and catalytic 

performance. In this study, non-transition metal oxides were directly used as catalyst and shows for 

interesting result that about 98% of ML conversion and almost 80% of GVL yield were appeared via 

use -Al2O3 as catalyst while others including MgAl2O4 and MgO shows the lower performance, 

respectively. 
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Introduction 
 

Today, increasing of fossil fuel consumption 

provides energy crisis via fuel sources were 

decrease, it is a reason that renewable energy was 

interested to study [1]. Among different alternative 

energy sources, Biomass is the most successful 

renewable energy source which shows the high 

potential [2]. Biomass derivatives were applied to 

many ways for solve the energy problems. One of 

the interesting biomass application is a high 

potential liquid which was generated from biomass 

derivatives named -valerolactone. 

-Valerolactone or GVL is a cyclic structure 

organic compound which can be versatile chemical 

for energy and fuel industries [3]. Utilization of 

GVL for enhance fuel properties were mentioned in 

many ways such as use as fuel additive or fuel 

precursor [4 – 6]. Furthermore, it can use as green 

solvent and starting material of ecofriendly polymer 

[7]. In addition, it was show for other potentials by 

renewable low-toxic and biodegradable [8]. GVL 

can be produced from levulinate ester [9  10], a 

derivative from biomass which normally use in food 

flavoring and fragrance industries [11  12]. From 

the various alkyl levulinate, methyl levulinate (ML) 

was discovered to the higher ability for GVL 

production compared with other alkyl forms 

including ethyl, 2-propyl and butyl levulinate [13]. 

Transformation of methyl levulinate to GVL can be 

conduct by hydrogenation reaction. However, the 

conventional hydrogenation (CH) which directly 

use H2 gas in the process was found that it had a 

high pressure in the system and it is exothermic. 

The other one kind, catalytic transfer hydrogenation 

(CTH) was selected for this study, this reaction is 

use solvent as hydrogen donor instead of directly 

press H2 gas, so it shows more advantage as lower 

reaction pressure than CH and the system is an 

endothermic [13  14]. 

One of the important factor for the reaction is 

a catalyst. Normally, transition metals were a good 

accepted for using in hydrogenation reaction  

[15 – 20]. Nevertheless, they are required to 

complex process for synthesizes and need to 

dispersed on support material for enhance catalyst 

ability [21  22]. Commonly, non-transition metals 

were used as support material and discovered that 

their different acidity was affect catalyst 

performance [21, 23]. This work is purposed to 

production of GVL from methyl levulinate by 
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CTH reaction with easy condition via using of 

non-transition metal oxides which different acidity 

and were synthesized by non-complex process as 

directly catalysts. 

 

Materials and Methods 

 

Catalysts preparation 

All starting materials including Al(NO3)29H2O 

and Mg(NO3)26H2O were purchased from Ajax 

Finechem with minimum purity of 98.0% and 

99.0%, respectively. -Al2O3 and MgO were 

obtained by calcination of the nitrate precursors 

following them species in muffle furnace at 800 ºC 

for 5 h, composite catalyst MgAl2O4 was synthesized 

via mix of both starting materials in  molar ratio of 

1:1 and calcined in the same condition. 

 

 

 

 
 

 

 

 

 

Catalysts characterization 

Surface area and pore properties of all 

catalysts were observed by surface area and pore 

size analyzer (NOVA 2000e, Quantachrome 

instruments, USA), all samples were analyzed at  

–196 ºC. They were degassed at 250 ºC for 4 h 

before analyze process. XRD pattern of catalysts 

were observed by X-ray diffractometer  

(D8-Advance, Bruker, USA) with handling 40 kV 

and 40 mA of Cu K  radiation over 2 in the range 

of 10º – 80º and step size of operation is 0.02º / s 

with 0.5 s of step time, crystallite size of catalysts 

were calculated by Scherrer equation. Scanning 

electron microscope (SU8030, Hitachi, Japan) was 

using to study of catalysts morphology with use  

40 kV and 7 A, all samples were coated by gold 

on their surface. 

 

Results and Discussion 

 

Catalytic result 

Catalytic performance of all catalysts were 

shown in Fig.1. The highest of ML conversion 

and GVL yield about 98% and 80%, respectively 

were obtained by using -Al2O3 as catalyst. In 

contrast, MgO show the lowest catalytic activity 

via provide ML conversion around 21% and GVL  

 

After catalyst were cooled down, they were 

ground by mortar and kept in dry cabinet. 

Catalytic evaluation 

All reactions were proceeded in 130 ml stainless 

steel batch reactor. 0.58 ml of methyl levulinate 

was using as feedstock and 24 ml of  

2-PrOH was employed to be a hydrogen donor.  

1 g of catalyst were consumed for the reaction via 

the catalyzing process (200 ºC for 3 h). The 

reaction was stopped by suddenly quenched in an 

ice bath. All products were collected and 

analyzed by gas-chromatography with flame 

ionization detector (GC-2010 plus, Shimadzu, 

Japan). The conversion of ML and yield of GVL 

can be calculated following these equations. 

 

 

 

 

 

 

 

 

 

 

 

yield less than 3%. It is noteworthy that the 

composite catalyst MgAl2O4 was shows for 

moderate catalytic performance by gave almost 

90% of ML conversion and GVL yield close to 

60%. The important role which can be explain to 

this effect is an acidity of catalyst. Lewis acid 

sites which contained on -Al2O3 surface [10, 15, 

24] has a great potential for GVL production by 

CTH process [10, 15, 25] while MgO show the 

lower capability in this reaction [26]. 

 

 
Fig. 1 Catalytic performance of non-transition 

metal oxide catalysts:  2-PrOH as hydrogen 

sources, 200 ºC of reaction temperature, 3 hr of 

reaction time, 0. 63 g of ML loading, 1. 00 g of 

catalyst loading, atmosphere pressure. 
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Catalyst characterization 

Surface area and pore properties of catalysts 

The specific surface area and pore 

properties of all catalysts were offered in Table 1. 

This result shows that -Al2O3 is have the highest 

surface area and following by MgAl2O4 and 

MgO, respectively. Complied with the catalytic  

 

 

 

 

 

 

 

 

 

XRD pattern of catalysts 

XRD pattern of -Al2O3 catalyst was shown 

in Fig. 2. This catalyst has a cubic structure. 

Their broad peaks and quite a lot of the noise can 

be told that this catalyst is have the low 

crystallinity by agreeable with crystallization 

result of the whole system via indicate for 59% of 

amorphous and 41% of crystallinity.  

 
 

Fig. 2 XRD patterns of fresh and spent -Al2O3 

catalyst. 

 

However, the crystallite size of this catalyst 

is very small with about 5 nm. Contrast with 

MgO, a base catalyst which has a likewise cubic 

structure was shown sharp peaks by its XRD 

result in Fig. 3. This catalyst was had the largest 

crystallite size about 50 nm and show the highest 

crystallinity of the whole system by indicate for 

93% of crystallinity and 7% of amorphous. 

Interestingly, XRD result of composite catalyst 

MgAl2O4 which was presented in Fig. 4 show 2 

different phases and the both of them have a 

cubic structure. The pure MgO phase peaks were 

still presented at the 2 of 42.9º and 62.3º which 

 

result, existence of MgO in the structure of 

composite catalyst MgAl2O4 makes the surface 

area of this catalyst decrease which was compared 

with -Al2O3. This property is a one of important 

factor which affect the catalytic performance of 

catalyst. However, other properties including pore 

volume and pore size are not significantly different. 

 

 

 

 

 

 

 

 

 

 

 
might because of normally synthesis of the 

completed MgAl2O4 is require to higher temperature 

[26 – 28]. 

 
 

Fig. 3 XRD patterns of fresh and spent MgO 

catalyst. 

 
 

Fig. 4 XRD patterns of fresh and spent MgAl2O4 

catalyst. 

 

 

Catalyst Surface area 

(m2 g1) 

Average pore volume 

(cc g1) 

Average pore diameter  

(nm) 

-Al2O3 

MgO 

MgAl2O4 

~ 96 

~ 2 

~ 70 

< 1 

< 1 

< 1 

~ 4 

~ 3  

~ 4 

 

Table 1 Surface area and pore properties of non-transition metal oxide catalysts. 
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Morphology of catalysts 

SEM images of -Al2O3, MgO and MgAl2O4 

catalysts were shown in Fig. 5(a – c), respectively. 

The morphology of -Al2O3 was demonstrated 

that it was be the large particles which about 13 

m and its shape is asymmetric. The particle size 

of MgO catalyst is very small which about 1 m 

and its morphology is look like a dispersion of 

little spherical shape particles. Composite catalyst 

MgAl2O4 was shown to the morphology which 

can be related with XRD result, it was observed 

to the 2 different clusters. The small fluffy 

spherical shape of MgO particles were presented 

on the large particles of MgAl2O4, their particle 

sizes is about 2 m and 12 m, respectively. It 

can be confirmed that the remaining of MgO is a 

result of using of low temperature for synthesis 

this catalyst. 

 

 
 

 
 

 
 

Fig. 5 SEM images of all catalysts. (a) -Al2O3, 

(b) MgO, and (c) MgAl2O4. 

Conclusion 

 

The acidity and surface area have effect to 

catalysts behavior. The highest of ML conversion 

and GVL yield were obtained by using -Al2O3 as 

catalyst while MgO which is base and have the 

least surface area shows the lowest catalytic 

performance for this reaction. Furthermore, 

crystallite size of catalyst is might be affect 

catalyst activity. In addition, Mg species were act 

to interrupt of Al performance which was proved 

in a case of using MgAl2O4 as catalyst. However, 

all catalysts were the highly of crystal structure 

stabilities. 
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