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Abstract- This paper presents glycerol hydrogenolysis to propylene glycol over 35%Cu/Al2O3 catalyst under ambient 
pressure at 250 oC. The effects of gas hourly space velocity, Ru addition on 35%Cu/Al2O3 and pattern of catalyst packing 
(single and double layer) were investigated. In addition, the catalysts were characterized for their properties by XRD and N2 
adsorption-desorption. Decreasing gas hourly space velocity increased glycerol conversion and the excessive contact time 
further hydrogenated propylene glycol to 1-propanol and other by-products. Because of the excellent hydrogenation activity 
of Ru, 1%Ru-35%Cu/Al2O3 was chosen to maximize the propylene glycol formation. The catalyst containing 1%Ru did not 
improve the conversion of glycerol but it still maintains the propylene glycol selectivity both in single and double layers 
catalyst. Double layer catalyst seems to be the promising packing pattern in this study because it attained the highest 
hydroxyacetone selectivity and lower other by-products.  
 
Index terms- Glycerol, Copper, Ruthenium, Hydrogenolysis, Propylene glycol.  
 
I. INTRODUCTION 
 
Environmental pollution problems have been 
developed because of the increase in fossil fuel 
consumption. Considerable attention of the global 
environment has been focused on the reduction of 
using non-renewable energy sources [1]. Biodiesel is 
one of the interesting alternative bio-fuels obtained 
from transesterification of vegetable oil. From this 
process, glycerol is the major by-product and has 
been over supplied making the process 
uneconomically feasible. Therefore, converting 
glycerol into higher value products is one of the 
possible solutions for this issue [2]. There are a 
number of products that can be produced from 
glycerol such as hydrogen, acrolein, propylene 
glycol, 1,3 propanediol etc. Some researches have 
shown that propylene glycol could generate the 
highest economic return for the chemical conversion 
of glycerol compared to the other products [3]. 
Most researchers on glycerol hydrogenolysis to 
propylene glycol operated under high hydrogen 
pressure systems [4-9]. Only a few researchers 
conducted the reaction in continuous systems [10-13]. 
The advantages of operating the system under 
continuous system and atmospheric pressure are that 
the condition is mild and side reactions to form other 
by-products are decreased. 
Copper-based catalysts are favorable to C-O bond 
hydrogenolysis more than C-C bond cleavage, so they 
can give an excellent activity for glycerol 
hydrogenation to propylene glycol [10, 14]. A variety 
of noble metal catalyst (Pt, Ru, Pd and Rh) had also 
been studied for glycerol hydrogenolysis [15-16]. All 
of them showed good activity for the reaction under 
mild condition. Among these noble metals, supported 
Ru catalyst is the most active and selective to 

propylene glycol. However, large amount of the Cu-
based catalysts is usually needed in the reactor to 
obtain high glycerol conversion. To decrease the 
content of the non-noble catalyst and the condition 
used, addition of small quantity of a noble metal to 
increase activity of the catalyst hydrogenolysis is an 
interesting alternative. Therefore, glycerol 
hydrogenolysis was performed over 35%Cu/Al2O3 
catalyst at ambient pressure. The effects of Ru 
addition and packing pattern of the catalyst were 
investigated.  
 
II. EXPERIMENTAL 
 
a. Catalyst preparation 
35%Cu/Al2O3 (35%CuAl) was prepared by a 
deposition method using copper nitrate as the 
precursor and γ-Al2O3 powder (JRC-ALO-6, product 
of Japan Chemical Co. Ltd.) as a support. The 
preparation started by mixing the required amount of 
γ-Al2O3 powder with copper nitrate solution. After 
that the slurry was heated to 80oC to remove the 
water until it became a paste. Then the paste was 
dried at 120oC and finally calcined at 500oC for 3 h. 
Before using, the catalyst was crushed and sieved to 
the particle sizes of 0.149 - 0.177 mm. For 1%Ru-
35%Cu/Al2O3 (1%Ru-35%CuAl), the appropriate 
amount of copper nitrate solution and ruthenium 
chloride solution were mixed together, and the same 
procedure was followed.  
 
b. Catalyst characterization 
X-ray powder diffraction (XRD) measurement was 
performed in a Phillips PW 1830 equipped with 
CuKα source radiation (λ = 0.1538 nm). The samples 
were scanned with Bragg angles between 20° to 90° 
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at a scan rate of 0.05° (2θ) sec-1. The crystallite size 
of Cu metal was calculated by the Scherrer equation. 
The specific surface area, total pore volume and mean 
pore diameter of the catalysts were measured by N2 
physisorprtion with the BET and BJH methods on 
Belsorp Mini II. 
 
c. Catalytic activity test 
Glycerol hydrogenolysis was carried out in a 
continuous flow fixed-bed reactor. A 0.95 g of 
catalyst was packed in the reactor tube placed in a 
furnace and inserted with a thermocouple for 
temperature measurement. Prior to each catalytic 
activity test, moisture in the catalyst was removed by 
heating it to 300 oC under He flow for 1 h. Then, He 
carrier gas was switched to 100 ml/min of hydrogen 
to reduce the catalyst. After that, the reactor 
temperature was adjusted to 250oC under 150 ml/min 
of hydrogen flow. An aqueous solution of 30% v/v 
glycerol was preheated at 100oC before entering the 
reactor zone. The liquid product was condensed 
before being collected hourly at the same time as gas 
product. The gas and liquid products were analyzed 
by using a gas chromatography (Shimudzu, GC-14B 
Model) equipped with TCD and a gas 
chromatography (Perkin Elmer, Clarus 680 model) 
equipped with FID, respectively. 
Conversion of glycerol and product selectivity were 
calculated according to the following equations: 
 

Glycerol	conversion	(%) 

= 	
Mole	of	glycerol	reacted		(mol

h )

Mole	of	glycerol	fed(mol
h )	

× 100 

 
 

Selectivity	(%)

= 	
Mole	of	species	i	in	product	(mol

h )

Mole	of	all	species	in	product	(mol
h )

× 100 

 
III. RESULTS AND DISCUSSION 
 
a.         Catalyst characterization 
XRD patterns of 35%Cu/Al2O3 and 1%Ru 
35%Cu/Al2O3 are shown in Figure 1. The results 
clearly showed the formation of CuO at 2θ of 35.5, 
38.7, 48.7 and 61.5o [JCPDS-ICDD 48-1548] on both 
the catalysts after calcination at 500oC for 3 h. The 
presence of Cu metal peaks at 43.3, 50.4 and 74.1o 
[JCPDS-ICDD 04-0836] after reduction indicated 
that CuO was completely reduced. There was no 
diffraction peak corresponding to RuO2 or Ru on 
1%Ru 35%Cu/Al2O3. This is possibly because of 
small quantity of Ru in the sample which is lower 
than the XRD detection limit. 

 
Figure 1: XRD patterns of 35%Cu/Al2O3 and 1%Ru-

35%Cu/Al2O3 before and after reduction. 
          
The BET specific surface area, pore volume and 
mean pore diameter of the catalysts are presented in 
Table 1. The addition of 1% Ru on 35%Cu/Al2O3 did 
not show significant effects on specific surface area, 
pore volume and mean pore diameter. Moreover, the 
crystallite size of copper calculated from Scherrer 
equation indicated that a slight decrease in the 
crystallite size of copper from 24.51 to 23.63 nm 
occurring by Ru addition. 
 
Table 1 Specific surface areas, pore volume and average pore 

diameter and XRD crystallite size of samples. 

 
 
b. Effect of gas hourly space velocity 
(GHSV) 
Figure 2 shows the effect of gas hourly space velocity 
(GHSV) on glycerol hydrogenolysis over 
35%Cu/Al2O3. It is obvious that the highest glycerol 
conversion obtained by decreasing GHSV from 
24,700 to 6530 h-1. At the GHSV of 6530 h-1, a 
complete conversion of glycerol under ambient 
pressure was achieved. This is because of a high 
contact time between glycerol reactant and active Cu 
catalyst. However, the high contact time led to a 
decrease in hydroxyacetone and propylene glycol 
products as they were further hydrogenated to 1- 
propanol (Figure 3). This was also observed at a 
higher GHSV of 12350 h-1 that the conversion of 
glycerol was not completed. But at this GHSV, it can 
give the highest hydroxyacetone and propylene glycol 
selectivity. Therefore, the GHSV of 12350 h-1 was 
chosen to further study the glycerol hydrogenolysis 
over different catalysts. 
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Figure 2:  Catalytic activity of 35%Cu/Al2O3 at different 

GHSV for glycerol hydrogenolysis at 250oC under H2 flow. 
 

 
Figure 3:  Product selectivity of 35%Cu/Al2O3 at different 
GHSV for glycerol hydrogenolysis at 250oC under H2 flow. 

 
c. Effect of ruthenium addition on 
35%Cu/Al2O3 and packing pattern of catalyst for 
glycerol hydrogenolysis 
 
 Figure 4 illustrates the catalytic activity of 
35%Cu/Al2O3 and 1%Ru-35%Cu/Al2O3. The 
catalysts were packed in two patterns: single layer of 
35%Cu/Al2O3 or 1%Ru-35%Cu/Al2O3, and double 
layers of 35%Cu/Al2O3 (top) and 1%Ru-
35%Cu/Al2O3 (bottom). Both packing patterns 
contain the same weight of catalyst. For the double 
layer pattern, it was expected to have dehydration and 
subsequently hydrogenation. The results showed that 
both of the double layer and the single layer of 
35%Cu/Al2O3 gave better glycerol conversion than 
the single layer of 1%Ru-35%Cu/Al2O3. Lower 
glycerol conversion of 1%Ru-35%Cu/Al2O3 catalyst 
may result from poor activity of the catalyst for the 
first step, glycerol dehydration, while it still had a 
good performance for hydrogenation reaction. The 
35%Cu/Al2O3 catalyst provided the lowest 
hydroxyacetone selectivity while its propylene glycol 
selectivity was similar to that of the other catalysts. 
This could be because 35%Cu/Al2O3 catalyst has 
different reaction pathway from 1%Ru-35%Cu/Al2O3 
catalyst. The reaction pathways for glycerol 
hydrogenolysis were proposed by Mane and Rode in 
Figure 5 [17]. This reaction network shows that not 
only dehydration-hydrogenation pathway but C−C 
bond cleavage and isomerization also takes place for 

copper alumina catalyst. The double layer catalyst 
packing seems to be the promising catalyst packing 
pattern in this study because it attained the highest 
hydroxyacetone intermediate that can further 
hydrogenate to propylene glycol and lowered other 
by-products proposed in the pathway mentioned 
above. Moreover, it gave the same propylene glycol 
selectivity. All of these results confirmed that 
35%Cu/Al2O exhibited the best performance for 
glycerol dehydration while 1%Ru-35%Cu/Al2O3 was 
suitable for hydrogenation of hydroxyacetone at 
250oC. 
 

 
Figure 4:  Glycerol hydrogenolysis over different catalyst 

packing pattern at 250 oC under H2 flow.  
 

 
Figure 5: Proposed pathways of glycerol conversion under 

dehydration condition [17]. 
 

CONCLUSION 
 The results from this study indicated that 
increasing GHSV led to the increase of glycerol 
conversion and propylene glycol selectivity up to the 
optimum value. High contact time caused too much 
hydrogenolysis reaction to produce other by-products. 
Addition of 1%Ru to 35%Cu/Al2O3 likely inhibited 
activity of the catalyst. Glycerol conversion 
decreased from 86% to 71% over 1%Ru-
35%Cu/Al2O3. Addition of ruthenium over copper 
catalyst is responsible for the decrease in catalyst 
activity. Although 1%Ru-35%Cu/Al2O3 provided 
lower glycerol conversion, propylene glycol 
selectivity was still the same. This is because addition 
of Ru into 35%Cu/Al2O3 promoted hydrogenation 
reaction. 
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