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Abstract. The thermodynamic process on hydrogenolysis of glycerol to high value-added diols was studied. 
The thermodynamic parameters of the main reaction equations were calculated, and the effects of 
temperature, pressure and molar ratio of hydrogen to glycerol on the products of the reaction equilibrium 
system were analysed. The deep hydrogenolysis system of glycerol and the degradation of its diols are also 
discussed. The results show that temperature has a great influence on the selectivity of the products. 1,2-
propanediol is more easily formed. The optimum conditions for hydrogenolysis of glycerol to 1,2-
propanediol are 400-500 K and the molar ratio of hydrogen to glycerol of 1.0-1.5. The calculated results are 
compared with the related experimental results. 

1 Introduction  
With the rapid development of biomass energy, the by-
product glycerin of biodiesel will be overproduced. The 
development of new ways of glycerol transformation can 
balance the supply and demand of glycerol market and 
realize the efficient utilization of biological resources. 
The preparation of binary alcohol by catalytic 
hydrogenolysis of glycerol can provide high additional 
value of the product. 1,2-propanediol and 1,3-
propanediol are important chemical raw materials. 
Traditional production methods of propylene glycol are 
all based on petroleum products. The catalytic 
hydrogenation of glycerol to propylene glycol is 
characterized by rich raw materials, renewable, low cost, 
clean and pollution-free [1]. 

At present, the research of glycerol hydrogenolysis is 
mainly in the preparation of catalyst. The catalysts for 
glycerol hydrogenolysis include Cu, Ni, Ru, Rd, Pt and 
so on. The selectivity of products is different with 
different catalysts. Due to the complex reaction system 
of glycerol hydrogenolysis, there are few related 
thermodynamics studies. Kun Ouyang et al. [2] 
calculated the thermodynamic parameters of the reaction 
equation for the coupling process of glycerol aqueous 
phase reforming (APR) and glycerol catalytic 

hydrogenation, taking into account 1,2-propanediol and 
1,3-propanediol. However, the equilibrium products of 
hydrogenolysis of glycerol have not been analyzed in 
this study. 

The thermodynamic analysis of the catalytic 
hydrogenolysis of glycerol to diols can provide a 
reference for the optimization of catalytic process. 1,2-
propanediol, 1,3-propanediol and glycol are three 
important diols in the reaction system of glycerol 
hydrogenolysis. In this paper, the thermodynamics of the 
glycerol hydrogenolysis to diols is analyzed, the 
thermodynamic parameters of the main reaction 
equations are calculated, and the effects of reaction 
conditions on the equilibrium products of the reaction 
system are discussed. In addition, the thermodynamics of 
glycerol deep hydrogenolysis system was also analyzed. 

2 Calculation principles and methods  

2.1. Main reaction of glycerol hydrogenation to 
diol 

According to literature [3], the main reactions of glycerol 
catalytic hydrogenolysis to produce 1,2-propanediol, 1,3-
propanediol and glycol are shown in Table 1. 
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Table 1. Main reactions of glycerol hydrogenolysis to diols. 

Main reactions  [3] Reaction equation 

 

C3H8O3(l)+H2(g)→C3H8O2(1,2-PD) (l)+H2O(g)    （R1） 
C3H8O3(l)+H2(g)→C3H8O2(1,3-PD) (l)+H2O(g)   （R2） 
C3H8O3(l)+H2(g)→C2H6O2 (EG) (l)+CH4O(g)     （R3）    

       
It can be seen from Table 1 that 1,2-propanediol and 

1,3-propanediol are generated from the dehydration of 
glycerol, and glycol and methanol are generated from the 
hydrocracking of glycerol. The actual hydrogenation 
reaction condition is complex, and here a simplified 
reaction system (SRS) for hydrogenation of glycerol to 
diols was established by equation (R1-R3). The 
components (code) of the system include glycerol (GL), 
hydrogen (H2), 1,2-propanediol (1,2-PD), 1,3-
propanetriol (1,3-PD), glycol (EG), methanol (MeOH). 

2.2 Research method and parameter 
determination 

The thermodynamic parameters of the reaction were 
calculated by HSC chemistry. The equilibrium products 
of glycerol hydrogenation system were calculated by 
Gibbs reactor model of Aspen Plus software. The 
physical property equation of PENG-ROB formula was 
used. 

The parameters used in the thermodynamic analysis 
are the conversion of glycerol or hydrogen and the 
selectivity of products containing carbon, which are 
defined as follows: 
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Where, X(i) is the conversion rate of raw material i 
(glycerol or hydrogen), %. Fj is the molar flow rate of 
product j, kmol/hr. S(jc) is the selectivity of 
carbonaceous material, %. The subscript of ‘i’ is the raw 
material (glycerol or hydrogen); the subscripts of ‘in’ 
and ‘out’ are the state of reaction and equilibrium 
production respectively; the subscript ‘jc’ is a component 
of 1,2-propanediol (1,2-PD), 1,3-propanetriol (1,3-PD), 
glycol (EG) and methanol (MeOH) in the carbon 
containing product. M is the number of carbon in the 
molecule of the product containing carbon. 

 
 
 

3 Results and discussion 

3.1 Effect of reaction temperature on 
thermodynamic parameters 

The changes of reaction enthalpy (△Hr), Gibbs free 
energy (△Gr) and chemical equilibrium constant (KP) 
with temperature were calculated in the range of 300-600 
K. The effects of reaction temperature on the 
thermodynamic parameters of each reaction are shown in 
Figure 1. 

Figure 1(a) shows that in the glycerol hydrogenation 
system, the molar enthalpy changes of reactions (R1, R2) 
decrease with the increase of temperature. The reactions 
(R1, R2) are exothermic, and the exothermic heat is more 
than 40 kJ/mol, which belongs to strong exothermic 
reaction. The reaction (R3) is endothermic, and the 
change of reaction enthalpy slightly decreases with the 
increase of temperature. According to Figure 1(b), the 
Gibbs free energy change of reaction (R1) basically does 
not change with temperature, and the value of △Gr is 
about -75kJ/mol. The Gibbs free energy changes of the 
reactions (R2, R3) decrease with the increase of 
temperature. The Gibbs free energy changes of the three 
reactions in the temperature range are all less than zero, 
which can be spontaneous. From Figure 1(c), the 
reaction temperature has a great influence on the 
equilibrium constants of each reaction. The reactions (R1, 
R2) have high equilibrium constant, and their 
equilibrium constants decrease with the increase of 
temperature. The equilibrium constant of 1,3-propanediol 
is higher than that of 1,2-propanediol at high temperature. 
The results show that 1,2-propanediol and 1,3-
propanediol are easier to form than glycol in 
thermodynamics, and the formation of 1,2-propanediol 
and 1,3-propanediol is more favourable at low 
temperature. By comparing the calculated results with 
the values of the relevant thermodynamic parameters [2], 
it is found that the calculated results are close to the data 
after the analysis of the thermodynamic parameters of 
the relevant equations. 

 

2

E3S Web of Conferences 165, 05003 (2020) https://doi.org/10.1051/e3sconf/202016505003
CAES 2020



 

 

Table 1. Main reactions of glycerol hydrogenolysis to diols. 

Main reactions  [3] Reaction equation 

 

C3H8O3(l)+H2(g)→C3H8O2(1,2-PD) (l)+H2O(g)    （R1） 
C3H8O3(l)+H2(g)→C3H8O2(1,3-PD) (l)+H2O(g)   （R2） 
C3H8O3(l)+H2(g)→C2H6O2 (EG) (l)+CH4O(g)     （R3）    

       
It can be seen from Table 1 that 1,2-propanediol and 

1,3-propanediol are generated from the dehydration of 
glycerol, and glycol and methanol are generated from the 
hydrocracking of glycerol. The actual hydrogenation 
reaction condition is complex, and here a simplified 
reaction system (SRS) for hydrogenation of glycerol to 
diols was established by equation (R1-R3). The 
components (code) of the system include glycerol (GL), 
hydrogen (H2), 1,2-propanediol (1,2-PD), 1,3-
propanetriol (1,3-PD), glycol (EG), methanol (MeOH). 

2.2 Research method and parameter 
determination 

The thermodynamic parameters of the reaction were 
calculated by HSC chemistry. The equilibrium products 
of glycerol hydrogenation system were calculated by 
Gibbs reactor model of Aspen Plus software. The 
physical property equation of PENG-ROB formula was 
used. 

The parameters used in the thermodynamic analysis 
are the conversion of glycerol or hydrogen and the 
selectivity of products containing carbon, which are 
defined as follows: 

100%]/)[()( ,,, −= injoutjinj FFFiX          (1) 

 
%100)]/(

3
[)( ,,, = − outGLinGLoutjc FFF
M

jcS
         (2) 

Where, X(i) is the conversion rate of raw material i 
(glycerol or hydrogen), %. Fj is the molar flow rate of 
product j, kmol/hr. S(jc) is the selectivity of 
carbonaceous material, %. The subscript of ‘i’ is the raw 
material (glycerol or hydrogen); the subscripts of ‘in’ 
and ‘out’ are the state of reaction and equilibrium 
production respectively; the subscript ‘jc’ is a component 
of 1,2-propanediol (1,2-PD), 1,3-propanetriol (1,3-PD), 
glycol (EG) and methanol (MeOH) in the carbon 
containing product. M is the number of carbon in the 
molecule of the product containing carbon. 

 
 
 

3 Results and discussion 

3.1 Effect of reaction temperature on 
thermodynamic parameters 

The changes of reaction enthalpy (△Hr), Gibbs free 
energy (△Gr) and chemical equilibrium constant (KP) 
with temperature were calculated in the range of 300-600 
K. The effects of reaction temperature on the 
thermodynamic parameters of each reaction are shown in 
Figure 1. 

Figure 1(a) shows that in the glycerol hydrogenation 
system, the molar enthalpy changes of reactions (R1, R2) 
decrease with the increase of temperature. The reactions 
(R1, R2) are exothermic, and the exothermic heat is more 
than 40 kJ/mol, which belongs to strong exothermic 
reaction. The reaction (R3) is endothermic, and the 
change of reaction enthalpy slightly decreases with the 
increase of temperature. According to Figure 1(b), the 
Gibbs free energy change of reaction (R1) basically does 
not change with temperature, and the value of △Gr is 
about -75kJ/mol. The Gibbs free energy changes of the 
reactions (R2, R3) decrease with the increase of 
temperature. The Gibbs free energy changes of the three 
reactions in the temperature range are all less than zero, 
which can be spontaneous. From Figure 1(c), the 
reaction temperature has a great influence on the 
equilibrium constants of each reaction. The reactions (R1, 
R2) have high equilibrium constant, and their 
equilibrium constants decrease with the increase of 
temperature. The equilibrium constant of 1,3-propanediol 
is higher than that of 1,2-propanediol at high temperature. 
The results show that 1,2-propanediol and 1,3-
propanediol are easier to form than glycol in 
thermodynamics, and the formation of 1,2-propanediol 
and 1,3-propanediol is more favourable at low 
temperature. By comparing the calculated results with 
the values of the relevant thermodynamic parameters [2], 
it is found that the calculated results are close to the data 
after the analysis of the thermodynamic parameters of 
the relevant equations. 

 

 

 

300 375 450 525 600

-80

-60

-40

-20

0

20

 R1   R2  R3

△H
r（

kJ
/m

ol
）

T (K)

 (a)

 
300 375 450 525 600

-90

-80

-70

-60

-50

-40

-30

-20

-10

△G
r（

kJ
/m

ol
）

 R1  R2  R3

T (K)

(b)

300 375 450 525 600
100

102

104

106

108

1010

1012

1014

Kp

 R1   R2    R3

T (K)

(c)

 
(a) ΔHr ;                                           (b) ΔGr;                                               (c) Kp. 

Figure 1. Effect of reaction temperature on thermodynamic parameters of each reaction. 

3.2 Effect of reaction conditions on the 
simplified reaction system (SRS) 

The effects of temperature (300-600 K), pressure (0.1-
12.0 MPa), molar ratio of hydrogen to glycerol (0.2-2.0) 

on the conversion of raw material and the selectivity of 
products containing carbon were analysed. The effects of 
reaction conditions on the equilibrium products of the 
simplified reaction system (SRS) are shown in Figure 2. 
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Reaction conditions：(a) 3.0 MPa，H2/GL=1.0；(b) 398 K，3.0 MPa. 

 Figure 2. Effects of reaction conditions on the simplified reaction system (SRS). 

Figure 2(a) shows under the reaction conditions, the 
conversion rates of glycerol and hydrogen are very high, 
almost 100%. With the increase of reaction temperature, 
the selectivity of 1,2-propanediol decrease and the 
selectivity of 1,3-propanediol increase. Glycol has the 
lowest selectivity. From Figure 2(b), the molar ratio of 
H2 to glycerol (GL) is equal to 1.0 as the turning point. 
Before this point, the conversion rate of glycerol 
increases, and the conversion rate of hydrogen is close to 
100%. After this turning point, the conversion rate of 
glycerol is 100%, and the conversion rate of hydrogen 
decreases. In Figure (b), the molar ratio of hydrogen to 
glycerol has little effect on the selectivity of the three 
diols. The order of product selectivity under the 
calculated conditions is: 1,2-propanediol > 1,3-

propanediol > glycol. It is also found that the pressure 
has little effect on the conversion of raw materials and 
product selectivity in the simplified reaction system 
(SRS). 

3.3 Effect of reaction conditions on the deep 
hydrogenolysis system of glycerol (DHS)  

For the deep hydrogenolysis system of glycerol, the 
products are complex in the reaction process. There are 
dehydration reaction, hydrogenation reaction, 
hydrogenolysis reaction and condensation reaction. A 
typical mechanism of glycerine deep hydrogenolysis is 
proposed in reference [4], as shown in Figure 3. 
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Reaction conditions: (a) H2/GL=3.0, 3.0 MPa; (b) 500 K, 3.0 MPa. 

Figure 4. Effects of reaction conditions on the deep hydrogenolysis reaction system (DHS). 

It is also found that pressure has little effect on the 
conversion of raw materials and the selectivity of 
products under the calculation conditions (Figure 
omitted). However, with the increase of reaction pressure, 
the selectivities of various diols and monohydric alcohols 

are slightly improved. Increasing the pressure is 
beneficial to the hydrogenolysis of glycerol to diols.  
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3.4 Comparison of calculation results 

The comparison between the calculated results of 
glycerol hydrogenolysis and the related experimental 
results is shown in Table 2. It can be seen from Table 2 
that different catalysts have different product selectivity, 
and reaction time and reaction environment also have 
great influence on the selectivity of each product. For the 
simplified reaction system (SRS), 1,2-propanediol has 

high selectivity, 1,3-propanediol also has a certain 
amount, and the selectivity of glycol is the lowest, which 
is consistent with the relevant experimental results [6-8]. 
For the deep hydrogenolysis system (DHS), in addition 
to the higher content of methane, there are also a certain 
amount of hydroxyacetone and a small amount of 
isopropanol, and the selectivity of other substances is 
very low, which is also consistent with the relevant 
experimental results to some extent [6, 9]. 

 

Table 2. Comparison between calculation results and related experimental results 

Experimental conditions / 
calculation conditions 

Conversion Selectivity (%) 
Ref. 

X(GL), % Acetol 1,2-PD 1,3-PD EG 
1-PO 
/2-PO 

EtOH 
/MeOH 

CH4 

Rh/SiO2(G-6)+Amberlyst, 
393 K, 8.0 MPa (H2), 10 h 

29.3 - 
 

22.6 5.4 0 41.3 /17.0 1.8 /0.0 12.0 [6] 

Ru/C+Amberlyst， 
393 K, 8.0 MPa (H2), 10 h 

38.8  
 

28.8 0.8 7.4 28.9 /2.4 18.7 /1.9 11.2 [6] 

Re, 393 K, 8.0MPa(H2), 5 h 67.0  38.0 14.0  35.0 /12.0   [7] 
Pt/WO3, 428 K, 12 h 37.5  4.0 32.4  46.3 /6.4   [8] 

Thermodynamics of SRS： 
400 K，3.0 MPa，H2/GL=1.0 

100  95.5 4.47 0.03  0.0 /0.0  
This 
paper 

Ni–Cu/Al2O3, 
493 K, 4.5MPa(N2), 10 h 

15.8 38.8 
 

49.3      [9] 

Thermodynamics of DHS： 
500 K，3.0 MPa，H2/GL=3.0 

100 39.5 3.5E-05   0.026 /0.7 0.01 /0.0 59.7 
This 
paper 

 

4 Conclusions 
The thermodynamics of the reaction system based on 
different mechanism of glycerol hydrogenolysis was 
studied. The calculated results are compared with the 
experimental results. The conclusions of this study are as 
follows: 

(1) The thermodynamic parameters of three reaction 
equations for glycerol hydrogenolysis to 1,2-propanediol, 
1,3-propanediol and glycol were calculated. In the low 
temperature range below 375 K, the equilibrium 
constants of 1,2-propanediol and 1,3-propanediol are 
close to each other. In the high temperature range above 
375 K, the order of the equilibrium constants of the diols 
is: 1,2-propanediol > 1,3-propanediol > glycol. 

(2) For the simplified reaction system of glycerol 
hydrogenolysis to diols, 1,2-propanediol has the highest 
selectivity. The optimum conditions for hydrogenolysis 
of glycerol to 1,2-propanediol are as follows: 400-500 K, 
the molar ratio of hydrogen to glycerol of 1.0-1.5 and 
moderate pressure. 

(3) For the deep hydrogenolysis of glycerol to diols 
and theis further hydrogenolysis reaction system, under 
the calculated reaction conditions, the conversion of 
glycerol is always close to 100%, the selectivities of 
methane and hydroxyacetone are high, and the 
selectivities of other products are low, which is 
consistent with the relevant experimental results. 
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