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Fig. 2  Reaction results for various temperatures: (a) 523 K,  
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Table 2  Estimated parameters 

Fig. 10  Numerical simulation results for various conditions 

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0 2 4 6 8 10

Time [min]

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0 100 200 300 400 500 600

Time [min]

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 100 200 300 400 500 600

Glycerol

Lactate

Acrylate

Acetate

Formate

Time [min]

C
o

n
c
e
n

tr
a
ti

o
n

 [m
o

l/
k
g
]

(b)

(c)

(a)

Lactate

Formate

Lactate

CG,0 = 5.0 mol/kg

CNaOH,0 = 1.5 mol/kg

T = 513 K

CG,0 = 1.0 mol/kg

CNaOH,0 = 1.5 mol/kg

T = 513 K

CG,0 = 5.0 mol/kg

CNaOH,0 = 1.5 mol/kg

T = 623 K

Lactate

C
o

n
ce

n
tr

at
io

n
 [

m
o

l/
k
g
]

C
o

n
ce

n
tr

at
io

n
 [

m
o

l/
k
g
]

Reaction route Frequency factor Activation energy 

1 
G  GA 

(Alkoxylation) 
k

10
 9.17 10

2
 kg/(mol min) E

1
 39.1 kJ/mol  

2 
GA  L 

(Overall reaction) 
k

20
 2.43 10

6
 min

-1
 E

2
 87.3 kJ/mol  

3 
GA  F 

(Retro-aldol reaction) 
k

30
 5.26 10

2
 kg/(mol min) E

3
 39.4 kJ/mol  

4 
L  Acr 

(Water-assisted dehydration) 
k

40
 5.11 10

5
 min

-1
 E

4
 97.9 kJ/mol  

5 
L  Acr 

(NaOH-assisted dehydration) 
k

50
 6.59 10

5
 kg/(mol min) E

5
 92.8 kJ/mol  

6 
L  Ace 

(Decarboxylation) 
k

60
 7.25 10

5
 kg/(mol min) E

6
 88.1 kJ/mol  

7 L  F 

(C-C cleavage reaction) 
k

70
 1.01 10

6
 kg/(mol min) E

7
 104.3 kJ/mol  

 

0

0.1

0.2

0.3

0.4

0.5

0 20 40 60 80 100 120

Glycerol
Lactate
Acrylate
Acetate
Formate

C
o

n
ce

n
tr

at
io

n
 [

m
o

l/
k
g

]

Time [min]

0.0

0.1

0.2

0.3

0.4

0.5

0 20 40 60 80 100 120

Lactate

Acrylate

Acetate

Formate

C
o

n
ce

n
tr

at
io

n
 [

m
o

l/
k
g

]

Time [min]

0.0

0.1

0.2

0.3

0.4

0.5

0 20 40 60 80 100 120

Lactate

Acrylate

Acetate

Formate

C
o

n
ce

n
tr

at
io

n
 [

m
o

l/
k
g

]

Time [min]

0.0

0.2

0.4

0.6

0.8

1.0

0 20 40 60 80 100 120

Glycerol
Lactate
Acrylate
Acetate
Formate

C
o

n
ce

n
tr

at
io

n
 [

m
o

l/
k
g

]

Time [min]

0

0.1

0.2

0.3

0.4

0.5

0 20 40 60 80 100 120

Glycerol
Lactate
Acrylate
Acetate
Formate

C
o
n

ce
n

tr
at

io
n
 [

m
o

l/
k
g

]

Time [min]

0

0.1

0.2

0.3

0.4

0.5

0 20 40 60 80 100 120

Glycerol
Lactate
Acrylate
Acetate
Formate

C
o

n
ce

n
tr

at
io

n
 [

m
o

l/
k
g

]

Time [min]

0

0.1

0.2

0.3

0.4

0.5

0 20 40 60 80 100 120

Glycerol
Lactate
Acrylate
Acetate
Formate

C
o

n
ce

n
tr

at
io

n
 [

m
o

l/
k
g

]

Time [min]

0

0.1

0.2

0.3

0.4

0.5

0 20 40 60 80 100 120

Glycerol
Lactate
Acrylate
Acetate
Formate

C
o

n
ce

n
tr

at
io

n
 [

m
o

l/
k
g

]

Time [min]

(a) (b) (c) (d)

(e) (f) (g) (h)

CG,0 = 0.3 mol/kg

CNaOH,0 = 0.25 mol/kg

T = 573 K

CG,0 = 0.3 mol/kg

CNaOH,0 = 0.25 mol/kg

T = 523 K

CG,0 = 0.3 mol/kg

CNaOH,0 = 0.25 mol/kg

T = 623 K

CG,0 = 0.3 mol/kg

CNaOH,0 = 0.1 mol/kg

T = 573 K

CG,0 = 0.3 mol/kg

CNaOH,0 = 0.5 mol/kg

T = 573 K

CG,0 = 0.6 mol/kg

CNaOH,0 = 0.25 mol/kg

T = 573 K

CL,0 = 0.3 mol/kg

CNaOH,0 = 0.25 mol/kg

T = 623 K

CL,0 = 0.3 mol/kg

CNaOH,0 = 0.5 mol/kg

T = 623 K



6 

 

 

 

 

 

Nomenclature 

C       =          concentration                                                                                                                                [mol/kg] 

Ei        =           activation energy                                                                                                                     [kJ/mol] 

k           =           rate constant                                                                                     [min
-1

 or  kg/mol/min] 

ki0       =           frequency factor                                                                         [min
-1

 or  kg/mol/min] 

R          =           gas constant                                                                                                                                 [J/mol/K] 

T          =           temperature                                                                                                                                                      [K] 

t            =           time                                                                                                                                            [min] 

 

<Subscript> 

i         =  reaction route 

j            =        component 
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 Kinetic Analysis for Sodium Lactate Synthesis from Glycerol in Alkali Aqueous 
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In this study, the effects of operating factors on the synthesis of sodium lactate from glycerol under high temperature and alkali 

aqueous solution were experimentally investigated and the kinetic analysis was conducted.  In the experiments for glycerol and 

NaOH as reactants, the effects of temperature and initial molar ratio of glycerol to NaOH on the formation of lactate and by-products 

were revealed.  In experiments for lactate and NaOH as reactants, the dehydration, decaboxylation and C-C cleavage of lactate were 

observed.  The fitting lines based on the kinetic model were in good agreement with the experimental data.  The numerical 

simulations suggest that high selectivity of lactate could be achieved within a short reaction time when the condition of higher initial 

concentration of glycerol in comparison with that of NaOH and 623 K is selected. 
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