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糠醛和香兰素的加热释放特性及动力学分析 
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Abstract: The thermogravimetric data of the furfural and vanillin were measured from 30 ℃ to 350 ℃ at different 

heating rates of 10, 20, 40 ℃/min. Three non-isothermal thermal analysis methods of CR, KAS, and FWO were used to 

fit the heat release process of the furfural and vanillin. The heat release products of the furfural and vanillin were 

determined by tube furnace and GC. The results showed that the furfural had 2 weight loss stages and the vanillin had 1 

weight loss stage. As the heating temperature increased from 30 ℃ to 350 ℃, the heat release characteristic index of the 

furfural increased from 2.54×10–3 to 3.19×10–2, and that of the vanillin increased from 3.21×10–4 to 5.63×10–3. The 

kinetic analysis based on multi-heating rate KAS and FWO showed that the activation energy of furfural was the highest 

at the conversion rate of 0.7, and that of the vanillin was the highest at the conversion rate of 0.8. The average activation 

energy of furfural and the vanillin obtained by KAS method was 86.26 kJ/mol and 84.89 kJ/mol, respectively. The 

average activation energies of furfural and vanillin obtained by FWO method were 88.72 kJ/mol and 89.09 kJ/mol, 

respectively. The kinetic analysis based on CR method shows that the thermogravimetric processes of furfural and 

vanillin can be well described by three-dimensional diffusion model of D3. 
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1 材料与方法 

1.1 材料 

99%

 

1.2 方法 

1.2.1 糠醛和香兰素的热释放特性及动力学分析 

10 mg  

STA449F5 ( NETZSCH )

10 20 40 ℃/min

30 ℃ 350 ℃

70 mL/min  

[9] (TG)

(DTG)

D[10–11]

D

 

KAS FWO CR [12–14]

KAS

FWO

(α)

(E)  

CR ( 1)

(ΔH) (ΔG)

(ΔS) [15–17]  

表 1 CR 法反应机理函数表达式 

Table 1 Commonly used reaction mechanism function 

expressions by CR 

  G (α) 

 (D1) α2 

 (D2) α+(1–α)ln(1–α) 

 (D3) 23

1

])1(1[ −−  

 (R1) α 

 (R2) 2

1

)1(1 −−  

 (R3) 3

1

)1(1 −−  

 

1.2.2 糠醛和香兰素加热释放产物的确定 

200 mL/min

10 min 0.05 g

2 min 2 ( 30 mL

) 20 ℃/min 30 ℃

350 ℃ 2

GC–MS  

5% –

(HP–5MS 60 m×250 μm×0.25 μm)

50 ℃ 2 min 10 ℃/min 280 ℃

15 min 280 ℃ 1 μL

15 1  

280 ℃ EI

230 ℃ 150 ℃
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2 结果与分析 

2.1 糠醛和香兰素的热释放特性 

(TG) (DTG) 1 1

2 1 50~100 ℃

2 >100~180 ℃ TG DTG

1

170~300 ℃

162 ℃ 285 ℃

TG  DTG

 

2

 

(y=0.66x+64.77 R2=0.97)

(y=0.86x+60.97 R2=0.99)

2.19% 8.78%
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图 1 不同升温速率下糠醛和香兰素的质量分数和失重速率 

Fig.1 The curve of mass fraction and weight loss rate of furfural and vanillin dependent on the temperature at different heating rates 
 

表 2 不同升温速率下糠醛和香兰素的热释放特性参数 

Table 2 Heat release characteristics of furfural and vanillin at different heating rates 

 
/ 

(℃·min–1) 
/ ℃ / ℃ / ℃ 

/ 

(mg·min–1) 

/ 

(mg·min–1) 
 / % 

 10 127.11 149.20 20.84 –3.89 –2.59 2.54×10–3 2.19 

 20 145.87 160.63 14.38 –10.24 –6.72 2.04×10–2 3.77 

 40 146.65 163.08 20.68 –14.89 –10.61 3.19×10–2 8.78 

 10 223.95 254.32 27.41 –2.74 –1.84 3.21×10–4 0.51 

 20 246.03 274.80 25.22 –6.44 –4.48 1.69×10–3 0.72 

 40 254.12 279.90 28.59 –12.93 –8.86 5.63×10–3 0.38 

 

2.2 糠醛和香兰素的热动力学 

2.2.1 KAS法和 FWO法拟合的热释放特性 
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[18]

KAS FWO

86.26 kJ/mol

88.72 kJ/mol 84.89 

kJ/mol 89.09 kJ/mol  

表 3 KAS 法和 FWO 法拟合的糠醛和香兰素热释放的活化能和决定系数 

Table 3 Activation energy and correlation coefficient of furfural and vanillin obtained by KAS and FWO methods 

 α 
/(kJ·mol–1)   

 α 
/(kJ·mol–1)  

KAS FWO KAS FWO  KAS FWO KAS FWO 

 0.2  66.61  69.70 0.813 8 0.844 2   0.2  72.86  77.26 0.967 9 0.973 7 

 0.3  75.82  78.62 0.993 3 0.994 2   0.3  76.03  80.45 0.960 1 0.967 1 

 0.4  83.71  86.22 0.924 8 0.935 2   0.4  80.51  84.83 0.958 8 0.965 8 

 0.5  91.86  94.04 0.890 8 0.904 7   0.5  86.19  90.31 0.953 6 0.961 2 

 0.6  94.97  97.05 0.900 0 0.912 6   0.6  89.28  93.33 0.950 5 0.958 5 

 0.7 104.12 105.81 0.965 4 0.969 5   0.7  91.88  95.86 0.951 5 0.959 2 

 0.8 101.99 103.84 0.966 6 0.970 6   0.8  93.37  97.35 0.966 6 0.971 8 

 0.9  71.02  74.51 0.981 4 0.985 0   0.9  89.02  93.29 0.990 3 0.991 8 

   86.26  88.72 0.929 5 0.939 5     84.89  89.09 0.962 4 0.968 6 

 

2.2.2 CR法拟合的热释放特性 

4 CR D3

R2 0.970 0

E 157.900 5 kJ/mol

240.240 8 kJ/mol A 5.54×1018/min

1.14×1028/min E A

 

4 ΔH E

ΔH

ΔG

ΔS

 

表 4 CR 法拟合的糠醛和香兰素热释放的动力学和热力学参数 

Table 4 Kinetic and thermodynamic parameters of furfural and vanillin obtained by CR method 

 
/ 

(℃·min–1) 
  R2 E/(kJ·mol–1) A/min–1 ΔH/(kJ·mol–1) ΔG/(kJ·mol–1) ΔS/(kJ·mol–1) 

 10 D3 y=–18 992.12x+31.00 0.978 6 157.900 5 5.54×1018 154.389 1  74.150 4 0.145 0 

 20 D3 y=–23 126.88x+39.02 0.976 7 192.276 9 4.08×1022 188.670 4  93.654 4 0.219 0 

 40 D3 y=–28 895.94x +50.64 0.969 5 240.240 8 1.14×1028 236.614 0  95.598 7 0.323 3 

 10 D3 y=–24 885.29x+33.31 0.973 8 206.896 3 7.28×1019 202.518 4 111.293 6 0.164 8 

 20 D3 y=–24 228.92x+30.25 0.977 6 201.439 2 6.64×1018 196.883 6 117.660 9 0.144 6 

 40 D3 y=–24 700.48x+29.88 0.971 1 205.359 8 9.37×1018 200.761 7 119.265 8 0.147 4 

 

2.3 糠醛和香兰素的热释放产物 

DTG

20 ℃/min

2

2

350 ℃
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图 2 糠醛和香兰素热释放产物的丰度变化 

Fig.2 The curves of thermal release products dependent on the retention time for furfural and vanillin 
 

3 结论 

1) 2 1

2) 

3.21×10–4

5.63×10–3 2.54×10–3

3.19×10–2

3) CR D3

4) KAS FWO

0.7

0.8  
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