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Abstract — In this study, we investigated kinetic model for the acid-catalyzed xylan hydrolysis at temperature 120~150 °C.

Also, we analyzed the kinetic parameters for xylose production and furfural decomposition. The hydrolysis of xylan and
the degradation of xylose were promoted by high reaction temperature and acid concentration. The optimal hydrolysis
condition for the highest reaction rate constants (k;) was different depending on the acid catalysts. Among sulfuric,
oxalic and maleic acid, the xylan reaction rate constants (k,) to xylose had the highest value of 0.0241 min™ when 100 mM
sulfuric acid was used at 120 °C. However, sulfuric acid induced more xylose degradation compared to oxalic and

maleic acid hydrolysis. The activation energy for xylan degradation was the highest when sulfuric acid was used.
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Table 1. Acid-catalyzed hydrolysis conditions of xylan

Factor Condition

Acid catalyst Oxalic acid, Maleic acid, Sulfuric acid
25,50, 100, 150
120, 130, 140, 150

5,10, 20, 40, 80

Concentration of acid catalyst (mM)
Temperature (°C)
Reaction time (min)
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Fig. 1. Effect of acid catalyst concentration and reaction time on xylan hydrolysis at 120 °C (A: 25 mM, B: 50 mM, C: 100 mM, D: 150 mM,

A: sulfuric acid, @: oxalic acid, ll: maleic acid).
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Table 2. Value of k, for xylan hydrolysis at different acid catalysist and
concentration (120 °C) (unit: min™)
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Table 3. Value of k; for xylan hydrolysis at different acid catalysist and
concentration (130 °C) (unit: min™)

Concentration (mM)  Oxalic acid Maleic acid Sulfuric acid
25 0.0003 0.0002 0.0005
50 0.0035 0.0011 0.0087
100 0.0124 0.0035 0.0241
150 0.0168 0.0072 0.0184
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Fig. 2. Effect of acid catalyst concentration and reaction time on xylan hydrolysis at 130 °C (A: 25 mM, B: 50 mM, C: 100 mM, D:

: sulfuric acid, €: oxalic acid, l: maleic acid).
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Concentration (mM)  Oxalic acid Maleic acid Sulfuric acid
25 0.0005 0.0003 0.0017
50 0.0130 0.0045 0.0183
100 0.0212 0.0105 0.0204
150 0.0180 0.0190 0.0187
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Fig. 3. Effect of acid catalyst concentration and reaction time on xylan hydrolysis at 140 °C (A: 25 mM, B: 50 mM, C: 100 mM, D: 150 mM,

A: sulfuric acid, €: oxalic acid, ll: maleic acid).

Table 4. Value of k, for xylan hydrolysis at different acid catalysist and
concentration (140 °C) (unit: min™")

Concentration (mM)  Oxalic acid ~ Maleic acid Sulfuric acid
25 0.0025 0.0011 0.0084
50 0.0196 0.0094 0.0190
100 0.0191 0.0195 0.0120
150 0.0152 0.0214 0.0071
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Fig. 4. Effect of acid catalyst concentration and reaction time on xylan hydrolysis at 150 °C (A: 25 mM, B: 50 mM, C: 100 mM, D: 150 mM,

A: sulfuric acid, €: oxalic acid, ll: maleic acid).

Table 5. Value of k; for xylan hydrolysis at different acid catalysist and
concentration (150 °C) (unit: min™)

Table 7. Value of k, for xylose degradation at different acid catalysist
and concentration (140 °C) (unit: min™')

Concentration (mM)  Oxalicacid  Maleic acid Sulfuric acid Concentration (Mm) Oxalicacid  Maleicacid  Sulfuric acid
25 0.0087 0.0028 0.0159 25 - - -
50 0.0172 0.0155 0.0103 50 - - 0.0037
100 0.0090 0.0194 0.0051 100 0.0042 - 0.0076
150 0.0087 0.0126 0.0031 150 0.0058 0.0024 0.0165

Table 6. Value of k, for xylose degradation at different acid catalysist
and concentration (130 °C) (unit: min™)

Table 8. Value of k, for xylose degradation at different acid catalysist
and concentration (150 °C) (unit: min™")

Concentration (Mm)  Oxalicacid ~ Maleic acid Sulfuric acid
25 - - -
50 - - 0.0026
100 - - 0.0040
150 - - 0.0062
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Concentration (Mm)  Oxalicacid  Maleic acid Sulfuric acid
25 - - 0.0039
50 0.0078 0.0032 0.0071
100 0.0091 0.0080 0.0187
150 0.0154 0.0078 0.0237
130 °CellA] SAR 1} el Sl e 7R=afatols w120 °co}
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A Aoz A AL A 18.95 gl UERN O Rlo|7 A A3
A 042 o] FEFL o] o]FARZS BRI 4= k. 3
Aek Sabrke] 749 150 mMellA] HY) 17.54 g/12] Alo| 245 A4

SAAA FEFLL A 29t} 0B 1% AT
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Table 9. Kinetic parameters for xylan hydrolysis at 25 mM

Pre-exponential factor, Activation energy,  Arrhenius
A, (min™) E, (kJ/mol) fit R?
Oxalic acid 6.35x10" 161.42 0.96
Maleic acid 1.23x10" 127.07 0.96
Sulfuric acid 5.90x10'8 165.98 0.98

Table 10. Kinetic parameters for xylan hydrolysis at 50 mM

Pre-exponential factor, Activation energy, Arrhenius
A, (min!) E, (kJ/mol) fit R?
Oxalic acid 2.27x107 72.70 0.74
Maleic acid 1.42x10% 120.54 0.96
Sulfuric acid 1.60x107! 8.44 0.39
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Fig. 5. Arrhenius plot of xylose degradation by different acid catalysts and (left: 25 mM, right: 50 mM, A: sulfuric acid, 4: oxalic acid, H:

maleic acid).
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