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Effect of Various Types of Acid Catalysts on Phenol
Liquefaction of Pinus densiflora Bark'
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ABSTRACT

Various types of acids, such as mineral acids, organic acids, and organic sulfonic acids, were
used as catalysts in order to investigate their effectiveness during phenol liquefaction of pine
bark. Hydrochloric acid was the most effective acid catalyst of the mineral acids used in this
experiment for the phenol liquefaction, but the amount of the acid needed for more than
90% liquefaction was at least 11 mmol. Among the carboxylic acids used triflouroacetic acid
(TFA) was effective for the liquefaction, but it was not possible to obtain liquefaction of more
than 80%. Organic sulfonic acids, p-toluenesulfonic acid (PTSA) and methanesulfonic acid
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(MSA), showed remarkable effects for liquefaction, even in small amounts and at low
liquefaction temperatures. Especially in the case of PTSA, a 92% liquefaction yield was
obtained at the liquefaction condition of 140C for 2 h. Therefore, it was evident that the
PTSA is a good acid catalyst for the phenol-pine bark liquefaction system.

Keywords: phenol liquefaction, pine bark, organic sulfonic acid, p-toluenesulfonic acid, methanesulfonic
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Table 1. Chemical composition of pine wood and bark

Wood Bark

Ash(%) 0.2 6.4
Extractive(%)

1% NaOH 19.7 55.1

Cold water 31 48

Hot water 52 11.7

Alcohol-benzene 8.1 7.0
Lignin(%)

Klason lignin 27.3 53.8(22.6)*"

Acid soluble lignin 04 1.2
Sugar composition(%)**

Rhamnose 0.1 -

Xylose 5.6 3.7

Arabinose 1.6 4.5

Mannose 139 34

Galactose 42 51

Glucose 47.1 21.9

#%1: After extraction with 1% NaOH.

#¥2: Sugar composition was based on original carbohydrate in pine wood and bark.
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Table 2. Effect of inorganic acids on phenol liquefaction of pine bark

Phenol Liquefaction
(ml) Catalyst mmol )?'1e1 d (%)
5.7 81.9
8.5 849
12.0 Hd 11.3 91.9
' 17.0 90.3
28 52.3
H80, 113 89.3
_ 0 269
28 384
HsPO, 113 714
57 85.2
8.5 86.4
9.0
HC 113 91.5
17.0 92.0
11.3 83.2
H,S04 17.0 81.7
340 69.2

Liquefaction conditions: pine bark 3 g, reaction time 2 h, reaction temperature 180C.
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Fig. 1. Effect of organic acids on phenol liquefaction of
pine bark.

Liquefaction conditions: pine bark 3 g phenol 9 mj],
reaction time 2 h, reaction temperature 1807C.
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Fig. 2. Effect of organic sulfonic acid on phenol
liquefaction on pine bark.

Liquefaction conditions are the same as in Fig. 1.
PTSA: p-toluenesulfonic acid, MSA: methanesulfonic acid.
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Fig. 3. Effect of reaction temperature and amount of acid
catalyst on phenol liquefaction of pine bark.

Liquefaction conditions: pine bark 3 g phenol 9 mi,

reaction time 2 h.

PTSA (W; 44 mmol, @; 57 mmol), MSA (4; 57 mmol,
v; 85 mmol, ; 11.3 mmol), HCl (+; 11.3 mmol).
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