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Abstract — A sulfonated activated carbon (AC-SO;H) was used as a solid acid catalyst for dehydration of sorbitol to isos-
orbide and its catalytic performance was compared with the commercial solid acid such as acidic ion exchange resin,
Amberlyst-36, and sulfated copper oxide. The catalytic performance with 100% sorbitol conversion and 52% isosorbide
selectivity was obtained over AC-SO;H at 423.15 K. Although AC-SO;H possessed only 0.5 mmol/g of sulfur content,
it showed the similar dehydration activity of sorbitol to isosorbide with Amberlyst-36 (5.4 mmol/g) at 423.15 K. Based
on the high thermal and chemical stability of AC-SO;H, one-step reactive distillation, where isosorbide separation can
be carried out simultaneously with sorbitol dehydration, was tried to increase the recovery yield of isosobide from sorbitol. The
reactive distillation process using AC-SO;H, the turnover number of AC-SO;H was 4 times higher than the conventional

two-step process using sulfuric acid.
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Scheme 1. Plausible reaction pathways of sorbitol dehydration.
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Fig. 1. Schematic representation of sorbitol dehydration and distil-
lation equipment.
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Fig. 2. Temperature-dependent FT-IR spectra of AC-SO;H.
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Table 1. Catalytic activities of various catalysts for dehydration of sorbitol to isosorbide

Catalysts Sulfur Con_t]ent Surfa;:e _A]rea Sorb.itol Product Selectivity (%) R.eaction Reaction
(mmol g7) (m°g™) Conversion (%)  Isosorbide 1,4-Sorbitan ~ Unknown Time (h) Temperature (K)
AC 0.2 1150 0 - - 10 423.15
AC-SO;H 0.5 710 100 25 24 8 423.15
Amberlyst-36 54 30 100 25 18 7 423.15
Sulfated ZrO, 0.9 360 51 76 20 6 423.15

Reaction condition : weight of catalyst, 0.5 g; weight of sorbitol, 25 g; vacuum pressure, 13.3 kPa.
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Fig. 5. Dehydration of sorbitol to isosorbide over AC-SO;H. Reaction
condition: the weight of sorbitol, 25 g; weight of catalyst, 0.5 g;
reaction temperature, 423.15 K; vacuum pressure, 13.3 kPa.
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Table 2. Dehydration of sorbitol to isosorbide using one-step reactive distillation

Catalvst Sulfur Content Catalyst Weight Sorbitol Conversion Total Yield of Isosorbide Time (h) Turnover

Y (mmol g (@ (%) (%) Number®
AC-SO,H! 0.5 0.2 100 32 3 176
Sulfated ZrO,' 0.9 0.2 100 32 4 98
H,S0,? 10.2 0.1 100 50 6 40

IReaction condition: weight of catalyst, 0.2 g; weight of sorbitol, 10 g; reaction temperature, 423.15 K; vacuum pressure, 2.0 kPa.
Reaction condition: weight of catalyst, 0.1 g; weight of sorbitol, 10 g; reaction temperature, 403.15 K; distillation temperature, 453.15 K; vacuum pressure,

13.3 kPa/1.3 kPa.
SNumber of isosorbide produced (mmol)/Number of sulfur used (mmol).
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