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Resear ch progress on heterogeneous acid catalysts for
dehydration of sorbitol to isosor bitol
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Abstract: Isosorbitol is a crucial bio-based functional material valued for its chiral center and rigid
molecular structure characteristics, and has been widely used in the synthesis and copolymerization
modification of the bio-based degradable polymers as a bio-based intermediate as well as widely used in
many fields such as biomedicine, food and beverage, and cosmetics as an organic synthesis intermediate.
Current industrial production of isosorbitol involves dehydrating sorbitol using homogeneous acid like
concentrated sulfuric acid as catalysts, which presents significant challenges such as difficult product
separation, equipment corrosion, high costs, and serious environmental pollution. Therefore, developing
new, environmentally friendly, and efficient heterogeneous acid catalysts for sorbitol dehydration to
produce isosorbitol has become recent research focus. Herein, the reaction mechanism for isosorbitol
preparation from sorbitol dehydration was briefly reviewed. The research status quo of homogeneous acid
(including Bronsted acid, Lewis acid, ionic liquid) and heterogeneous acid catalysts (including molecular
sieves, supported metal salts and their oxides, solid hetero-poly acids, ion exchange resins, and
carbonaceous catalysts) were then summarized, with the advantages and disadvantages of different catalysts
analyzed. In view of the shortcomings of the heterogeneous acid catalyst for isosorbide preparation from
sorbitol dehydration, it was pointed out that the relevant reaction kinetics should be further studied, the
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reaction mechanism clarified, an efficient and stable catalytic system designed, and the process conditions

optimized.

Key words: sorbitol; dehydration; isosorbitol; heterogeneous catalysts; biodegradable polymers
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Table 1 Optimization conditions and catalytic activity of homogeneous catalysts for the dehydration of sorbitol to prepare
isosorbide
S A AR
fef) \ : _ - — BEY
R/ °C 1] /h SR R BB INREEERE AL 3/ % S LB BEIOR /%
H,SO, 130 3.0 — 1 93 72.00 [18]
H,SO, 130 1.5 — 1 100 77.13 [19]
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Table 2 Optimization conditions and catalytic activity for the dehydration of sorbitol to prepare isosorbide

- BB A F 45 P
g/ °C I} 18] /h SNRZR RBRIREUR IDBEEREA % IR %

Hp(75) 127 2 — 1 100 76 [26]
127 2 — 5 100 65

p(75) 230 3 — 1 94 83 [27]

H-ZSM-5 220 2 — 1 95.2 56.7 [28]
220 2 — 6 92.1 51.7

Q-4-46(8) 170 12 — 1 100 83 [29]
170 12 — 5 >90 ~70

H-p(20) 190 2 MIBK/Z & 1 100 84 [30]
190 2 MIBK/Z F& 4 100 79

S-TiO, 210 2 — 1 100 75 [31]
210 2 — 4 ~100 ~75

STO-450 180 2 — 1 100 65 [32]
180 2 — 4 100 ~50

MST-450 180 2 — 1 100 70 [33]

6Al-SZ 175 2 — 1 100 73 [34]
175 2 — 5 100 61

SO3 /Nb,0s 150 3 — 1 100 84.1 [35]
150 3 — 5 100 ~80.0

0.5-SZ-625 150 2 — 1 100 76 [36]

Zr(10)-MST" 180 2 — 1 96.7 76.5 [37]

CeS0-400 180 6 — 1 100 57.7 [38]
180 6 — 2 36 0

30% PW/SiO, 250 6 — 1 95 56 [39]
250 6 — 5 95 56

AgH,PW 140 1 — 1 >99 83 [40]

Purolite CT269 140 12 — 1 100 75.0 [41]
140 12 — 4 ~75 24

Amberlyst 36 150 4 — 1 100 99.8 [42]

Purolite CT269 160 5 — 1 100 67.55 [43]
160 5 — 5 73.79 11.34

PDS(0.3) 150 12 — 1 94.1 81.7 [44-45]
140 8 — 5 ~90 ~70

PDSF-0.05 140 8 — 1 100 80 [45-46]
140 8 — 5 100 ~70

PF-Si-SO;H 150 3 — 1 100 75.44 [47]
150 3 — 5 59.01 36.87

CCS 200 1 — 1 100 67 [48]
200 1 — 4 100 67

MC-PhSO;H 160 1.5 — 1 100 82.7 [49]
160 1.5 — 5 100 70

T 317 1 kK 1 — 57 [50-52]




+ 1734+ ¥ 4m 44 L FINE CHEMICALS 542 %
gk 2
AL - et — SRR — E = BCN
R/ C I 5] /h RNERZR RNMREUR  IRERARY% S A ECR %
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140 14 DMC/CH;0H 5 99 77
PIL-COF-0.33-B 140 12 DMC/CH;0H 1 100 83 [54]
140 12 DMC/CH;0H 10 >90 >77
BIL-COF-30 160 24 R 1 100 97 [55]
160 24 PR 5 >90 >90
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Fig. 3 Schematic diagram of effect of acid site concentration on catalytic performance of PDS(x): Low acid site concentration

(A) and high acid site concentration (B)!*!
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Fig. 5 Schematic diagram of catalytic cyclization mechanism of sorbitol catalyzed on PIL-COF hybrids
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