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Table 1 The characteristics of solid super acids

Category Characteristic
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Fluoride
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Table 2 Catalytic properties of solid superacids

Catalytic Acid-alcohol ratio Temperature/ “C Time/ h Conversion/ %
M-S,0;" /ZrO, 1:6 150 3 96.0
S0,”/ZnO-TiO, 1:4 130~140 25 98.0

S,04"/Zr0,-Al,0, 1:6 130 3 93.7
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Table 3 Catalytic performance of different molecular sieves

Catalysts Acid-alcohol ratio Temperature/ °C Time/ h Conversion/ % Selectivity/ %
SO, /Zr-MCM-41 1:6 140 3 95.0 -
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P/USY 1:10 140 4 100.0 93.0
Acidic HZSM-5 1:6 130 3 95.9 -
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Table 4 Preparation of tributyl citrate using different ionic liquids[gg]

Number ILs Dosage/ % Reaction time/ h Esterification rate/ %
1 Blank 0 6 43.2
2 H,SO, 20 4 99.4
3 [BMM] [BF,] 20 4 -
4 [BMM] [PF] 20 4 _
5 [MM-PS] [CH,SO0s] 20 4 87.3
6 [MM-PS] [HSO,] 20 4 99.2
7 [MM-PS] [PTSA] 20 4 91.8
8 [TEA-PS] [HSO,] 20 4 -
9 [Py-PS] [HSO,4] 20 4 91.2
10 [TEA-PS] [HSO,] 20 4 99.1
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Table 5 Performance of the catalyst

Catalysts Advantages

Disadvantages

Solid superacid Strong acid, high catalytic activity

Acidic Large specific surface area, flexible and
molecular adjustable acid properties, good hydrothermal
sieves stability
Solidified Composition and structural diversity, regulable
heteropolyacids nanoscale, and high solubility in polar solvents
Carbon-based Wide raw material source and abundant
solid acid surface functional groups

o Strong acid, fully contact with raw materials,
Ionic liquid ) o
good catalytic activity

The loaded S°' is easily lost and affects the catalytic performance

The mechanical strength of the catalyst is not very high, resulting

in the catalyst loss

The catalytic active site may escape from the catalyst with the

increase of cycle times, and the recycling is not used
The addition of excess alcohol will accelerate the loss of polar

groups, resulting in a decrease in catalytic activity
The synthesis process is complicated, production cost is high,

easily soluble in water or polar solvent, and the loss is serious in

the recovery process
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Research Progress in the Synthesis of Tributyl Citrate Catalyzed by

Solid Acids

LEI Shuang-tail, DING Meng-jiaol, GUO Wen-tingl, LIU Hai-longz*, SONG He-yuanl*
(1. College of Chemistry and Chemical Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China,

2. State Key Laboratory of Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical Physics,
Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract: Tributyl citrate is a new, green, non-toxic and environmentally friendly plasticizer, which is considered

as a substitute for the traditional non-environmentally friendly and toxic plasticizer - phthalate ester, and has been

widely used in polymer materials and petrochemical industry. In this paper, the synthesis of tributyl citrate

catalyzed by solid acid in recent years is reviewed. The involved acid catalysts include solid superacid, acidic

molecular sieves, solidified heteropolyacids, carbon-based solid acid and ionic liquid, and their catalytic properties

and catalytic mechanism are summarized. Solid acid overcomes the defects of traditional liquid acid, such as

strong corrosion, difficult separation and complex post-treatment. The development direction and prospect of solid

acid catalyst are also prospected.

Key words: tributyl citrate; solid acid; catalyst; esterification; catalytic mechanism
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