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ZSM-5 Nanosheets Catalyzed One-Step Synthesis of Lactide from Lactic Acid

LIU Zhaoxia', WU Di?, SUN Jie®, XI Zhixiang®>, XU Renwei®, JIANG Tao*

(1. College of Chemical Engineering and Materials Science, Tianjin University of Science & Technology, Tianjin 300457,
China; 2. PetroChina Lanzhou Petrochemical Company, Lanzhou 730600, China; 3. Zhonghua Quanzhou Energy Technology
Co., Ltd., Quanzhou 362000, China)

Abstract: The one-step synthesis of lactide from lactic acid is an energy-saving and efficient method for preparing lactide.

This article studied the catalytic effect of ZSM-5 nanosheets with different silicon aluminum ratios on the one-step synthesis
of lactide from lactic acid. The results showed that using L-lactic acid aqueous solution as raw material and ZSM-5
nanosheets with Si/Al ratio of 40 as catalyst, the yield of lactide reached over 91% after 2 hours of reaction. Compared with
other molecular sieve catalysts, ZSM-5 nanosheets have significant advantages in catalyzing the one-step synthesis of lactide
from lactic acid. The rich mesoporous and unique short b-axis structure in ZSM-5 nanosheets can effectively decrease the
diffusion resistance of lactic acid and its oligomers in micropores, which can reduce the generation of by-products such as
lactic acid oligomers.

Key words: polylactic acid; lactide; ZSM-5 nanosheets
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Tab. 1 Results of catalytic synthesis of lactide from lactic
acid using different catalysts

MRS LABELRI% LD %% ;%ﬁ;
H-pt 100 79.00 >98
COFstt! — 80.00 99.00
Sn-Beta™* 99.61 87.85 99.54

NKF-ZSM-5-42.4 93.34 1061 _

ZSM-5-40 99.16 91.29 99.3
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Tab. 2 Product distribution and stereoselectivity of one-step synthesis of lactide from lactic acid catalyzed by ZSM-5

nanosheets with different Si/Al ratios

LM  LAELE®

73R I%

AR FEE%




o4 ARBBLEZR
LD LA LsA L.A L-LD meso-LD
ZSM-5-20 99.61 84.67 0.41 0.59 14.33 98.47 1.53
ZSM-5-40 99.16 91.28 0.34 1.43 6.95 99.32 0.68
ZSM-5-60 99.58 88.90 0.40 0.61 10.09 99.26 0.74
ZSM-5-80 99.57 85.22 0.54 0.80 13.44 98.51 1.49
ZSM-5-100 93.58 79.48 0.38 0.40 19.74 99.14 0.86
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Fig. 2 Product distribution at different reaction times
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Fig. 5 Nz adsorption-desorption isotherms of ZSM-5

nanosheets and NKF-ZSM-5-42.5
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Tab. 3 Specific surface area, pore volume and pore size parameters of different samples

bR A (m?-g )

LA (em3 g ™Y

AT 5 Si/Al Lt
BET Lh& AN t-plot VAL LL R AR t-plot VA4 LR HIFH HWALALE MALEE
NKF-ZSM-5-42.5 383 266 117 0.11 0.22 425
ZSM-5-20 480 341 139 0.14 0.33 24.87
ZSM-5-40 438 313 125 0.13 0.37 43.27
ZSM-5-60 424 240 184 0.11 0.35 59.94
ZSM-5-80 455 225 230 0.09 0.34 83.52
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