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Abstract: The scarcity of high—quality standardized datasets is a major obstacle constraining machine learning and
modeling in catalytic reactions. This study focuses on the preparation of HMF(5-hydroxymethylfurfural, HMF) via
machine learning. First, leveraging the text—processing capabilities of large language models, large—scale and
selective extraction of literature data was conducted. Subsequently, machine learning was employed to screen the
raw materials, solvents, and related catalysts for HMF production. Based on the machine learning results, a
hierarchically porous organic polymer solid acid catalyst (hierarchical porous Sulfonated Polymeric BCMBP and
HBSA, hSPBCH) was purposefully prepared. Finally, artificial intelligence—assisted optimization of the reaction

process conditions was carried out to enhance the yield of HMF. The machine learning results indicate that fructose
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as the raw material yields the highest average HMF production, indicating that it has a distinct advantage in yield—

oriented HMF preparation. Using sulfonic acid—based solid acid catalysts and pure water as the solvent, the yield of

HMF can reach 70.0%, while the introduction of organic solvents can increase the HMF yield to 79.2%. After

machine learning—guided optimization and experimental validation, it was found that under the action of the self—

prepared hSPBCH catalyst, using fructose as the raw material and dimethyl sulfoxide (DMSO) as the solvent, the
yield of HMF was increased to 92.8% at 155°C, with the highest space—time yield of HMF reaching 45.6 g¢—HMF/g—

cat/h. The methodology proposed in this study can contribute to promoting the development and application of

machine learning in the field of HMF preparation and catalytic reactions.
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Fig.6 SHAP analysis of solvent-reactant—catalyst interactions
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Table 2 Activity of different catalysts in the dehydration

reaction of fructose to produce HMF"

HMF j= 3% acidity TOF

Entry catalyst D

(%) (mmol/g) (h™)”

1 hSPBCH 90.2 3.45 14.8
2 hPB 8.2 0.95 5.0
3 hPBH 69.3 2.40 16.8
4 hSPB 72.8 2.85 14.9
5 HY? 59.3 2.60% 133
6 HZSM-5% 51.4 0.39% 76.8
7 HBEA® 70.8 1.80% 229
8 Amberlyst—45 492 3.00% 9.6
9 Amberlyst-15 48.5 4.65° 6.1

#: @ Reaction conditions: 150 “C, 0.025 g catalyst, 10 mL
DMSO, 1 h, 0.25 g Fructose.@  Si/Al = 2.4; pretreated at 500 °C for
4 h.® Si/Al = 36; pretreated at 500 °C for 4 h.@ Si/Al = 25;
pretreated at 500 °C for 4 h. &  From reference'**’. ©®  From

reférence“‘s'.@ TOF, defined as (mol of converted fructose)/(mol of

the acid sites)/(reaction time ).
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Fig.7 Reusability of hSPBCH catalyst. Reaction conditions:
145 °C, 0.05 g catalyst, 10 mL DMSO, 1.5 h, 1 g Fructose.
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Fig. 9 Comparison of HMF yield prediction performance between the transfer learning model and the directly trained model: (a)

training set of the transfer learning model, (b) test set of the transfer learning model, (c) training set of the directly trained model, and

(d) test set of the directly trained model
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Fig.10 Influence of reaction parameters on HMF yield during Bayesian optimization: (a) reaction temperature, (b) reaction time, (c)

catalyst—to—fructose mass ratio, (d) fructose concentration
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