F 46 EFH 10 HA FLAX AL T Oct. 2026
2026 &£ 10 B Modern Chemical Industry - 219 -

BN M>cay

MBERRESR/NERRE S ERREN

kOB EEF,K OH
(1oL EA T EFRPE LG KR 030012; 2. K RE LK FAHFELIFRE, LG KR 030024)

FEE 0ot SRR SN, A 1 R A2 L 5 256 7o AR S5 380 B A B A, 488 H — F 36 F Transformer 4244 1) TabPFN
T/ NVEEA SR S [ T GEat A 2 0 IR SIS AR S, A% TR ) R EG 903011 5 1 P A BB 7, UG 67 A SE I RR A |
PR T R B TIAR 2R (TR E R2>0. 95, MAPE<3.45% ) , X HLSC R HH, TabPFN AS{ORS B i 25 0 48 DUk 19 LightGBM
K BEHLERAR , FEA AR T T B P (Y 0. 62 Fb) . 45 A SHAP R REME AT, B 5T 2 b B TR 5 f Ak R i) 3= 5
BN, IR T SR A R RRAEALE 2R AT RS T Ak T AR A BT, oy b R AR A T R skl Y T

SRR U A 5 B RO TR AR R ST

B4 S TP181;TQ052 SCHRFRERD A

DOI.; 10.16606/j.cnki.issn0253-4320.2026.10.036

X EHRS :0253-4320(2026) 10-0219-06

Small-sample modeling and mechanistic analysis of
microchannel-based polyurethane synthesis
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Abstract: To address the data scarcity challenge in microreactor-based polyurethane synthesis—caused by complex
reaction mechanisms and high experimental costs—we propose a general few-shot modeling strategy based on the
Transformer architecture , termed TabPFN. Unlike conventional transfer learning approaches that rely on source-domain
data, this model leverages its pre-trained general inference capability to build a highly accurate predictive model using
only 67 experimental samples (achieving R*>0.95 and MAPE <3.45% on the test set).Comparative experiments
demonstrate that TabPFN not only significantly outperforms Bayesian-optimized Light GBM and Random Forest in
prediction accuracy but also improves modeling efficiency by two orders of magnitude (inference time of only 0. 62
seconds ) . Combined with SHAP interpretability analysis, this study quantitatively elucidates the dominant effects of

temperature and catalyst, and reveals the flow-rate-enhanced mixing mechanism. This strategy effectively overcomes the

data bottleneck in microchemical processes and provides an efficient, general-purpose tool for process modeling.
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