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Determination of physical properties of nylon 66 by near-infrared spectroscopy modeling
CHENG Liyun', WANG Zhijun', GU Fengrui', ZHANG Ning', FAN Changchun’
(1. Shanghai Sinochem Tech. Co., Ltd., Shanghai 201210, China; 2. Ningxia Ruitai Technology Co., Ltd., Zhongwei 755103, China)

Abstract : In the production of nylon 66, improving the efficiency of physical properties detection helps reduce transition mate-
rial generated during grade switching, thereby lowering production costs and accelerating research and development processes. Rela-
tive viscosity and relative molecular weight are critical parameters in both production and development of products. However,
conventional methods, such as Ubbelohde viscometry and gel permeation chromatography, are limited by long testing cycles, low
efficiency, high cost, and poor environmental compatibility. In this study, a rapid detection method based on near-infrared spectrosco-
py (NIR) was developed. A high-performance domestic modeling software, S-Cal, distinct from traditional modeling tools, was
employed to build optimized prediction models. The software automatically calculated and screened the optimal preprocessing meth-
ods, spectral wavenumber ranges, and other modeling parameters. Through removing outliers with large residuals from the calibra-
tion set, the model performance was evaluated and validated using data including the coefficient of determination (R*), root mean
square error of cross-validation (RMSECV), and the optimal model with strong predictive capability was obtained, including the
relative viscosity calibration model with R* of 0.948 and RMSECYV of 0.246, the number-average molecular weight model with R* of
0.948 and RMSECYV of 4 058, and the weight-average molecular weight model with R* of 0.952 and RMSECYV of 8 859. Validation
results show that the method delivers high accuracy, with prediction relative error within 10% of reference values. The models also
demonstrate good repeatability, with relative standard deviations (RSD) consistently below 8%. Implementation of this approach in
industrial settings can meet the demand for rapid on-site detection in production environments.

Keywords : near-infrared spectroscopy ; rapid detection ; model prediction ; nylon ; relative viscosity ; relative molecular

weight
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Tab.1 Calibration models for relative viscosity of PA66 under

different modeling parameters

No. DS NV WR/cm™! PM R*  RMSECV
1 9 7 7492-4600 SG+MC 0914 0.323
2 13 7 7492-4600 SG+MC 0918 0.315
3 15 7 7492-4600 SG+MC 0918 0.314
4 17 7 7492-4600 SG+MC 0.917 0.317
5 13 3 7492-5450 SG+MC 0.730 0.572
6 13 4 7492-5450 SG+MC 0.769 0.529
7 13 5 7492-5450 SG+MC 0.882 0.377
8 13 6  9403-5450 SG+MC 0.907 0.336
9 13 8  7492-4600 SG+MC 0.923 0.305
10 13 9 7492-4600 SG+MC 0.923 0.305
11 13 10 7492-4600 SG+MC  0.923 0.305

Notes: DS is derivative smoothing parameter; NV is number of vari-
ables; WR is wavenumber range; PM is preprocessing method; SG+MC
includes first-order Savitzky-Golay derivative and mean centering.

Applies to following tables.
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Fig. 2 Plot of predicted vs reference values for model 9 in table 1
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Tab.2 Optimized PA66 relative viscosity calibration models

2

No. WR/cm'™' PM NOE R* RMSECV SEP
1"  7492-4600 SG+MC 0  0.923 0.305 0.268
2" 7492-4600 SGHMC 2 0927 0.298 0.215
3’ 7492-4600 SG+MC 6  0.938 0.273 0.212
4 7492-4600 SG+MC 10  0.946 0.246 0.216
5 7492-4600 SGHMC 12 0.948 0.246 0.203
6 7492-4600 SG+MC 16  0.950 0.241 0.213

Notes: NOE is number of outliers excluded. Applies to following
tables.
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Tab.3 Parameters of relative viscosity calibration model for PA66

WR/cm™' PM NOE  R? RMSECV
7492-4600 SG+MC 12 0.948 0.246
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Fig. 4 Plot of predicted vs reference values for PA66 relative viscosity

calibration model
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Tab.4 Parameters and performance metrics of PA66 relative

molecular weight prediction models

No. Metrics WR/cm™ R RMSECV SEP
1 M, 7492-4 600  0.948 4058 3834
2 M, 7492-4240  0.952 8 859 6390

Notes: M, is number-average molecular weight; M is weight-aver-

age molecular weight. Applies to following tables.
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Tab.5 Repeatability of NIR model prediction testing method

Test  No. 1 2 3 4 5 RSD/%
n, 1 3.10 3.17 3.10 3.28 3.28 2.84
n, 2 3.64 3.64 3.56 3.78 3.41 3.75
M, 1 33124 34923 34905 36232 37974 5.08
M, 2 37643 43034 43122 41069 37134 7.12
M, 1 76 160 78965 74781 78507 84026 451
M, 2 85755 95255 97432 893838 87678 5.50

Notes: 7, is relative viscosity. Applies to following tables.
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Tab. 6 Comparison of predicted and reference values of determination results for unknown samples

n M M.
No. . . .
R P D R P D R P D
1 2.840 2.845 —-0.005 29 807 28 480 1327 69914 64 821 5093
2 3.054 3.294 -0.24 35549 33626 1923 77427 74 170 3257
3 3.375 3.721 —-0.346 41390 45290 -3900 92 826 100 443 =7617
4 4.448 4.572 -0.124 58 339 57363 976 134 063 133 464 599
5 5.379 4.921 0.458 69 722 64 160 5562 125 156 130 355 -5199
6 5.107 5.332 -0.225 64919 69 835 -4916 136 927 148 712 —11785
7 5.135 4.897 0.238 64 146 61703 2443 134 782 132528 2254
8 5.039 4.811 0.228 56 540 60 768 —4 228 131139 132 842 -1703
9 5.151 4.82 0.331 56 727 61538 —4 811 130911 140 455 -9 544
10 4.500 4.175 0.325 56 683 53755 2928 116 454 113 701 2753

Notes: R is reference value; P is predicted value; D is residual between reference value and predicted value.
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