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Abstract: Objective To explore the calculation method of effective molecular weight cut-off (M) of nanofiltration membranes based
on the intrinsic correlation between the mass transfer coefficient (k) and the aperture occupying effect. Methods Measure The
membrane flux of different volume fractions of methanol and ethanol in water at pressures of 0.2, 0.4, 0.6, 0.8, 1.0, 1.2 MPa was
measured, the £ under corresponding conditions was calculated. The power function equation of k£ and membrane pore radius (7s) under
standard nanofiltration membranes was fitted, and the effective membrane pore radius (7s) and effective M under methanol and ethanol
solution environments was calculated using water as a reference. The aperture occupying proportion (P) of methanol and ethanol with
different concentrations was calculated based on P = (Mwater — Mmethanol or ethanol)/Mwater and effective M of nanofiltration membrane,
aperture evaluation curve and synephrine separation behavior was determined comprehensively with the interception behavior of
synephrine in different states to analyze the quality of nanofiltration membrane. Results The power function correlation coefficient

of k and 7's was greater than 0.98. With the increase of methanol and ethanol concentration, P increased, and effective M of nanofiltration
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membrane decreased. The effective M, P and synephrine rejection rate of the nanofiltration membrane changed due to long-term use.

Conclusion This article establishes a calculation method for effective M of nanofiltration membranes, which can systematically

evaluate the quality of nanofiltration membranes and provide technical support for the standardized application of nanofiltration

membranes in pharmaceutical enterprises.

Key words: nanofiltration membrane; aperture occupying effect; mass transfer coefficient; membrane flux; effective interception of

relative molecular weight; aperture evaluation curve; synephrine
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Table 2 Effects of ethanol volume fraction on &

=7 HERRH P
Table 7 P of methanol solution

L k FREE/ M 150~300 M 200~300 M 300~500 M 600~800
% M 150~300 M200~300 M 300~500 M 600~800 % M P% M P% M P% M Pl%
0 10.30 11.20 17.79 43.48 0 23512 - 25124 — 36252 — 73545 -
20 3.21 3.86 9.05 25.71 20 158.68 32.51 178.69 28.87 278.16 23.27 582.13 20.85
50 2.23 2.45 3.97 15.65 50 113.91 51.55 143.85 42.75 232.84 35.77 502.66 31.65
70 1.50 1.66 2.70 11.22 70 95.90 59.21 122.86 51.10 188.48 48.01 454.85 38.15
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Table 3 Effective pore size of nanofiltration under

different ethanol volume fractions

LBE/
% M 150~300 M200~300 M 300~500 M 600~800
0 0.42 0.43 0.50 0.68
20 0.28 0.29 0.40 0.57
50 0.19 0.20 0.30 0.48
70 0.11 0.12 0.26 0.43
F4 ZEEEN P
Table 4 P of ethanol solution
LW/ M 150~300 M 200~300 M 300~500 M 600~800

%

M P% M P% M P% M Pl%

0
20
50
70

23512 — 25124 — 36252 — 73545 -

127.55 45.75 138.95 44.42 222.24 38.70 485.12 34.04
70.32 70.09 81.47 67.41 140.53 61.23 327.47 55.47
4548 80.66 56.48 77.41 105.36 70.94 251.68 65.78
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Table 5 Effects of methanol volume fraction on &

I/ k
% M150~300 M200~300 M 300~500 M 600~800
0 10.30 11.20 17.79 43.48
20 6.90 7.33 13.03 32.36
50 3.24 4.04 9.90 2421
70 2.46 3.20 7.26 21.10
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Table 6 Effective pore size of nanofiltration under

different methanol volume fractions

FH i/ rs/nm
% M 150~300 M200~300 M300~500 M 600~800
0 0.42 0.43 0.50 0.68
20 0.33 0.35 0.46 0.60
50 0.27 0.30 0.41 0.55
70 0.24 0.27 0.36 0.51
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Fig. 3 Evaluation curve of standard nanofiltration

membrane pore size under ethanol water system
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Fig. 4 Evaluation curve of standard nanofiltration

membrane pore size under methanol water system
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Table 8 Effective M and P in different solution environments of membranes to be tested

TR M 150~300 M 200~300 M 300~500 M 600~800

% M P/% M PI% M PI% M PI%
K 0 166.01 25.95 450.62 -79.36 741.60 -104.57 337.11 49.00
i 20 83.05 59.27 287.77 36.14 510.88 31.11 211.49 65.90
50 4230 77.25 81.47 59.26 368.65 50.29 132.37 7725

70 30.14 83.03 56.48 68.09 293.97 60.36 108.49 80.84

Gl 20 117.89 44.90 338.12 2497 577.57 22.12 280.21 56.52
50 80.64 60.30 292.05 35.19 493.04 33.52 214.09 65.54

70 70.66 64.58 224.96 50.07 422.71 43.00 188.11 69.18
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Fig.5 SEM of M 600—800 membrane to be tested (a), M 600—800 standard membrane (b), M 300—500 membrane to be
tested (c)
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Fig. 6 Evaluation curve of nanofiltration membrane pore

size under ethanol water system
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Fig. 7 Evaluation curve of nanofiltration membrane pore

size under methanol water system
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Table 9 Synephrine nanofiltration rejection rate of standard nanofiltration membrane and nanofiltration membrane to be

tested
ol f FRAELIIERE R/ %% FrIU IR R/ %
M150~300 M200~300 M300~500 M600~800 M 150~300 M200~300 M300~500 M 600~800
4.0 99.03 97.15 95.24 90.45 98.02 90.16 63.20 92.05
8.5 97.22 96.33 87.44 68.23 97.13 61.51 39.15 83.29
10.0 92.14 89.07 72.18 40.31 95.06 28.17 12.06 68.10
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