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Enhanced separation behavior of ferulic acid in organic solution by nanofiltration
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Abstract: Objective To explore the enhanced separation behavior of ferulic acid in organic solution by nanofiltration. Methods In
the experiment, molecular weight cut-off (MWCO) of nanofiltration membrane, ethanol concentration, and solution pH were selected
as influencing factors to find the sensitive region of ethanol concentration and pH on the retention rate of ferulic acid with
Box-Behnken central composite experiment design. And then, the separation rule of ferulic acid with organic solution was analyzed,
the correlation between mass transfer coefficient and concentration of organic solvent was fitted with the changed organic solution by
nanofiltration mass transfer mathematical model. Results Experiments indicated that the enhanced separation behavior appeared and
the mass transfer coefficient decreased as the ethanol concentration increased from 20% to 40% with MWCO 450 and pH 8.0. Under
the same condition, the enhanced separation behavior happened as the solvent was changed into methanol and acetonitrile, and the
enhanced effect was positively correlated with the concentration of the three common organic solvents, the effect rule was ethanol =
methanol > acetonitrile material. Conclusion The enhanced separation effect of nanofiltration was related to the type and
concentration of organic solvent. And taking ferulic acid as an example, the mechanism of nanofiltration separation in the environment
of organic solution was studied, and the results provided references for nanofiltration concentrate for heat-sensitive traditional Chinese
medicine of phenolic acid in organic solution.
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In[(1— Ro)-Jv/Ro] = In(Dk/d) +Ju/k

Na=DI(Cn—Cp)/d
Na R FAERGERE (mol/em?-s); Dk/§ I T RALREAL 7 I A
(cm/s); Cm NYNIERRREEFRIKIE (mol/L); Cp NNIER
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G307 53 M CBEARRR 73 B 9 A 3 B8 R8T (R AH S
2.7 MNERKETFEERRRER

RTINS B CEEE AT “5atk” #E
S E PRI S, IR RGN IR A R A 4
B (A, LEAEFRSE (B). W pH {E (C) {E
NAZE, EVRTURIE 20 'C. ##1EE ) 1.0 MPa 4%
PET, %2 3 RIRA R A X 2L R 3 R 15 m,
ZERIEE 1.
28 HEEFERIS5EEMKRE

=1 MESENHNHERITSER n=3)
Table 1

nanofiltration separation (n = 3)

Response surface design and results of

RS A B/% C B /%
1 800 40 6.0 70.32
2 100 40 6.0 95.12
3 450 20 6.0 65.25
4 450 0 3.0 36.54
5 100 20 9.0 70.45
6 800 20 9.0 80.66
7 450 40 3.0 70.57
8 100 0 6.0 85.06
9 450 0 9.0 9.85

10 450 20 6.0 75.48
11 450 20 6.0 16.40
12 450 20 6.0 72.32
13 450 0 3.0 35.14
14 800 40 6.0 98.78
15 800 0 6.0 77.26
16 450 40 9.0 55.36
17 800 20 3.0 96.51

Z AT, TR R Y=72.78—17.29
A+6.40 B+28.53 C+6.28 AB+6.85 AC+11.55
BC+2.41 A2—3.78 B>—14.02 C2, ZItMKX &R
?=0.976 8, P<0.000 1, UiIHiZMA S R,
R o 3 AN RIZ 0T B R Rk B 2 s R HE T 9 >
A>B, WHEZEHEATZ0T, Hdh QARS8
pHH 2 MARZHAEHEE (R 2.
ﬁxﬁ%%ﬁ%MZ%W$%ﬁ%pHﬁ&ﬁ

CABTZR R A B R Judabn, XTONIEBEEE AR o, WESEELE (B D, RIEBE X T
ThiE. RPN pHE 3 MREBAT 2 K BUE 100, pHEMRT 4.6 i, HAEEHFIFREE L
2 WREhE R EYVIRBN HE S
Table 2 Variance analysis of response surface quadratic model
TIERIE BHWE SFITA i FE P1H TERE HHE PR )7 FE P{E
B 9 10991.50 1221.28  28.88 0.000 1™ | A? 1 3094 3094 0.73 0.4206
A 1 239259 239259  56.59 0.000 1™ | B? 1 5090 5090 1.20 0.3089
B 1 327.17  327.17 7.74 0.027 2* C? 1 793.07 793.07 18.76 0.003 4°

C 1 651226 651226 154.02 <<0.000 1™ | %k% 7 259.97 42.28

AB 1 157.75 157.75 3.73 0.094 7 AT 3 208.64 69.55 3.19 0.1462
AC 1 187.55 187.55 4.44 0.073 2 a7 4 8733 21.83

BC 1 533.61 533.61  12.62 0.009 3" | MEE 16 11 287.47

“P<0.01 £3; "P<0.05 & FE
**P < 0.01 highly significant; "P < 0.05 significant
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Fig. 1 Correlation between ethanol concentration and pH in 100 (a), 450 (b), and 800 (c) nanofiltration membrane
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Fig. 2 Correlation of In[(1—Ro)-Jv/Ro] and Jy at different
ethanol concentrations
#*3 CZEARERSETE L F In[DK/o]
Table 3 Values of & and In[Dk/d] at different ethanol

concentrations

CTEATR A BY%  K(X10°m's™Y)  In[Dk/d] =
0.0 33.33 -11.12 0972
5.0 30.67 -11.61  0.988
10.0 28.99 -12.00 0973
20.0 21.46 -12.87  0.964
40.0 12.47 -15.18  0.982

2.9.2 WEIKIER BRI H QB ),
ME 3 1 In[(1—Ro)-J/Ro] A8 5 (1 AH S £ 45
AL, FERTE SN R RAVARR B E N,
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methanol concentrations
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Table 4 Values of k and In[Dk/d] at different methanol

concentrations

AR 8% k(X106 m's™)  In[Dk/6] 7
0.0 33.33 1112 0972
5.0 30.03 -11.91  0.986
10.0 29.67 -12.41 0991
20.0 21.28 -13.51  0.980
40.0 13.55 -15.74  0.996
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Ro)-J/Ro] 5 R 2 (P AH S M B E AE X R Hh (1 @),
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Fig. 4 Correlation of In[(1—R,)-Jv/Ro] and Jy at different
acetonitrile concentrations
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Table 5 Values of k£ and In[Dk/o] at different acetonitrile

concentrations
ZIEERSBUY% (<108 ms™)  In[Dk/S] =
0.0 33.33 -11.12 0972
5.0 28.65 -11.59  0.985
10.0 25.32 —11.87  0.989
20.0 24.04 —12.23  0.988
40.0 21.69 -13.39  0.997
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