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Exploration of molecular state and nanofiltration separation mechanism of
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solution by mass transfer mathematical model
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Abstract: Objective To explore the molecular state and nanofiltration separation mechanism of Danshen (Salviae Miltiorrhizae
Radix et Rhizoma, SMRR)-Zhishi (Aurantii Fructus Immaturus, AFI) complex solution by mass transfer mathematical model.
Methods In the experiment, protocatechuic aldehyde, rosmarinic acid, salvianolic acid B, synephrine were selected as indexes to
analyze membrane flux and rejection in single component solution and SMRR-AFI complex solution. Based on the power correlation
between mass transfer coefficient and solute concentration, the molecular state of components in the complex solution was fitted with
single component. And then, the mechanism of nanofiltration separation was discussed with the molecular state in complex solution.
Results The separation pressure was positively correlated with membrane flux. The mass transfer coefficients and solute
concentration had high power correlation in single component solution and complex solution, and the nanofiltration mass transfer
model was established successfully with the regression coefficients (R?> > 0.98). The composite state proportion of index components
in the complex solution was protocatechuic aldehyde of 26.17%, rosmarinic acid of 79.87%, salvianolic acid B of 89.15% and

synephrine of 96.92%. Conclusion The analytical model of molecular state is established to clarify the nanofiltration separation
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mechanism in SMRR-AFI complex solution, which provides technical support for the separation and refining of Chinese medicinal

ingredients.
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Fig. 2 Effect of pressure on nanofiltration flux
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Table 1 Linear equation of pressure and nanofiltration flux
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Table 5 Composite state proportion of synephrine in

complex solution

F& 51 240/ (ums™)

J B /(g mL ) Eo T HEBHH/%
20.70 1431 9.16 98.13
41.40 15.38 9.97 98.00
82.80 16.67 1099 97.61
103.50 17.12 11.59 96.92

26.17%, KILEFER 79.87%, FHHEE B 89.15%, ¥
JEAK 96.92%, FLor HILNIE 73 B BOR K& 2 MRS
PRI AR EL, iRk &R . SRR By ¥ bR
BUEESEASE, ML EZ S 75
X @, TAETRMAT AR Z M. 2IREHAF
HI RO, IR SR iz NP 2R, 7 bk
T2 RSN T2 K HE., 52,
AERRIE IR & N -4 RO 4 B S B AE, I
TR AL P AR AN VE R SR L5 2, IR
prfEiE L, HIS E3E T RIS BT R AAAEIRES
BT o

R R EERIZRE, TR 2, T
07 T P R RS A AT R R R T/ oA
B, [RIT AN AR B AR 20 1 BREEAE 100~1000,
XA HUEBOAEE, DL 707 B a7y
T4 08 L ) v 245 S A AR A A i 2 PR o A7 7 JR) R
Yo B, FESEE PRI T 98 7 2L,
AR AT 95 08 T BE (AR SRR T 4 R A 0 AR
A MBTRR R T [ ) e 181, BT o B o A
RURE T 2455207 Hh s AFAE RS, BEITT e B 98 7>
BELE], X T 4R S H 2 AR T O R 4R
THNEEA )& PR i T BOR S

FBEHAR PAAVEHSFAREGEA BT R
SE
[11  Ek¥E, BREE, XSHGH], & HETREET R EE

LLAETUORL S £ T2 B BAR SLEE AT AT (7], B2y,

2019, 50(17): 4123-4130.
[2] ZE-F. dahlZesE (M) deat i E B2 R

#t, 2016: 233-242.
[31 Mai N N S, Otsuka Y, Goto S, et al. Effects of polymer
solid
dispersion; at-line monitoring system based on attenuated

total
spectroscopy [J]. J Drug Deliv Sci Technol, 2021, 61:

molecular weight on curcumin amorphous

reflectance  mid-infrared and near-infrared

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]

102278.

Kwon B, Mandal T, Elkins M R, et al. Cholesterol
interaction with the trimeric HIV fusion protein gp41 in
NMR
spectroscopy and molecular dynamics simulations [J]. J
Mol Biol, 2020, 432(16): 4705-4721.

FHEE, FEE, XED, & PTG IHE TN
W BEFIHMR B WEM M [J]. FEZ, 2019, 506):
1328-1333.

LiCY,MaY, GulJ M, er al. A green separation mode of
synephrine from Citrus aurantium L. (Rutaceae) by
nanofiltration technology [J]. Food Sci Nutr, 2019, 7(12):
4014-4020.

IR, REE, WX, & S RmERIE R HX
TR RN G EAL R B R (7], g gk
£, 2018, 43(7): 1453-1458.

BAFE, WA, SF), & BEHIEASHARER
KRB R IRAL B B AL SRS HIR (0], hEE
24,2021, 52(1): 91-98.

IEER, DA, XFIRR, . IR AR A
HIHGEAL R RS (1] P2y, 2017, 48(19):
3986-3991.

LiCY, May, Li HY, et al. Exploring the nanofiltration
mass transfer characteristic and concentrate process of

lipid bilayers investigated by solid-state

procyanidins from grape juice [J]. Food Sci Nutr, 2019,
7(5): 1884-1890.

PR 2 [S]. —#B. 2020: 258.

Shang W T, Li X Y, Liu W J, et al. Effective suppression
of concentration polarization by nanofiltration membrane
surface pattern manipulation: Numerical modeling based
on LIF visualization [J]. J Membr Sci, 2021, 622: 119021.
Léniz-Pizarro F, Liu C Q, Colburn A, et al. Positively
charged nanofiltration membrane synthesis, transport
models, and lanthanides separation [J]. J Membr Sci,
2021, 620: 118973.

PAFE, XHK, @7, 5. 5T AU AE -
BROSE 73 AT AR R P 2 5 v 3 S R R AR I 7 B BUARE [T,
FRE 254 &, 2017, 42(14): 2670-2675.

R, ERE, &M, . ORETR-AEYEALAEE
IREHIHT [7]. A2, 2020, 42(6): 1416-1420.
XuY Q, Yu SY, Peng G B, et al. Novel crosslinked
brominated polyphenylene oxide composite nanofiltration
membranes with organic solvent permeability and
swelling property [J]. J Membr Sci, 2021, 620: 118784.
PAEE, IS, MWE, 55 AVUEBIAE T
FEBEROGIUE 7 BEHLEIBT AL (3], B PR 2 R 223,
2020, 36(2): 241-245.

Chau J, Sirkar K K. Organic solvent mixture separation
during reverse osmosis and nanofiltration by a
perfluorodioxole copolymer membrane [J]. J Membr Sci,
2021, 618: 118663.

[T FRALE]



