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Abstract: Objective To verify the feasibility of vapor-permeable membrane technology for the separation of water bodies containing
essential oil of Asari Radix et Rhizoma (ARR) essential oil, and then to apply vapor permeate technology to the separation of more
essential oils of traditional Chinese medicine. Methods The polydimethylsiloxane/polyvinylidene fluoride (PDMS/PVDF) composite
flat membrane and polyvinylidene fluoride (PVDF) flat membrane were collected as the membrane material. The oil-bearing water
body of ARR volatile oil was separated by vapor permeate technology, and the oil penetration rate of two kinds of membranes was
calculated. At the same time, the changes of the composition and content of the essential oil before and after the membrane were
analyzed by gas chromatography-mass spectrometry (GC-MS). Results The results showed that the essential oil penetration rate was
significantly higher than that of PDMS/PVDF membrane when PVDF membrane was used as membrane material. GC-MS qualitative
analysis results showed that the composition of the essential oil in the penetrants of the two membranes was basically the same as that
of the essential oil obtained by the traditional steam distillation method. The content of a-pinene, B-pinene, 3,5-dimethoxytoluene, and
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methyl eugenol were determined by double internal standard method. The results showed that the content of each component in the

PVDF membrane permeation was significantly higher than that of the PDMS/PVDF membrane permeation solution. Conclusion It is

feasible to separate the oil containing water from the essential oil of ARR by vapor permeation membrane technology. Compared with

the PDMS/PVDF membrane, the PVDF membrane is more suitable for separating the oil containing water of the essential oil of ARR.

Key words: Asari Radix et Rhizoma essential oil; oil-bearing water body; vapor permeation technology; GC-MS analysis; a-pinene;

B-pinene; 3,5-dimethoxytoluene; methyl eugenol
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sieboldii Miq. M EARFIMRZEN, g0=¢ i £ 2
RO ANFE R R, AR TS R B, AR R
MEAME. iR, P BREDRE. PR
MEAREAFE . YU BUR LS 2 B FH S, i % i
M FER AT EFR. 3,5-ZHHEEFXR, o
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R ARAF, ZMPEARFZAER ARG
AREENG B R MED I FE Asarum
heterotopoids  Fr. Schmidt var.
(Maxim.) Kitag. /AR AR ZE.
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Fig. 1 Schematic diagram of steam osmosis membrane

separation device
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Table 1 Gradient of temperature programming

THi® 3 2/(°C-min") IR/ C PRFFIN [E]/min
0 50 5
5 130 2
15 250 2
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SE, INBEEE BE 2 AW o-JR)E 225.3 pg/mL. -
UM 158.0 pg/mL. HIEET My 1 905.0 pg/mL. 3,5-
THAKEEF K 400.0 pg/mL ()RS R AR . R
FRDUEE MRS, BT 10 mL &,
SR CBRFR R B R BRI, #2251, HIE o-JRM
22.5 ug/mL. B-JEMi 47.4 pg/mL. HFE T HH 114.3
ng/mL.3,5- — FA 38 H 2K 40.0 pg/mL (7R A% HEL
PEaRTL

254  PHKAER IR SRR PRI R
MR PVDF 3 PDMS/PVDF & & %
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FERA 15.20 mg T 10 mL 2, IIAEFISECN
0.05%HI3F LB AN 0.08% 1 IE+ =%i% 1 mL, FES
IR CEERMRE E R B2, 25, RIS,
255 AMERRFEH iR HEER “2.537 0K
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0.999 8, ZkM:JuM 15.80~63.20 pg/mL; T &
By Y=7.142 8 X—0.170 8, *=0.999 3, {475
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Table 2 Comparison of oil permeability of ARR essential
oil through PVDF and PDMS/PVDF composite membrane

JEAA ) Rkl BERE BEMEY%
PVDF Ji 20.00 12.78 63.94
PDMS/PVDF & & i 20.00 7.34 36.70
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NHEAT 2RV E Ly B SRR Y SEM K. A
2-A~C >}y PDMS/PVDF JI5 ff) £ [ T W T 45 449
PDMS/PVDF 8 &-F B H & FJE (/2D (1) PDMS
2. Ha 21 PVDF EME N —E3 2 3 #45
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50 000 f5 R, AT IR IR, LI FRL;
Kl 2-B1 NT8CK 10 000 135 (1) B W i J=y &85O B, AT
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AR R R A I R I I, 0k B AR R E 1
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PN BRSO RCIR S BR S5 M4 B 2-F1 NCK 2 000
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ESIIHLEIA “ W fR-9 80 MU, BIARr o3 B 2H o A5 T
ML IE NN, TERR I3 B DA AR 1B &
BRI, IAE) S B0 H .

BT 2 B B1 fiTB2. C1 AT C2 KL,
RAY P Tk T 4 LI T A A ) IRARAS RS 44, T
AT ZRIRIB BNy 55 S0 Ja WXIR 45 M A 4 23 3
78, PN TIREA Ve R T ISR T AN P B AR A N
1 O | B T Gl V I RS 7w oy S E e U 8
1M PVDF JEA FLIE, W& 2-D1 1 D2, K]
2-E1 1 B2 RILT-1ME 1 /INFLAE S5 M id i ] AL,
WTTH MBS IR R 454, AT 28 VRIBIB IR0y 28 S 50
JG, BERMBERIAE, NMUFFEHEER, Wi
WORGER A T — 7. #T LiRWE, 454158
BHAE, HEN PVDF R )N LG W] 28R
PRt PRI IEIE 7, A PudE S A A
it DA RT e R (L PR 18 (1) PVDF B3k 47 287K 1538
SEES, DUA R EE 1.



e 2]

Chinese Traditional and Herbal Drugs 25 50 % 35 8 # 20194 4 A

* 1799 ¢

E-PVDF BT R #8CK  F-PVDF JEME  1-id AT
A-PDMS/PVDF composite film surface

A-PDMS/PVDF E4& K1 B-PDMS/PVDF & &R A C-PDMS/PVDF & &M D-PVDF R
2-1 B

B-partial magnification of PDMS/PVDF composite membrane section

20 Oum

s E M} L T

C-PDMS/PVDF composite membrane section D-PVDF membrane surface E-partial magnification of PVDF membrane

section F-PVDF membrane section 1-before transmembrane 2-after transmembrane

[E 2 PDMS/PVDF £&[EK PVDF [RREFMTE SEM [E
Fig. 2 Scheme SEM of surface and section of PDMS/PVDF composite membrane and PVDF membrane
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75 O R R A3 AR K A e, i AT 5
1T GC-MS & P43 b b e it B HiT Jo 72 5 s 73 R
FKRKAETMAEA,  LLAE B A LB IR 5 45 K
W) BN S B AR
3.3 GC-MS ##f

WKL BUS B3 R 5 20R%

BIE N B3 301 PVDF i21E 1 PDMS/PVDF
HEMBERIEE “2.5.47 WUR 720 #4080,
SAEERE 1 uL, IR LR T b, 12
GC-MS K, WK 3.

33.1 GC-MS EMHSHr % iR GC-MS Z&4*t
PVDF A PDMS/PVDF & & JHARIBIE 5 BT f5
Y HE R B AT A d, S HAETRE (B
30 YHFFE R JFE RN 2 i B2 T R 1 B 43 S AH
STE D EENZ 3. A Nist MS Search 2.2 (3 524t
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A-XTESL B-¥EE R C-PVDF [Hi3i%W  D-PDMS/PVDF [EBEW  1-SACE  2-0-98K  3-B-URM  4-3,5- 1

FAHEFZR S-IET=kE 6-HEE T R

A-reference substance B-volatile oil solution C-PVDF membrane permeate solution D-PDMS/PVDF membrane permeate

solution 1-cyclohexanone 2-a-pinene 3-B-pinene 4-3,5-dimethoxytoluene 5-n-tridecane 6-methyleugenol

3 FEELMER. PVDF [EEiE /& PDMS/PVDF 1B R R AT BMAA GC-MS &ik[E
Fig. 3 GC-MS chromatograms of essential oil ARR with steam distillation, PVDF membrane penetrants, PDMS/PVDF

membrane penetrants, and mixed control

BT A 2, R T AE — 451X 2 B 53
IR B 20 B i, N4 R S R A i S 50
AN, % T HA 42 N, HERMESER
98.74%, HF LW TR 5 21.39%. HET &
5 15.36%- 3,5- “HEEEF R Y 12.66%. B--M
8.94%. o-JRM f7 7.59%. JHEDEAE 1.00% L L
AT 3-8 4515 7.34%.3,4,5- = AL K 1 4.24%.
B 5 4.09%. a-/KAH i 3.10%. PSR
5 2.40%- M 1.71% RS 5 1.63%- A7
5 1.35%. MAHEAE Al PVDF B3 52E i R RSl
51 A, % T HA 42 gy, SRR ISR
99.02%, HEZWTREER G 23.41%. HET Fi
i 9.98%. 3,5-“HEAEEFR G 15.18%. B-IRM i
9.04%- a-JRME 5 7.04%. JH B BE 1.00%LL F1)
WA 3-EM b 8.37%. B 5 5.78% o-7K/T
i 3.20%. 3,4,5-=HEEEHIR Y 2.78%. Fri)E
5 1.96%- KR 5 1.88% M 1.64%. A
fif 5 0.82%. MAHFH5 K PDMS/PVDF & &%
BRI S0 Mg, %E T A 42 AN EUE, b
RSB 98.45%, HETW»EER L

19.50%. 3T & 14.40%. 3,5- ~H AL ZE
5 14.10% BT 7.91% a-JRHh 6.77%. Jif
BEEAE 1.00% L ERIIER 3-8 5 11.30%.3,4,5-
SHEEFR Y 415%. REZEEY 3.41%. a-7K
Frdfidy 3.58% M b7 1.91%- PG5 R & 1.59%-
PR 1.44%. KR & 1.01%. A& 8L DL
WS EREREEE R A E .

I E AN S HE R R . PVDF BB AN
PDMS/PVDF E & BEER K GC-MS JE 15t 4h
BRI, FER MM TEZ8VRBIE B F2 5 v DA
BSEAEMIIR R, B R R ) oy BT LIRS dok s
HAFIMAS KA, IERHK B E . K,
UEBA T SR H Z8IRIBIE AR 73 B A S 45 R i & K
R JG, $ERM R R IR D, (R
BRI RR AR AR AR AL, RENE GC-MS ER
I3 BT R 5
332 GC-MS EESMH  ARSLERAKZESEM
TRPEHUAN S 5 A, 38 2 Bl A S SCik g 8 <7
TR AFREFIBIE oM B-IRME . 2L T &M
3,5- R HIR 4 Fhlisr & 21 GC-MS 7712,
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®3 WFHELMFER. PVDF [HZIERM PDMS/PVDF (S ERFLEENR S REBENESEE
Table 3 Essential composition and their relative percentage of crude essential oil, PVDF membrane penetrants, and
PDMS/PVDF membrane penetrants obtained from ARR

fe/min et P i — Ay R .
Fhia  JRW  PVDF E2i&EW  PDMS/PVDF H & HIBIER
317 ARTHR CsHio 106 0.10 0.09 0.09
3.68 Al ZHIZK CsHuo 106 0.04 0.03 0.04
376 O CsH100 152 0.19 0.18 0.17
447 =R CioHis 136 0.03 0.02 0.02
4.69 o~ CioHis 136 0.40 0.39 0.39
4.87  o-JRM CioHis 136 7.59 7.04 6.77
536 M CioHis 136 1.71 1.64 1.44
6.36  B-TRME CioHis 136 8.94 9.04 7.91
7.04  B-HEEME CioHie 136 0.67 0.80 0.88
7.39  o-/KFTME CioHis 136 3.10 3.20 3.58
7.59  3-¥E CioHis 136 7.34 8.37 11.30
8.12  ABs:feks CioHis 136 0.52 1.11 0.83
8.26 iR CioHis 136 1.57 1.96 1.91
8.36  HMlikh CioHis 136 1.63 1.88 1.01
8.74 B-T#hi CioHis 136 0.18 0.18 0.19
9.08 o-Z i CioHis 136 0.07 0.09 0.11
9.35  y-FATHG CioHis 136 0.26 0.29 0.36
10.33 i Sh i CioHis 136 0.98 1.13 1.49
10.64 - i B i CioH160 152 0.05 0.04 0.04
12.09  (-)-1% K Ci0H140 150 0.30 0.38 0.24
1236 REZH Ci0Hi150 154 4.09 5.78 3.41
12,79 (5)-UK}r C10H160 152 0.80 0.80 0.79
1290 - C10H160 152 0.05 0.05 0.06
13.18 il it -4 CioH150 154 0.30 0.38 0.31
13.48 XA )-8 C1oH140 150 0.02 0.03 0.03
13.62  o-ii Ci0Hi1s0 154 0.25 0.31 0.32
13.85  HEMK CioH120 148 0.61 0.89 0.53
1498  HILEE R C1iHi60 164 0.09 0.08 0.08
1585 3,5-~HHALEHF K CoH 1202 152 12.66 15.18 14.10
1642 HEAEER Ci10H1002 162 21.39 23.41 19.50
19.67 HETEH C11H1402 178 15.36 9.98 14.40
19.82  3,4,5-= I I C10H1403 182 424 2.78 4.15
20.19 BV CisHaa 204 0.11 0.03 0.17
2040 B-HEENE CisHa 204 0.10 0.06 0.15
2053 -l CisHa 204 0.10 0.03 0.16
21.16  EEE AN CisHa60 238 0.10 0.05 0.13
21.68 A UTEWIHE Ci1sHz60 238 0.17 0.02 0.12
21.94 AT REMEE C1iH120;: 192 2.40 0.82 1.59
22.18  (2)-LAk-9-J-4,6- —F-(3S)-E  Ci17H260 262 0.06 0.09 0.07
22,93 3,4-F 5 A SN CioH1003 208 0.07 0.03 0.03
23.80 MWIEHFR Ci2HisOs 208 0.05 0.02 0.02
24.18 -2 Ci2HisOs 208 0.01 0.03 0.01

2544  ARKEFRE Ci5H260 222 0.04 0.02 0.02
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B RERT A 4 SR HE R 4 M SRR, B
HSEHER MR . PVDF JEZiE WA PDMS/PVDF
HEWBEALIE “2.5.47 TR J7 50 & R,
A3 AERE 1 uL, vHE R 2 RS IE R a- R
B-TEM HETHm. 3,5- " HHEEHIENSE, 4
BWFE 4, R 4 PR, o M B-IRME. HERET &
Py 3,5 R4 ORI 2 5 K/ LA ) 2 o >
PVDF JE£i% W >PDMS/PVDF K &EEEw,
YE 3R 0 B S a- RS B-IR)G (AR
i A AR FIE T A 3,5- — AL R 2K (DLIE
T =AW, &3 GC-MS a5,

PVDF BB IE W 4 FPEl o 12 &3 3k = T PDMS/
PVDF & & EW -

% 43 i%E L PVDF A1 PDMS/PVDF i f)3% i
RILEINE 5, BEERTH, Ll PVDF MM K
AT AR BB LN, F 0 ME S R E &
PDMS/PVDF i, Zi&LL E4r#r, 5 PDMS/PVDF
JEAHEL, PVDF BB IE T 28750808 7 B S P K
AR, B S AT, [F AR E AN R
JEAA AL LI I 1 B AR R I 22 e, i E I A
H Al M ICiERE, ARSI G AN R R i i A
— e A L (1 3 I AR A TR A

R4 AMRDEMFEZELHBFER. PVDF S5 R PDMS/PVDF ESIERFHEELLE (20 g HFEFLHH)
Table 4 Comparison of content of different components in crude essential oil, penetrants of PVDF membrane and
PDMS/PVDF composite membrane of ARR (20 g essential oil of ARR)

20 g gH=EFE R Il g

v o
s o TN B3 3.5 R % HE T
JR K 0.3056 0.416 9 1.484 7 1.9570
PVDF JEZ7E 0.180 1 0.274 3 1.118 2 0.864 1
PDMS/PVDF & & 855 W 0.003 3 0.002 0 0.004 5 0.0152

=5 MHEEEL T 4 K9 @T PVDF BEF0 PDMS/PVDF £ &5 518 d RAI LR

Table 5 Comparison of transmittances of four components in AAR volatile oil after passing through PVDF membrane and

PDMS/PVDF composite membrane

IR/ %
JEEAA ) - — R —
a-JR I B-IR )i 3,5- HIEAEF K AT H
PVDF J# 58.93 65.80 75.31 44.15
PDMS/PVDF & & & 31.38 33.45 39.45 33.11

4 TRELHL

B EIRSEEG 25 B #rml &n: (1) PDMS/PVDF
HAMEREECE G, W PVDF R 2 HA A&
Z AL, MEWTTH i an g i, X PSR T LAk eS
HAEBR < Pusfidimg” o IE— e E LR aE
R, 1 Z2EPRIBIE o) B A0 48 R I K AR S B8
HE I P 2 MRS AR I, PVDF JR%E
R UL T PDMS/PVDF B4, HiESZ PVDF
(1) PR IH A% 2 E A R T . (2) R GC-MS
BT EMERE B0, e g T A, st
FEG KRR ZEBEF R I 45 R . PVDF i3
%A PDMS/PVDF & & 538 W HH 1R B o3 Il 2
RO, IKZERZENBIETR IS 24 R0 R A7 R S
15 2 PRSI W [RIRE e gl 2, Ese 7 &0
AIRIB By B Ja 15 R o A A ks TR
IF, d ek 2 R A OG SCHRHRE T, SR F R AR xs 48

ARSI o- UM B-URME . AT EHM . 3.5-
THEEHIR 4 h R T E R, MEERSWE
A1, PVDF BBIEWR A 4 Fhassr 2 i i e 1
PDMS/PVDF E &I, RIUER] 1281532 (PVDF
JE AR T2 B A 15 A 5 i K A I FL A%
FAT PRSI R A Ak H R 32 B2 U 4) a-TR
Mis B-URME . AT HEMA 3,5- A H KM &
H =T PDMS/PVDF E & BB 7R . KIHIESE TR
FZRIBIEI S B H A T2 B4 4 R & K
RIATAT I, TZAVRBER S SE AR THE 2
PRI & KR B o B R — 2P A
AWFFEL R GC-MS #7EES T, BT
GC #EFER/N (1 L), RASMRZE#TER S 5IA
BRRZE, HETAFRSS ZEWERZERK, Hig
WFAIARR K, SR —NFRERZROR, B4
SR N FRE (NARPRIERTZTE) T E &,
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E#

SERERE ERETSIH RS R e R, RIS

A AFEREA B SRRZE, EEE
R OMER . 5.

AR R SR BB R T o 24 85 K A4 1

S, FEEUR T — RAN R TR0, AR SRIG 5|
NZEVRIB TS B T4 45 A & i 7K AR 1Y)
53, R PVDF JREAT 73 B8 i 4 - 45 i (112
T ZEIA 60% LA E, I RLESAS B R, SEEG
45 FAUEH] PVDF AR IR E4E 2547, e 145 K
HIRARIER R, A RHIAE] T IR B E .
RN TR F 28 VR85 I R 43 B 5 I I P oA
WEFE, PRA 5 B %o 5 25 25 AL AT 4R, A
AR @ RIS IR AR B ST 2 A5 R
HE), e a2, Bk TR H 2,
RAIEHE R 258U EH
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