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Fig. 1 Flow chart of experimental apparatus for vacuum membrane distillation
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Fig. 2 The effects of different membranes on permeation flux (a), organic matter content of condensate (b), organic matter

content of concentrated liquid (c), organic matter retention, energy consumption and water recovery (d)
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Fig. 3 The effects of the permeating side vacuum on permeation flux (a), organic matter content of condensate (b),

organic matter content of concentrated liquid (¢), organic matter retention, energy consumption and water recovery (d)
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Fig. 4 The effects of feed temperature on permeation flux (a), organic matter content of condensate (b), organic matter

content of concentrated liquid (¢), organic matter retention, energy consumption and water recovery (d)

WAL A () R » BERNE R BE XS 7 8w A 2%
SEMA Y SRR R EE N 50 °C B FH# 70 °C B, i
25 miniBiE M 4. 33 L/(m* « h) _FFH3) 12, 44
L/(m® « h), 3 32282 R A R L 7 A 78 YRR A R
HHE TN, AR Antoine R [ (5) ], L A Z 1A
VAR S R R AR BOC R TR bR R B
HEEHIN A FHZ M A Z8 R R 2R3, B0 % W 5
KM BE S .

lgp—10, 196 2 L 730.630

T—39. 724
WA ACh) B s M FERNGE A 70 CTR [ E]
50 Cin, e BER A HLY R W N 6 647 mg/L T
FEZE 5 160 mg/L. 1XJ2 P il BE S i e 1 ARl o
W BRI T2 BRI RS 43 T T 7K 43 RHC A v
ST BIARDOE 3 R [ DR A e i A 2 A
BB G, NIET 4 (o) Fir s« SRRt J3E v A
v e Je A ALY B L XA AR T EE b TR
TBEEE R T RERBTRCR.

(5

W 4D iR , Bl R EE i BE A 78 HL
Y B B, N 70 CHF Y 81, 3% L FHE T
50 ‘CHY 90. 3%. ixX 52 X hy ik i R AIC, 5 78 % 4 0y
TE G2 T o 00 AH X o0 FE ARG A R T H 50K
AR5y B AR B EEE R IRE RIS
BB E PR KECR TR BIET RE e
TTALSERE Ty, 3 SRR AE 1) SRS . IRk, 7E SC PR
IR SRy T S B BE FE 28 B DR B M TR R E 2 1Y
HERNB TR
2.4 FRbREE R B RN

Tt A TR LA R AR AR 0 A% AL B Ik
— R R R IR V5 G R G R e B PTFE A4 )5
PR K BT S  7E HERNR 60 °C (3B EM 40 kPa 5%
P B E R RN A AL 1% B 25 R 2R R s A T PR R 1Y
RN, S5 5N E 5 .

Gl 5 ) s, BRI E A 0.5 em/s 3
& 4 ecm/s, | 25 min BB EEM 4. 03 L/(m? -
h)HEhNE] 8. 89 L/(m?® « h). JEE Rk B b Ak 25 5 i



“124 - B

o
==

Ej

i A 5545 45

R T I F 2 WK 43 25 K, B v 30U 1 T LA o
FEIA A AT FRIIE B Yok 55 Tk 3 AR B AR Ak 1 52
I LR e AL AR LR 1G5 i i £ 1 (W] P L g
i G R R AT P W 2B A LA R R IR e
WES5Ch) B, M s m 2] 4 cm/s B, Hj
25 min?®EERA HLY) I R EE N 4 416 mg/L #4in
2T 6 212 mg/L. 32 PR R AR 25 i v B

VR DR 2R 2 I AT TR R A e

(8) 15 —e— 4dem/s
—e— 2 cm/s
— 12y o 1 cm/s
~= —x— 0.5 cm/s
‘E 9 i ._.\.\o—o
mlpéﬂ 6F @ ——,
EKQ 3t ta R ———x *
B
0 25 50 75 100 125 150
] /min
c) 18 000
L) —e— 4 cm/s (d)
iy —e— 2cm/s
g 17000F —e— 1cm/s *
£ —x— 0.5 cm/s ‘]?“]'
B 16000} e BE
g ./'4i Eﬁ
I /:ﬁ:/- S
\&é 150001 " =
= T
T 14 000 +
—f_’!\(: 1 1 L L L "
# 0 25 50 75 100 125 150
B[] /min
& 5

—_
=
=

BRI BRI /(mg 1Y)

[\ & DN o)
= S = S
T T T T

=)

OB T 5 o U AR o ARl 50 S 7 300 52 Pl oy A
XTI NG5 FE AT, BRI T 57K 28 M 5 B 4. &l
5Co) s T i U ok i) = 2 il i, 78 4 em/
s IR T, HERRECA HLY & i 15 103 mg/L ¥
5% T 16 895 mg/L. Wl 5(d) Fr 7%, 24 i 2 M
4 em/sHEIRZE 0.5 em/s I G WL BE R A 84. 3%
BEINEN T 94, 8%0 , 1X 16 BH R HH L2 M5 2% 19 vk 40 0
alifg B — P 2 A Tk

10 000
—e— 4 cm/s
—e— 2cm/s
8000 r —e— 1l cm/s
—x— 0.5 cm/s
6000 -
— .:.
4000 + * ——
2000
0 25 50 75 100 125 150
58] /min
- 50 130
| A A e B aere R KR
% lao {24
N
% 7 7 ~ ©
N = ~
130 P 18 ﬂ_
= =
o {12E
= a W ®
= F N
= = {10= {6
= = o o
0.5 1.0 2.0 4.0

PERHAHE /(em-s™)

PEAH 8 e (2) R BERCA LY &t (b) IRAA HLY) & (o ALY OR B R CREFREFIK [BICR (D B2

Fig. 5 The effects of feed velocity on permeation flux (a), organic matter content of condensate (b), organic matter content

of concentrated liquid (¢), organic matter retention, energy consumption and water recovery (d)
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Fig. 6 SEM images of surface and cross-section of membranes before and after the experments
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Application of vacuum membrane distillation technology
in concentration of tobacco pure dew

ZHANG Zhao', LI Yan fang', ZHANG Cunyong', TIAN Zhihao?,
LIU Wenlong?, ZHANG Bing®, TIAN Zhenfeng', HUANG Lan',

LI Chuanrun®*, YAN Haiyang*"*, GE Shaolin'

(1. Anhui Provincial Key Laboratory of Aerosol Analysis, Modulation and Biological Effect,
Hefei 231200, China; 2. College of pharmacy, Anhui University of Chinese Medicine,
Hefei 230012, China; 3. Zhejiang Province Tobacco Quality Supervision and Testing Station,
Hangzhou 310001, China; 4. Pharmaceutical Engineering Technology Research Center,
Anhui University of Chinese Medicine, Hefei 230012, China)

Abstract; The tobacco pure dew obtained from steam distillation of the extract of reconstituted tobacco
leaves was concentrated by vacuum membrane distillation. The influence of different operating conditions
on the concentration of tobacco pure dew were investigated, in which the mass and heat transfer were
discussed, and the surface contamination was characterized and analyzed. Results show that the membrane
material, the vacuum degree on the permeating side, the temperature of the feed liquid, and the flow rate
of the feed have obvious effects on the permeation flux and the retention rate, and the hydrophobic and
oleophobic membrane based on PTFE has higher retention rate. The maximum permeable flux can reach
12.74 L/(m® « h) at 70 °C and 70 kPa, and the highest organic matter retention rate can reach 94. 8% at
the velocity of 0. 5 em/s. Therefore, the vacuum membrane distillation exhibits an excellent technical
reliability and economic competitiveness in the concentration of tobacco pure dew.

Key words: vacuum membrane distillation; tobacco pure dew; reconstituted tobacco leaves; concentration



