Vol. 29 No. 1
MEMBRANE SCIENCE AND TECHNOLOGY Feb. 2009

29
2009

8}
—_

AR 2 R KR AL FEAE FT: =i i 28 TR A P

R dh, XA, 8 RA

pu

, 300160)

—_

KB F Ak AL H(PVDF) ¥ = 44 55 K% U, AR 940 3. 5% NaCl KRigig A A
L KM Kk, BAT BRI 2 52 e, b T A2 (VMD) A 42 X ( SCM D) An B 45 42k I K 19
(DCMD) it A264 Bt 2k Ak, % BT FHRIRE RR R B BRAM A B A SFBELS T4
PR 09 %k, 45 R & P VMDD it4269 F KB E %%, A F) 21.8 L/ (m’+h) ; DCMD X Z, SGM D
Fol . A M D i3AZ 8905 F 38 239 M AR R B0 S M K, R AR IR A 38 et TE K, SG-
MD A= VMD i$42 38 & 5 A A M A ARIKRE Ao L7 B i 25, @ DCM D i 4238 2 0] JL-F
[ A2p KRR T d % . SGMD DCMD A= VMD i$4289 BL 2 E 5 51 H 99.97% 99. 98%
F299. 99% , JU-F R #RAE b .
s BRARNE, HKK A R AT M PR AEHRKR

: TQ028.8 © A : 1007— 8924(2009) 01— 0083— 07
(MD)
, , (PVDF)
) . 3.5% NaCl ,
, DCMD SGMD  VMD
,MD ,
[1,2] '
20 60 ) o A S
1 ZRE A,
(DCM D) (SGMD) 1.1
(AGM D) (VMD) . MD , ,
[3-5] 1.0 mm, 0. 15 mm, 0.16 Hm,
[6- 8] 85% . 23 cm,
[9] [10, 11] 0.03 m2_
, MD , -DDS- 11A
MD ,
[12- 151 MD 1.2
, MD 1 ,

MD PVDF

: 2007- 09- 05; . 2007- 12- 13
(2006 BAB03A 06) , (05YFGDGX10000)
(1983-), , s X . {zhaojingnm@

163.com). * (luxiaolong@ 263. net)



. 84 29
(b) DCMD
8
o
12 8 (c) SCMD
1. ;2. ;3. ;4. ;5. ;6. ;
7. ; 8. ;9. ; 10. s 11 s 12
1
Fig.1 Experimental apparatus for M D process
MD N
| 2 HREWE
: 2.1 MD
1) VMD , PVDF ,
; VMD SGMD DCMD ,
2) DCMD 21
’ 25
) 5 -= VMD
201 - SGMD
3) SGMD = 20 - DCMD
, "E 15}
=g
’ g 10}
, =
W sr
(VMD) (SG- £ Ll
MD), () 9550 55 60 65 70 75
, ORI T/C
Ci=35¢g/L, v;=0.66m/s. VMD: p= - 0.095 MPa;
) 5 SGMD: v,= 0.27m/s; DCMD: v,=0.02m/s
(J) (Rj): 2
J= W/(AXx1i) (1) Fig.2 Effect of feed temperature on the flux of MD process
% ke A ,m; 2, (50~ 70 C),
,h. MD
Ci- C : i
= T 100% (2) u
f VMD> DCM D> SGMD. 50 C
, Ct Cy . /L, 70 'C ,VMD 8.5 L/ (m’*h)
, NaCl 21.8L/(m*h), SGMD DCMD

1.34L/(m’h)  3.22L/(m’h),



4.11 L/(m*h) 15.12 L/(m*h). \
k1 Higigg g dig w5 25 Bk £e9¥0h ; DCMD  SGMD \

Table 1 Effect of feed temperature on the conductivity

and rejection of M D process , ,VMD
VMD SGMD DCMD ,
P p P
TICruseem YR/ % [®San™ Yy Ri/% /(USrem™ ') R{ % 50
50 3.4 99.99 10 99.97 5.4  99.98 ’ ’ -
70 C L3
55 3.3 99.99 9.5 99.97 5.0 99.98
60 3.1 99.99 10 99.97 4.8 99.98 1 , 50 C 70 C,
65 3.2 99.99 9.5 99.97 5.4 99.98 VMD SGMD DCMD
70 3.2 99.99 10 99.97 5.4  99.98 . . 99. 999,
MD , 99.97%  99.98%,
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Fig.3 Effect of feed velocity on the flux of M D process
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Table 2 Effect of feed velocity on the conductivity and rejection of MD process( 70 C)

VMD SGMD DCMD
v/(mes™ ) P/ (MS*em™ ) Ril % P/ (MS em™ 1) Ri/ % P/ (MS*em™ ) R{ %
0. 44 3.1 99.99 10 99. 97 5.8 99.98
0. 66 3.1 99.99 10 99. 97 5.4 99.98
0. 88 3.1 99.99 9.5 99. 97 5.6 99.98
1. 11 3.2 99.99 9.5 99. 97 5.8 99.98
1.33 3.1 99.99 9.5 99. 97 5.8 99.98
3 , 18.3 4.2 L/(m’*h).
. 0.44 m/s 1.33 m/s, , DCM D ,
VMD SGMD , 0.8~ 1.0 m/s

65 C 14.4 3L/ (m>h), 70°C :VMD  SGMD
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Table 3 Effect of feed velocity on the conductivity and rejection of MD process( 65 C)

VMD SGMD DCMD
v/(mes” ') 0/ (US* cm™ 1) Ril % P/ (KS cm_l) Ril % P/ (BS*cm”™ 1) Ry %
0. 44 2.7 99.99 9.5 99. 97 5.6 99.98
0. 66 2.8 99.99 9.5 99. 97 5.4 99.98
0. 88 2.8 99.99 9 99. 97 5.4 99.98
L. 11 2.9 99.99 9 99. 97 5.5 99.98
1.33 2.9 99.99 9.5 99. 97 5.6 99.98
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Table 4 Effect of water(sweeping gas) velocity on the conductivity and rejection of M D process
VMD DCMD SGMD
p p p
p/MPa  /(WSeem™ ) Ry/%  o/(mes 'y /(MBS ')  Ry% v/ (mes™ ") /(MSeem™ ) R/ %
0.07 3.3 99.99 0.012 4.5 99.98 0.15 9 99. 97
0.075 3.2 99.99 0.019 4.7 99.98 0.17 9 99. 97
0.08 3.2 99.99 0.027 4.5 99.98 0.19 8.5 99. 97
0.085 3.2 99.99 0.035 4.4 99.98 0.21 8.3 99. 97
0.09 3.4 99.99 0.042 4.4 99.98 0.24 8.2 99. 97
0.095 3.5 99.99 0.051 4.5 99.98 0.27 8.2 99. 97
2.4
6 5 VMD SGMD
DCMD
6 (< 40
g/L),
; 80 ¢g/L . . .
0 100 200 300 400
s yel 7 -1
VMD 7 320 /L . BHBIARE Cl(g'L)
T=170C, vi=0.66 m/'s. VMD: p= - 0. 095M Pa;
s , SGMD: v,= 0.27m/s; DCMD: v,=0.02m/s
) 6
; , ,NaCl Fig.6 Effect of feed concentraton on the flux of MD process
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Table 5 Effect of feed concentration on the conductivity and rejection of MD process
VM D SGMD DCMD
Cl(g LY P/(HSeem™ ) Ry % P/ (HS*em™ ) Ry % P/(HS em™ ') Ri/ %
5 3.1 99.99 8.5 99.97 5.2 99.98
15 2.8 99.99 8.5 99.97 5.6 99.98
35 3.1 99.99 8.5 99.97 5.4 99.98
60 2.8 99.99 9.0 99.98 5.0 99.99
80 3.1 99.99 9.0 99.99 5.5 99.99
100 3.0 99.99 9.5 99.99 5.5 99.99
120 2.7 99.99 10.0 99.99 5.5 99.99
160 3.0 99.99 10.0 99.99 6.0 99.99
200 2.4 99.99 10.0 99.99 8.0 99.99
240 2.1 99.99 10.0 99.99 10.5 99.99
280 2.4 99.99 10.0 99.99 15 99.99
320 2.6 99.99 10.5 99.99 23 99.99
360 2.8 99.99 10.5 99.99 29 99.99
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Seawater desalination by membrane distillation:
a comparison of three processes

ZHA O Jing, WU Chunrui, LU X taolong

(Key Laboratory of Hollow Fiber M embrane M aterails and Membrane Process M inistry of Education,
Institute of Biology and Chemistry Engineering, Tianjin Polytechnic University, T ianjin 300160, China)

Abstract: M icroporous hydrophobic polyvinylidene fluoride (PVDF) hollow fiber membrane was employed in
the seawater desalination experiment, using 3. 5% NaCl aqueous solution as testing solution. T he desalination
performances of vacuum( VMD) , sweeping gas(SGM D), and direct contact mem brane distillation( DCM D) pro-
cesses were compared. The effects of the temperature, velocity, and concentration of the feed solution, together
with the condition of the permeate side on the performance of MD processes were studied. T he results shows
that the flux of VMD process is the highest, with 21. 8 L/(m**h), that of the DCM D process is moderate, and
the SGM D is the lowest. In all the three processes, the flux increases with the enhancement of feed tempera
ture, and decreases with the increase of feed concentration. In VMD or SGMD process, the flux increases as the
vacuum degree or sweeping gas velocity increases. But in our experiments, the flux of DCMD process hardly
showed any variation as the water velocity of the permeate side increased. The rejection for salt in all the three
processes was stable and kept near 100% , as the operating parameters changed.

Key words: membrane distillation; seawater desalination; polyvinylidene fluoride; hydrophobic hollow fiber

membrane
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Nanofiltration continuous process control: recovery of
oligosaccharides from streamed soybean waste water

WANG Lei', SHAO Cheng', WAN G H ai’
( 1. Institute of Advanced Control T echnology, Dalian University of Technology, Dalian 116024, China;

2. Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian 116023, China)

Abstract: A novel nanofiltration concentration process for recovery of oligosaccharides from streamed soybean
waste water is explored. Technical flow and control requirements for 20 t/ h nanofiltration continuous process is
mntroduced. One process control system based on PLC was designed. The control system is integrated by
Siemens TP 170B as human machine interface (HM 1), S7200, DR20 and MM 430 as control center. It is proved
by application in Shandong Gushen that the design can meet the technical requirements with availability, relia
bility and efficiency.

Key words: membrane separation; nanofiltration (NF) ; soy oligosaccharide; process control; auto control



