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Application of filtration of latex by Vibratory Shear Enhanced Process (VSEP) was
investigated using both concentration polarization model and the effect of shear rate on
flux. The results show that the shear rate on the surface of membrane by vibration
produces high flux and the flux has correlated by shear rate.

Scale-up study was conducted by the relation between flux and shear rate those were
obtained from Series L. (Laboratory scale). Testing using Series i (industrial scale) was
conducted to verify the scale-up procedure. The result shows that performance of
Series 1 is estimated by using Series L date within an acceptable level of deviation.

Key Words :
Jig oo B Membrane separation
eI )] Vibration
+ A B OH E Shear rate
AT —=NV7T v 7 Scale up
7 7 v 7 A Latex

ADE

EORMET, @EMREId L LD, BENRES

}TE‘Z SEERM DT Ty 7 AHAOME T, ES
g2 RGBS DT T v 7 AR OBEHE DB
ﬁm%ﬁﬁ TRREPREFEINTVEY, 7ux7

— ARSI N D (E RIS BE S B TR 12
EL%@E%@@77/71M%®ﬁE«@H%&

TR TOREPEMBIZRETH 5,

—HZHL ﬁﬁ@ﬁh%ﬁﬁ%t%<?ég prp ]
m%ﬁEM?éo%%M®7Dx7m—ﬁf®51
WRATGN, Fa—T7—, Fa—7 7 A N—RIDE
EEREETCIRERTOEAREEZEMEE 5720

28 Pk AV SR Sk

Vol. 42 No. 2 (1999./3)



R E 2 NS &5 5% L D45, ZORET
BREBICET AR TZANF—=PRE R DEN
&, RERMZBIT B AREEOMMIL, HESR
ROFETEIZL ) 2T ERAD R,
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L IREY R B 45wt 36 & VSEP™ (VSEP=Vibratory
Shear Enhanced Processing, 70 : KE NEW
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3 B ANTREOEEAL & RSB EIC RIS
HAMEEDORLE R 5 ) 5 HHTH T & E2RlA
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Table 1 Specification of VSEP for tests

BIZBT 5 EEBRTE - BIEMROZERTHL2IZL,
ZORRERIIFERO A — V7 v 7 (HHEeFHl)
) ER R WA

1. VSEP OHIE

1. 1 VSEP {:#%

VSEP th# %21 RIRL, ENT A METH
% Series L (LLF SeriesL), 7542y MMETH 5
Series P (LLF Series P) K UVEHE Seriesi (LLF
Seriesi) OBERXZFE1RIIRT, /2, &2V —
ADEET 2 — VRS TS 2 FIIRT,

Series L & P, Seriesi D& EOK X ENIE,
SeriesLDFEEY 2 — VIZHBERETH LD 20
L, P, Seriesi TidfE N L 1 28+~ aERER
SHMBEEEL 2> TWBEATHL, TP,
Series i DIEE Y 2 —WiZid, HYIRPHEA ST
BY SeriesL & 70— — VR L5, B3I
|2 Series P, Seriesi® 70 —/3% — VA X % 7=

Type Membrane area |WidthXDepthXHeight| Outer diameter of | Inner diameter of
yp m’ m membrane [m] membrane [m]
Series L 0.045 0.64%x0.8%1.9 0.26 0.10
Series P 1.53 0.64%x0.8X1.9 0.28 0.13
Series /150 13.5 1.17X1.4X3.4 0.47 0.19
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Table 2 Shear rate and Average shear rate of VSEP
- Outer Inner Average
Aniyc)gt]ude Fr%l_}l;]n €Y | shear rate | shear rate | shear rate
[1/s] [1/s] [1/s]
Series L 2.22 59.0 103 052 40423 76 215
Series P 2.22 47.9 79153 36 660 70112
Series I 2.22 51.0 88 411 34 357 68 660
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Table 3 Test conditions of SeriesL

Test 1 \

Test 2 | Test 3

Membrane

UF-membrane : MWCO08000, Polyamide

Temperature [K]

298 (Constant)

Average shear rate [1/s] 87000 (Constant)

87000 (Constant) No

vibration:4

000
Vibration : 87 000, 76 000, 65 000, 4 300

Concentration of latex[wt%] 1.0,7.0,20.0, 35.0

30.0 (Constant)

1.0, 7.0, 20.0, 35.0

TMP [kPa]x10* 2.8,6.2,9.7,13.0,16.5, 20.0

970 (Constant) 970 (Constant)

Fluid velocity on the
surface of membrane [m/s] 0.4

0.06, 0.22, 0.44 0.44

Back pressure valve

M Concentrate

Feed tank 50 ¢

-
Permeate

Pump

X
[\

V < SEP series L 0.045 m?

8K VSEP SeriesL7 XA b 71—
Fig. 8 Block flow diagrams of VSEP Series L test
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AWTEEE COWMEBEREE 7 VEBEBEE % Ko
7oo FORREEARIIRT,

FARIY, FHEAMBEEIEMT 2138, ¥
BREBRBER T VBBREISEMT 52 Ea5bho
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200,

Transmembrane pressure : 930 [kPa]
Temperature : 298 K
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Fig.12 Relation between concentration and flux

Table 4 Estination of mass transfer Coefficient and concentration of formation of gel layer

e shar | Coffnt of | tormation of | B s
X107 [1/ s] [m/ hr] [wt%] m
8.8 1.13X10°° 57.1 1.93X107°7
7.6 1.09%X107° 94.5 2.00x1077
6.5 1.07X10°° 50.0 2.04X1077
4.3 1.02x10-° 42.6 2.13%10°7
0.4 (no vibration) 2.02x10°* 38.0 1.08X107®
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!

Calculation of average flux,
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and residence time of single pass

No
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Fig.13 Flow chart of scale up calculation
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4. 2 Series P MEEFEI

9, BOTEDN Series L EIFIZRICT, 70—
NG = RO AREEAE % A Series P (198 )
DOVERE T 2 MET L7, £ LT, FEBEIZ Series P
THWTI T 7 AB87 A P ETV, RETH
(FH5) fEDOWGREER AT > 72,
(1) PEREFRIRRE S

PERE FHIMRAE S 2 88 5 F|IZ/R T, SeriesP O
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(2) TERET B DFRGE

EHFE PHFAMYE
Table 5 Test conditions of Series P

UF-membrane:

Membrane MWC08000, Polyamide
Temperature [K] 298
Average shear rate [1/s] 60 150
Concentration of latex [wt%] 19.9
TMP [kPa] 970
Feed flow rate [L/hr] 208.3
Stage 19
£ 6 & FrEMEL EERMEILE

Table 6 Comparison of the calculated and mearsured
average flux and exit concentration of series P

Exit concentration single pass
[wt%] [L/m?*hr]
Calculated 25.3 29.6
Mearsured 25.2 28.2
Precision [%] +0.4 +5.0
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Table 7 Test conditions of Seriesi

725) |
CORRED S UANORRTCH DL ® SR Membrane | GGaR B e
—HLTBY, SeriessL2oMiEiEETH S - — — :
Series P ~DOMEE T, MBI O RE 434 % % emperature
Average shear rate [1/s] 65 600

B L 7B BT A T AT RERE S 5 = & Cxf - _
A DS AT E 7, Initial Concentration Of[vlv%%’/?))]{ 6.1
4. 3 Series i OMEETFH

Initial storage of latex 520 ‘

fEtr 4 XH3E U CTd 5 Series L 7> 5 Series P ~ TMP [kPa] 970
DUEREF AT ABTHERIE Tl D 22 &1t Feed flow rate [L/s) 970
AFEAC & 7298, Y A XA3R 7% 5 Seriesi THF D Feed flow rate [L/hr] 1700 |
RHIASEL O SE O DG % A7, Stage 50 ‘

F

Feed tank 0.5 m3 1

<

Permeate

Pump
(o) |
M Concentrate

Back pressure valve

Vibration motor 5.5 kW

L ]

V < SEP series i 13.5 m?
214 VSEP Series i 7 A b 71—
Fig.14 Block flow diagrams of VSEP Series i test

B8R AL KR

Table 8 Comparison of the calculated and mearsured exit concentration and average flux of Series I

) Exit concentration [wt%] Average flux [L/m*/hr]
Feed concentration [wt%]
6.3 10.7 17.1 21.2 6.3 10.7 17.1 21.2
Calculated 11.9 17.1 23.2 27.1 62.5 54.9 48.5 45.6
Mearsured 11.5 16.7 22.7 27.1 60.0 96.1 52.7 50.3
Precision [%] +3.5 +2.4 +2.2 +0 +4.2 —2.1 —8.0 —9.3
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