Bk 0901

AT BRI S A DARAREE K D BRI S R PE I B 4558

DINN

Jeivii)

FORRFR A TR 58

B B AR T, 2 O B PMMA R CEXRIER 1.5 pum, 5.0 um) 2 T, 7 A —4 — R IREIK
DRI AR EE L T2, EHIZ Dextran (Mw: 70,000) Z2E7 VAREHEL THV Y, Zhvbrmr A —4 — OB
DIRA TR DRI AR A R T2,

R SRBIR ORI AU EAT ST 6L B 57 T /KESIR D IR A O G LRI EH 7 7o 7 AR FEBLT HZ L5
mEdeote, RN TV 7 MEE LI L TRWA = v LT Ty VA TAR L —2 a3 570, BT 77 AT
T~ X NVADRL IR VTR - 23521 F DY 7 MR & L T/ NSW 2D | IRIENSRL I HERE L2V ) EWVD GRS IE LV VAT
REPEAVRIBI N, 72720, U7 NEEE DB T IEOMENLIZIZE - T Valy, FTRIBRIRTF ST ¢ — RIB R T2 &
BRDFEMZR R LI THD,

) LRRERL 1 OIR SR DRI A EAT S 12356 L ROV 7 NREEDNBUIR D7 F o 7 AL ~UL LD SO SRAEICR -
Tl LI A~ BT 2203 TERNZD KL 1A DIRFUI A B OIRFUC A TN RIBEET L

THRUR TE D T REVEDS RIRS VT, 72720 ZORUE DD LT 72 B O IR SR X 2R DS L BT D,

1. FIREH

RO (Reverse Osmosis; Wii=i2572) (2L DHE K KIL<2
TAREEAEIZB W TRINCL E L TEIERE BT 5
728 UF (UltraFiltration; FRAM A1) 12 & D RTALELEL i
SHABDEIV AT ARFERSN TN, ZDEE UF
BRI FAT, @ FITRES D I I B Rl oy LKL
F DX RBERE RSy DERE DB RDENTND, @&
TR DRI A EEEIE 1980 HAR I H 2 - AFHZ D
BEANTHFZES AL, ZDABFHERB L O n 27 o —#EIC
BIDEFR 7797 ADTRIINFIREE /2> TWD, L7
ORLARREIR DO RRIN A FFEIIA TRV B U,
FLINDDEA RIZHBIT DRI A FEE T S
TN EF - TEN,

AHFFETIX, 7 A —F — ORI IR ORI
WEE SOICH LI L F—F — DGR DIR
BMR DRI AR A RN, AR Z B 52
[T HZ&x ARELTZ, ZAUTFARANCH IR ICHELT
B0 EMEKPE KT AT DOEEE AT 4 — Ry

DHINT HIERNATREL 72D TEATH BFRIR

2. IEAE
2.1 MFBRARDORENHBEEFE
2.1.1 % &

T XS B2 E DR oy 1 K EE IR D BRA A e (2 B
T HHFTEIE 1980 FEARITREANTFZES IUTZ 208, ZAUTHEW
L REENE O FRAS AT F3 0 CHE & RE O IR 5 D B i
TOWEIN L %% 2 5L, Figure 1 DI, kXD L
NCRBITEDEEZDLND,

J,C, —D%:JVCP (1)

ZIT nrd—F—0hi %254, UF JRIZIE
100% FRIESNDEZZ TEWD T, C,=0 EL TR, Fie
JEBAREL D HIEF I NS IEHUC LD T 5 HIZEAL T
RTEXHL UL THD, ZDEE Eq(l) ICHLEEREL S,
1Eo T, PEBLASN O JFIHR AN~ D 30 16 A O i B A3 3R
HHITVD,

-37 -



J - F\\“l-r

[ ) C, permeate
feed :‘—5' C,
laminar membrane
film

Figure 1. [ELTF O COMEBH)

— F CIRAAIIZEB T DA Y T 55D EL T,
R DOMITREENDE 2 bV TET=, RiFDRI T E - 1X.,

KA D3 ABLO B DA H A D & EITH AT T )
BBV T 2B D LA E 0, KON BENIE 11
XL DEBEZLNDTD | EABD 5B Tk, 2D 113V
TRT A —AREMEIND, £z, V7 74— A2 LDk D
BaldHE L) 7 NRE LS, I/arF—2 — DR D
RAAAilaEZE 2 DE R 11E100% BRLIESD, FoTT7T
VI A JyEVT7 NREE VATERIREETIZEI G EE 2 6
Do EWVHZ VUL, U7 NEENTRITENIE, ZHE
W7 T AD TR/ 2HEE 2 BN, Belfort ©H M2k
e, AWM D —OERIRRL 7DV 7 MEE 1%

y, = bper @

164

ERBISND, 22T, b ITEH ERIREOEE 1.3)p
B | a ITRIFE, y 1T AWHEEE 1 1Tk TH 5,

ZZTLODGBNLTHND, T7bh | K235
BV 7 N L L CTIRWA =y LT Ty I ATH L
—Lar {505, BT Ty ATEE A~ EIL AR
IR 352 T DY 7 MEEE L RTINS W | T
(R IXHERE L2V, BVRZ DL R DU 7 MNEEE L b
LR T 7y 7 ATl 256 R THIcks7 7oy
TS T T T o7 A TR L L2,

LIALIRIABZ D X7 DO RRREIIARTZAT 4L TV Ve
W, 72 Bq.2) 1THE—KLT-DOU 7 MNEE LS TEY, A
TR L OO UE DRV ST W& 2 HNDEIR T,
U7 MNEEETIRAD T 52 LM TR REE DOBEEDOMFZEIC
FOBALMTA> TG B Ko TU7 MNEEDO R H 71D
i AVASY A RVANAV = N

____— Pressuregauge
® Q i Module 0

L anarar-asen |

) Valve }’3///
Flow 'j
meter

X
? ? Pump
Thermostat Feed tank

Figure 2. {FRIL7-ifiEIE SR UF lBRAEE

2.1.2 £ k&

Figure 2 (2789 RLO72 it i I B A 75 it B 4 1 A il
EL. EBEITo72, HWTEREIF 1 AT
VeV AT LA DRIA L 74 F UF B TH D, F-E
T VKL LU D B D 2 FEFHD HLS3 BE PMMA K
F CEEIRIEE 1.5 pm, 5.0 um, FEHEaRrEEY) 2 vz,
T4 —RORHEEIX 1,000 ppm S, JEFE X 25°C, Wik
1% 3.0Lmin" £L7z, ZOLE Reynolds 2Ki% 7.1 x10° 72
Do
2.1.3 BRBFIVEE

SEHPRIRE 1.5 pm ORL -2 V=L ED | BT TV 7 A
DM L% Figure 3 (\2oR9, FUINE /% 5.0 kef em™,
4.5 kgf cm?, 4.0 kgf cm™ EL72E& Wb B iERERET

G177 T 7 AL, 60 43~120 SRICEH 7T
AINFEBILTz, FICDEEDEF 7Ty A L 1.5x10° m?
m? s THotz, HIIEAD 1.0 kgf cm? DEETT T
ADPAOBINTFEAEFEO BT, R 1.5 x107

-38-



=—=5.0kgf/em "2
= 3.00 & =84 5kgfiom”2
E 950 \ =44 Okgf/om"2 |
é N —B-1.0kgflem "2
Eé 2.00
:‘,'H,ﬂ 1.50
% 1.00

0.50
0.00
0 20 40 80 100 120 140
2 1 5 it (min)

Figure 3. PMMA CFEJRIEL 1.5 pm) OB

==50kgflem "

)
=4=4 Okgflom™2 —e—3.0keflem”
=i—2 Okef/em”2

=84 5kefiem”:

S\ SN S

=B-1.5kef/em”:

A J(10Pm/s)
E

0 20 40

80 100 120 140

7% 3t ¥ ¥t (min)

Figure 4. PMMA (CEEPRIEE 5.0 pum) O i alliiRfs 5

m’ m? s CEHT IV IANEHL, ZhdT7 Iy AL
V7 RNEENZIERIC THS 722D THLHEEZEZDLND, &
DIZZNDDEH 7 7w 7 AFEINRAFEL TN E
oD%, ZiuE Bq.2) Z R Th YR ThHEN X
Do

FTo FHIRIFE 5.0 um DKL E VL&D BIRT T
V7 ADRERZEA L% Figure 4 (259, FUNE /% 5.0 kef
em?, 4.5 kgf em?, 4.0 kgf em™, 3.0 kgfem™? EL7-&%, U
T bR A 7 T 7 AFR L, 60 53~120 5
BIZET T T I ANEBI LT, FTZDEEDEFH 7T
I A% 1.85 x10° m® m? s Tho7=, HUMESA 1.5 kef
em?, 1.0 kgf em™ DEXIT T o7 ZADO IO IFIEL
ERBDLNT, TR 1.5 x10° m® m? s, 1.3 x10”
m’ m? s DEHET TV AERU, ZIUT, 7T AW
TR NED T2 1 FEAE T T I AN D

DI TzbDEE 2 HiD,

PLEFEDDE DRIF-035215 2V 7 M & Hhig U TR
WA=V YNNI TIIATA R —a 357205, Him~
T AT~ T DR R - 352 T 5V 7 k
L AT/ISNWZ® | IR IHERE L 72\ &
IIELWATREMES RIB SN, 72720, U7 b7 — A% 3f
BT Dbl > T B2 AR 2 R D HEE, & AW
IO O BB ARAF T DL 722D, Ko T
DHOEREEL TE DX fli% 52 22 L2358 272D
WT, SRR DS B L 72 D,

2.2 BEHMLBEARS DRESROBNSERFME
2.2.1 % &

WENE S T OHOEE | BRINAIEIZB W TIE—i%
VIR E RO N RDBREL IR EFEIZLDFERE S DI
TRERCEW, FECE D FREN RIS ND

-39



YOG A 7Ty 7 AL F OIS ELREND,
J, =L,(AP-Ar) 3)

ZIT, LMK E AR AP IEE 77% Ar 1 XRFEIE
FETHD, Flom oy TRROIR LT WA T
bbb,

Az =A4,C, +4,C, + 4,C, with ¢ =c, -exp[i”j

“)

ZITL A Ao A3 I RRIBERE THONT L&D T
FRIZIKDERTH D, Eq.(3). Eq.(4) ZH D& 4P & Ty
DBIRA Eq.(5) TROINDZEN 3D,

LALZRING @53 KSR 7 a T — 2 — DR+
O DNRE ST —AIZB W T, EDXH 7RI AR
PEIRTNNT, BIEETOLEZAHLNE RS> TR,
2.2.2 £ B

Figure 2 (Z/R L7yt ilfE BR Al i sl 2k & < LT
(TR % 2 RSO I B T D LI X R AT

ol JAWTEARB L, olisy RO RS 2 FEOH
A AT V/-VXTAXH%ODHUZLI/7/(/;§ UF
JBE (43 iy 1 8::20 k, 100 k) Thd, AL T
Dextran T70 (Mw: 70,000) & H\ 7z, 70— R B
10,000 ppm, 20,000 ppm L7z, FIRi XN 1.5
um DOHSEL PMMA K- (R 8) 2 vz, &
=R 10,000 ppm L7, BT 25°CC, &
3.0 Lmin" L7,
2.2. 3 BRBLUER

flizk, L0V 10,000 ppm D Dextran T70 B Tzt
R EAT 755 % Figure 5 (27”7,

fKZE WG AT EINTR L THBIL T T 7 AN
K& IE LT Dextran ZMNZ75E 13T A
T BIZD4L, MIKDGE D EMENS T IV T DER T3
PDOBIV, ZHIRFERPFONTEF R D,

F7= Figure 5 1213 Eq.(5) W T %%ﬂt77/72%
HES [FFFIZRLCWD, 22T WEBERE k1
Sherwood £V =K s TV %23, Sherwood iﬁl%‘fﬁfﬁﬁ"éf:

AP:J (‘;\JM -C} exp( Jj+A3-C§-exp(3-JV] Q)

k

4.0E-05 1

3.0E-05 1

2.0E-05

steady state flux [m®* m2 s1]

1.0E-05 1

k

— 100k

— 20k
B purewater flux 100k
B purewater flux 20k
A dextran70 flux 100k

A dextran70flux 20k

0.0E+00

0 D.I1 IJ.I2
applied pressure [MPa]

0.3 0.4 0.5

Figure 5. Dextran T70 (2R F

- 40 -



DITWZE Dextran T70 OYEEAREITEEEOHFZE B ©
HMEIN TR OBRER A AV,

D=5.96-10""+2.12-10"" -tanh(28.4-C, —1.491)
(6)

IHIZ Dextran T70 DIRFGEHELRIL A;. 4>\ A3 BEEED
FgE Bl TS TOWDIEEL T, 4,=0.375, 4,=7.52,
A;=76.4 ZRZ, ZOLEREEIT[g em”| DO EALT, {7
BIEIE[10° Pa]D AL THWSD, Figure 5 MHIHGN
723912, Eq.(6) ZHAWTHELNIZT7 Ty 7 AT HEI,
BAEZ M AQIE LS TRITECWAZERRENTZ, SHIZ,
20,000 ppm @ Dextran T70 Z¥E &L THWKEERD
FHEABRGATV Y, FEEIC Eq.(6) &2 HWT, EREZ%R
ELLFPRITETWAZED RSN,

Figure 6. Figure 7 (ZZ 1241, PMMA 10,000 ppm &
Dextran 10,000 ppm DiE## . PMMA 10,000 ppm &
Dextran 20,000 ppm O & KO F B R AT

Figure 6, Figure 7 7>, Dextran AR BRI A HFE: &
PMMA % INZ 7o iAW ORI AIBFFEITIZE A EEND

MRBDHHENIR ST, 2T 2. TTEHTORGEIETE
Z%&, PMMA DOUZ NEENBUR DT T 7 AL~ L L)
WA IO IS 70 — AT R I EEm ~HEFE T D&M
RWEDIRE L THARMBHUC 201G T, Lo TRAERD
RO A FFMEIL Dextran RO BRI ARSI TIE—2L
THEWVDAIREMER T BID, 72720 . A LR AL T
HRF- DOV NEE LD E\NT T I AL~ L E RS — A

Tl KL DA KT T DIPINE DL/ Dm0, 7oL

EEEARHTHY, HDREPLETHD,

— 4.00E-05
) ¢ pure water 100k
N
<
g 3.00E-05 A s ¢ pure water 20k
<
E
5 2 00E-05 - X mixture 100k
2 S X
8 X - X mixture 20k
] X
% 1.00E-05 % >= >= a
© B Dextran70 100k
2 10,000ppm
® 0.00E+00 : ;
ED 7020k
0 0.1 0.2 03 " oooonem
applied pressure [MPa]
Figure 6. 10,000 ppm > PMMA & 10,000 ppm @ Dextran DA R D125 ER S R

— 3.00E-05
0 * pure water 100k
N
E
I # pure water 20k
< 2.00E-05 1
E
x * x mixture 100k
=
=
2 .
8 1.00E-05 1 X mixture 20k
[7/]
2 m ;; x I
© * W Dextran70 100k 20,000ppm
)
® 0.00E+00 T T
= Dextran70 20k 20,000
0 0.1 0.2 0.3 e ppm

applied pressure [MPa]

Figure 7.

10,000 ppm @ PMMA & 20,000 ppm @ Dextran DRSS

RO RS

-41 -



3. F&&H

AMFFETIE, 2 FEADOHLI HL PMMA K- CEERIAE :
1.5 um, 5.0 um) Z T, 37— —hi 1R EBIR D
FRA A RrE A fi L 72, E5IZ Dextran (Mw: 70,000) %
ETFLAMELTHW, ZheIrur A —2 — DG
B DIRE IR DRI AR 2 et L7z,

R BREIR D RIS A EAT T35 6 oy TR IR
DRI AIE DG LRI E T 7 T 7 ANFB T HZ L
DHAGINETIR ST, FT DRI 32T BV 7 Ml FE & b L
TENA =V T T I ATERL—ar 570, %
W7 7 7 AT ~E XD R B VTR 3 32 1T DY
T ML R TRSNWE® | BRESRL I EHERE L7220
EVIOREEA IE LW RTREMEDS RS LTz, 72720, U7 bl
FED R T IEDOHESLITIIE > TR, b2
RT 4= NIRERFM R E | EROFEMRRE LB T
BB,

B LIREBRL - DIR B IR DRI A ZT T2 56

K- DVT7 NREENRBUR DT T 5 7 AL~V L0 @G
VZBRS T RN A~ B T 22 EN TERND
WL B OEGUT AR ALy DIFUT R TREL 1R
BIEET LV CRUR TED AREMES RIBS T, 72720, 2
DAEDIRO ST T2 A DRI SR 2 D e,
MLETHD,

5| FSCRK

[1] G. Belfort, R. H. Davis, A. L. Zydney, The behavior of
suspensions and macromolecularsolutions in crossflow
microfiltration, J. Membr. Sci., 96, 1-58 (1994)

[2] K. Oda, K. Akamatsu, M. Fujita, S. Nakao, Two
-dimentional simulation of lift velocities of spherical
particles in crossflow microfiltration, J. Chem. Eng.
Japan, 42, 884-892 (2009)

[3] AARBE =, BB ot A0 EHE, pp37-49
(1984)

-42 -



No. 0901

Study on Ultra-Filtration Performance of Simulated Seawater Containing Organic

Compounds and Suspended Particles

Kazuki Akamatsu

School of Engineering, The University of Tokyo

Summary

The ultrafiltration (UF) properties of two monodispersed PMMA particles (average diameter: 1.5 um, 5.0 pm)
were investigated. Additionally, using dextran (Mw: 70,000) as a model organic compounds, the UF property of
the mixture of the dextran and the PMMA particles were also investigated in this study.

In the case of the UF of the monodispersed PMMA particles suspensions, the steady state flux was observed,
just as the case of the UF of aqueous solution containing macromolecules. In addition, the assumption that the
flux did not change with time in the case where the lift velocity of the particles is larger than the flux was
examined using PMMA particles with 1.5 pm or 5.0 pm, and this assumption seemed to be valid. However the
method to calculate the lift velocity has not been established. In concrete, the lift velocity equation by Belfort et
al. needs the shear rate for calculating it, however it depends on the distance from the membrane surface. It
remains unsolved how to decide the distance for calculating the lift velocity. Furthermore we should continue
studying the effects of particle diameter or feed concentration on the lift velocities.

In the case of the UF of the mixture of the dextran and the PMMA particles suspensions, the filtration
resistance due to the PMMA particles was smaller than that due to the organic solutes, which resulted in that the
steady state flux was proved to be expressed by using the osmotic pressure model. However we conducted the
experiments only in the case of the situation where the lift velocity was higher than the filtration flux, so we need

more studies in the case where the assumption is not valid.
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