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BASIC STUDY ON EFFECT OF OPERATIONAL FACTORS AND CONSTITUENT SUBSTANCES FOR
PERMEATION FLUX IN ULTRA MEMBRANE FILTRATION
ERIZ . AR FERRE" . RARE”
Kazuyuki NISHIMURA®*, Kiyoshi KAWAMURA*, Masaki ITOH®, Yasumoto MAGARA*

ABSTRACT;Operational conditions, in solid-liquid separation, of a cross-flow type ultra
membrane filtration system were experimentally examined to make a proper formulation of
permeation flux.

Pure water with and without selected constituent substance such as polyethylene glycol
and activated sludge as used as water sample.

Pure water was used to obtain the basic information of filtration. Permeation flux as
vell as membrane resistance(Rm) was affected predominantly by applied pressure to the filter
(P). Rm was increased consistently according to the increase of P and formulated as
a function of P. The other samples showed various behavior of the flux and filtration
resistance. The resistance caused by cake-layer and/or gel-layer(Rcg) was obtained
by reducing Rm from the filtration resistance and formulated by substance weight attached
on unit filter surface area, compression factor (n) of the attached substance and P. The
permeation flux was satisfactorily expressed by introducing Rm and Rcg, and the behavior of it

to P was explained by the magnitude of the compression factor (n)

KEYWORDS;Ultra membrane filtration, Operational factors, Constituent substances, Permeation

flux, Filter resistance, Cake resistance, Gel resistance
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AMARERVIBHOLEBELZENE L, ROoBEESS VR ERRBIBVVRET CORZBERF LEE Y
S5 v ADBGROBHERS . T B, AMRUBESE UEET . T3 RIS ENLER
MAOHABRICEE BBBT 5 » 7 AEATT 201, SRAETTOERBIIL SHME L, ZRT
I Fks v o7 REBEANKBABL ., BERAEERELABERIRCE D AOENZRE LIz B
W75y 7 ARFHBEREBEVPLEELLE SAHON 0B, S AHD 238l LAA2RB»E
Bl

A FEUKER Ic L 2R TRERBESCREL., zofthoR o TREM 2 ERE
EEADBICMUEREESORBRRITHLEL » oo S8R, RO ICRIETLT 392.3 kPa. TEER
B 18 L/nin (BREIGGE 3.6 n/s) DIIESM T IHMEEKEBBI I LI - THBEDZ # PG
EEEIEIFNEETO, BEAMOZRICLEBB7 5 v 7 ADBREEDLRLT I LI LTt TDE
fEic X D BIRTTE oM L TSR -feH, TORICE AT SHEEEL THBEERRER oM
5 ST OET LARE R » o ,

KEREIT - 7ok SHNEERVBROHAGEER-1ILE LD 3,

2. 4 iﬁi@’/‘ 5y Tab.-1 Experiments conditions
7REEY 2 —NVE Sample Pure Water EG Sol. PEG 500K Sol.
HOBEH Conc. (mgC/1) 200 10000 50 100 200
s Temp (°C)
e TN N 6 o o o o o o
BEER ICHRIEETN 20 O O O O O O
o T 24 O O O O O ]
R URRmEE = E L 31 o S S S 3 S
SRTHB7 5 v 7
ZE2REL. Blics Sample Si-Ge! | SiGel+PEGk A.Slu dge
. . SS (mg/1) 12000 12000 5760 16650
HOBRERREN 60
E LT AR 16 e}
. 20 o]
(IR & 7 VIR 21 o o o o
neyr—+BikR% 31 O

SbhEicbD) ik,
) . The pHl of all samples was adjusted to 7.2.
KD TEREINS T : This sample is a mixture of Si-gel 12000 wg/l and PEG 500K 100 mgC/|

EO M, kR (1) Applied velocity @ 1.2, 2.4, 3.6, 4.8, 6.0, 7.2 w/sec.
XKD Driving pressures : 196.1, 294.2, 392.3, 490.3 kPa.

P
o 7+(Rm + Rg + Re) (W
J:BBA75 922 (n/d)
P : DET (Pa)
7 BRSHEGREL (Pa-s)
Rm : BEIKET (1/m)
Rg @ ¥ ARBER (U/m)
Re : 7 —+BEHK (/n)
BB FYVBIERICRERRCTOYEOHEZ VIEREEAL D E LTV S,
RO & > BIEENE LTAOREAEEB WS, AQREAE vy~ HORED V9 —~HoE
B CHE/ERSBET 20T, BE LML 2E0EN LBEENOBMIE X VBEL S, €V a—VERD
ALEBEER LARETROALERNRE L ZEN (AOEME- HOE/E) & oMicX(2) R4 %k
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BRI LT,
L = 0.001067-V? (2)
P. : ZFE 7 (kPa)
Vo BERFEE (n/s) :
ZIT. CORENBRBEEN v —~BOERELHBY ORIcOIEKETZLREL. R (D) &
Bernoulli DA% LEEEIEKAE (2EH L, &5 Maninngd =R, () &b, HERKETEEL
n=0.013% 8 %,

f = 124.5-n% /D' (3)
£ EFRRRARH

n : FABEFREK

D: BHEE (n)

BONIHERREE V2 — V2 EELLBS0BRER VIS D OfH» 5 Bernoul lidRZEIEA LAD
MEA Yy —Eeda—~VAOR. TV —VHOEHOMEN+ 4 —BoERRFEREC X 2 EHIBE
OEBERD, ThoDEEERAREI OB L VI —LEVa—VETOENBEEHE L. FAIL AR
kY —TOENEEROEEHBEEDSES 2 —VOAODBLUVHOTOENEXEH L, HHEOFHE
FEELCNOLEED T 2¥a—wERN) &Lk, BB, 2TORRZGET cERNOFHENIRELET
HotelEip b, HEHEENSENL THERAOEBEREREBE/LE . SO BEVWSE Y 2 —VE
NEFCHELRIZERZVWEEI I,

-]

Z. ?ﬁﬁz KEUE B & CEGEREI D8 B » = “‘! o ‘“,

. 7K E B d ' "

RBOKSE S BGEUEL (EG 10,000 mgC/L) @ g :::i::::::::‘::z::::::?\\x T”“:::kh
24 CIT 1) 2 EEIEE FHET 5 v 7 ROB 5” \\N\\ <o w2
HBER-IIRYT . RBMERENTHEET 59 7 g o "’_\ i ¢ 23
2 3BEEEONE ICET T 2 EHEER # o 190.3 kPa
LTwass, chizEe LTHBLEES I R S i
RO EERICLDEY A ] a
—VENBETT b EELOND, BB, 0 Dure taler
BEB7 5w 2AREC LD UELLLOES 0 2 1 o 8 10

Yelocity (w/s)

RLTWEN, CHIZEHLIENRR S Fig.-3 Relationship between velocity and
HTHY., ERicHAW Kol TH 3, permeation flux in pure water sample and
EG solution (at 24°C)
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Rm = Rmyso-a ™ t5® (4)
Rn : BRIEHL (1/m) ® —
Rmiso : 150 kPaic %513 3 BIEHT (1/n) » F /,m/
a : $R¥ F Vclocilym;sn'. T %% °
Pm : €Y a—EH (kPa) \E 15 » 2w }'
F-2k 0., FBE AIHEKERO XS IHE g | S 2w /ﬂ/
BRIZHBE b EGEEO X > cF TR §0] =TT
B R LIS B BE T HIEEA EELL ‘srjzxz Hﬁﬂx'
o —H Risolc oW Tid. FEOEVLRE . “_/_'W (Mn.mm,
 —BoOEBE LT EbDEEL SN D, o L— i

0 50 100 150 200 250 300 35 400 150 500
Hodule pressure (kPa)

Ao Tk, B—HBoERIRE-EEH
WTIT 2 7S, RTOERRETRIRAEE . . .
) A Fig.-4 Relationship between module pressure
fescid. CoPALMERAIKLSEHED and permeation flux in pure water sample
BADIBEIRD RS C ENTEROE & and EG solution (at 24°C).
LEREATRTH 5, -
Licdio T T ORI B BRnik. R(4)
KEDEDB L E LD, FE ako0T

1E413 T

REACRLALSTOMEOFEEE 1.0009% T
FIW. Rmu st 2 W T RIS #5%6. 0, 7. 2 n/s i 16 °c
BEH2 | )
TELNLABEREE V2 — VEHOMIEG wa | nx
b &R DHE Lo I ne
2 6E2 b o
%-‘ SEH2 B 4 gy
3. 2 PEG S500KEK. Si-GelEkl. BA % en
K BLUCEY 7w s BBOKR Z senn
PEG 500K& %}, Si-Gelidkl. Baslklib & 2E412
CEM 7w v 7Z8 oW T, W COER%E 162 'EG Sol . (1000 mgC/1)
ECA—NVENEEBT T v 7 AOMBEEL ° ) )

. 0 100 200 300 00 500
TE]“B‘:ZT\‘L’:O ;ﬁﬁ\ E]Ep@%ﬁ‘i%iﬁﬁ Module pressure (kPad
ZROEHOCCHELLBERY 5 v 7 A%K  Fig.-5 Relationship between module pressure
LTV, and filter resistance in pure water sample

and EG solution (at 24°C)
PEG S00KEAKIDIFSE. BBV 5 v 7 Xk €

Tab.-2 Factor a, Rmss and kinematic viscosity of various samples at differeni water temperature

Pure Water EG Sol. (200 mgC/1) EG Sol. (10000 mgC/1)
Temp.(°C) | Factor a2 Rmysp 7 (Pass)| Factor 2  Rmso 7 (Pass)| Factor a2  Rmsp 7 (Pass)
16 1.0014 3.98E+12 0.0011 1.0001  2.32E+12 0.0012 1.0008 1.78E+12 0.0013
20 1.0009 2.53E+12 0.0010 1.0005 2.14E+12 0.001! 1.0011 1.29E+12 0.0013
24 1.0011  3.94E+12 0.0009 | 1.0006 2.05E+#12 0.0010 [ 1.0012 1.04E+12 0.0013
31 1.0015 3.91E+12 0.0008 | 1.0003 3.21E+12 0.0009 | 1.0014 1.25E+12 0.0011

7 :Kinematic viscosity
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a—VENOHN &SNS B BEEAESFE NS R,
BB7 5y RABEY2—WEHOHMCH LTHE v ELL
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a : WHIER (n/ke)
¥ AEKREEEER (kg)
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W/ARBGL 2 BEREY Y O A BIENERICHEY T 5,

a = c-P?
a

(6)

¢ 843 BT (n/ke)

c : EREH
: JAEF (Pa)

o

—119—

2.00£413

1.80E+13

1.GOE+13

1.406413

1. 206413

1.00E+13

Resistance (1/m}

8.00E+12

6.00E+12

4.00€412

A3} / il
2.006412 - —

e 7o (0 N A

0.00E400
0 50 100 150 200 250 300 350 400 450 500
Module pressure (kPa)
Fig.~7e Relationship between module

pressure and resistance in A.sludge
suspension {(SS 16650 mg/L; at 24°C)



n : HEfARHK

Tab.-3 (W/A)-c and kinematic viscosity of various model samples.
Reg = (W/A)-c-P® Velocity (m/sec)

Temp.(°C) | 7 (Pa-s) 1.2 2.4 3.6

N PEG 500K Sol. 16 0.0012 | 2.83E411 3.80EF10 -

R(T) i RegHATE L 12 FoRR 50 mgC/| 20 0.0012 | 1.77€+11 1.19€408 -

. . 2 0.0012 | 2.2TE#11 3.43E+10 -

an 3 5BIEFBEMW/A) & 58 31 0.0009 | 2.49E+11 1.09E+10

IEHE O Kk a tc &k D2 PEG 500K Sol. 16 0.0013 | 2.326+11 1.94E+10 -

i 100 mgC/1 20 0.0012 | 4.056+11 3.338+10 -

EENBILERDLTV S, 2 0.0010 | 2.89E+11 4.95E+10 -

El—E 1 DB E i< fmE it s 31 0.0010 | 2.47E+1l 6.86E+10 -
s i - PEG 500K Sol. 16 0.0013 | 1.02E+12 5.09E+11 2.26E#11
B35 & HBBTEI T 5 200 mgC/1 20 0.0013 | 5.72B+11 1.28E+11 1.52E+10
HEWROBRBHEINT 55, T 24 0.0013 | 5.58E+11 1.33E+11 9.04E+09

) 31 0.0011 | 6.48E+11 1.08E+I1 -

)

NBAMBPONORD & LTH Sicel 12g/1] 16 0.0012 | 2.38E+13 5.026+09 4.12E+10

bENB, LIS -> T, Regidh 20 0.0011 | 4.40E+10 1.50E+11 -

o i 2 0.0010 | 9.97E+l0 5.82E+11 -

E R OHM & FKicHmD L& 31 0.0008 | 2.84E+11 1.61E413 -
O S EDRRICRT 5 & —FF Si-Gel + PEC| 24 0.0010 | 4.486+11 1.366409 1.49F#11

S A.Sludge 1 2 0.0020 | 5.786+05 1.60E-05 -

%o A.STudge 2 20 0.0060 | 5.00EF08 2.27E+07 -

—% . BERAESE—-0BE
T (WA) - cBS—EELIRET 3

A.Sludge 1 * SS 5760 mg/1
A.Sludge 2 © SS 16650 mg/|

&L Regld®Va—WEHOMEER D, 5iBIK
HEOE > EMEROMBIcX o RESH S,
INSORTCARIKNER EEREH c2HL

Tab.-4 Compression factor of various model samples.

7ol (W/A) cc SIEHIRE nid, BREHEEBICE Y Velocity (m/sec)
S - Temp. Q)| 1.2 2.1 3.6
a—J DX A z

VET) EReg ?ﬁﬁ%ﬁﬁ@%$%6 & PEG 500K Sol. 16 0.61 0.87 -
REDRHBENTE B RRERD SE—MR 50 wgC/| 20 0.68 147 -
HRETAODENEE Va2 — VEHE ERegs D ﬁ ggﬁ ?? -
MEsBohs1.2, 2.4, 3.6 n/sOBE2L TR T 062 550 -
T.BoNEYa—~VENERgd DBED S 100 mgC/1 20 0.53 0.90 -
(H/A)-c & FEREIREL nBRDE A R-3, FH-4ITR ol R
Ltco BB, CCTOMES PREY 2 —VES  [PEG 500K Sol. 16 0.45 0.44  0.47
s i . . 200 mgC/1 20 0.55  0.69  0.97
5 150 kPaegl\WiefE & Lo o ” 0.5 0.89 106
ZDFR. (WA) -coffiz. vV AXVEES 31 0.52 0.71 .
BAEB OB &R & EEFEOHMN & Hic b Si-Gel 128/1 16 0.69 32 0.43
_ . 5 . -

+ B EEERLTE D . BERESHNYT 5 & b 2 o A4
EWMOFIEMSHEINT 5 &0 S, BHEDABIK 31 0.21 -0.83 -
G 2 L . Si-Gel + PEG 2 0.24 1.35 _ 0.53
NEBBEBLT L EPHEEI NS, £/, 1D Siodes 1 51 558 T .
k. Y VERES EBEEE NS PEG 500KEK A.Sludge 2 24 1.65 2.10 .

HMTRIDUTFTTCRIE—ETHEDB, £EY70 v 2
KT a1l ABATED, EY2—VEHD

A.Sludge 1 : SS 5760 mg/1
A.Sludge 2 : SS 16650 mg/1

BT & &7 S RegOMMERIC R A BIBRBOERUELBIE LTV B EEALNh 3, LHLENS, Y
B AEEIO & S ICEEHTOREYWHE TRheglRnd OEHHB TR WVIBA I, STECERERENK
ESHBELERPESHO VW LDLEION S, $-RAEHOEREIR. TofhoRkl & B » BHEFEHS
HENFEFEBR T
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