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STUDIES ON CONTINUOUS MEMBRANE FILTRATION AND CHEMICAL CLEANING OF

GROUNDWATER CONTAINING IRON AND MANGANESE IN HIGH CONCENTRATION
mMERER" B35
Yoshitsugu Jimbo, Koki Goto

ABSTRACT ; The groundwater which contained iron, manganese and disolved sitica in high
concentrations, was oxidized to be deposited under the presence of manganese dioxide. It was
filtered through two types of UF membranes and an MF membrane at a membrane filtration flux of
1~3 m/d. The change of transmembrane pressure difference and the quality of the fiitrate were
investigated. After the continuous filtration experiment, the chemical cleaning effect was
investigated. It is considered that the slower membrane filtration flux gives larger quantity
of filtrate. When the membrane filtration flux decreases to a certain level, the effect of the
membrane filtration flux becomes insignificant. The UF membrane having a smaller moleculer
weight cutoff will suppress the increase of transmembrane pressure difference after a long
period of operation. I1f the detention time is 30 minutes or more, the concentration of manganese
dioxide becomes a factor rather than the detention time of the reaction tank. In chemical
cleaning, the flux of UF membrane is almost perfectly recovered by acid cleaning, but the flux
of MF membrane shows a poor recovery. A presumable cause of MF membrane is the direct invasion

of manganese beneath the membrane.

KEYWORDS ; Membrane filtration, Groundwater, Iron, Manganese, Chemical cleaning
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2.1 Kk
HEICHW A FKIE, Table-1 Raw water quality

150m D FEHF X b Hk | Temperature 129 ~156 C Hardness-as CaCos 58 ~100 mg/ £

LTV EIRES BN Turbidity 0.1 ~ 1.0 deg. Total dissolved solid | 428 ~460 wmg/ £

BB KB O 3Tk H A Color §  ~10  des. NH,-N 0.29 ~0.50 ng/ £

WS L. e i T-Fe 2.4 ~6.3 mg /£ NO:-N + NOs-N <0.02 ~ 0,02 mg/ £
T-Mn 0.25 ~0.64 mg/ 2 Dissolved-$i0. 61.6 ~70.0 mg/ ¢

N0 L DB LER Ca** 8.7 ~12.3 mg/ ¢ KMaO. consumption 44 ~19 g/t

WU feo AFUKIEHT | Mg 8.7 ~16.9 /g |H:S 0.1 me/ 4

KTd v EREEETK |10 2.6 ~2.9 ng/ 2 |Esso (50 ms cell) 0.52 ~0.59
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Fig.1 Flowchart of experiment

Table-2 Specifications of experiment

[ wmr

Hollow fiber membrane

# & i{’: st Pore size 0.1 #m
Co Eo, REBLERHIPELST Moleculer weight cutofl | 50,000. 13,000Dalton
KL BN BMORELHRT 27201, Material Polyacryronitorile | Polyolefin

TELLEOENR LA, HRELED
s L UEREE OEEREHE
Table-2 /77,

Membrane surface area

0.2 nof

Flow control

Conslant flow rate

Flow Lype

Cross {low filtration

Back wash

20 sec,”20 min (pressere:200 kPa)




2. 3 ERFE

Table-3 0 ti diti
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OBALSE I D 210 & 5 38 5 BAKE D2 AT~ 5 125, [F— Flux | Circulating vater Lank
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DUFE (HEHTFRS0,000 #HOT4BEOBELBRE. 2 ] 502 % 6 Do
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3 12.-5¢ 0. 5 hour

ELTHEE, FK-BERK- E58Kk0ORB% - R~ 78
BEAREL . i, EEODSCL&%kct55%?‘3%E@J:ﬁ4@ﬁ®:§h"&ulﬁ'\é fedd, LEEEREGRL 55E
SFROUFE (FEHFRIS 00 BLUMFE (AFRFE0 Lum) RV TEBRCEBZEOE(E
Fde, BB, BrwdnbHmeBunio

—Fh, FEEREFAVEUFBESIOMEBEE Y 2~ LA UPEARD R 7 — LA EIRE %2 BFEEM
BTHET L LHANBEEET OB RMEBRBAOHEL LA LF —SHA (ED X)) KX DHENT,

e, COLSRRHBERACIOEEED LABLERRRELIFAOMNREADI /D, BEERTHE
BL75y 7 AOEBEERZHAN, EHLAERE, REEFEBRFFVTL. B (VU8B L TAHY
OkEg{LF U T L) THS,

2. 4 DMrhE

BRAENMT G LIKEBRF R 7o S50, PERAOR T~ AN ERBPETE T BT 2 A
VOBAREEZEBET LD, BREBWADELAEAETHEME (X LF—SHBX B 1707 F
FAH B THELL, ERELABTHEMBEGMA CRENNER RN IEERME S-8006 Lo x
WE-DHBIXB A 70T F 54— (H0RIBA EMAX-2700) T& b,

3. EBRERSLUVER

3.1 BAr@EEXIEMEZEECHRN

FUEEHOCEABLAES, TOEABEECIVEMZEO LEERSRITD, ok HEKE
EEROBLARCEABEE Im/dE2m/ dTHABLABE, BABEED/NSVWHNRES &KE
BREVWIENEHESOERERY 0D ->Tnd, COEHMMMLOESBEETHRAR TS 500ED
HER U, BEAERYE Fig 2IKRY, Ub, EAEEE Im d. 1.5m/ d, 2m/di>VTEERK
HMARSLDIBE, BABEEIM/ dKD2VWTRIZELDBEOHBRERTH S, BEBENR KIS L
MNBE50kPag COEEENEASE, 3m, d: 9H, 2m,d:308, 1.5m,/d:58H, 1m/d :75
HThO, BHEIZEN200kPaEBA 2 TOMHEEKWE. 3m, d:21H, 2m,/d :46H, 1.5m . d :
78H. Ilm,/d: >0H&EN>TWV3, 2m/ dOEKO>VWTRHBEORRERL D REMEED LFHEEHN
WEPHhTH-7M, TNTHH L » AL b ot KRR SEMZEE200kPa % Eix EFREAE L
TORABKEEZFHETEE, 3m./d:12.6m (=63nd/nf) . 2m/d : 18 4nd (=920 nf) | 1.5
m/d 238400 (=117l /of) &7 3, b, BAHAEEE |l m/ diZ>oWTid, BEZESkPaE TH L
V100kPaEk TOREABKED, BABHEELSm  dOBELVEFLEWIEEZEZLALEL L, B
METFELRIEE TORBEABKBLESBEELSm/ dEEEED LLRPPLBVWREAEKE &

CERXIEBVWTH, B8 BEOBMERHE 'm/d) TRUK,
FRXETS TRA2BEF) i3, KB - EEENCIIMEL R T EBROLBREEH T,



EENB, FINKEMELAMAC?2 1HEICXA5EHEOEABHERICH T ZEEMEIFM I, 1, 0008F
M (42H) ~2, 00088/ (83H) BENTHNIETHD ., PHEBEKR (R5EKEISEBKBERVL
bOSHRAHEBKRKEBONYKEE) . 50~100nf /P EHRETH -7 SO LEHH D LEEREE
Bt+oaikEgeishsbotBbhi,

AEBRBER LD, EABBEHNN

220

A NBELBELBKEBIAELA 200 4 a o
HEAENRDZDOD, BEH@BHEEH 180 N o +
HEBENIL LB EZTORIIHEE 160

.
=4

TR BIENREEIN, B
. BoBEEESE D& TS
&, ERMELT LHICHBESREER
BRELBOAZ Vv TR PIK
ELWokh, REAR-—XDEEKR
BEBEABDAY v bERS L
Nrshs, REHLcBT R

™ s D @ O o
o & o & o o

Transmembrane pressure difference (kPa)

e

< _ N (I R A M T I A
BEAEHEFEOREZ, BRE ¥ Membrane filtration time (day)
WEEEE - BOoRTHRBLREOREME Fig. 2 Relationship between transmembrane pressure difference
ELEELRINER SV, and membrane filtration flux  (UF 50, 000)

3. 2 BolBRLIBMEBEEOER

i, PEHTFERORGIUFETABLAEE., EOLIMERKR LM LBER L, Bl
UFE (BEDTFEI000) ThHb, BRANEHRKCEIIESBERCBV TR, BEALRMDLZV
B, DB ELIOREODNENTROEN S ->ThH, EMEGRIRAREDO TS v/ AL L LOHE
REEINTVED, SEOL I CREARYN#®E - v v AV OEINESBYMEOIBELERTH 20 ER
Lo UFHE (SES T8RS 0000 2EA@EE 1 m/ d TEERLAERE, LKD) SES TR0, 000
DREBEEDLETFIEILFRT, ARLD, COLINEREOSBRILMEECRKOBEATH>TH,
KRR EBRICEHEEPEMPICHEEO PV Y FEBEL, SRERCEVWTHERNCAES TRO/NE
BREOFREFBE NP L FEU- 220

fro COTEME, KRKDLI I Fam [ UF 18 000
BT oA ERERNRETIHMT g 180 e
KRB HWTH, COREOHE 5160
BTROENHFUFRIEVTE, 5107
EMEHERICIEEALEL7S v ;izz )
s AR Bh, GLANEATFRO
NSBBOTHNRIFL T SEREMD 2 g
BB LBTENI, 2 0
Ric, BlBOKSUMFRE £
DHE#E L. HERALLBALE < O
0.lumOMFETH 2, EAEE Membrane filtration time (day)
FR/7ox7o—-RKL3BEEREE Fig.3 Relationship between transmembrane pressure difference
TEBRFUFELE—~ICHRETS and moleculer weight cutoff
fedl.sm/ dE L, b, BEA (UF 50,000 and UF 13, 000)



BEEL5m,/ dTH > T bEEY
BN BT #5E0. 3m sec T E
mBEBOATLEG, EMETHN
ERLTH0.4m secic LR B
hotie COZ LR, MFBEWR 7S
vy 7 ANKEVWLED, BEY -
WBEF (BEY—NAOEN-
BEY2—-VHOEN) KL3EE
Va-NAOENO LR THET S
v 7 AT LU E W, BEEEE A
LT BIENTERM L &K
LBHbDTHB, CORBEEOH
BEUEO I HHROSES TR
50,000, BEABHEEL 5m,/ d O
REHDYTFig 4IRT, i,
COERICBYIREESN (HEeY
2—J)VAOES) %Fig 5iKRd,
Fig.4k v, MFEOEA, UFIE
KA - il ZRT C & dbhd
sti, THbLE, BREZED LR
B —T2#WTCERT B0
TR, Dl &b b 2 EERME
EENER Uckic, RHICEME
ENERLAED, BLEAELRLR
WiiMss obhi, T LT, &K
BB 2 ES0kPa LB I FLEM
BNCNSRUFBELDBEVEME
EThotco —H, BIEEEHNTEL
Tk, MFERAXEZLEH S5 b
DOFEMICRIUFE L ZIER—D
HEE-710

wic, 3. 1OERIHWKESR
EHETOEDEY 2 - VHEEE
E%Fig. 6ICRT o BELHOUFE
T, WFhoBEABHEETSH-T
b, BEMEES SEEGKRT £ TEY
EENERLTHBEALEEY 2
—LHEBEENEL LBV EN
b, COERESENTEIE
BoThbHEHEDLLLR W, —H.
MF BB & R E Y 2 —
LAEBEENKESERLTWS

40

[
e o

-
o9

Module entrance pressure (kPa)
-
(=] =3 =1 < =1 = £ =~ =13 =] =3

Fig.

et e e = 83 B3
B B O O D 3 e oh o o bo
IR~ - — TR =S~ G4

Cross-flow differential pressure (kPa)

3

-l
>
T
=
“?
%]
L2
S
=1
=
Z 8 -
S 80
-
S
=3
wv
=
)
L
&

I+ uF 50 009
YV MF 0. ium .
Flux=1.5m/ ¢ *
_ R
) +
K
~ +
+ v
.
+++
N
+H +VVWWW
.
o
R % v?wwﬁwww"w
H‘ﬂ"'
YR
H % 3 4 568 10 g0 90

Membrane filtration time (day)

.4 Relationship between transmembrane pressure difference

and pore size (UF 50,000 and MF 0.1z m)

.

=
>
.

+hm
] v WA
Vg +

. v +H

RS RAANA

+ UF 50, 000 Y
V MF 0. tum +

Flux=L5m/d

+++
AT
v A WVYYH”FW
AR ¥, P v
+¥m4+v'”+

S A S A A" S it
-Membrane filtration time (day)
5 Relationship between operating pressure and pore size

(UF 50,000 and MF 0.1um)

{1 UF 590,
+ UF 50,
-1 [© UF 50

000 Flx=1m/d v
000 Fla=1. 5m/d
000 Fla=2m/d
A UF 50, 000 Fla=3m/d

X UF 13, 000 Fla=lm/d w
4|V MF 0 lam Fw=l 5m/d v _Wew
v

Membrane filtration time (day)
Fig.6 Retationship between crosst-flow differential pressure

and operating condition



ZEDNDN D,
CORREHERT AHIC, COERBRICAVWAUFREMFBEORE Y - - LAOBEEXPhoto-1iC, %
OPFELREDH UARABEBETHRE L bOAPhoto-2ilRT,, —H. VOH LIhERBA0KD 28
kR L, TORBEREETOHK - < VA VERRIVEE YV 2 — L1 A0 DRNEBEREBAELHREE
Table-4i<7RF o Photo-1& VD, MFOBABRAOWMICZA Yy - RZBICHE LHESOPERERESY
TWBI &AM hh b, —HPhoto-28 L UTable-d L W MFEFZEAABRUTF OB SN FHERDE
BRORELMBWI ERbr B, FIERE LAY ESRILBEABLABAOUFECBT 5 ER (BA
WEE 2 m,/d, EEEMN0H OBEE, Fe:2, 496ng, Mn:6Tng) & HE L CTHEH TS L, HZRNEH
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ARFCBEET V2~ LAQBIHAE LAy -~ LOBETH LI ENbME,
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DT5b0EEACND, COIENSMFEAEIHERRL #H

UF MF

FTAIHICR, BEPKEEE Y 2 — VEABICHHT 2, BEY [Tl @/ 1.5 1.5
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Table-5 Mn concentration of ciculating water and filirate

1) Capacity of circulating water tank = 80 £ (Flux : m~d, Concentration:mg/ £)
Flux | Circulating water | 0.44 | 0.49 {21.7 [ 1.6l | 0.6 0.51 {10.5 [66.3 |10.5 1.9 1.0
1 | Filtrate 0.23 | 0.20 | 0.006| 0.05 § 0.14 | 0.10 | 0.005] 0.005{ 0.005| 0.0L | 0.005

Flux | Circulating water [10.5 2.98 {123 0.75 | 0.51 | 0.49 | 3.99 | 193 | 277 | 3.06 | 1.40 | 3.77 | 0.87

1.5 |Filtrate 0.005; 0.005{ 0.10 { 0.14 | 0.10 | 0.20 | 0.005| 0.0l | 0.005 0.005] 0.005} 0.005| 0.005

Flux | Circulating water | 1.55 |1.86 1.49 | 0.47 | 0.62 | 0.49 | L1.49 | 0.48

2 |Filtrate 0.10 { 0.043] 0.06 | 0.19 | 0.13 | 0.005| 0.075| 0.005

2) Capacity of circulating water tank == 12.5 £ (Flux ; m,/d. Concentration:mg/ 2]}

Flux | Circulating water | 6.0 7.49 [6.85 1.61 Flux | Circulating water | 0.87 | 3.29 |1 27
1 Filtrate 0.008 | 0.016 0;007 0.01 L5 Filtrate 0.14 | 0.005| 0.045

Flux | Circulating water | 7.88 | 6.27 [21.0

3 Filtrate 0.017-1 0.033 0.005
1 p——
Flux realatiag waler tas
Bk, WINOZENET GEBUKE o ol Y e i
1 11X] 8, & howr
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BRI AR R S v, ] MO ‘ ; m w
ke VBEIEABKRY VN Mn concentration of circurating water (mg/ £)
BELOMEBRTE, BBk H Fig. 7T Relationship of Mn concentration between

B & BRI BIFSAENE SN circulating water and filtrate
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UFBREWTho s @8EETHER LK Table-6 Recovery ratio of flux by chemical cleaning
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Cabhing, UE. vavBOkS | BT Flux . 2 w/d Iwd [L5md Flux . 3 m/d
. , " Befor cleaning 3 % 4% 8 % | [Befor cleaning 6 %
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Fig. 7 Results of EDX (left : UF. right: MF)
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