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The S-TE PROCESS® is a novel activated sludge process in which the generation of
excess sludge is completely reduced. We previously reported the demonstration of its
full-scale plant in a sewage treatment plant. This paper describe the result of the recent
operating data as well as the examination of the cost-saving operation of the plant. The oil
consumption on its operation with concentrated (40 g/L) sludge was decreased by 40 % as
compared with that of the low-concentrated sludge (15g/L) operation. However, the
operation with highly concentrated sludge (60 g/L) required more amounts of energy for
aeration. Therefore, the operation with the sludge with the concentration of 30-40 g/L is
likely economical.
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Fig. 1 Flow Diagram of pilot test plant

FE E 1 S-TEMOAE
Photo.1 Outside view of S-TE

reactor
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Table 1 Specification of the components in the full-scale plant
Item Specification
Aeration tank Oxidation ditch, 4 200 mm" X3 000 mmP®, 400 m?
Aerator Mechanical surface aerator with a horizontal-axis rotor
Clarifier 6600 mm? X 3000 mmP®
Thickener Screw pressing thickener with stainless steel screen, 1-3 m®/h
Sludge storage tank 1200 mm¥ X1 000 mm"X 700 mm*
Type 1; 1500 mm* X5 000 mm"”
S-TE reactor Type 2. 1500 mm* X3 500 mm*
Type 1; OHR aerator+agitator
Aerator of S-TE reactor Type 2+ Aspirating aerator
Boiler Oil boiler, 100 kg/h, 53 000 kcal/h
2 & EEEE
Table 2 Operating conditions
RUN 3 RUN 4 RUN 5 RUN 6 RUN 7** RUN 8
17 Nov. 98 24 June 21 Sep. 16 Dec.- 14 Feb. 31 Mar.
-23 June’99 | -20 Sep. -15 Dec. | 14 Feb. 00 | -30 Mar. -14 June
% of the sludge decomposed 100 100 100 100 0 70
Circulating ratio* 3 4 4 4 — 3
Concentration of the .
sludge to be treated (g/L) 15 30 60 40 40
Temperature (C) 65 — 65
Influent rate (m®/d) 220—270
MLSS (mg/L) 3000—4 000
*Q@s/Q of influent SS. **No operation of the S-TE reactor.
4 L E PADI A RS E Vol. 44 No. 1 (2000/8)
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Table 3 The result of the operation
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2.3 oA E

GHY TNz DoWT, RUN4 LLBED A, A
HARDWKIEET > 75 —12Xpa0 Ky b
vTNWE L7, RUNSIZDOWTIE, Bk, AMLEK
DEKIGARY M TN EL, #HH, avRYy
MNP INEEORIEREEER LTI 2RI
FHEEEZERA L7z, BRIEARY b vE L,
— XA 2 K EIE H OO I3 & T TFRRBRTHEICH#E D
TATVY, BERERE045um D7 4 VY — B %
ALY
3. ERER
3.1 E&H KRR

BIRIEREE L RT, HAFHREBEIZOWT
T EEETEE D & o7,

MLSS iBE 22w Tid, RUN3-1, &URUN4
75 RUNG6 £T, HROFIEKE 2 Tbh o7
e, 1HH720 10mg/Luitko LAMEm AR S
n72(82H), RUNT Tix, &L/ MLSS s
#—H3500mg/LEEFTETFTIE-DOL—%EIZ
Rt, MEAOEELY EHL 72, RUNS TIE, &

RUN 3 RUN 4 RUN 5 RUN6 | RUN7 RUN 8
237 312 260 250 247 261
Influent (m/d) 205-284 | 244-624 | 231-450 | 213-283 | 201-309 | 209-344
108 98 108 128 104 117
Influent SS (mg/L) 39-346 95247 55-158 66-358 54-145 39-362
3520 3410 3810 41755 3930 3480
MLSS (mg/L) 2480-4 680 | 2560-4050 | 3300-4 200 | 4130-5 170 | 3430-4890 | 3 260-3 780
Concentration of the sludge 17 32 59 41 . 42
to be treated (g/L) 4-30 14-48 34-88 31-56 30-50
HRT of S-TE reactor (d) 1.3 1.7 1.5 1.1 — 2.5
Upper: average Lower: range
;222 | [RON3-1 RUN 3-2] [RUN 4-1][RUN 4-2] [RUNG6RUN 7] 1:2 P ‘IMJ =:V: RUN 5 V
5000 | . B § . .ve ] . .
4000 | g ° MO *
=R, ( (P PR e adrlla L etk <L SRR A - WD)
=12000 r Loss of MLSS due g 20 MR ". .“"' .“\30 . “‘“’4’0"‘“' . u
1000 | to the rainfall .. * 4% o .: PR 4 :‘ . .
0 0 * b *
PoiEiiifiiditiig I R i LR R L
peRTeebITosn e feRIeReISoad oS0 s e
2 BG4 ~ 7 MLSS O %3 VSS i F b E D HERS
Fig. 2 Daily MLSS in OD Fig. 3 Daily VSS removal on sludge solubilization
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HEilkx —E5 kX 45 &g L7z, RUN4 5
RUNG6 Tix, HROFIZRE 2T T, 2D,
BT Y BT 5 EE R T2, FOR,
RUN 3 LLRT O EEREE R ST RERE 3 TldaEe
BEALSER TERVEHEIL, RUN4 LIETIX
ERIGESRL 4 128 % L7, RUNS TIE# LA
ERE L THICTERFENE L o7z RUN3I 2 H
RUN6 Tl &REE> HiZL L/7%, RUN3-2 %
B CHRIEERERA2.9~5.50 5 THREH R B &
bFIZ72~91 % & o7z 2 2 CHLEAKE LTt
W L7255 BAEHRICED A, ARBREEL
HII69~81 % & o7z, BaAIZ, RUNT OFER
Mo, AWM ICBIT D REVFRE A SR AKE
1m*%7:001g &%y, FASSIIHNT LHIRE
HRITIFITL THoT2,

—7 RUNG6 F CoOfRR%EE 2 T RUNS Tig,
OD ® MLSS EHFICHST 2 HR=(HA SS &
WAL THI20%) 51 &k & 2D, OD OMLSS i
N —FEIL ARG TER L, ZOFKE, HiRE
BEHN 25 OMLSS iBEN—E L2, ZOKOD
ERHEALERILIT8% TH o7z, 51HIF20% TH - 72
HIRBIHEE TX 57200075 { TE L EREF L
VTAHATFETH S,

4%k HRIGL
Table 4 Mass balance
RUN 3-1 | RUN 3-2 | RUN 4-1 | RUN 4-2 RUN 5 RUN 6 RUN 7 RUN 8
11/17-2/5 | 8/14-5/28 | 6/24-8/6 | 8/17-9/20 | 9/20-12/15 | 12/16-2/14 | 2/27-3/30 | 3/31-6/14
(1) Operating period (d) 80 75 43 35 86 60 32 76
(2) Total influent (m®) 18 733 17976 13 454 10310 22 249 14 805 7892 20 040
(3) Influent SS (g/m®) 116 110 98 96 109 135 99 118
(4) MLSS in A-tank (mg/L) Start: 2800 3600 3650 2550 3300 4300 3700 3600
End: 3600 31750 4050 3250 4100 4750 3700 3600
(5) Accumulated SS in A-tank (g/m®) 17.1 3.3 11.9 27.2 14.4 12.2 0 0
=4 {4)X400 m*/(1)
(6) Effluent SS (g/m?) 8 11 14 3 6 17 9 7
(7) Sludge drawn (g/m®) 0 40 0 0 0 0 103 26
(8) Excess sludge generated (g/m?) 17.1 43.3 11.9 27.2 14.4 12.2 103 26
=(5)+(7)
(9} Sludge decomposed (g/m?) 98.9 66.7 86.1 68.8 94.6 122.8 0 92
=(3)—(8)
(10) Inlet SS of S-TE reactor (g/m?) 333 248 315 445 597 626 — 292
(1) Circulating ratio=(0)/(3) 2.9 2.3 3.2 46 5.5 46 — 2.5
(12 % of sludge decomposed (%) 85 61 88 72 87 91 — 78
=(9)/(3)X100

KA SV S & -

Vol. 44 No. 1 (2000,8)




o~
pejeIsuas edpn[s jo junowry § °Siq
(2 ¥ %L SS HUNET ) B L EW 2 HSS Y WHE V&
(W) uanyul jo Junowy (W) 3usnjul Jo Junowy
000¥Z 00022 0000Z 0008} 00091 000¥. 000ZL 000OL 0008 0009 000% 000Z O 0000z 0008} 0009} 00OYI 000ZL 0000L 0008 0009 000 000Z O
005= » 005~ z
, g ) PAVROLLI N 0 g , , ! 0 2
D02 < 5 X2L20°0 = A 92— 3
OO T 005 < 00s 7
x9¢00 0001 o X960°0 = A 000
@ 960°0 = A
- 1008 = 1 001
pejesous 93pniS O 0002 a 'pajelauaB 83pnIS O | | 0002 o
Iyl SS weNyul @ w e SS wenyuie W
-8 NMY ez 005z ~ — Z-¥ N ——————— | 0ogz =~
(W) 3uanyul jo Junowy () 3usn|ul JO JUnowyy
0000C 0008l 0009} 00OV} 000ZF 0OOOL 0008 0009 000F 000Z O 0000z 00084 00091 000v+ G000z 00001 0008 0009 000 000Z O
_ , i _ 0 » 006~ 5,
) 3 00 O () 3
X6600 = A oos 8 _ T Bt 0 o g
5 X6110°0 = 005 >
XE0L'0 = A 0001 8 s o
€010 m X860°0 = A 000} & o
00st 40065 v
— o x e 3 N
|pa3essuad a3pniS &1l gooz N (pojesousd o3pniS S 0002 ”
mrrraml | sswenyue % Mg ] | sSenyue & N
LNNY . —1 oogz ~ { -7 NNY | 008z ~ IN
(W) uanyul Jo Junowy (W) usnyu! 4o Junowy h/\/
00002 00081 00091 O000¥L 000ZL 00001 0008 0009 O0OF 0002 0 0000¢ 0008l 0009+ 0O0OYE O000ZF 0000L 0008 0009 000F 0002 0 W
005~ » _ , _ _ 0 > i
3 =
— , = 0o 2 005 &
Xg2100 = A QXD ooseprrrters ~ - E
Q, XEEPO'0 = A 000! &,
0001 o v
w 2]
1{ oog1
. 0051 = S =
xgg10 = A [poreiouas oBpis S| & oo pesedauss umn:_woﬁ 000z &
M= . ssjuenyure! % X110 = A ryvrrall L __SSwenyue 3
9 NNY — 005z ~ { Z-ENNY | 006z ™~
AmEv uanyul o Junowy AnEv Jusn|jut Jo JuNowy
000¥Z 000ZZ 0000Z 0008} 00091 000VL 000Z! 0000I 0008 0009 000F 000Z O 0000z 0008} 00091 000} 0002 0000} 0008 0009 000¥ 0002 O . N
S peeTes—————— y s
\ g i o S
" o A OO0, 0 m XLL10°0 = A 00S M M/.\
5 )
008 o 1 ooot ¢, ~
0001 % :
2 1{ oost @ S
o 4008} o I = =
| 91esauad 98pn(S O | 0002 & anuu\.u:mm 93pniS O | 0002 ® M
| | =]
! SS wenyu @ o ! SS enyui @
L A N _ [ A @ :
00sZ ~ 1-€ NN 0052 W




3.3 WIBKE

FEHFRIZ, % RUN 0LHAKE (BOD, CODw,,
TOC, SS, T-N, T-P, i) %2/R9,

T-BOD 1315 mg/L FEZRT I & bdH o725,
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Z ki, T-BOD ® EHFVMLEKE & D IZHET 5
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T-CODw, 3L THEL &1, HFIEKIRFFICIZ2
O0mg/L 8227 > 725 T-CODwm. {2 &8 % S-CO
Do 2955 <, @BEIZFHERE LD ICKREI R TWY
TR E R L TCWEZENEZLND,

HEREY LA XE5I2OoNTSSEEIX LR
L7zbon, 0mg/LEBA 5 LiFI3LALR
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TS 2 Y, M SSAHH L Twv b 2 &S
#2Fohb,

ALEEK T-N 24 OBIKIRFE 1210 mg/L & 8 2
2B D - 72h%, ik NH-N £ NOx-N A5+ 43
Bz Ehs, MBEKSSIZHETSH D LS
ns,

Pt ki, KEEHDH H BOD, CODu.,
TOC, T-NIZ2WTid, #OEALOERK I
KSS L oBENSR SN,

3.4 2—571UT+

6 RIZE RUN BT L IBEFREDH /) D1~

T4 T4 RRT, JHEERE, BRAERER D

b &k AEKE
Table 5 Quality of treated water
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1, EEEEHROME TIIBRRIA R IR T
T5700, BERRICERLENEEL-OTH
%,

BATGIREEY 4 %IZiREL7RUNG6 £ RUNS
TlE, HEEBNE, THERE L I3 %iHlREER
& FREENFNLUTICMZA S I L TE,

HRIEHOBIZHWA R v —ik, HEL TS5
TRIEREE I X o TxF SS 720 1 %R L 72, 8
BEHRHZDICHBRE LR v —EHBEEIX0.025~
0.1kg/kg-DS TH - 72,

ROFHE LM TR AV CEBIL 7256
OETHEERZER L2,

RUN 3-1 | RUN 3-2 RUN 4 RUN 5 RUN 6 RUN 7 RUN 8
Effluent temp. (C) 11.4 14.3 241 17.1 10.9 10.7 17.4
9.5-15 9.0-20.0 20.0-26.5 12.8-22.5 8.2-12.5 9.0-14.2 12.0-22.2
T-BOD (mg/L) 9.0 12.6 5.7 4.8 13.5 6.6 6.5
8.4-10.2 7.8-24.7 2.0-12.7 2.0-7.4 4.1-23 3.9-10.2 4.2-11.2
S-BOD (mg/L) 4.0 5.1 2.3 2.3 44 2.1 2.4
2.0-5.1 3.6-6.5 2.0-2.8 2.0-4.1 2.0-12.6 2.0-2.8 2.0-5.0
T-CODw.  (mg/L) 19.5 20.3 12.6 19.2 25.6 13.9 14.3
16.4-22.8 16.3-29.7 7.9-16.7 9.3-29.2 19.5-32.6 9.7-21.7 10.5-18.7
S-CODua (mg/L) 14.9 17.1 13.6 15.8 18.7 10.0 12.1
12.7-19.8 12.5-19.5 12.3-14.8 9.1-29.2 15.3-27.7 8.1-12.4 7.4-15.0
T-TOC (mg/L) 13.5 14.9 8.1 11.1 17.0 6.3 9.0
8.8-19.5 7.7-30.0 4.8-13.4 2.8-17.5 9.7-27.3 3.0-9.8 7-11.5
SS (mg/L) 10.0 10.6 5.1 8.8 21.5 9.3 6.9
0.5-65 3.0-36 0.4-17.5 0.6-32 6.8-41 4.9-22 2.3-156
T-N (mg/L) 2.5 9.5 2.4 4.7 9.7 2.8 3.5
2.0-9.4 4.0-16.1 1.7-38.9 2.7-7.4 4.9-18.4 1.7-7 1.8-7.6
T-N removal (%) 81 33 88 82 58 87 87
71-91 10-83 79-95 68-89 35-78 70-93 72-93
T-P (mg/L) 1.9 1.7 1.3 2.7 2.1 0.5 1.8
1.3-2.7 0.7-2.1 0.6-3.1 0.4-3.3 1.4-3.8 0.29-0.68 1.4-2.6
Color (degree) — — 25 39 54 32 37
14-32 20-64 40-64 32 32-48

Upper: average, Lower: range
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FOXK Z—FT14)F~4
Table 6 Utility

RUN Concentration of the sludge Circulating Type of Electricity Oil Polymer
to be treated (g/L) ratio (—) aeration (kw/kg-DS) (L/kg-DS) (kg/kg-DS)
3 15 2.9, 2.3 f;egfi‘t‘i; 3.9 2.4 0.05
4 30 3.2, 4.6 iegfi‘t‘zzr 23 14 0.07
5 60 5.5 aspirator 5.3 14 0.10
6 40 4.6 aspirator 2.4 1.5 0.06
8 40 2.5 aspirator 2.0 1.0 0.025
’ . WEiERE (RUNG6 ) 0 25.9 kg-DS/d 10 000 kcal/L X 0.7
WA eAE AT EE (RUNG ) @ 3.83 m®/d =179 000 kcal/d
fIlH#EE (RUNG6 ) : 1.5 L/kg-DS
AT —Kh= : 70 % Bz, B OEE 6T % AILT & 5 2AHss
ST DS B : 10 000 kcal/L THWTRUNG Z3tx /2§58, LERLTH
BACHRER O BRI R . 67 % EWIERKNL koo s,

S-TEH#AD LT AN F—13ZLDRIZICB VT
—ETHDLIENPLDOBRPNFZIIROXTEENS,

Q1+Q2+Q3:Q4+Q5_QG+Q7 (3)

22T, Q  EAFHRFAZSE (kcal/d)
Q. : AT —taEE (keal/d)
' ' Q: : WwEHE (kcal/d)
Q: : HEREE (kcal/d)
Qs BEEE (keal/d)
Qs : HEMHE (kcal/d)
QI FERFEHAE (kcal/d)

IOk E, BECE D EOBEL A Qi Qi
Qs‘Qazq (kC&l/d) b %’9‘_ & s

A=Q—Q+Q: (4)

Ebo
Fhacifas’n L Ci#ER L 72 RUN 6 Tid,

q=3830 L/dX1kecal/L-CX15C—-3830L/d X
1 kcal/L-TX65 C+1.0 L/kgx 25.9kg-DS/d X

q=179000 kcal=3830 L/d X 1 kecal/L- C X 45
T—3830L/dX1keal/L-TC x65C+XX25.9
kg-DS/d x10 000 keal/L X 0.7

W=(179 000 kcal+3 830 L./d X 1 kecal/L- C X 65
C—3830L/dX1kcal/L- T xX45 C) + (25.9 kg-
DS/d X 10 000 keal/L X 0.7)

£oT, W=10L/kg-DS &%, fihEEEs
BUMATEDEEELE LD, UEnkH 2, 21—
TAVTAIZDWTIEF RS EORMDSD Y, HIF
LT 2 MEREICSER D ATV,

3.5 BABEOSREICET 5E%

RUN b O Ftas 5125720, HAERE
FE% 6 %2 LA SEBED, HRTBLICLER
MFEEEZHE L, TOBRERERDAEZRH
(Kia) OHERBTH 2 a %, BEORSY v 7
IV V=3 a3 VEBECOLEREFEHICHWAE
DEGTHBH05LRE L TEHE Lz, EBHTOR
HTIE, 7TAEL— % —RIBSERIIVERER o
LTSREU EOSBTH Y, +oEMTE 5 L Hlr
L7, &2 A%, RUN5 Tii S-TE f» ORP A%
RESHADEIZR Y, HFEEOESEL HFT 50708
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R KRB o 72,

ZZT, ORPERTOERPHRIRELFIZLS
R ERAE, FRUED Kia DK T EHERIL, off
Y HEENERICCHE L, 6 BHREARKD
S-TE #AHRIEEIZ A LO#ETIZ LD 4 %R
EEZLNDLH, FEKIZIHATHEIIH3008F S L
AL, affEb01~02L FHEAX KX THLETH-
oo 2FD, 6%HRAYUETIHEIIRELLT
AL — & —RIBRSHEOBRMEHREIIEED LTH
300, LEEZREETTMBTELZT0H
BTV EOfmIE LN,

—7, BElLHERL:) OHEEENENLS IR
LRSI LA IER I A O FRAEED,
BRTIZ 6 BIHROMBIINETH D, 3 ~4 %ix
FEROMEDIHENTH D EEZ D,

t 9 U

INFTH2EIChIY, ZAF 7L A®D OD
EANOEHEILERBR A 1To 72, TORE, BEET
WCROEADZH NI,

(1) HRERERLISTHREFREDTS% % EIL L
DOREBEHTE, K70 A L HHERBERNE
wHRERE L 72,

(2) WMEAZIZ, BBEd, BODIZ15meg/L UT,

CODy, 1220 mg/L BLF, SS 1220 mg/L B\F, T-N
310 mg/LLUTTh o7z,

(3) WAHREZEHET LI LIV =T 1) T4 —
FHIRTEADLDD, HIRTIL 6 % T TEM L%
ARAESINT 5720, 3~ 4 %DOFHRMEA K
BWTH5D,

Sk, K70t ADOEENE - ZEM*HO L7720
12, OFRGEREESES L VEIKTE 5 ERELD
iR, QKB O%E R, @UEKEDNE L,
D=7 147 4 —DHIRK, ICHHHMEFTHETH S,

REIC, REBRIZAATAESREEN L O®XFEDE
ELTEBENZLDOTHY, HARTKEFEM
MBHZEES, hZ LI TAER, RO, EETRERE
By —OBBREOERI VSRS TIHED
THEEZBD T LI EIERSEVLET,
[SEXEk]

1) ) BARTAKERSHR, TAEKE CFK 9 HEREM)
2) HEREIES  KREFESEK, Vol. 21, No.6 (1998),

p. 360
3) BAIEED - M5/ 7Y 7 H#H Vol. 41, No.2

(1998), p. 2
4) SEHERIE D fsH > 57 7 3 Vol. 43, No. 1

(1999), p. 10
5) %) BARTKEBEHE, TARERTE (19974 M)

ok
5 B & 9 Pt R FEAER #F 7 7] BT FASEA REN i At B ZEAED
(RSE) iRk (E=EL) FF7EB ZE 50 (I3 - KEEPY) A FER T
5 1B 1R E CERR T
FAEER EERFEE

TEL 078-992 - 6525

FAX 078-992 - 6504

E-mail n.shiota@pantec.co.jp

w A 4 AT FA FEAER
T FEh S
% 1=
KRG A
TEL 078-992 - 65625
FAX 078-992 - 6504
E-mail k.nasu@pantec.co.jp

TEL 078-992 - 6525
FAX 078 - 992 - 6504
E-mail a.akashi@pantec.co.jp

TEL 078-992 - 6525
FAX 078-992 - 6504
E-mail s.hasegawa@pantec.co.jp
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REKEIEE Y B A VLEFHORE (z02)

The development of recycling salts from
concentrated landfill leachate.

(?i)ﬁfp%&]»’}é%ﬂ% 3HfRE

Hiroshi Nakai
e vy —F(R)ERBAER

j M 8

Toshio Shinkai

i

WAL DR K % 2 B EE 2 TR L, BlET2BHKICS TN L EES B
L, VA 2 VERO—2 L L CLTEEYEBLHENEZ SND,
COEMENZZ BIR L, ERBEOEIFEE 2 SE L, BRI CREENEREKIC & 2B
) 1
. $&l:l Lf»—o i
AHTIE ERIZHN T, EBEORHEA»SES N B L DBEE 85E L €, ZokiEdh ‘
W& EN5H DXNs BL U TOC D RERZIT- =D THENT S, \

As one of the solutions for high salinity concentrate generated from RO membrane
treatment of landfill leachate, Recycling salts for industrial use is expected by society l
to be accomplished. i
We fabricated the testing facilities and previously reported the results of pre-test
with substitute liquid.
This paper reports the results of decomposing of DXNs and TOC in the refined salts
with the testing facilities.

Key Words :
‘ S RVAR . IR a e B Landfill leachate
Wiz & R L PR Reverse osmosis
;-3 i 7K Concentrate
b} 5| Salts
Y4+ x T U8 Dioxins
& KF B Ok xR Total organic carbon

¥ Z %

AL ; DR K % i@ &k E (DT £ 2 —
WY AT L) TR B354, BIET 2iERKE
PRFER IR, EICMBER L CLEEE LTy ¥
TN HMBENEZ b,

o7t AD 7O — %1 KIRT,

CO¥E, THERITHEICLVERS A REIC

EWDHDHOD, DXNs KU TOC S04 #1532
DREVEDTE N,

AR 2R L9 = < DXNs D4 2B L Cid, i
Bagw ot (=7 <A Y —i:), TOC O4h ik
EEIREBIL RIS T L, CoRAESY Y1
I VT HEMOBRE 21T->THBY, BIHRICTEE
B O AN B OB & TERARIC & A BRE s
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Leachate ——s¢ DT-RO unit

Concentrated water

Refiner for
concentrated water

— Refined salts

B LHEERRX7O—
Fig. 1 Flow diagram of salt-recovery system

Cooling

DXNs and TOC process

Evaporation and drying

process decomposition process
o Heating up
2 EE Approx. 750 K
g
£
=

Approx. 380 K
—_—
Time

#3 2Ll

Fig. 3 Schematic temperature mode for the contents

KBRS R A L2

RIITZ OEFFERIZT, FEimfmAkrHOTHESR
WKk, DBV, BHIOL TREOER TV EE
A BELCERERET 5,
1. 38 A&

2L, BRI OREEIEL 200 THEM
THb,

T/, —HEO LRI A0 2 NEYORE
A% 8 3BIIRT .,

2. AL IE JH O3B

DXNs # 33 AN— <A Y —k&iz,
DXNs &Ry o7 b & TH g s okt
S E I OHFET THrOBEERZELM T Tzt
L, ZORI Ny AULEW % 53R T50D0TH
%o

A TIX, EHOREEKETFEORYIEILI XYY
NG T F XLy (PCDDs) RURVIEL XY
75~ (PCDFs) #DXNs 08, Thbx it
ELTHDFE-72,

2 4XIZZ » DXNs Db E RS,

Concentrated water

l

Evaporation
and
drying process

Treated water ——————> Condensate

DXNs & TOC
decomposition
process

Nz
Air

Cooling process

!

Refined salts
%2 T
Fig. 2 Process flow

Polychlorinated Polychlorinated
dibenzo-p-dioxins dibenzofurans
[PCDDs]} |PCDFs]
Clm © Cln Clm 0 Cl

m+n=1~38

F4E DXNs (¥ 14 ¥ V4)
Fig. 4 Dioxins

— %12 DXNs 13873 K L F CTIZZLMIZHE L
TBY, BNIIHTREREITVERLEZNS 720
121%, 143K %W L1613 K O BBV LETH 5
EEDNTWED, N—=F <A Y —Tid, Al
DHFEAET TEILHEREADL &, Tho50FERY %
B RIR O MBLRE (4T3K~823K) TH# %
MaZerxfRELTWE,

IN=IE A X —EOEEE~OBRB L LT,
BEHI ORIKMB A — I SN TW 5,

SROEFERTIIZON—F 4 Y—EER
HKOBEERMIICEHAT 5 b O THBTICE TN
% Na, K, Mg, Ca 7% &A%l & UC/EH L DXNs
DGR RETLEEZOND,

3. EALEE

FAEFEE X, HMAMEEARXOMBNERELE 2 T
e L, BREAS - BRI - R RER
HEEHEZLDTH 5,

4. E BR
4.1 EB B ®
REBIFERMK L VIR ZELE L, Z 0B

n

12

RS > T 7 R
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W& b DXNs R U TOC 0 43 ik % #

Ak L7z,
4.2 EBRAH &

EERI TR ORI E FVy, IIERE REE~ DA
A HHFRIEOR ) 1L F TO—EDEEL TV,
C OREBRIEH O DXNs i U TOC 0 5547 % 47 -

72
1) & M K

3) E#HE

C DMK T LB S ERHEA L, BIEICT
SR U CREAMORANE GERR) * 8k,

RICTEONEWIRE L THIRL, BN, %
FEALTCEICHFER (BRFRE 1 %LT) i
F# LT DXNs 5@ %17 o 72,

—RB N A Y —EOBRBIRN— F
DBEBE - IIMAMERE L ) RT3 EEO S RIR

EBEOBRBAED DT €Y 2 — V3 A7 L5
HOKALIEER A & 0 BRI L 728 MK % v 7z,
BURDBHEAKDIEBEIZ10 %BLLF TH 5 77,
DTEVa2a— VY AT LAEEODSHORER*21E
L, IE5EEX15 %I L CHERL,
BFERICERICMH L 2iBR KO EERS R
R

8B, Ca kU Mg HFDRERDT*KREL -
We o= NG o - LER 55 B EHf %
M 22 &L THEETH L0, REBIIFEER
DARBEORMEKEEH L, DXNs & U TOC
SRR ORI E S 2 BV,

2 ) DXNs (%5

FEiRMEAKP O DXNs &A= LKL, »
D, TA MIE->TRIESDEEHBEEZEZOHN
575, SEOFEBRIZBWTIE 1) HOBMEKERE
12517 % DXNs FIH#E %1 650 pe—TEQ/L |-
R L THW,

£ 1R IEHKOKEN
Table 1 Water analysis of concentrate

FE (623K, 673K RUT23K) %2EIRL, &4 D
WEREEM %9045 & L CEBREIT- 72

Fl&#E, TNOLORELHESFL 2255, N,
HANED Y R EENL THBEZ2ME L SiEE
L RESEICT TOC D4 ERE T 77

C DMIEEIOGAT o 7218, M N—F — %=1
L, BT 50HTAEE305MMTY, BREORE
PATSK PTFIC o722 & MR L CRRE OB
WEET E L7,

4) o7y

¥ B o DXNs K O° TOC O 53 1% §e % e
BD7z%, DXNs TR SEHIEET TO
INBFEREZN O TR OBRIEE D~ 7L % $REL
Lot z=41- 72,

IR TR TR OME ; 121/ 1 RUN %720
57 R L FR o K B35 ; 74/ 1RUN %720
R #& o B OUE; 14/ 1RUN %720

Concentrate

Parameter Units
pH
Electric conductivity #S/cm. 25C
Ca hardness mg/L as CaCOs
Mg hardness mg/L as CaCO;
COD Mn mg/L
Chloride mg/L
SO mg/L
PO# mg/L
Si0, mg/L
Mn mg/L
Fe mg/L
Al mg/L
Na mg/L
K mg/L
Evaporation residue mg/L
Suspended matter mg/L

9.3
185000
35900
5500
325
91 800
428
< 100
0.890
20.
30.
36.
37700
20000
186 000
2550

W O

Vol. 44 No. 1 (2000/8)

K ANV S S F 13




5. EREREEE
5.1 EiRfEKERR

AIEICC, TR L D IRA L /oK x o
7o YRR E OB S e el L7,

REBTIE, EEEICED ) ERMEKEMH L7
HOEEIRINE DM H 4T - 72,

IN=H A =12 & B DXNs O 55 i 2k
FEREEAE 2 BTSRRI OLENH S,

55 i, LEBEERT OMEFERBFNIIEIRD
N, HA GBI L 2B 0BT AR BT 5 BRFER
Baxmrd,

ILEEERE F T, FEEEKIIERRTBRTETAE
DI R OB L DNEE 72 IREDOHEAT A
T4 VEADRAR, BRCBETEEHOGZIEED
RN R A 7 L ==~ OEFEHRE D -
7%, T EEREREIC TR A Z L R RERLL
72,

5.2 1= #h 1% BE

B 2 WICARFEFEE O FIRMEAK I K % B TERE
ANE IS

REBRGAEEO B EMED HEZE L /- ZUHETHED
BREBUZERB UL, 67TW/m' - K~T4W/m’ - K
ko,

5.3 DXNs O %

%6 KLU 3FRIE, THEEPIZEENS DXNs
7 (TEQ N\—R) %2, IHEHOSHREIZ
BT A EHES 4 o K 8 T © DXNs 754 58 % 7R
£

COEBRIE LI, RAET CTHENS4TI3K £ T
HEN-EHOBAEEEKRT 5,

MRS RS (047) X, BRI O
REEICELE LR SRR T,

Ditk, RAEEHE 23304, 6047, 900 DfEZRT,

g% T ECICR T,

25
Luo— r10.026 —&— ;0078 O r;0.166
o) 20/ Purging nitrogen gas volume ; Q [NL/min]|
E \ Drum volume .V ==385[Li]
\ Ratio ;1= Q/V [L/min]

= \
g b N
2 15 N
=
3 10
2
So
@] 51

00

Time [min|

BoE MRREE

Fig. 5 Relationship between purging time of N: gas and O: gas concentration

B 2R RERMOERE

Table 2 Overall coefficient of heat transfer

Unit; W/m?- K

Evaporation and drying process Heating up section
1 Cooling
Sensible heat 0 . DXNs decomposition process
for liquid vaporation process
74 67 74
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% 3% MEIEN DXNs
Table 3 DXNs in refined salts

o ) Operation time
Decomposition Dried salts
Temperature 0 min. , 30 min. | 60 min. ’ 90 min.
(pg-TEQ/g) (pg-TEQ/g / Decomposition rate (%))
623K 16 4.4/ 73 4.1/ 74 3.5/ 18 3.4/ 79
673K 12 2.0/ 83 2.4/ 80 1.9/ 84 2.1/ 83
723K 16 1.8 / 89 0.6 /96 0.9/ 94 0.7/ 96
100
X T
E 90+ /
é 80 //// 4“___],//_/—{:} {
2 70- ///// ,
S 6oF /’//
g 50 7
§. 40+ //
£ !
g 30r
< 20
g O ol L—/_\— Temp. ; 723K —— Temp. ; 673 K —— Temp. ; 623 K
Df. i
= 0 30 50 90

Operation time [min.]

FE6KX DXNs A=
Fig. 6 Relationship between rate of decomposition and removal for DXNs
and operation time

—— Temp. ; 723K —4@— Temp.; 673K —O— Temp. ; 623K

600 ~

Quantity of TOC [mg/kg]

400 - —

200 -

0 ). I | 1 1 | I
0 30 60 30 120 150 180 210

Operation time [min.]|

7 RS o TOC 7
Fig. 7 Relationship between quantity of TOC and operation time

Vol. 44 No. 1 (2000,8) EE VAV A S E

15




A (%)

(F2 136 o DXNs = — /5 #IE D DXNs &)
E7 1kt > DXNs &

X100

6 X L AU R B E R S TR IR
LAVIZELTEY, BERREEIE S 2iddwn
HEHIZLoTWh,

ik, DXNs O5 98 B R TR O
A HICHATL, 20, MEEFHAOKGEESEHED
Wl nEWVWR B,

¥/, MERESSRIIEEVWOEELRLTY
%

o o

fRIGFER R, BRI & L Cid, 305 T
ETRRIRTILEE2 5,
5.4 TOC DR

AIECT | & & M —OmELHEFEL N, OFb D
IR 2 EA LT TOC O %EIT- 72,

FIRE, ZRE,SO—EO TREEL NTHRHED
Fa8E 3 T TOC RN % 7R T o

WLPERER & 13, DXNs S fiRERLER S-S O
R 2R L, MLPEEFR 2904 % T % DXNs 47
BT, 18040 T% TOC R IETERL, K
BONFIBHITELRT,

BEITHEEREBA T Thd 5 DXNs 5 LT, B
EicEINns TOCHTOWPHRLNEHY, FHHE
WABRIKEE 272,

Z i, KR TOC B ORI R fE§ 5 W H
RERNOMEEEE L TOC ML ET A5 TH
BEFIZ X o THMEASHEAT L, —ERILL72b D%
ZbN5b,

DXNs 4 TAE & 7 U4 iR 2 HERF L, 22X

-+

% 4R HEEOHM

Table 4 The composition of the refined salts

Unit; mg/kg
Component Refined salts
Na 230000
Cl 563 000
Ca 79000
Mn 120
K 111 000
Al 100
Fe 250
Mg 2900
SO, 9800
NOs 600
PO. 400
Si0: 2300
TOC 200

Z1EAT S TOC 4L CIKH B DO FERIEAE 5
NDH, ZTOUMBERIIE 7KL D605 EE TS
LEbIS,

nB, Bkt o Fe, MnZEx b 50 LOBETE
HilvTh oA MAEEICCHRETLILICLD, A
EORMUIE 1S5 Z LD RETH S,
5.5 fBRIBEDHER

DXNs & U8 TOC O43fRimE 2 723 K (2 THRLE L
TR0 FER T EEARIIRNT,
t 7 U

REIFFEERIZT, BEEICEENS DXNs KT
TOCICE LT LERE LNV OEEPWETH S S
EDFEFRTE DS, Gk, BICH 4 ORMIK K UHE
BRI L 7 — 7 —DEREIT-> TV E 720,
[&E#]
1) HERBEEED - fdi/8 7 7 3%k, Vol.42, No.2

(1998), p.50

2) WHEE, M S T Y JH#E, Vol43, No.l
(1999), p.23

i #
= HERAS % OB OB
TR oEB 55
# 3 gess
TEL 078-992 - 6525 TEL

FAX 078 -992 - 6504
E-mail hr.nakai@pantec.co.jp
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AEEEREL
BIREFAE
RE

078 - 232 - 8128

FAX 078 - 232 - 8067
E-mail t.shinkai@pantec.co.jp
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BEKARRRQEL X T LOEAHN

Introduction of submerged-membrane separation system
for waste water treatment

Tadashi Fujii
4+ o8 B —
Kenichi Ushikoshi

L, BB BT, BAMICEERZRE L CEEHRO RS 17 B iER s s
TEHRED, WELLBEK, HHEHEOESS, 0287 METEBSATWV A,

BOD 75753538 mg/L ThHBMEROMS 2 &4 L2 Af TH O & E THREK (B L)
PHRICRERLE S 27 A OMRELEREIT-72£ 25, BOD, 573422 mg/L LT &,
ARETGEBS LI ED D P REHE L K E CTFEZLHAATES N, AEDTRBEK O E L7k
ETHB I EPEFI N,

Recently, the activated sludge process has adopted membranes submerged in an aeration
tank for separation of activated sludge into solid and liquid. The system offers high quality
water, easy maintenance and compact structure. We have conducted a performance test for
the system using anaerobically treated water from a food processing plant, having
relatively high oil content with Av. 538 mg/L BOD. The test proved that the system is
suitable for such wastewater, significantly clearing the effluent standard (BOD and oil
content below 2 mg/L, for example).

Key Words :
g -1 & Submerged-membrane
F fEE Flat sheet membrane
ooz R B Hollow fiber membrane
oW wE R Activated sludge process
BE K L B Waste water treatment
FANE Lo2L, ROX)D MESLVASELERIZETE

BB ANED BT L 8 2 5 EWBIRE  5aro0lBRkThHD,

BT, BAMCEBZELBRE L CERBROBEE O BSRESEZEONER ABY 5701013k
SHERAT S RIS R MG RS, RERE XRBETTE (70 A 70— k) PUEE %D,
KACEHFRORS STRESATETEY, #2000, ¥ THHIKE L) TRV F—1
PR TS % L & L7 BB AL T 55 SRR T B o

WCEANETF > TETW2, @ BEAEOOICMTERBRISLELR -0, B
IR BEE RIS R, TBROMERICEEI NN A NRKBEULDOE CAFI & 72 5,
BRI EE L CTIREON LR EL S, L —7, BERBEINBAEIEERELEELT

WERDIMESADEE FVTRESThRT & 72, B RAT ) MRE TS & B BB EERE I,

Vol. 44 No. 1 (2000/8) P AV S & T 17




MEFRICBIFLMEREZRO L) IERLTEY,
B DA ) v N TRFIRETELHMES R 5,
O BEHENIED-OOBEE GG, Lo

DOBREREFRHEINDL LDORIFENTH 5,
@ HHlMERRELEL L/, ZEa A

N R TIRE ORI TX %,

KT, BALEOEEL, VA2, &
MMED 5 S BER B NS EFEDF S RTENLS b,
SHIFREMIC R L EEZ SN LREBELBY 27
L (RERESBEGEGRE) OME L &R THEE
KERMFIZER L 72 EEROERIIOVTRMT
5,

1. RABVIEL X T LOBE
1.1 BomEMEEEDRE

B BEICERDOIEEHRE L REBREZFIH L /2E
SEEEMEREORAR 70— DR R,
BRI, EDLERLEABICE D fTbhTn
HUEROERTHIAEZESBICLVRBELLZDD
THb,

BEMHICBESNEEY 2 - VIEHEE0 LI
WCEREINL, BAE L VI haBRLeRICE
AEMBRAEAMICE Y, BEITERERIREL 2
L7280, BROERED 7 7 ) ¥ 7 A /NRIZHD
Zohb, BEEEREFICLELREREL, BEADL
HIZLEE INLERETHESEENS,

AHBOREIIE, BEAEKE L BRIEROEKE &
DKfE (BENABHN  5~12kPa) /3=
KBS DRy 75| (K5]AEF : 6~25kPa)
L hiThh, MEFROL D LR LERET %20

(D Standard activated sludge process

BL L WO ANF-HIIBWTHRBEHNTHS,
BEBEOTIRIE—HEAIEER, hERB0d 0

PEIFEHIND, SBEEE LT, BREFERIHA

um L EDOEEHB R FTHAHZ L X ) FL120.4 um

ORE»BRE (MF ) 2#HLTCn5,

1.2 BEoBENESREEDER

1) a7 b7kl
BEAMENIEYRE L CHESEEZ1T) 720,
L, BWABEOTEPAEL L, T2, KR
DOEWHREL D D 3 ~ 4 O ERE MLSS &
i (10000~20000 mg/L) %479 7%, BOD
BHREAWN (# 15kg/n'/d) 2EHL{RETHZ
ENTRETRAEAE LN TE 5,

2) B LEK
04um O MFRIZE Z2FEETHETH 5720,
SEa&7% SS BREVTHET, WEROEMHIRE TH
B SN HEREBABSE (0NVvd 2 r) SEoihlk
TREARIZ L AUHKEBALIRRE S\, 7z,
KEHEEOREEMAEW DS HRE I NS 20, U
KD A VHKRLHOKHAE L COEEBFRH D
heTH 5,

3) MHELHERER
INVE VT DLED R, BEARKOBRES
125, BMELRBREHEALEL Lk, 72,
AT LDPEETH S0, BHEMLPESIATA
b,

4) RESIBEEICIRE
B RS 15 M5 TR LB 3% i 0 R Al <0 il AR K FE % i
HMLCTOBEBANTRETDH ), BEkEE~ A FIH

/_\
Waste water P » —® Treated water
| SR WS T
) N
Aeration tank Settling tank Sand filter

Return sludge

@ Activated sludge process with submerged-membrane separation

Waste water

LT

Y TR W W'

Aeration tank with submerged-membrane

1 FREETE TR RIS & BBt g RS ik o 7 1 — B

P Treated water

Fig. 1 Flow diagrams of standard activated sludge process and submerged-membrane separation system
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B3R FEAKYE
Tablel Waste water quality

Maximum | Minimum | Average Remarks
pH (-] 7.2 6.5 6.9
BOD [mg/L]| 832 237 538
S-BOD [mg/L]| 417 55.8 263 S-BOD/BOD=0.49
TOC [mg/L]] 330 181 248
S-TOC (mg/L]| 184 46.1 123 S-TOC/TOC=0.50
CODuwus [mg/L]| 206 104 154
SS [mg/L]| 438 114 231
VSS [mg/L]| 394 100 219 VSS/S5=0.87
T-N (mg/L]| 100 58.2 68.4
S-T-N [mg/L] 92.4 50.9 60.7 | S-T-N/T-N=0.81
NH:-N [mg/L] 49.5 43.0 46.7 B =t
T-P [mg/L]} 113 5.03 7.02 B H 1 EREBONEG
S-T-P [mg/L] 4.99 4.24 462 |S-T-P/T-P=0.71 Photo.1 Out side view of
Hexane Extracts [mg/L]| 156 40 80 test equipment
B2R  EBREEMAR
Table 2 Specification of test equipment
Specification ,
Dimensions Capacity[L] Qty Remarks

Aeration tank 350 mm* X350 mm®X 1 300 mm?® 160 2
(Nitrification tank) i (160) (1) | for circulating operation
(Denitrification tank) i (160) (1) | for circulating operation
Storage tank of treated water | 180 mm"™ X300 mmP®X 500 mm® 27 2
Membrane module case 240 mm™ X 216 mmP X 640 mm?* — 2
Aeration blower 120 L/minX1.8 m 2
Feed pump 35 L/minX5.5m 1
Circulation pump 35L/minX4.3m 1 for circulating operation
Filtrate pump 20~300 mL/min X 50 m 1 for hollow fiber membrane

L CORRNBEEPBES TR B,
2. EiXBROBE
2.1 EBEXK

FEALFER TIL AN L3 0 A i TREBE K OIS L
KEFKE L7z, BRI G O BEAKE S HREED
FHELZE 1 RIZRT, S-BOD, S-TOC, S-T-N
ROS-T-Pix, BT DOSSHs% 5 A AT
B L - B ow##r: BOD, TOC, T-N & 08 T-P
RT o

JE7k @ S-BOD/BOD Hid#50.5CaH o, #ay 7
75— LD LB AERES KBRS E IS
BT BBEKTHo/, T2, ~NFH VB EEH
F80 mg/L & IEMNE L, Was S B &
DL LB 52 5h00EE Sh,
2.2 BB

EERIHH LR BT E 2R, 2ENEBsE
B 1R,

BIHIEB7u—-%2R7, KAEEBIZIAE160L
DB 2HELTBY, @FE I 1IEE 22
TS E LCERT 2, 72, EXERELHBE
LTEBGEROBRICIE, &4 25D 2\ i3
MELTHAL, LHEEISHTI2HEREY R iz
K DERS 288 kL L7,

FEEIMHER LA E 3R, BEosEisBE
21IRY , AEBRTIEFILED TR L hzz 8 )
REBEZEH L, &4 OREER HEORERE ik
R %1772,

2.3 EBRAHE
2.3.1 EiESEME HE

HBTEE LT, FREIEDABAFRAIRAL,
EE CEREABEITo 72, —F, HZREIIT|
LSRR ZHAL, EMETIAY—ICLBBRA
WEiTo7, BREAEIL, MEH12120 L/min &
Bl L7z,
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HROGIHE &, BXAEO MLSS RELREDT 7
D) IR B L Ao EHER L 72,

2.3.2 EmBEEHE

BT 7o) Y FRETL, ERRROKT K
HZEEDO EAMR LN 538 mll X A LF s

i1 o72,
FREBEOEMEGEOHEL, RO L) ITHENGEG

ERAVRIEICRI S NS,

O HEABEE

BACEZRERLCI IO KAL) Rz

(D Normal operation [Left : Flat sheet type, Right: Hollow fiber type|

Aeration blower
X @
2

apfsedlt L e

B) Aeration blower

Filtrate pump

=25~
- ~6kPa
3PS

FS

FS

embrane | {
odule case |

Aeration tank Storage tank
of treated water

Storage tank  Aeration tank

Feed pump of yreated water

Drain sludge Drain sludge

(@ Circulating operation for nitrogen removal

Aeration blower
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A

NN
FS i
| Membrane
1| module case |
Storage tank Nitrification Denitrification tank

Feed pump  of treated water tank
Drain sludge Drain sludge

F2X #HEVo—(OFFEKEEOML - HEEREE
DIEL

Fig. 2 Flow diagrams of normal operation (@) and
circulating operation for nitrogen removal (@)

FE 3R ERFELA

Table 3 Specification of membrane

EALTHEEZIT) -

@ HEs
RSN Z 0D L Chl B Fah Bt ICRE L
THEFZIT) o

AREEBRCIE, W% EERR L EEE L%
Tolz. REEME, ERT7 7o) VI RE%:
HWloREIEZE T P 74 (NaClO) # AL,
HRER T 7)) Y TBREICIER T FH L,

3. ERIERER
3.1 E&HER
3.1.1 ‘PR

FHEBMKE, BHEE OKfZE), #EmRRE
(25 C,10kPa #25f) R UEAK MLSS RE®
BREFEALZ 8 3R T .

EERFIRER, FHERREL0.2m/d &K IZ
RELZICOEDLT, EoOME Ko Ls) 28
SEUCHEAZ-D, BItA 1 ¥ HOB R TENTREY
FEEL 7z, DIEHAEOKEKE LTix, RE2HED
KETIEMLSS IBEDORAKEAB LA LITL

EEERBEONBOL . T, & hEh)
Out side view of membrane (Left:Flat
sheet, Right: Hollow fiber)

Flat sheet type

Hollow fiber type

1) Membrane specification

Membrane type MF MF
Material Polychloroethylene Polyethylene
Pore size 0.4 ym 0.4 um

Hollow fiber diameter

— (Outer) 0.54 mm (Inner) 0.36 mm

2) Module specification

Membrane area per a module
Q’ty of module

Total membrane area
Dimension of module

0.11 m*/module
9 modules
0.99 m®
226 mm" X316 mm" X6 mm"

0.5 m*module
1 module
0.5 m?
227 mmY X480 mm"
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Fig. 3 Change of flux, trans-membrane pressure,
and MLSS on flat sheet membrane (99/5/31

~99/12/25)
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Fig. 4 Change of flux, trans-membrane pressure,
and MLSS on hollow fiber membrane (99/8

/9~99/12/25)
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SHEOAEKEERRTY , MLSSBED EFITH
W, ARABEOELE HRMEO ERPEL I &
PHERENT, EBRIZBUIL2Z&L2DED LR
MLSS B 5& (CFREEAY - 18 000 mg/L, *Ze5%E]
20000 mg/L) 2#ZET 5 &, RBEEEZIT) 720
DOFERA BN, HIRMEILROEMLT, FER,
BRI ICRIEETH A Z EHRER SNz, &, 15
TR I BAEKEE SO No.2 U — ¥ — 12 THIE L 72,
© HiRAEM - 20mL L E
@ {5IR¥E 150 mPa - sec LT
EBEOEZOBEL IO DBEOEHREITI I L
T, BEABDI-DOREHFREGEBEHIZEHT S
CEDTRETHEEEZLNS,
3.3 4 EKE
FEESI ] Fh D SR BY | S 2250 B O LB A
ERrZFNEFNEL, BRIIRT, MEOMUEKE
WWRKERERIAONT, HICEIFRAHESHER S
niz,
1) BOD k&%
HREEMMTRALT (<2mg/L) ORIf%
WLERSHERE S Tz, 1, FEERFEO BOD A AT
(31.2~15kg/m'/d, RIGKEHE (BRSUEEE M)

EAR PEEOWLEKE

Table4 Treated water quality on flat sheet membrane

110~ 12BERI O 4 TR & 47 72,
2) mERFH

REGH IR A b — 8 L O %
Fior, BEREMIE MLSS #IE 0 F5 1265
DOEEORAICEIDEEL TV I EPHERS
nrzz,

TR BV A REREEORE A 6 BT
Fo TR CIEEREEO 11/ 13 DI B 1
MrmEEM L L, WL BEEE A E L7
(TEERE - 5f%5). FOHERE, B OEEREN
WA SN, BSREEEEREC B AW - RS
RO B MNP TER 2172,

EARENZBWTIE, FEEFAIC DO RBE
DR & HBEREVEDE FATER S NI,
B A B S C 1 RT3 % DR L
BT o T B A A N B 1T IZAL
P N S S A

3) 0 Ak

BEREFREC, MLSS B L5 R O3
1Dk ) BEEASE TR LT B O L AR S NI,
BRERIE O Nadore, 85 ICEERRELT
3B EA OERMALEL £ 2 Hh b,

Removal rate

Maximum Minimum Average [%] Effluent standard
pH [—] 8.5 7.8 8.2 — 5.8~8.6
BOD [mg/L] <2.0 <2.0 <2.0 >99.6 160 (Ave.120)
S-BOD [mg/L] — — — >99.2 —

TOC [mg/L] 10.0 4.8 6.9 97.2
S-TOC [mg/L] — — — 94.4
CODwn [mg/L] 12.4 6.5 8.8 94.3 160 (Ave.120)
SS [mg/L] 0 0 0 100 200 (Ave.150)
T-N {mg/L] 58.9 1.4 21.6 68.4 120 (Ave. 60)
S-T-N [mg/L] — — — 64.4 —
T-P [mg/L] 6.27 1.02 3.61 48.6 16 (Ave. 8)
S-T-P [mg/L] — — — 21.9 —
Hexane Extracts [mg/L] <2 <2 <2 >97.5 30
EbR WHEREOMAEKE
Table5 Treated water quality on hollow fiber membrane

Maximum Minimum Average Rem‘[’})’/g‘j‘% ratel peflyent standard
pH [—] 8.2 7.8 8.0 — 5.8~8.6
BOD [mg/L] <2.0 <2.0 <2.0 >99.6 160 (Ave.120)
S-BOD [mg/L] — — — >99.2 —

SS [mg/L] 0 0 0 100 200 (Ave.150)
T-N [mg/L] 7.7 25.0 59.3 13.3 120 (Ave. 60)
S-T-N [mg/L] — — — 2.3 —
T-P [mg/L] 7.04 1.85 4.39 37.5 16 (Ave. 8)
S-T-P [mg/L] — — — 5.0 —
Hexane Extracts [mg/L]| <2 <2 <2 >97.5 30
22 LE DA A S & Vol. 44 No. 1 (2000./8)




FOR PHREOBEREUOHR

Table 6 Change of nitrogen removal on flat sheet membrane

Operating condition Normal operation by giﬁm’gf&;e&%‘rlgh on
Date 99/6/8 99/8/27 99/9/13 99/9/27 99/12/20
DO [mg/L] 8.15 2.15 0.94 0.38 2.61
MLSS (mg/L] 4 876 11948 15714 21 964 16 518
T-N in waste water [mg/L] 58.2 65.6 66.0 64.9 77.4
T-N in treated water  [mg/L] 45.4 34.3 35.0 13.4 4.0
Removal rate of T-N (%] 22.0 47.7 47.0 79.4 94.8

100

Flat sheet membrane

D : Measured flux using tap water
® : Measured flux using waste water
Internal : Cleaning inside aeration tank

42 | External : Cleaning outside aeration tank

Recovery rate of flux [%]
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Fig. 6 Chemical cleaning result of flat she
brane
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DHERFEAEMELSIMEZ SN TVWE L EZ 505,
3.4.2 FZ%E BOD & BAEFREDOHIR

3.4 1L FARIZH:Z: BOD &4 6 05 Rlnx
(BOD- iGiR¥stfi) 28 L7-L 5, FRMT
20 %, HZEAREITI6 % TH Y, SS-iFiRERRKE
FRIIRWER L o 72,

3.5 EAESER
3.5.1 sy

PR O GEEEE T 6 IR,

EERWIM AP, B NaClo 12 L 242k (%
BO~@) #EHL-En, EEBIIGAICET
LT AP BE SNz, LA L, EBRERTHE,
NaClO #W (®), EBEMEA (®), NaClO fst
(@), EEEMEN (®) LEFELTHEEERL- L
25, HEROEBTFERRIE, FEBETED0
%7528 % (®), 4% (®), 68% (@), 81%
(®)LBIET 22 LR ENT-, F77, BRIC L
LVEREELIRE VI E LD (®), EHERA
ROEEWFELELUNZCaR FeEn 779 7
LETL T EZONE, 1%, EADO Ca it
B, FeifffizZh#h14.8 mg/L, 0.95mg/L T
Holz,

EBRE T HROBERRE CIIETMIIATERVEES
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WHRIZR SN o7,

3.5.2 mZELE

TR OFEMERERLE TSRS,

PREERRC, M0 NaClO 12 L 2R gk (3%
HO~O®) 2 EHL-E A, ZIZTEBEMDD A
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Wz EBLIL 5, FHEDSS % F THEHIH
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90 Hollow fiber membrane

8 : Measured flux using tap water

70 @ : Measured flux using waste water

60 Internal : Cleaning inside aeration tank
External : Cleaning outside aeration tank
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Fig. 7 Chemical cleaning result of hollow fiber
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Introduction of EDI System

(RIBRHARE
2 H &id 1
Toshihiro Matsuda
1% % B =1
Masanori Sugisawa
Pl w1 1T
Hiroyuki Chifuku

ERBERBA 4V RBAHEAL/ZEDI Y A7 4 (MARESES ZA7L) 2BELE, AV X7

ATIIRTALHER i & LT 2B RO LIRS B MR, £ RREHEHETICHERATTMQ - cm

» DEDOMAEBET B ENTED, E/0, KU AT LRIGERDA F V HBEB TR L BET 2

Bra N, RGBEVAETERED TH Y, EHEES TR TEETHLAS THD Lot
BREFO,

We developed an EDI system, a pure water production system, using
electrodeionization (EDI). This system is provided with a two-stage RO unit and
membrane degasser for pretreatment. The system produces pure water of more than 17
MQ - em resistivity, using no chemicals. Compared with conventional ion exchange
equipment, the system has characteristics such as no chemical regeneration requirement,
little wastes generation, continuous operation and easy maintenance.

e Key Words :

BREFERG A 4 EE Electrodeionization
4L OB OE WY Little wastes
2 B R O Two-stage RO
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Fig. 1 Principle of deionization

Concentrate

EZICR S LWEMTHAHEE R D, BICHEHEERD
BHTHY, TN LORROERIZIGZ AT ED
TX58HTH5S,
1.2 BiiE R

E1RICEDIICBITABEOEBEEZ/RYT, 2
MDA & 3SR (hF 4 S, 7 =4 R
) *XEICERBL, FOMICAL 4+ EBE (4
F A AR, T oA Y REER) A FE T 5,
CITA F st R R Lo e RS, 7o
LTV aWERG % BMREE LIPS, WinllidE\EmRE
FREL, EREEZ»T5,

IRk 2T D L AKBOHFF I FF
VAR T A d T = A R R IR S
N2, WEINHFF CITBMICL D BB
BB F 4 o CETEET A, LL, HICHE
BILLEDE LTI FF 3T = VB L B
FTHIENTERV, F0O720, hF4+ VILEHERE
T LT IR D, FRRIZ, 724 VIZRBERA
BB, 7od MR BT A0S T A
BB BB TE WD, BHEEICEET S,

F 7>, BiEAES ICONTREEKF DA F ¥ 21T
TRERZHETEPREL 2D, KEERP AT
AR L T =4 YR RORBM TR LT

Product

Concentrate

Q Anion exchange

resin

' Cation exchange
resin

26 i AV A SR

Vol. 44 No. 1 (2000./8)



D& EEERERT 5 O BRAEERA
F VEBEVRE SN, ARTIEZ OESHER
A F EBEFEHLZ EDL ¥ A F AIZDWTHA
5,

1. ERBERBE I A EBORRRVE

i
1.1 E5BERBEM A EBEORE

BRBERB A 4 ~ %% (Electrodeionization:
DFEDI EBE¥) WERICE D A4 KM IRz
EEMICEHAET D, OO EDLIEUTO LI %
HEZHFD,

ORI L 2HE TRV, FO0, BAE
MIIARETHY, (BEF) BENHAREDR
YT Y ARIT) BT,

QEAEBRBIIEE L v, (HBEEY) - T,
FARE Y PR T 2 LT kv,

O F VR E I CHESNICRETH L 72
B E R DT REL 22 D

@OHBEOBREENEH TH 5,

O F ¥ BRI PR F O 72 5 DI 7R R BE AL
HHODHAM L LETRWIH, EAR—AT
&5

EDI 3, EMEHHAYTEHREY TH L HATR

Product

Concentrate

Cathodeé

| Anion exchange
| membrane

Cation exchange
4 membrane

B BiEREE

Fig. 1 Principle of deionization

Concentrate

EILR S LVWEMmTHLETERH, BIGEREHD
BHTHY, ITNhOLOBROERIZIGZHIED
TE2HMTH5B,

1.2 BRIEREE
F1XCEDIICBIIA2HEOFEEY R, 2f&
HOA G ASmE (hFF 3SR, 7= Ui
) 2 HICEREBL, FOMICA A+ o cHig (
FoF VAR, T4 SREEE) AT 5,
I TAF RS e IO Lo BRE, ©
L T RWnia 2 EMEE LI, WimlldE R
FREL, ERELL»T5,

iEZ kR e T A L KPOIFF L idH T F
VAR T oA 3T = VR H IR Ik &
N2, WE SN H T+ L EEMIC L Y R A
BEILYF4+ o x5Ee@BET 5, LaL, BiICE
LIV ELTOIIF A RT 4 Rz Hd
THIENTELR VY, FO8, hF+ VIEHE
W2EEFBLT LIRS, RIS, T4 ViRl
WCRBEIL, 7oA R ER EET AN T F K
BB L METEX WD, BREEICEEE D,

7, BESEDG ICONTHRIGKBD A F V720
TUERAZWRTZ EPREL 20, KAELSH T4
YEBMIR L T =4 U RHBIEORE THRE LT,

Product

Concentrate

Q Anion exchange
resin

Cation exchange
resin

26 M 7y 7 HE

Vol. 44 No. 1 (2000/8)




H A EOH A& S, L H A 4
EOH A4F /2 ) 4 F U RWBIEASEE SN D,

COEHIILT, BIEEDSERNICBE SN
WHERB/OENS,

2. EDI > X5 L
2.1 EDIX&vy 7

FRFEH L BIEI I TbR A8 S % A5 v o LIF
Ho BEINWAY v 70N Bl2RT, 2% v 7t
E-CELL #® E-CELL™%# il L Tw3, 1%
WCAS v 7 DHARERT, TORS v 7 IINHEE
1.0m*/h £28m*/h D2 EIH B, CORY v 7
THRBOEYNAER T 5 2 L TRIAE D MBI L 72
BHe AF v IZDOKEXIF2.8m*/h FHT300 mmW X
425 mmD X610 mmH L IEFEIZT 7 VTH B,
2.2 EDIXFL70—
E2RICTHAREFEKE LB EAD EDI & A5 A
DT7A—%RY, FKEFIEERICHEL, RO~
DYTA=DV b EMRELRET L, EEERZ
EITANZ L o THBRETE LS, EREHEHLZW
W) EDI OFFREAEDT72012, TDFEY IR
ALTWwWS, RIZTLT74 V% —%@EL#% RO

®1® EDIRY v 74
Table 1 Specifications of EDI stack

(CHHRT 5. ROBETIRKESD A F v Bk |k O
KBFOBREEZIT) . ROBEKIIFEHAEBIZLD
Bipmk L7-%, EDLIZ#t# 35, EDITIZ1.2T
BARZZE ) B AH A ML YVBFEE IR, 0%
EAEOMAKDE SN D, — 75 EDI AL 15 5
L, —BNEMROBIICE LEKE LTHWS, F
72, BRUKLEEROBICELE/KRE LTHWS,

CDOVAT ADRRIZEME £ HHETICHMA
RBETLILENTEBLILETHE, T2, VAT
LEHROPEKIE RO EHAKDATH Y, BRIl 40
BrEdIlBmTsI e TEDL,
2.3 X5 =V Tk

EDI AIZBWTIE, KEZEICL>THER LA OH
AF BT A U HBE BB T AR, BREEAE
DRETIRESBHAE L, BEREO pH A LA T 2
MEDPHEE D, ZOB, MK ORERE RS DS
BWE, AT = 7R E THEEEME T 2
B H b, EDILIZBWTIEZ DR —1 ¥ 7t
FEICERLZMETH S, #2 TH44Tid EDI 4
KK DBEER 3% Ay — 1) v ORI WL N F
T2BERO TCHRET LI LIZLEY, EIZZOM

MK -1E MK - 1 Mini
Standard flow rate 2.8 m’/h 1.0m%h
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Operating weight about 90 kg

Recovery <95 %
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300 mmW X 240 mmD X610 mmH
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Fig. 2 EDI system flow
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Table 2 Water quality

5 EDI ¥ R 7 ALK HIEFLOREREAL
Fig. 5 Change of EDI system product resistivity

with time h ‘

Tap water Product water
Conductivity [mS/m] 16.9 —
Resistivity [MQ - cm] — 17.9
pH [—] 7.3 _
Na [ee/L] 17100 0.055
Mg [ng/L] 3250 <0.01
K [eg/L] 2660 < 0.01
Ca [reg/L] 12 200 < 0.01
Cl [ug/L] 16 700 0.06
NOs lug/L] 6910 < 100
SO, (xg/L] 28400 < 0.05
Si0; (ue/L] 6290 <5
IC (ng/L] 7100 <120
TOC [ug/L] 800 <10
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Table 3 EDI system line-up

Flow rate [m%h] The number of stacks
1.0 1.0 m*h X1
2.8 2.8m*/h X1
5.6 2.8 m*/hX2
11.2 2.8 m’°/h X4
224 2.8m*/hXx8
33.6 2.8 m*/hx12
448 2.8m*hx16
67.2 2.8 m%/hXx24
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PANBIC-H 2 X7 LD#E A
Application of PANBIC-H System

to Brewery Wastewater

Akihiko Sumi
(ﬁﬁk}%ﬂ#ﬂ%ﬂ?ﬁﬂﬁ% 1 %{iﬁi

=]
Takeshi Miyamoto

LFLiE, UASB o 3450 BOD &fir (Hitt) (Sxbis L7z, SEFMNISE SR E
PANBIC-H v 27 A% ERML L2, MY AT LARINETIL 2208 - VIBIMASHR, €

VI EBKDORBIZEH SNTV 5, RIFRARMBREERDEZRLTBY, 2% L BOD #if o
B3 kg/m*d T TORMT T BOD BREHI %L EEERTE L & 2R,

SP has commercialized an anaerobic wastewater treatment system (PANBIC-H) that
can cope with three-fold BOD load compared to our conventional UASB systems. The
system was delivered to two breweries for treatment of general brewery wastewater.
Their operating data up to date confirm high performance in removing organic matters,
achieving BOD removal ratio of more than 91 % with BOD volumetric load of 13 kg/m®-d.
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Table 1 Design condition and operational results (Ginga Kogen

Beer)
Design Operational
condition results
BOD volumetric 5
loading rate kg/m*-d 13 7 10 | 13

B H 1 PANBIC-H o 25 A48 (ST BOD removal % 85 9% | 96 | 96
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Photo.1 Outside view of PANBIC-H Gas Production | Nm¥kg CODc. 0.35

System (Ginga Kogen Beer)
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MAREEBREEZIZIZHAILCBY,
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Fig. 4 Volumetric roading rate and removed BOD
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i:&éﬁﬁmwﬁjmﬁal Photo.2 Outside view of PANBIC-H System
’ « (SAPPORO BREWERIES)

Vol. 44 No. 1 (2000,8) E VA SV F ) 33




BOD & (kg)=0.96XBOD it A& (kg) (1)

OEEYRH L, Tbb, TOHEBIZBWT, BOD
BREHIZ6 % TH Y, BiF,r>LRELHERL
Twb, CODg (22w T3, BOD & [FEA9IS % 1L F
DBFEEPHEON TS, T2, FAEIIBNT,

BOD &1i13 kg/m*-d 12 BT H BOD %
DIETE R, BRERDICEELZEBIrDLEER

bhs,
%5 X COD i & H AL E DR %R
LEbDTHL, ZOMPDS,

I AFERE (Nm®) =0.35 X COD.: =& (kg) (2)

DR H L LD L, ThbH, FrE CODe
& 1kgM 0035 Nm’ OFANFKEL TnD,

Steam — Desulfurizing |--= Gas holder| > Boiler [~ Steam
¢
NaOH— S
i Biogas
Separation ree—
: [ 7ok PANBIC-H
Conditioning —= Flotation reactor
tank separator —~
Flotation s~ Treated water
separator [Discharge to sewage]
Feed pit
1 Sludge storage —> Excess sludge
tank [Incineration]

%6 Z7o—— b+ (o BRa¥— L@ HINTHE)
Fig. 6 Schematic diagram of wastewater treatment (SAPPORO BREWERIES)
B 2R FEFEOHRUOEEER (1) (FyRo - VERFHAMNIE)
Table 2 Design condition and operational results (1) (SAPPORO BREWERIES)
Flow rate BOD SS
(m%/d) (mg/L) (mg/L)
. o Waste water 5500 3000 1000
Design condition
Effluent to sewage <300 <300
Waste water 2100~3 000 1520~2 500 382~1600
. Influent to feed pit 1050~1670 151~394
Operational Results .
Effluent from separation tank 41~9 66~424
Effluent to sewage 17~55 7

3R RESGROEREER (2) (FyRov— v HTIUNTE)
Table 3 Design condition and operational results (2) (SAPPORO BREWERIES)
BOD removal | BOD volumetric roading rate
(%) (kg/m*-d)
Total 90
Design (Wastewater-Effluent to sewage) 14.7
condition Anaerobic process 9 ’
(Feed pit influent-Separation tank effluent)
Total 96~99
Operational |(Wastewater-Effluent to sewage) 9348
Results Anaerobic process 91~97 ' '
(Feed pit influent-Separation tank effluent)
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§ 15001 * e process
s
£ o Effluent from separation
£ 10000 e fank
D8 x  Effluent to sewage
o
500
0 L3 s ¢ £ |
) 1 2 3 4 %7 BOD & o4k
Time [days] Fig. 7 BOD concentration
100 — 3 3 ® 10
.
80 B
«
g %D 2 BOD removal [total]
60k 15 EE ¢ BOD removal
E %’ =) {Anaerobic process|
8 =l
£ e a ?.Ejgo @ Volumetric loading
S a0 d4 ExX rate
e =
g S
)
o
200 ? 2 2

[

A A

1 2 3 4
Time [days]

8 BOD &1 } OB DR 2L,
Fig. 8 BOD loading rate and BOD removal
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Hironobu Nishio

Removal of nitrate nitrogen from groundwater with a
combined system of electrodialysis and biological denitrification

Yutaka Ishimaru

T AKFOMBEEFORES BNICENDOBERSN L EWHEELEASbES F— 2 L
BREVAT A E199F12H I RIBRBA BRI L7, BABITIC L D KBEEAOMEEEER
E#£13.0mg/L £53.0mg/L T ICEH L, BRERTEI %47, BLBNH» 5 OEIREIKIL,
IS &) TR RIRFE £60.3 mg/L £ 50.12 mg/L BT IR L, BRFEHRIG % % 1577,
RYAT LAOMBHEERO b — 5 VBRERIIW0 %Ik, BEL-EESFo TV,

The electrodialysis and biological denitrification are combined in a system for total
removal of nitrate nitrogen from groundwater. The system, the first of its kind, was
delivered to a water purification plant in Nagasaki Pref. in December 1999. The nitrate
nitrogen is reduced from 13.0mg/L down to 3.0 mg/ L for city water with
electrodialysis, achieving the removal ratio of 76.9 %. The high-strength wastewater
from the process is then treated with a biological denitrification system where the
concentration is reduced from 60.3 mg/L to 0.12 mg/L, achieving the removal ratio of
99.8 %. The system, offering the overall removal ratio of about 80 %, has been
operating successfully.

Key Words :
s B M o2#E K nitrate nitrogen
"R & O electrodialysis
SO/ B S biological denitrification
L A 1 EVR2ERSE, BERZIE (X PNEFTY VL

ULAE, HUTFOKH OB 22 H iR E S~ D1t
FHRHADEBRARLREEROBTESLZICLY, &
BB EE (HMEEMEREEMNBEEFEOSES
10mg/L) %82 2FFFMEZ TW25, WEEMHS
R, AYRHSLEIEIT 5 LEFOANE SO

E) ZHIERI LAY, EEIENT 2 L MELE
ZFEEINTVWE, AKRTIIKERER & T2 ER
DEE XLV, K TIZIE DT HIAHRE <
NTW5, ZN7o USEPA, WHO T & kK h
DIERMERORELFZ I T L (B1FR)." BT
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K OEEMREZIIA A L LTHFELTED, K
EORERNIEETH B BRELKR +ABTIIRET
v, S5, 7 ERBRERLHEHERARYIEBO
T DOBEEMEETH 5 EYNE, + Vv +HiGMxR
MEBTHBRETLIERTERYL, THDT R
5, WEEEMEREEOBVKETHT HKEFERK
TS PO EPLETH L, BHIK, BKTET
OWBBEEREREFEL LTE, 14 gk,
WREES:, BRETEVETONSE, TNHDH
L, WIERALEA ISR ERYE 2 R 2 ALBUK LRARHEK
B, BT LEMTH Y, FORMHEKE 2D
F IR TIUIKBOERB(LEZ | EEI T LI
%Y, TOTKREGRIEE e HIEEIEKOEILHED
FRDRETH o7z, B TIEZ OBEIEAK D OHH
MM ERONEMEL RS 2L AEE LT, &
LB EY R EE i % A S e KT E Tl
EANE1 5L MEBEEEREN - IVEREEV AT A
% 19994E 12 7 \C RIGIE A & BT O Mg i X 5 5 /KB
WA L7z, &2 TR OMAIIXES KEITHA
LNEFR 2 FRBD L T B RERIR ORI & # O EHRIRM

1R HRAOKEKTOMBRUBEROELE

rHET 5,
1. EEstEE =
EBERYEOMRICMNET AEA HILHARRES
D BERMTTH S, HBEHIXESKEZILHERIZ
HY, FORBIIZEMNE L, FICEHEORR
BEATH D, WRMWXESHKETIE, ThETHE
HEZKBEE LBUK L 72K EIEZEREOATHAKL
TW72AY, 1993F I E KT OFEBRIE B RIBE A5 — I
10 mg/L %82, F0HPRPET L1I0mg/L
PLFCHERE LT 7228, 19984F 7 HIZIEH 13 mg
/L e ) KEKEREZBBL 2720, BREN
B EYREE T HAEDE T EBEEER N -
BREVATLAERRET LI LIIR-7,
2. XTEHBE
2.1 EREME
BRABMOEEYFE 1 RIIRT, BREMEKIEA
FUPBTERETIEDTE DL A F VACHIR & B
LY, BRIANFE—ICIYEKRFOLSF %A
T URHE R BRI TAF YRR BROHETH
5.0 BRI & R AL, FOMIZE A A4

Table 1 Standard of nitrate nitrogen in drinking water in the world

Japan (Waterworks Law)

WHO Guide line

USEPA MCL

nitrate nitrogen and nitrite

nitricacid:50 mg/L
nitrgen:10 mg/L nitrous :3mg/L

nitrate nitrogen:10 mg/L
nitrite nitrogen:1 mg/L

nitrate nitrogen and nitrite
nitrgen:10 mg/L

< ® & @

Electrode  Product Concentrate Product Concentrate Electrode

Anion-Transfer

Membrane

SR

Cation-Transfer

” g Membrane
Drainage Drainage
&1 ERENTOFEH
Fig. 1 Principle of electrodialysis
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Cation-Transfer
Membrane

Colloidal
Depesition

Positive
Polarity

Polarit
Reversal

82X EDR OfEA
Fig. 2 Scheme of EDR

feed

£

Cation-Transfer
Membrane

2.2 &YFREE

AYREF, REFOBRERTIC L ) Exkho
HBMERLEE L B LR F IR L, ek
RreBETIHKLEETH B, KRRt
HEREEFR L ERZTAEBTRET 2257
EY (MEW) PEHEET 5, Rdbisgs
BUCHOENALLZ 29 =2 — LiERY v, &g
EOBRER % 7T = 2 — UiERFICIRE S B 55
THEZIT2 ) TREFHL T b, REHH L
TV L IRBIE ORI E 258 S IR T Pz
&, 7722 - WIHERPREINRTHBE XY FERE
RENADHERDY 5 = 2 — LIBEROFH %5 ¢
GSS #f (Gas-Solid Separater) THE Xh TH
0, BOKIZETFRMEOVHMAL Y I =2 — iR L
AL, WEKELCEEPSHEET 2, ¥ 22—
WiGTRIE, FORROSET A0 ERFEI L ) WIER
EERTDH, 92— ViEROREH2~3
mm & K& <, RFEEENKE W0, MKz
L 2w,

Z DB UK RS R E U CHEY AW E
THY, A5 77— VEFEKIHEB LTS, ZORE
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%S Colloidal
Displacement
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Polarity ,
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6NO;+5CH;OH=3N;+5CO.+TH.0+60H

FREE DB XIZL ) 2 ¥ ) —VidkE B bREIC
RS NERPOMBRIIERICEITL SN, BETA
ELTRNANBEE &N D, FTERA Y/ — VEITHGR
fET1.9g/g-NOs-N & %2 %, WP ME T A ¥
=Ntz v, 72T A, ANV TLED
MEOEEERIESIVETH L, HFAKBIZIZEA
EEINTVRWY Y3 HL S DFEADPLETH
D, o, RERSTpHP LR TAZ LB~
B FEARICBHE L TwD, mINL7-) Y3, HER
OHEAERICIZE ALFER SN -0, MEKITHE

Treated water

Concentrated wats

B3I HEHOBREE

Fig. 3 Scheme of denitrification tank

=

—

HLw,
2.3 BAWMRBEZKEDONIE 7O — & & imtHk
2.3.1 ME7u-—
REMOMIE 70— %S EIIRT, BAIZIE2
FHOBLENEE, BIMIADHEEEOTE
HTHDLBZEH, KBRS =), ) VERE
AEBPORAEREAZBCERIN TS, K
BORLDL IERDEFFENS A - BOERIDOER

Source of energy

QOrganic compound

Ne

Source of oxygen Denitrifier

CO2

H20

EAN WHRUEZEROBREBESN

Fig. 4 Scheme of Denitrification

- EDR
[A-line|
Chloride
O 2 Tap water
P
Well
[A-line] 2
®®
Nz, CO2, gas
— Av4 Final
Methanol = e;ﬂuem
phosphoric acid > 0?°
= EDR °fe
{B-line]
o Denitrification tank Settling tank
® )
Well p
[B-line] O

Concentrated water tank

HOE Ml S AE 7 T —

Fig. 5 Flow diagram of Umetani water purification plant
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BN BENERZMAE L, Sk & Bk o4
%o TDIRMHIK T S MG L, s ssy
BB L D EELEHET AIRET LT, LHk
T RN L T b,
2.3.2 Bk WAL B
AR A2 2 RIZ, BRENMEBO/NEB*BE
HIRT, EREMEEIL, iy FE2KD
BERENER OB HIEBETER S TVS, BX
BEHTAE 124460 mm X 1020 mm OE R e A +
YRBIEE 1 B0 180%F, 2 HAEICI60RHREAL
LTwa, AL EE, TRIZOPN, ETICEA
ERIMEHIZ > TwD, RECERLFL, £8 B E 1 BXBSREBEONE
BUEEREATE, 14 BBl 7-gp  Thoto-l Configuration of EDR
EEATI o A4 aSHEHIZ, 180t DA, FE: A
1108, TE2T0xtCTH 5, L= v MiE, ki
‘ YkrEHE LCEIEIOum OH— F) v VT4 05—,
IR K % E KB 2 K IEER R~ 7 ] O]
HHESR, EETHERINTVE, ZOBREN
RETIIHRESREE - HEO» 2 BRI ZER
A PO LOIEEE LTBY, £R5MICESE
BERFEZHREL, FHEABNEROLERDEBLE
HELEW L, REL-BERCERYTCHL L
CHERRL, B SRRELEHRL W2, B4
W IEREN IS A ABEALEET L2010
EEEHEBEL, FKOMBESZEEOTHIZY
WHIETHIENTEDL, BEICIZY v F AN EE
L, &RFNOEEIRN PP EROEROMAL T ¥ v
FTITH) T EWNFTE B,
EYRBEBONESBEE 2 IIRT, AWl
BB, LA, B E R —22E EIck
] ‘ WL7ca=y N Thb, MEBMOBETSMI, %
FULATLSRSN, RBRIEERRA AN Ake/m B g u ) smmermons
ThHb, ME - BIRIIA 7> L ABHEGHCH b, Photo.2 Configuration of Biological denitrification

L

2 F& Ak
Table 2 Specification of plant

Biological denitrification
Items Electrodialysis C‘;’Egintr%&ég Denitri- | Settling | Methanol | Methanol | Phosphoric | Phosphoric
W fication tank tank pump acid tank | acid pump
pump
Electrodialysis reversal (EDR) Submerged | SUS304 | SUS304 PVC | Plunger pump | PVC | Plunger pump
— lon exchange membranes 180 cell-pair pump 0.013 | #550 mmX | #6550 mm X | 200 L | mar. Umlfmin| 100L | max. 12 mLfuin
ecification
P Concentrated water circulating pump 15 kW | m*/minX 14 | 3500 mm* | 2500 mm® X0.98 MPaX X0.98 MPaXx
Cartridge filter 10 zzm mX0.4kW | 0.76 m® 0.51 m? 0.025 kW 0.025 kW
Number 2 1 1 1 1 2 1 1
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WERIZ GSS B2 s B L T 5, Bzt EIicid
pH&t& ORP &t (B LBETEME) 2 &EL, B
ESEEHL TW5E, HRBEOLBRE L, BHaEp
S OMEKIENIEENLBE Y L, SBET
L7200DLDTHbD,
RTEANRMIIR BN LE R A Y ) — L k)
YERBETHOOLDTHY, FNFENERE
WHERLCEER Y 7TCHB LTS, EREAR
7, BEREANEEEEK R R T 2 Bk AR
Ry T EEEE T To T\ 5,
3. EHER
3.1 BKKHE

RFER 2 FAKE %8 3RISRT,, EAKEDOH,
THER S RIRAE, pH, HEA ARSI E BRYITE
b FEERMEERLDIMIKEKRERELTHE L T
AH, WEEERIEEN A RS TI54meg/L, B
A5 T13.0mg/L &£ &<, BRI FHRAKENKE
HELZHEBL TS,

3.2 E&HE KR

3.2.1 EXRENEE
BERENEEIL A Y], BRFIIEICTE BT
PORELIEEYIToTwWh, AR, BRIIO
BN EROKRERRELES, TRIIRT, BEXE
ATALB K OSBRI B AT A 251 T2.07Tmg
/L, B&¥T3.28mg/L THhH, FHEFIERITA
FHITI8%, BRIITH % ThHb, £8, 9
A RN, BERAOA N 7 ABRFERE, &£10, 11X

3 FUK, AHEAKE
Table 3 Raw Water and Treated water Quality

W2 ARY, BRIDTZ 37 ARFREZRT
BT ADOFEHBRERZ, ARY, BRFNZE
N7 %, 81 % Thb, ¥7 27 ADOEHKER
X, ARSI, BRIIFNZENTG %, T9%THbD,

BRENMEBOBREEEMITI EETOV (Bt
fE130.8 A), TET31V (EfiMHIZ04A) TH 5,
R B RRE L ERREROBREZFEI2NIRT,
BRI E KR L BRMEERICE, R MR
MY, BREEEVHEEEERBEEOEIEICILS
b b, BERENLBEKOBRLEERD A
FHITHRIAT uS/ cm, B RFITH6214S/cm O E#x
KT, BKOMBEEERREEIF2.7T~29meg/L %
HFEL T b, EMOBMEEIOMEE L1552 1 [
THY, BEFTATF—) 7% 57035 7%<
HOWRERESA L T b T L2 HRL T
w5,
3.2.2 AWBiasiEE

AR EE R B ORI B R IRI 2 3B R
T EYHEREIINEHI ST =2 — ViERE &
AL#EK LD -2 0B A2, BRERTOFENE
HEAA58 9 mg/ L THADIZR L, BLEEMBEKIE
0.12mg/L ULTFIZTF2%Y, WMEMHELEZ0OTFHkE
P99 LA EE o7z, BREBRIDAEITT S LK
Bt A 4 2T 5720, pHAE LR TS, #
D728 pH TIHREBCOMBITIKIN Z AT HZ &8
T&%, pHOROZLEFIARNIIR T, BMEHEK
O pH »87.512xf L, R0 KO pH 1£8.0~8.2

A-line B-line Mixed | Treated water b .
Items Rew water EDR treated | Concentrated Raw walar EDR treated | Concentrated CO“C;Z::fted dbe}; l:’:flliiti

water water water water
Nitrate nitrogen (mg/L) | g 54 2.07 | 44.0 13.0 328 | 836 60.3 <0.12
Nitrite nitrogen (mg/L) | <0005 | <0.005 | 0.007 | <0.005 | <0.005 | 0.008 | 0.009 | 0.006
Ammonium nitrogen (mg/l) | <01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 0.93
Turbidity (degree) | <1 <0.1 <0.1 0.2 <0.1 <0.1 <0.1 1.2
pH 6.5 6.6 7.4 6.7 6.3 7.2 7.5 8.2
Calsium (mg/L) | 145 411 | 122 15.1 482 | 187 141 101
Magnesium ~ (mg/L) | 539 129 | 37.6 5.77 130 | 44.2 388 | 139
Phosphorus  (mg/L) | <q.9 <0.2 <0.2 <0.2 <02 | <02 <0.2 0.56
CODMn (mg/L) | <05 <0.5 <0.5 <0.5 <05 <0.5 <0.5 1.7
Dissolved organic catbon | 5 | <05 0.6 05 | <05 0.7 0.6 1.2
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Table 4 Material balance of nitrogen
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Inlet nitrogen Outlet nitrogen
Item Raw water EDR treated water Treated water by
biological
A-line B-line A-line B-line denitrification
Quantity 60 m*/d 60 m®/d 53.8 m*/d 53.8 m*/d 12.4m*/d
Nitrate nitrogen 572.4¢g-N/d 780.0 g-N/d 111.4 g-N/d 176.5g-N/d 1.5g-N/d
Nitrite nitrogen =0 =0 =90 =0 =0
Ammonium nitrogen =0 =0 =0 =0 11.5g-N/d
572.4g-N/d 780.0 g-N/d 111.4g-N/d 176.5¢-N/d 13.0g-N/d
Total
1352.4g-N/d 300.9 g-N/d
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BRESMLEAK D COD &Y ViEEZHlE L7, MLEEK
»COD 121.7mg/L, Y VikEFi30.56 mg/L TH 1,
A& =), JVEELEDIZTHEYEFEAIN TS
ZEERMERRL,
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Treatment of Dioxins in Leachate and Sludge

(BOBBHRE
H &

9 %
Akihiro Toji

sk B

Dai1 Kojima

VI S S
Tetsuo Kobayashi
4 21 & -
Kenichi Ushikoshi

EBREELXHOTREKFOT A+ X VEHOBRSE - DEUEY A7 AOBE2ToCE, 2O
WF Y AT AIHRERD (RO 70k )2 & BB KM & e Eidic k2 RO 70t 255
A U % BB ILRTGIE & IR DR BREUL O S RLEL L 22572 5, RO Ok A TR, ¥4+ %3
YHEI BBREL, MEGRETIE, HRIPOFAFFL VIER88 %, wRiEhDy 4 %
Bz U ETEL I EDVERERL L THEONL, TNOOMBEERIVAFF L VEHD .
PEHBG Z TCHE S EEDDTH o7z,

A new treatment process to remove and decompose dioxins in leachate from a
landfill site was developed through experiments using pilot units. This process consists
of an reverse osmosis membrane process (RO process) for leachate treatment and
a burning decomposition process for both sludge from pre-treatment like coagulation/
sedimentation and dried salts from concentrate generated from the RO process.

Based on our experiments, the RO process removed 99 % of dioxins in leachate and
the burning decomposition process decomposed 88 % of dioxins in sludge and 99 % of
that in dried salts from concentrate. These results completely complied with the latest
Japanese effluent standards.

Key Words
& ok m oB leachate treatmemnt % .
¥ ' OE B reverse osmosis membrane
mo B o % burning decomposition
A G ¥ RN dioxins treatment
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DXNs (2B 2 k&8 L LT, 10 pg-TEQ/L,
BRI L L C1.0pg-TEQ/L, F7-, TI1EZ[
$ HERBEHEHMHEIZ1 000 pg-TEQ/g, BLEIZHE % 250
pg-TEQ/g & L TWw 575, BEHRE~DHE VL
DFHEDITLD S SITE LWL BREESER S o
2Hb,

LTI, SR kb o DXNs L3 BT &
LT, PR A VoM EREE (DTE€Y 2 — 0
VAT A) A& BEREAKBODXNs 5B B F A
T ) FEERBREITVY, 19994E 4 B & b
RKVATLERHALzax—Y v VT Iy FOEE
BERHBLTCWDEY, £, ROz 2BV
RENZFEET 5 B EILBE B R ORI 4
INLDXNs IZBL, MBGETCHMRE (N—2
VA=) X B EEYH O DXNs 5 &
L CERIMGEIT> T& T3,

ZZTIE, DTEYVa— VY RAFAICL BEFR
R R OVERRBF O DXNs DB MERE 2% & O Nk
HICT R & 515 R & 82 4 0 DXNs 43 L
HABRMEERIZ OV THET 2,

1. BHEKPO DXNs L3700 —

FIRIIDT Y 2 — VY 25 A ROIIEETS
fREEEIC L 513K DXNs LBk 7 0 — %
NG

Landfill site

1 lee
ixing Coagulating
Equalization Tank  Tank
tank

Sedimentation Feed
Tank Tank

K7L 2 THIEHE KT O DXNs 1E, FiLEc
HHERILBLAE SN/, ROEIZTLEEINS,
HIALER 20 & HE M S 5 Be 42 IR V5 8 ) OF RO ML
HAOHEE SN 2EMmKIZ, ARECREEIC s
L7zfk, DNEGETC %18 12 C DXNs % 45 L
SnEELEN D,

2. RO JRIC & % DXNs 438

&ZH7KH D DXNs (& RO [Eo B 1, 451
LRNVOGZEENTIRETH ), FO5EST B3t
~BETHHI LS, 5T EH300FEE D DXNs
DFBEITREE 2 B, S 2 TIE, EREAR WV
ERERBHRE R L ERB LG L KRB IC BT 2R
VAT ALIZE D DXNs OB LA LT 5, B
ITRIZDT EV 2V AT LADEEY 2 — VS
ZNCES
2.1 FAAREERUERIBE
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Fig. 1 Flow Diagram of Leachate Treatment Process
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2) #ABR2
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FEERER

CAEPREVEE 1Y

FEREABREE E
(RERE L v ¥ —
12m*/H
70~90 %
A OAL B
RO % & :

: FiET )Y

LR UL

1B H RO+ 2BH RO
KYEIE)
70 m*/H

80~95 %

AIOAL B BRI

RO¥ & : 1 BkH RO+ 2BH RO
B ROEE : NF+5E/E RO
IRAEK LR - AR ELEE

2.2 DXNs fREMAERER
BI~FBARIRBR L, 2 RUEKZICBIT S
DXNs OB R 2R, RAB 1 TiE, BEAGdo
DXNs #52.3~1.4 pg-TEQ/L 2%} LT, MEAKT
130.052~0.0052 pg-TEQ/L & 99.6~99.8 % @ k& 3
Koo, A2 TiE, EAKF o DXNs A°

E1%X ROEV2—WENFEY 2— IO

2.08 pg-TEQ/L, Wi DXNs 4%0.24 pg-TEQ
/LTH o775, MK TIZ0.00027 pg-TEQ/L & &
D DXNs I DWW T H RO EIZTHRFETE 2,
EZ TOKRIZONWTD, JEAKD DXNs $72.35
pg-TEQ/L 2%t L TALH /K T0.00049 pg-TEQ/ L
£99.9 B EDBREEI TSN,

3. :%iﬁﬂ:ﬁx/’élléﬂha%iv a7k DDXNs

g

— A DXNs i3KIZHET IS WHEREE - C
BYH, BUEKLHEOES, BELBRLELZITH) &
W2 &Y EAKF D DXNs @kiﬂ SEERE &S ICHE
MENL, DTEV2a— VI AT AZHWERK
MBEZRICBNTDH, FEE L CRETBULIES
BXRETLEE, o ERFICDXNs i)
RAENL T EDPFHEEINS,

F72, ROJEICTREALZMHE L /23554, MK
WEKEAFEEZE - TIIEORELHFRTLIED
BEKE oo TR S NS AT, MLBEK & ZBIC—
iR I N5, T OREKPIIIREAKF D

Table1 Specification of the RO modules and NF module

RO modules (3 types) NF module
Type of module Reverrse osmosis Nanofilter
Configuration Plate and frame Plate and frame
Maximum rated operating Pressure| §.5MPa 12 MPa 20 MPa 4.0 MPa
Dimensions (3 tipes) 65MPa  12MPa  20MPa
Diameter (mm) 226 992 250 | 123
Length (mm) 1200 1200 1150 | 2250
Membrane area . ) . .
Operating Temperature 7.6m 7.6m 91lm 2.0m
Material 5-35 degree 5-35 degree
Membrane: Polyamide Membrane: Polyamide
Disk : ABS Disk : ABS
Casing : Casing : SUS W ‘
6.5 MPa 12 MPa 20 MPa
FRP SUS SUS
Raw »| Coagulating » Feed
Leachate tank tank

k“iVacuum dryer—H Dried solid

F2H

£§Q1ﬁg7[]-—(7 V— 2 I)N— 2% g‘@)

Fig. 2 Flow Diagram of Commercialized Plant
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F2E L O DXNs MR

Table2 Analytical data of dioxins for examination-1

‘ Raw Leachate

Remeval ratio

Treated water

(pg-TEQ/L)

(pg-TEQ/L) (%)

0.062~0.0052

PCCDs+PCDFs ‘

2.3~14 99.6~99.8

£33 B2 ® DXNs 40 4
Table3 Analytical data of dioxins for examination-2
I

Raw Leachate Treated water

Remeval ratio
Toxicity Equivalency (TEQ)|Toxicity Equivalency (TEQ)
Units (pg-TEQ/L) (pg-TEQ/L) (%)
PCCDs+PCDFs 1.73 0.00013
Coplanar PCBs 0.45 0.00014
Total 2.08 0.00027 99.9

4K FILMHO DXNs 55 5
Table4 Analytical data of dioxins for Commercializer Plant

Raw Leachate Treated water Remeval ratio
Toxicity Equivalency (TEQ)|Toxicity Equivalency (TEQ)
Units (pg-TEQ/L) (pg-TEQ/L) (%)
PCCDs+PCDFs 2.2 0.00030
Coplanar PCBs 0.15 0.00019
Total 2.35 0.00049 99.9

HBRr (TOC, BOD % &), Hafd, HEWE T

Discharged gas
HLEIEFILEY R EBEHEI A E LY,
DXNs (2D T b ik A2 50 BEbR 20 S BB AT Heater Ao

HIENTFEEND, EKOMEICE L T1t, 1
SR, AL, BEEIE, AR [1A

BRHHY, yO—ZFEL7 Y AT L EHET S ] D _@

Lo 2BER S, WA R SIRE LR O L r‘—r‘::w -

7ok, HIESRA TEEESE LCHMETLZ 0 -

ELQEFLVwEWE Y,
IIHHERT O DXNs 3 L O RO B fE Ak i 1

> DXNs OWLEE X U TR T T (/v —

YUNA Y ) DL BME - EAERBA T TR

AR

Dried salts Scraper

%3 INER S > fiee USR5 R [

Fig. 3 The Drawing of The Burning Decomposition
Test Equipment
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L, TO®BILFRREREEL 2050 HHEHRLS
W mmotil, MEDREE THHITIZ LIk
T DXNs 58 5 T CTh 5, A$EHTEE

e K Uez 1845 v 0 &8 35 0 Al iEE FH © iR ¢
DXNs Wi CEx b2 L2 EEET L,
1) B EA AR
RBEDR - INE R EREE
FE R A T £ AL
S NER100 mm X B 2350 mm
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2) ABRSEAM

BERFROMB AT, SiRE DXNs &
HiGREEE LINE DXNs iBEZ B LT, 2R
FHEK TOMEARILDH L ERFHK TOMEETT
RO 2 T3k BHRET L 72 IRME/KECIRIE 0)7Jl]**L
SRR T, AR OB IR R I TN BGE
SR EIT o7,

R 1 (BEFROTH)

ORUN 1
o m B 400°C
@ A & :10NL/&
OB T A ZER

IR N 3
DXNs# B @ 1.0 ng-TEQ/g
@RUN 2
mo o R EE - 400C
H B & :1O0NL/&
woE o R a#
w1 e
DXNs#MHRIRE : 1.0 ng-TEQ/g
R 2 (IBMEKEZIRIE O 55 )
MRALA R N BGERE - 600°C
FRITRIMBGLEE - 450°C
JH J& & : 3.0NL/%
BRI R B AT A« 225,
RO REE T A - BFE

}E\

#EbHF* FHRP DO DXNs TR
Table5 Analytical data of dioxins in sludge

P e i S 1

DXNs 44 i B . 26 pg-TEQ/g
3.2 DXNs D EMEERER
1) 5EFHRH O DXNs 575

5 RIZIERHB D DXNs DHEREBOBERERT
RUN1 Tid, sk iz 2K % @8 L BILEGFo
TToODXNs DFEBEIZFEL 72 ZOFER, EHF
Jerh o DXNs i FE7% 1316 pg-TEQ/g 12xH L T,
I RRMLER TG IR T 967 pe-TEQ/g, TBBRFERT
26.7% L Z L AL GBENTERDPo72, —77, M
BMEFICEFR A @EE L 72 RUN2 Tk, RiER
1316 pg-TEQ/g \2xf L T, LR T 159.8
pg-TEQ/g & 87.9% D iRrFEHRPHE LN, 2
DR S, MBBHIEBR T A% EIZTEITLFHA
L3952 &%, DXNs OB EEIZ BT B EK
M THBHIE, KUY, 400C & v o 72 LB RIR
WKBWTOETLEHALTAZLICED, HRPO
DXNs 5@ ASwRETdH A Z L DHEFRTE, DXNs
O RBREHER E LT, mEETafE (-7
TAY ) EMTHDL I L DR TET,

2 ) #iiEth o DXNs 4%

36 R EIE T O DXNs D RER O B % R
T, B o DXNs 2 26 pg-TEQ/g 128 L
T, HEUETIZ0.01 pg-TEQ/g & 99.9% LL E o5y
BREREZBLIEHNTE L, EEEF O DXNs
WZDWT D MNERITT R E TN RETH 5 2

Raw sludge Decomposed sludge Remeval ratio
Toxicity Equivalency (TEQ)|Toxicity Equivalency (TEQ)

Units (pg-TEQ/g) (pg-TEQ/g) (%)
[RUN1]
PCCDs+PCDFs 1300 920
Coplanar PCBs 16 42
Total 1316 967 26.5
[RUN 2]
PCCDs+PCDFs 1300 150
Coplanar PCBs 16 9.8
Total 1316 159.8 87.9

56k HMRIEH O DXNs 77AT#E AR
Table6 Analytical data of dioxins in dried salts

Raw salts

(pg-TEQ/g)

Decomposed salts

Remeval ratio

Toxicity Equivalency (TEQ)
(pg-TEQ/g)

PCCDs+PCDFs

26

0.01

50
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Slurry draw-off at a constant concentration
from a slurry feed tank
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It is very ordinary to design a slurry feed tank such that its mixing gives uniform
suspension of solid particles. However, this is not enough to keep a constant slurry
concentration in the draw-off from the full volume level of the tank to a low liquid
level. Because the slurry concentration at the outflow nozzle is affected by a nozzle
position and draw-off flow velocity, thus, the slurry concentration can be actually
changed in the draw-off, even if mechanical mixing achieves uniform solids suspension
in the tank.

In this paper, slurry concentration variation in tank draw-off has been disscussed
together with the slurry concentration distribution in a mixing vessel, based on
experimental data that were taken as mixing intensity, draw-off flow velocity, and

baffle conditions were changed.
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A1) — LA A Slurry feed tank

" R Solid-liquid mixing
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A7) — HH Slurry draw-off
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Direct numerical simulation of turbulence flow near the membrane
surface of Vibratory Shear Enhanced Processing
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Vibratory Shear Enhanced Processing (here after VSEP) can give high shear rate in
the fluid near the membrane surface by its original vibration mechanism. This high
’ shear rate enables high flux and high concentration since it can reduce fouling and
concentration polarization. It is considered that the flow mechanism near the
membrane surface is complex, therefore not only the behavior of the fluid but also the
relationship between the flow mechanism and the membrane separation characteristics
are not clarified. Therefore, the purpose of this study is to clarify the relationship
between the flow mechanism near the membrane surface of VSEP and the characteris-
tics of membrane separation. A direct numerical simulation by means of computational
fluid dynamics (CFD) is used to analyze the flow structure of turbulence flow near the
membrane surface. As a result of CFD, it is found that the velocity of fluid near the
membrane surface delays compared with the moving speed of the membrane. The delay

depends on the magnitude of inertia and viscosity of the fluid, and the shear rate of
VSEP is approximately 8 times as large as that of the cross-flow system. Furthermore,
the thickness of the velocity boundary layer of VSEP is thinner than that of cross-flow
system because the development of velocity boundary layer is prevented by a back and
force movement of the membrane.
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An organic wastewater treatment system was delivered recently to the wholesale market
in Chiba for removal of n-hexane. The system applics PABIO MOVER (moving bed aerobic
treatment system) licensed from a Norwegian company, Kaldnes. The operation starting
from February 2000 has been operating successfully to achieve n-hexane discharge limit of

30 mg/L.
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. Influent Effluent

Unit 2/29 3/29 4/28 2/29 3/29 4/28
pH — 7.5 7.3 7.2 7.2 7.0 7.0
BOD mg/L 210 220 250 210 390 14
SS mg/L 190 240 140 230 360 13
n-Hexane mg/L 21 31 11 1 20 1
Sampling condition of the effluent

2/29 & 4/28: Nonaerated 3/29: Aerated
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Delivery record of on-site hydrogen generator “HHOG®"

UCHE%Z

N H BT
Hiroko Kobayashi
W it

Jun Hirose

MM CUEFRS S FEREE L2 - 72 KEBMRICE 54 94 PEDKFEREAEEE HHOG (High-
purity Hydrogen Oxygen Generator) *#BiZ L, @ bl T&7:, ZOEN/BIEME L ZEN
AE SN, HECMAEBRF R TETWE, /7, ko) -y tivF—L LTKE
DZ—=APEHE->THY, HHERIKROF VYA MERPHATLELDEEZELO5NDL, AT
iE, %HASHHOG #Bi5e L C&AERBICEDE, 2omhe = — Xkl 612, LEOT
BTORBEE L KIS, HHOG OREMB LU A Y 7 F ¥ AT 2w Thiar L7,

The on-site hydrogen gas generation system “HHOG (High-purity Hydrogen and
Oxygen Generator)” which directly electrolyzes deionized water using a proton exchange
membrane has been applied to various fields. HHOG have been valued it’s simple
operation and stability. The demand for the on-site hydrogen gas generator will increase
due to the needs of hydrogen gas as clean energy in near future. In this report the
market and needs of the on-site hydrogen gas generator are described based on the
sales result of HHOG. More over the stability and easy maintenance of HHOG are
shown in accordance with the running result in the factory.

Key Words :
KFEREXKE Hydrogen gas generator
F v % A4 F On-site
7K T i Water electrolysis
A 15 55 R Proton exchange membrane
oA E R Delivery record
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% 2 % HHOGMAZEREE
Table 2 Supply list of HHOG

Delivery Time

Capacity

Hydrogen gas pressure

Purpose

Client

July-93 0.72m*h(Normal) 0.4MPa(Gauge) |Endurance test
May-95 10m*/ h(Normal) 0.4MPa(Gauge) |Demonstration
June-95 0.24m°/h(Normal) 3MPa(Gauge) |Demonstration
March-96 5.0m*h(Normal) | 0.95MPa(Gauge) |Demonstration
July-96 7.5m*/h(Normal) 0.4MPa(Gauge) Diode production (({?Ii?)lx;l) company
July-97 15m*/h(Normal) 0.9MPa(Gauge) !Semi conductor ?;ﬁl;;&igZEO{JAPAN>
December-97 5m’/h(Normal) 0.4MPa(Gauge) |Generator cooling | Power station (TURKEY)
March-98 10m*/h(Normal) 0.4MPa(Gauge) |Diode production ?}ZI;K;I) company
March-99 10m®/h(Normal) 0.8MPa(Gauge) |CVD ?Ja[:i};);i}) Laboratory
March-99 0.5m’/h(Normal) 0.4MPa(Gauge) |CVD iiilutpggﬁizzsuAPAN)
March-99 1.0m/h(Normal) | 0.4MPa(Gauge) | Fuel Cell ?J/S;i;igl company
May-99 90m*/h(Normal) | 0.AMPa(Gauge) | Capacitor Electronics parts
production manufacturer (JAPAN)
September-99 10m*/h(Normal) 0.4MPa(Gauge) Il:fitciisreduction ?rfzilufp;:tiigs(JAPAN)
October-99 20m*/h(Normal) | 0.85MPa(Gauge) |Semi conductor ilzflirfoargtcjrga?SZPAN)
November-99 3.3m3/h(§3r$§2 0.4MPa(Gauge) Generator cooling I(D\C;‘IAIIEG';I\ISE\/IU)O n
November-99 2m*/h(Normal) 0.4MPa(Gauge) Laboratory Use ?;ZI;K;I) company
December-99 2m*/h(Normal) 0.4MPa(Gauge) |Fuel Cell Z(LXJ[E;X;I; company
March-2000 5m’/h(Normal) 0.8MPa(Gauge) |Laboratory Use E{JEE’X;II)H company
May-2000 20m*’/h(Normal) | 0.85MPa(Gauge) |Laboratory Use ((j}zr[r)l;f;l) company
Z]:clgei?lqu> 18m*h(Normal) 0.8MPa(Gauge) |Semi conductor ileeti?ancitcjrepraatlsAPAN)
S| om0 Gae) || Eme e
éti‘;ﬁi%%o 10m®/h(Normal) 0.8MPa(Gauge) |Semi conductor ilziirfoeiifusri"agzsAPAN)
S0 | o o) | 0G| [ B e
éii:jﬁi%o)o 20m*/h(Normal) |  0.85MPa(Gauge) | Fuel Cell ilzfgfizci‘fgﬁﬁp AN)
?gfﬁgi?gé?ooo 10m®*/ h(Normal) 0.8MPa(Gauge) |Semi conductor }rflliflirf()amllcitgcjrsiat]sAP AN)
?sf}fsgzl?:g)gooo 2m?*/h(Normal) 0.4MPa(Gauge) |Semi conductor E;iirf(;iitclfr;al(‘&ZP AN)
](:)e(fr(rilbiar(iZ)OOO 4.5m*/h(Normal) 0.4MPa(Gauge) |Generator cooling | Power station (TURKEY)
schedule
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TECHNICAL NOTE
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Binding Method of Electrocatalysts
onto Polymer Electrolyte Membrane
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