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Cross flow, Counter flow in types and galvanized steel, stainless steel,
treated wood, concrete and FRP-in materials are provided by Shinko Pantec
to meet customers’ various needs. Our FRP cooling tower consists of
pultruded structural composites and has following features. - Pultruded main
structure provides stable quality. - Light weight and factory-fabricated
components permit quick and accurate on-site installation. - FRP materials
provide longevity and corrosion resistance with minimum maintenance.
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Systematization of S-TE PROCESS B Hesegarn
Zero-Discharge Activated Sludge Process Using ?ﬁakahiro F%kuiﬁ
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We have previously demonstrated that the zero-discharge activated process can be
achieved by using thermophilic bacteria which solubilize excess sludge.

In this paper we show the results of pilot test. In our process, SS and TOC
concentrations of the treated water increased slightly compared with those of
conventional activated sludge system. But we could run the process without disposing
excess sludge.
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B MM W Thermophilic bacteria
xOFH H R Excess sludge
G & 1t Solubilization
WO OR Ok Activated sludge system
E bo ZOF ETHE, MIERIZIE, BRFEHSYD

HHENC BT 5 1993F O EEREYHIL =L, Wb tOELHY, EERERDOEMM, B E
BABIN SN TEY, TIHE, BIZEEVD PBREAOEEL Lo TWwDY, EEXEREWON,
Bz h 525, FORIE, FEILOHHENS K  EWENIEKLERA & D BEE S5 KRG,
BEY O SEORIHY TS, TOWH20% H» FEUESEEVLLZVZ b, REBELEH LV
B LTSI TIB SN TE Y, iRy ETHEO KB TRLEY % & Tk, Bkotk, B
BOBREBRBIICIHELZ Y — 27 ICBAOEmICH  H, BEUC L ZMAESERE BoTWb, LAL,

2 iR AV AR 5 Vol. 41 No. 2 (1998,/3)



108ueyoxa 1eaf] X v

jue) ulZiIgn[os

\ X
A

SSADOYd HI-S Jo wesdeip mold T 814

El—n0 £ SSE00Yd AlS | ¥

— DDA

uel
3unjyeg

M

JUB) UOIIRIDY

jue)y
Io1em

2ISBM

@Y

Io1em

JUSWIBdL ],
A\

o

!

Jomorg

I9NeM ISBAN

l
i
i
|
|
|
|
|
|
i
'
|
|
1
!

S 7 o HiER

Vol. 41 No. 2 (1998,3)




NIRRT 5\ VI35 B8 AT S 5t/ ET
HOMBBETKEIZB T, SMETE O ER
FEFI TORBAD Y, KEBAITICBR S W8
WMBEOFEHATEL LIRSS, & L ANHE
A B L 7o e e HAMT BT E F T v BY,
BREDHEDERIIRED # LW ETHD,
ZORRGEIE S, 19954, AT KEIZE L T
[SEHREOMIIZ N - Tid, Bik, B, H
HEFIHEICL YD ZORBICED LITIR O 0]
EDBEBFEZ Y AAL TREEDO—IRIED %
SN, T/, EE, L ORENS [TIFTTH]
[(YOoxrIviar| S% ECEY, T, $H%
Fror & OBEFEW OFIFAZHL ) A TV BY,
AREEBK DY F R BRI L, T 5 I
VBN OERY 2 WD D IIFHEEE720,
WIHGROSERIFEN R LD TH L, FD0,
IKAE, BIRERDO VW7 OB A OKE A7 Sha
P, REFEBESUEERBHROEAE DD WG
PEHREDRREN R ST E 7205, FRTH G
ROELFEELEWT O AIHEEL D57, L
ML, JE, RSN X B ESEEEIEE R, %
HONTE B4V UEEHREICL Y, Roirbse
RIERDFEEL VT O ARSI, FHA &
HTW5, FBIEE, BEFEPICEZRE L CEES
BE9 A Z LIZX AN MLSS BEEES, 2P0
HOMRIbEZE LR BRELT 2 55:TH Y, %
T, BEEAOHERY 51 &3k, + Vo8
il S CHA L L, FOBRAEAEERRE L TAY
DT A EICLYHEREY BT B HETH B,
Lo L, —#RIZIEALIE R v 2 2 o Yy A L2 i AL
GEBEBEMERIZT N7 MR BD, BEREFS
L, MEFFEBEEMEOREDS D, i, IMEED
HEMCTEAFENAHIKEL L ERICH B, F
T, FHEHOITBFEICEN A X B 5K
MU ZRRE L, ThET, »HHEOHEMMA
DS IR RALEE R % RO e L, B REIEIS R %
EET a2 ERHLNICLEY, S50, FBiRT
B & Tl b L 72 TA i % sk o
TG R L TH AT A2 810k, R
P ESRRBRORE S P OI2T 5 2 LA REZ G
WHERY AT ARREL, XVFAFX— VT AT
EAEL Y, FTT, AT, EEEE WS
10y bTANORKREZHRET L,
1. 40Oy bFX FOBE
FEBILIZHT- T, NF Ry — T X N T
SNTMBRMEREDEDE &, EhR b BT R O

E&E 1 /My b7TAMEGE
Photo.1 Pilot plant of S-TE PROCESS
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Table 1 Specifications of pilot plant
S-TE PROCESS Control
Aeration tank Im"X3m"X2m" (4.5m% I1mYX3m"X2m" (4.5m?)
Settling tank 0.8m*X1.3m" (0.64 m?) 0.8m?*X1.3m" (0.64 m®)
Solubilizing tank 0.8m?*X1.5m" (0.54 m?) —
£ 2% Mingkt
Table 2 Operational Conditions of pilot plant
S-TE PROCESS Control
Volumetric loading rate (kg-BOD/m?/d) 0.8 0.8
Sludge loading rate (kg-BOD/kg-SS/d) 0.3 0.3
MLSS of aeration tank (mg/L) 3000 3000
HRT (d) 2 2
Aeration rate (m*/m*/min.) 0.1 0.1
{Solubilizing tank)
HRT (d) 1 —
Temperature (C) 65 —
Aeration rate (m* m? min.) 0.1 —
Vol. 41 No. 2 (1998/3) GUE AV A S E - 5
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Table 3 Performance of S-TE PROCESS

Effluent
Influent Pilot scale test Bench scale test
S-TE PROCESS Control S-TE PROCESS Control
BODs  (mg/L) 1550 5 {5 < 5 5
SS (mg/L) 45 29.2 21.9 39.8 30.1
S-TOC (mg/L) 990 92.9 38.4 55.8 41.2
. e N Qs/Qw =2
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Photo. 2 Solubilization of sludge by thermophilic
bacteria
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Table 4 Number of thermophilic bacteria in the solubilizing tank

Number of colony forming units(CFU/ml)

Ratio

Viable cells
Spores

2.36 10
2.8 X10°

0.01

5 b & BLAUEANTIREE

Table 5 Number of methophilic bacteria in the aeration tank

Number of colony forming units(CFU/ml)

Ratio

S-TE PROCESS
Control

1.80X107
2.54X10°
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ETHEETH -7z, TRSHEBEIE, HRE %
EBESELERET, HRIBHE (ho—) 2R
T EDS, HRWEIUE T BE A BAF 12538
ENTWB I EZHEL,

4) S-TE PROCESS DB d o 75 ife o 1% 1)
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mEEKXERRETOEX :
PABIO DENI (/xEA T=)
Moving Bed Nitrogen Removal Process, PABIO DENI

(3]) RERARESE
Susumu Kumano

Shinichi Nonaka

WENRAZEFE KR F: 70+ X PABIO DENI (S¥ 4+ 57=2) ORVF 247 — VEEIZ L 551,
.25 O BB REORER R 2 NI 4L & b IC, I BIT S PABIO DENI O FEREHBI K&
OB EE L BT 5,

NYF A7 — VEBRTIIHLICE L T NH-N &AM 0.9 kg/m*-d, BLEICE L T3 NO:-N
BFREAEM3Lkg/m*d TWIND 98 % U EOEVRERIEONL Z LR TE L, BHD
FERTITH 10 C OEAKIRIZBWT HRT 3~6hr TEERBRENSTRETH 5,

This paper introduces the moving bed nitrogen removal process, PABIO DENI, at
a bench-scale test in our laboratory and operation data in European countries.

A bench-scale test, using artificial wastewater demonstrated a high removal ratio
as 98% or above with 0.9kg/m?®-d NH.-N volumetric loading for nitrification and with
3.5kg/m®*-d NOx-N for denitrification.

In operation data, it is possible to remove nitrogen for 3 to 6 hours even at a low
temperature as 10 C.

Key Words :
firf 1t Nitrification
Ji E Denitrification
M B B R Moving Bed Biofilm Reactor
5 b M W Nitrifying bacteria
i )] R Fluidized Bed
A -1 DR DORE D SNTW BRI TH %,

FSHEEIR O EXREIL 2Bk 3 % 72919934E10A
LY EBRPFHCHRARINRICMZ 5Nz, L
L, ZORAITIZNS o CIIEEREIEH EN, 5
EOWTFHHPHITONT V2720, HiKBEH OA
MEHERIZ1998E10H 25 & b, B, BFEH
Pk Z2HEE T 2 TH%E TR, ZoHBICELEHEE

—HIZ, TREOERY L EREETLRKTIINE
KOEEFREOLE TREO IR FEME % &7,
BOD & 2R % FERICKRET 2 HEEGFERBRE LS
RHASNZOFBEETHo7, LALIDOFRIE,
SRGEMHETLELT DD, LHEANR—A
TR FENLEETNT WS AR 2 FEE L

10 them x> 7 7 B
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water
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a. Nitrification reactor

T, HEREAT, EYEEEFHESIN TV,

BEERYCHRAA L 72 & 9 (S Bh R 2K AR M T AL 1 225 &
PABIO MOVER I3 A A~X— AT, LLdbikon
EERAAEMRET BT B0 HGET VSO RE
R L2 RBR O LWL E TH L, o
@ PABIO MOVER (3 IS A# 12 ¥ 5k 72 LAk o 84K
ERALTCHE{LSEL L1, BEEDOFR
(fAEY) ZHEICHERFSELZELETEIDEA
FrALEEASEIRE T, AFRALEE, BB & H 5123
BMATE, BIZBODKREZTTRERREDH
FRZATH e DHRETH B,

MR EFZ KL 7 0+ X (PABIO DENI) i #
NTEHELDEBEET LY, BREESLHIROER
HHARTCOREOBRKIZEMAT 5124872 -Tid,
1k, REFNZFNOERUBEREZ BT 2 LEN
H5b, G, XrFAr— VERIZL DL, KE

HBIMDOBRELRENFERER 2GS L L L 012, wht
DFEMBIEATIT 5o

1. PABIO DENI O#E
1.1 EERUIEE

PABIO DENI Of{tA#, BREMEOBEM %5 1
BUIRd, AHALAY, BizsfEmcFedm L 7-i8Mi, 28
1Ba, blIRLAZL ) IS TIR 7L — 3
NIE o T, HEMTIIEMERIC L > TREt s
N5, %2 OMIIBEIHH L ZWEHICA7 ) —
CERT T, MEOMBEIZEEER) 2 F L~
(%P 0.92~0.96 g/cm®) TH Y, FIRIZEEZ10mm,
B3TmmOHEGEETH L, HEWIETFEOHTH,
FRREBIIE T 4 YT TEB Y, FFoM4gidiE
WHEEDT v 7L REBEOHEMZ, 74 13 BH%)
RO LT - T b, KO FEFRIZAHLHE,

b. Denitrification reactor

1 PABIO DENI # &2 (X
Fig. 1 Scheme of PABIO DENI

PREEE SEEIHT0% ()T 75 —HRHERED
2/3) EE3NAHS, TOFEFILH 350 m*/m® D E
IR ORI IZH M T 5,
EH 1|2 PABIO DENI THiE &N 5 #@#:#E %
NT o LAINVE—#ROME TR L DRI f A
IR TH D20, 7O BEHREIRHEND,
1.2 % =
K70 ZZZF O RBAERZRIZL D RO L H
LEHEREET D,
O HRREENIL L, BIEEOBMEY % REET
EDL-OFAMLHENTEETH 5,

@ MR EBEDIZ L ZUHEEIT) OT, K%k
HRVANEEFREHE, EEEIESHTH5,

® HEOH L EH, BT X b BEEEY IS
LBHHFEFZ VDR, HEPAETH 5L,

2. EXKOTOEXEDSE

TAKREOHEKY (BOD) L&#ERE & ALHIAKT
&, &L TE 2NN T LRIE RS 078

EE 1
Photo.1 Mechanical agitators in denitrification
reactor

i 25 A8 DR TR
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Circulation

;

Primary

Denitrification

separator reactor

Nitrification reactor

Secondary

separator

%2 AL UE B A 280
Fig. 2 Activated sludge process with circulation

ZF 1 & PABIO DENI & &R E 0 )bsk

HRT 12~ 16hr

Table 1 Comparison of PABIO DENI to conventional processes

Activated sludge process| Advanced nitrification
PABIO DENI with recirculation  |process with recirculation
Carrier elements Required Not required Required
Filling ratio of carrier |Nitrification 50-70 — 10-20
elements .......................................................................................................................................... .
(%) Denitrification 50-70 — 0
"""" attached and suspended
Type of sludge used attached sludge suspended sludge sludge
Return sludge Not-required Required Required
HRT Nitrification 2-3 6-8 2-3
(hr) Denitrification 2-3 6-8 4-5
WEhs, 3. NYFRF—IVEREEER

R Z FIH L WHER D 5 PG 5 R G B S s
EREI NS, TAUIRALALERE 2 LSS A | CPE Bk %
T5 2 8L o THEB IS VB L K FE A GARR0H
{LAEC o pH MR ZEiW S 5 HETHE, ZDk
PCIIRER, e A &b/ HRT 3 —#% 12
12~ 16 hr LETH 5, AR LEAE, Wb
AR P A L CRYEI & B2 b U AR % & T
WUER S % R LARMERIIE BRAS 5 T /KB 38 % Aol
FREENTEY, HRT8hr T BOD & ZFE D6
BEDRETH B, = THH SN L4, O
EERMREASREDDH ), MEIZPEG, PP, ARV
VEDLONH D,

IS O LIRAERI O MLEE i & PABIO DENI
EDE R 1 RIZIKRY, PABIO DENI iZ X0 2
HPRELEBHTHY, Ko HRT 33~4 hr
TEEBRENTIETH 5,

O  FHIAE & PRSI IER T AT 5,

@ FEHREFENHLZVOTERREFIRISALE

TIBEARE, BKOBRIBEIE L 5 ZAEEEKRA
@AM, HRT KUBEREHMOZE, HEMNET
BELREOHZELTHHE LTV F A7 — VEES
1T>72,

3.1 BERUVAE
3.1.1 #¥@&

FEERIIZEE 1 UIR L 7oA O R LAl K O 28 48
RRAQHEMEHL, | IR OREY, o
| RIIFREAmOEE LA L 72, Wk, HEMD
HRNERIIE 45, 5L THY, HEKEZEHERD
2/3 B A L7z, RO TREMCIIRE LA 130 A H 22
FUZE - C, BEHIIBAREEEIC TIT- 2, fiik
ETIEHILDOEITICE > TpH MK T T 5728,
pH Y MO — V%15 7:4%, pH + > #—3# |-
MickEL, pH#HEHIZIZ1% @ NaOH % 1 H
L7, IREHICIOKEMRGRE LTAY / — L&
L7, BAEIERAY /= VOB RIAERE
bW EHI235g/g A NO-N IZEE L7,
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Table 2 Composition of artificial wastewater

Substance Concentration
NH1 12 ~125as N
Nitrification
NaHCO; 50 ~500 as CaCO,
Denitrification NaNQO; 35 ~150 as N
KH.PO, 1 ~10asP
Nitrification and MgSO:- TH.0 1 ~10as Mg
denitrification | caCL,-9HO | 1 ~10asCa
FeCl;-6H:O | 0.2~ 2asFe

3. 1.2 FEEREK

FERIZIIE 2 RIR LA REEK L
7z JEIK® NH,-N 2 O NO,-N ez # h F
ERHBIC LD 12~125 mg/L, 35~150 mg/L D&
TR L s e,
3. 1.3 FEEREM

FEEBREMOEEIZ Y5 TERER I % % HE
E L7 EBHAM b oL K OB 24 o kiR
220~26 CTdH 72,
3. 1. 4 FER

RN (HRT) RUOAEMAM (LDy) OFtE
RN TRT LD ICAIEREEREL LT,

= V ------
HRT = Qi/24 [hr] (1)
. . 3
LDy = QILC{]XL[kg/m&d] ...... (2)

Vo RAeRE (i) GahAaAE (L]

Qi : FokitE [L/d]

Ci : JE7ZK NH-N (NOx-N) #FEE [mg/L]
#it) NOs-N & NO.,-N 04354 NOx-N & E7=
3.2 RERUER
3. 2. 1 HRTo g2

JFKD NHi-N, NO;-N g% & 13~25
mg/L, 35~50mg/L {\Z[%E L, HRT % EEHIC
THE L7,

WAL R OB 2 31T 5 HRT L LR R O
NOx-NBEFOMFETE S, 4FIRT, WL
BT HRT 1 ~ 4 hr O#IF CTHE42 98 % UL
fE=hE S5, HRTOS5hr ICBWTHH 0%
LA E SN, —F, BELHE Tk HRT

a~ = ® >
s =3 & =3
T T T

NHs-N removal efficiency [%]

[
=3
T

I | |
0 0 1 2 3 4

HRT  [hr]
3 LA HRT &b ORIR
Fig. 3 Influence of HRT on the NHi-N removal
efficiency

W Sy = W W

1%

60

NOx-N removal efficiency
=
T

20

0 { 1 1
0 1 2 3 4
HRT  [hr]
F4X B HRT & NOx-N BrEHEOBR

Fig. 4 Influence of HRT on the NOx-N removal
efficiency

0.5~3.5hr OHIPHT 98 % LLE D NOx-N 38
Fo Nz, ARBURAOR{L, HZEE Tk HRT
2A05hrl EThhiE, HRT ICHBENLZ L
<90 % UEDECBRENEIHONL T & H L
T&7,
3. 2. 2 FRAMORE

HRT # # N FNFrEfEMICEZE L, BK NH,-N
B " NO;-N i % # 21125 mg/L, 150 mg/L
¥ CTEBMIZED T,

fgft, BEMHEIZBITL2ERAN EMLERR D
NOx-N BEROMBREES, 6 IRt L
HCid NH-N B &M 0.9kg/m®-d LT T 98 %
D EOWALEL G S, NIL-N&F & BRI EE
OBEBRTRTEETIRDO L H 2% Y, NH.-NBE
HEIE 09kg/m*-d TEDEE LB, IR
NH-N#EFM A 09kg/m®-d UF CRLE L 72354
B BULDIALERPELNL I EERL TV S,

—7, S TIIE6RIIIRL 72 L 9 12 NOx-N
AN 3.5 kg/m*-d DEWEMTY 98 % L ED
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NOx-N BERIE SN TV 5, REIZDOWTIEE
B fke L CHRAAM A HERF TH 5,
3. 2. 3 HKfEHRE

FREES (HRL~Y v (R) 77 v =2
2210 DTHA!, 47 kHz, 125W) ZHWT, XD F
NE G BTG Te 2 U <, BB SSEE
HWET S LI - CHEEAEHREZ KD, &
ZC, RN EHREBIAREEORER SS #

100 e 0600008 & —

801

[%)]

=X
T

.
T

NH;-N removal efficiency

153
>
T

! 1 1
0.4 0.8 1.2 1.6
NH;y-N volumetric loading rate [kg/m?-d]

7

#b NH«-N 175 & b2 o B4R
Fig. 5 Relation between NH:.-N volumetric loading
rate and NH-N removal efficiency.

N—y o @ @& & ——
S gor
g
& 60
@
s
% 40r
Z
& 20
-

0 1 1 Il

0.0 1.0 2.0 3.0 4.0

NOx-N volumetric loading rate [kg/m?3-d]

%6 NOx-N &4 & NOx-N &0 M#f
Fig. 6 Relation between NOx-N volumetric loading
rate and NOx-N removal efficiency.

5 3 & HMEWEHREIERR

BB L TER L,
AN EHRAMETIHEIXRO LB TH D,

a. R 20~50 7 Z R ((FEBREICL D
)

b. 100~120 mL ® ¥ — % — 234k % A, #lik
50~100 mL &% O"# H #E#] 0.5~1 mL % 7F A
LRIy b,

c. RE%E 50 CITED 30 B H M, (ff
EEBDVL VAT b,e DBIEE 2 4T )

d. %hiFBOHRABE O E K U SS EE * Ml
JEo

HIEMREE IRIIRTHS, ML, HEL I

A& IR E S AR AN 2B L CHng 2 Em At
Rohs, EBIZBTL2RAEW TOMNEHRER
ALAEC 992 mg/ L, BLZEAET 3020mg/L T -
720 FRRABREEZBE 2 1R TA, KERIIPER
WRELTEY, WEREECEYRTHLZ LD
Mo, KEBRTIISS 2E TR VABBEKEMERL
TWwWh 728 VSS/SS id# 0.95 & & <, &5 R
DIFEALRBREKREARRTIENTE S, B, 18
WO BEHE R, BEE QICFEFILE L,
WD 10mg/LUTFTTHo7z,

1.6

NH,-N removal rate [kg/m?d)

0.0 L !

0.0 0.4 0.8 1%2 1.6
NIL¢-N volumetric loading rate [kg/m3-d]
7 NH-N&77 & NH-N BRIl BE o B

Fig. 7 Relation between NH+N volumetric loading
rate and NH+-N removal rate

Table 3 Amount of attached biomass on the carrier elements

. Nitrification reactor Denitrification reactor
N loading 0.61 0.97 1.27 0.50 3.48

[tem kg/m®-d kg/m?*-d kg/m’-d kg/m?®-d kg/m?-d
Amount of attached biomass (mg/L) 289 755 992 457 3020
VSS/SSratio (=) 0.94 — 0.96 — 0.96
Activity of N reduction (kg/kg-d) 1.48 1.18 1.02 1.07 1.15

% N means NH-N for nitrification or NOx-N for denitrification

14 P A A S &

Vol. 41 No. 2 (1998/3)




B4 R OHILHR I ER R

Table 4 Result of mesurement of the nitrifying bacterias

Nitrate bacteria Nitrate bacteria
NH:-N loading MPN/mL MPN/mgSS MPN/mL MPN/mgSS
0.47kg/m?*d 4.9X10° 2.2X10° 4.9X10° 2.2X10
0.54 kg/m*-d 3.3X10° 8.7X10° 4.9X10° 1.3X107

%2 b Fk HMEHRT (FUKNH-N=40mg/L)
Table 5 HRT on the N removal process

HRT | Nitrification |Denitrification Total
reactor reactor
Temperature hr hr hr
24°C 1.1 0.3 14
10C 3.7 1.0 4.7

3. 2. 4 HAT SS 47: ) OFhE

ik, et BAL SS 247- 1) @ NH,-N, NOx-N
BrEme ) 2 A RE SRR & ERLEIC BT 5
BRAN L OBRERL HRD 72,

TEALAE D B4 SS 2472 1) o NH.-N BrZhE 138
3RITRL7- L) 12FH 1.22 kg/kg-d O #iFH T,
Bz ONO,-N BrFge113F 1.11 kg/kg-d TH o
co BHEHEKEHEH L2 XD20TI2BIF 5 NH,
-N, NO«-N B3 I3Z 24025, 0.31kg/ke
VSS-d Th o/ OMEBINH 5 )%, FEEEEIZ
INHDHEEETDHE 3~4 B2 bk b,
AEBETIIHEETHL B L Twa o, ki
13 L7 EIGEBNCIERT 5 2 L R —EDE
AOHEFF SN, RERHEOUEEEITRE N &,
ROECHAERF S A -EEOBCERS RSN
5 ENBCRERNIPHEONLER EHEHI S NS,

AR OHERR % A5 LAE N OB LT £ SMET L 72,
AHACAH A RO HEAK 50 & A EE I LB L, 5T #
WA MPNEIZL D HIE L7z, Bl RErE 4RI
RTAS, HASEEE (7= 7EMEME) 13 3.3~
4.9X10° MPN/mL, HEERE (HFREEEEILAME) (X
4.9X10° MPN/mL Th o 72, Th S OfEiE SS &
M ICHE L TRT & 0.87~2.2X 10" MPN/mg
kb,

AR R 85 % 4T o TV B T AMLERE O TG B R
BABTOLMEIX1X10"~10° MPN/mL T
T E2HENLVESbRTWEY, EWFHRO
MLSS #1138 % 2000~3000 mg/LTd % 728
SS 47201235 E4X10°~10' MPN/mg & %2 ),
K L TEEHROBIR EIE K E v, Aot

EMEOEEENE NI L Z2RBLTW5S,
3.3 Wt -BHESOLXDEE HRT DORET

N FEBEREL R, Bt 7 2785
BEKZxg L Lok - g 7ot 2281 A
WA RS-, FK NH.-N EEIZTAKEHE
BEO4Omg/LELT, BBoa -0y /STOE
BEEB L, FHEI2Y4 7 5 Tk NH-N & O
NOx-N Bl g% % 4 0.9, 35kg/m®-d &£ L, &
BEHEIIQ)RIC L hiT- 72,

K;=Kp-0™ ™ e (3)

Z 2T,
Kl, K, : Tl, T2 T® NH,-N (NOX‘N) %f‘iﬁﬁ
[kg/m?®-d]

T, T.: WA (BiEM) oKk [C]
0 mERE [—] (=1.09)

fifft, BiEEx &bz RCHO HRT 13588 5 &IC
RL72EDICEE24TC DL X 14hr, I0C DL &
47Thr &7 %, 10 C O HRT iE3 — 0 v /)X CTOE

kil
Denitrification reactor

LA
Nitrification reactor

E R 2 HYEMERR

Photo.2 Biofilm formed on carrier elements
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DN N Chem.

7

Sludge

L Air Sludge

@Recirculation

a. Pre-denitrification of primary effluent

@ Recirculation C Chem.

DN N

2/

L—) Sludge L Air I—> Sludge

b. Combined pre- and post-denitrification of primary effluent

Chem.

Y

L Air

c. Post-denitrification of pre- precipitated wastewater

Studge Sludge

N : Nitrification reactor C : Carbon source
DN : Denitrification reactor

58 PABIO DENI Z#fx%E 70t A4
Fig. 8 Process examples of PABIO DENI

% 6 & Y To PABIO DENI O FEHE(FKMLE)
Table 6 Records of performance overseas installation(Wastewater treatment)

Plant Place congg?gteﬁ;fion Size P.E. V?li?l?in” Type of process®

Steinsholt Norway 1990 625 50 a
Bekkelaget Oslo Test line 1992-93 15000 595 c
Nitrification | Lillehammer Norway 1994 70 000 3840 b
and Dejtar Hungary 1995 3000 206 a
Denitrification | Nordre Follo Norway 1997 40 000 3700 c
Bjuv Sweden 1997 16 000 171 c
Nykoping Sweden 1998 70 000 3660 a

Bury St.Edmonds UK 1995 40000 500 Nitrification

Nitrification | Braintree STW UK 1998 28 000 2 360 Nitrification

Great Dunmow STW| UK 1998 8000 650 Nitrification

% Type of processes show in Figure 8
P.E.means “population equivalents”
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Table 7 Operating conditions and removal capacity of T-N at Full-scale or Pilot running

Guadalix Bekkelaget | Bekkelaget
(Spain) (Norway) (Norway)
Process a b c
Full-or Pilot-scale Pilot Pilot Full
Nitrification and Denitrification HRT (hr) 6 3.5-4 2.5-3
Addition from external carbon source CODa/T-N(g / 0 2.9 4.7
Recirculation ratio (%) 400 50-150 0
Water temperature () 15-20 7-18 7-18
BOD (mg/L) 185 —(99.4)* 58
CODe (mg/L) 297 159 191
SS (mg/L) 74 53 98
Wastewater T-N (meg/L) 35 2 28
NH«-N (mg/L) 27 19 21
T-P (mg/L) 7.8 2 1.7
CODc/T-N (=) 8.5 6.6 6.8
BOD/T-N (=) 5.3 (4.1)* 2.1
T-N removal efficiency (%) 75 >80 >85
*Calculated as “CODc=1.6 BOD”
% 8 & Lillehammer WWTP £&E 57— %
Table 8 Key data for the Lillehammer WWTP.
Design flows: -Dry weather 26 000 m*/d kl))if)tl;i;liscafloirg?s:
-Max. wet weather 43 000 m®/d Reactor Empty bed Mode*
Primary settling: -Total surface area 600 m? volumf
“Water depth 2.5m ; 12823 igfﬁg
Moving Bed Biofilm Reactors: -Total empty bed volume 3840 m? 3 180 m?® AN/AE
-Specific biofilm surface area 325 m*/m® 4 380 m’ AE
-Water depth 5.5m o 380 m AR
6 176 m® AN/AE
Flocculation (4 reactors in series): -Total volume 600 m® 7 176 m® AN/AE
Secondary settling: -Total surface area 860 m* 8 176 m’ AN
9 92 m® AE
-Water depth 3.0m
Total 1920 m?®

*AE=aerobic reactor, AN/AE=reactor can be either anoxic or aerobic.

HMEE IR CTH Y, EAKERETDS v HRT T
WLPRTTRE: & L DSHER T X 72,
4. BINZE T BEHBNY

PABIO MOVER 71+ 21, EWXNTit F 75 BOD
BREDOFERTH BH205, WIHIBVTIZ BOD hkEo
A OTEEBREIIOVWTHL L DEBENH L, =
T, XMooy NEREEDBENIIBITS
PABIO DENI (DWW CTHLER M RES # BT 5,
4.1 pEB7O€X

% 8 M2 PABIO DENI #xR%, 7ot 221t
RELAFITTHERANZ0NHE (F8Xa), 2 BAME
R EE (BB 8 b)), BY|AMLR L (558
Mec) 7% 5, MABKOKER FEZE L 4 5 0LFE
KEIZLEoTINLDTOEAENF T LN,

BORICEFEZRID, Lid a~c o7t 2
DU BEE B A~ OB % &0 C, MEADO
625~70 000 N B O MBI HH ST\ B,

4. 2 KIBMEER 'EHER

BIRICERKU/SA 0y M EBRIIBIT 5 EES
HROEFERFEELY TR

Tt A a 1T AA ¥ Guadalix Tirb i3
A0y T AMNTH 5D, T-N3mg/L, CODc
297 mg/LOBEK % KiR 15~20 C, HRT 6 hr THL
HLIAEBEOT-NBERITDB% THholz, 7k
A b i/ V7 = — Bekkelaget TiThiLt/z/sf oy
k5 A FT, T-N24mg/L, CODc 159 mg/L D FE
KEKIE 7T~18°C, HRT3.5~4hr CUEL /- &
EOT-NBEHERITZS B ETH-72, 7OE XD
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Table9 Removal of inorganic N

Flow Water temp. Inorganic N

(m%/d) (C) Infl.(mg/L) | Effl.(mg/L) % removal
Average 7900 6.3 17.2 3.1 82
Minimum 7600 6 16.1 2.2 74.5
Maximum 8300 6.5 17.7 4.1 87.6

iXa X YEEKD T-N, COD. BEIF KN, a
L DFEVHRT TP TEXLEE2 605, 70O
t A cid/ V7 = — Bekkelaget TOFER E iz F &
Th LN T-N28mg/L, COD: 191 mg/L DEK
%Ki 7~18 °C, HRT 2.5~3hr THMLE L /2B
T-NBEZEEIE8 % LLLETHo7z, EFEIIRL L
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Demonstration Test for Continuous Sand Filter [KONTIRAD]

(B BAMARER
mooWw Ok K
Masahiro kaji
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Nobuo Kondo
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Filtration has been applied to water treatment as a basic technology. Various
improvements have been added until now and many improved systems are commer-
cially available. A space-saving and continuous filtration unit, KONTIRAD, has been
commercialized by Shinko Pantec. On the other hand, demonstration tests have been
conducted with a pilot unit of 3m’ filtration area for respective effluents from
activated sludge and pressurized flotation treatments, and industrial water. This
paper describes recent results tested using the pilot unit.
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7K F ik Horizontal Flow
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1. [KONTIRAD] OHE
1.1 EAEBEOBRE

[KONTIRAD] 258 & pRisA R EEEATRY 14T
ZAHEMABEETH D,

ABTAETE, BFKIZAEHEROBEKRAR %
HUTAHEMBEELD T 1 — FF v o — |G S
ND, B SN BEKIZZ ZTAHABICHE ISR S
., MBEHENZ Do TRFEISHERRICR LS o
D& % AHBEFRILFEIAINC SS O FEIEHEE
WCREL, AEBEEREAEMCFAECTEY, HRLL

-
—

Inlet of raw water

Separation device

8 = Waste water

Outlet of «= §
filtrated water

Feed chamber

§ Collecting
chamber

Overflow

4 Special
pipe pecia

strainer

Air lift pipe

Dranage

| £1M
Fig. 1

TRELSSHIRELHRT LI LNTES, T
LTABINEKIZFELZA ML —F 2R THE
IR E SN RAKEIZED LN, KREHO A —
N—Tu—Fr@y, WHEKE LTHHET S,
—J, HERROIETABEWBT L bbb,
EERZAMIARBAZ LB 5 T ERI 228
THH, APBOMEICEI YV KEDSS #HIL2A
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77 VMERE AT S, TOLERBFICT T LK
WX B SN TAMIATE L7 SS 5§ 8
SN, ZOBABEEFTICGRE SN DR TA
HE&SSHTBESNH, EELLR-AMIEAE LR
WZEBRIT %,

A& B Nz SSIFMREHEAKR S L CEKA I
rEERR L D RAMCTE T B, —HRAICHEKEIZE K
BD2%TH5,
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AKLBEBOME*FE 1 RIIRT, &8, HEKE
BROREOHEICET 5 3#MIC OISR %
SRRV 72\,

1.2 % E

[KONTIRAD| 3D & 5 HFEZEH->TW5b,
1) EfEHEER
2) BAR—A, KEBMHEHHE
3) BEiRIE SS EHBEKDIMENTEE (ARADE

AR S 1))
4) A8 - FEHBIEOY D B Z AL EBISEHH T
B guaerdii

5) %E LI MEKE
6 ) EEEEIHH CHFEENES
T) BEHEKEIIFEKRED 2 % TH 0 BFILEI B
2. EBRERVAE
2.1 EBREE

EEEE OISR 1 RIORT, BIORT X
I, SRIOEEREEIZAAEME 3 m?, B
ZF1Tm, AHEBE 5mO/S1 0y 750 %
M, 2ot ay b 752 MdERpE - E
EBEO) LORNBEOLDOTH S,

FIR M0y TSI MO
Table1 Specification of Pilot plant
Item Specification

Standard flow rate (Max.) 15 (30) m%hr
Standard horizontal LV (Max.) 5 (10) m/hr
Normal head loss (Max.) 1 (1.5) m
Height of filter tank ) m
0.D. of filter tank 1.7 m¢
Total filter area 3 m*
Flow rate of waste water (Max.)| 1 (1.5) m%hr
Operating weight 6.5 tons
Total compressed air volume 4.5 Nm®/ hr
Required electricity 1.5 kWh

2k Aot
Table2 Specification of sand

2.2 fEHEXK
K2 BB IIIRL VAL S E T EEThH S
A, GENIKRO STEEOFE K HH L7,
1) {EHHHTRALEK
BUK T2 S HRE S N5 BEKDIEMEB R R
WK TH B,

2 ) IEF LAk
SHRTH 20 O TR L Y HER S h BBk
(FAK) OMEFLEAEAKT, #WHEIRD SS
PRERED D,

3) TFEHK
BT CHEM XN 5 TAAKHE L L Clrkih
WK ENTWD TEHKTH 5,

2.3 fHEHA#

A HH Lz, FHLBOAKEE 2K
R T o AEOEREIZ0.58 mm, HEHEFREKIZ1.52
TH Y, HEHRLEK, IEE sk, TR
KT L7,

2. 4 EBFE

1) {SMEH TR ALK

Ty 7 70— %8 2 IIRY, EHHERLED
LI & FiE 9 5 ZRALEK & KRR 7 CHUK,
BEEABEBICME L, BEAIZRINETERET
W E T o7, BFAKRIZABEEBAICEKE L2
=AFTHIE L, WEHEKER Y » 7 IZ2TRE L 72,
2 ) INER FALEk

Tay s 7u—%8 3EIIRT, PHREEKEIIE
FEALER L 72K A B R Y ST A BRI
K L7z, FKE, PEEHEKEIZENR & A0 Bk
THIE L7z, ZOBE D EEETUEEZT- 72,
3) LERK

TEHKOBEO Ty 7 70— %8 4IRS,
TN ORI SN TEMKZKPREY 7
THEHEABEBICHE L2, 2B, REFKBIZIZT
B C—BE ) & 7z IEERIIE VB e Bk (RTALERTR )

Elapsed time | Effective size | 60 % passed size | Uniformity coe. [Min. size (<C0.42 mm)| Washing turbidity Remark
[Days] [mm] (mm] [—] [%] [degree]
0 0.58 0.88 1.52 0.11 3.9 At start
97 0.58 0.88 1.52 0.09 -
219 0.58 0.88 1.40 0.00 8.1 End of
experiment
Vol. 41 No. 2 (1998/3) GE VA AR & i1 21




[
Flotation unit H Activated sludge basin Secondary effluent Pump #*

N\
>§ KONTIRAD ‘# Filtrated water >

E2 HEHRAHEKO 7Oy 7 70—
Fig. 2 Block flow for activated sludge effluent

’—\ }
Waste water Flotation unit H Pump }——)LFIOW meter l~—> KONTIRAD Filtrated water
i

FIE I EABEKO Ty 7 70—
Fig. 3 Block flow for flotation effluent

Industrial water in reservoir

PAC }---

B4R THEHAKOTOy 7 70—
Fig. 4 Block flow for industrial water

D—EFLMAL T3, FKE, EEIKEOHE
BRI EEETH L, 2T, EBRIZKZ- TIIE
FEDOHEE PACTEARE 5 ~30mg/L O TE
IEELBED 27— A OWTER L,
2.5 HIIEB

SIATIE BUXIE TR R ALEDK, I ALK
WTIESS %, TEMKIZOWTIZEEEL, 1
FNJIS K 0102 K O JIS K 01014c# U CHIZE L
725
3. EERGER
3.1 EMERALIEK

TEHETG R ALK 2T L CldEkE %15, 25, 30,
35m’/hr (»@#EE1X5.0, 8.3, 10.0, 11.7m/hr)
EBAL S TEBREITH7, EBREREFEIRRD
F5XIRT,

1) JEkkE

FBIRIIAT LI, BEAKSSIF10~26 mg/L
(B EHAKEBOFEY SS 314, 18, 16, 18 mg/L)
OMIZH Y, WEOFHFEFRLE & FFEE THER
ZEL TV,

2) MEKE
KBGO ML K SS 134.5~8.1mg/L &

g Pump | ; Flow meter KONTIRAD ~—>l Filtrated water >

FRTI0 mg/LLLT & BAF 2 ALBIREE 2 A L T
770 B2, WAKEISmY/hr (ABHEEEIL 5 m/hr)
TREIRIIRTLOICKRKRT O mg/L, &/NHT
4mg/L LIBET, ZEd % EFEICHT 0
WEBIZ o Tniz, 7272, BKBIRELSLLESE
BEICHRT LIRSS bETOOTIEH 5
DS AEMICH - 72, B RUITFEHBREZIERD
RLTWS, BFEFEIZ2 m®/ hr F TIE60 % LI EIC
oTwbhb, 30m*/hr A EIZ % 5 & 55 %~
52 % &b THIET LTz,

—J, »EFEN O KK ILHEA RS m®/ hr £
FHEEOBIKETH S 1 mlAT & o Tn7zds,
3Bm/hr it b E1.2~14m EFAERFDL5mIZ
WoE, ASAf oy bTT Y NTORBERRIEL
A

NS XY, 20mg/LATHD SS 2 &H T iM%
HIRALE KDY A I3 EAKES m*/hr (A BHE T
11.3m/hr) PUERRTHY, HiF0UHREY
M 570113 BKE%230m’/hr (A BHE T
10 m/hr) UTFIZTHLElHLHENZ L,

3) BEEHEK

TEHHEKEIXLS m*/ hril @5 L 7228, PEHEK
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3% EHERLAEADOKE
Table3 Water quality for activated sludge effluent
15 25 35
Flow rate (m*hr) - - 30
Max.|Min. | Ave. Max.|Min. | Ave. |Max.|Min. | Ave. [Max.|Min. | Ave.

SS in raw water (mg/L)| 16| 10| 14

26| 11, 18| 19| 12| 16| 25| 11| 18

SS in filtrated water (mg/L) 5 4| 4.5

10 3] 6.1 11 6| 7.3| 12 5| 8.1

Removal ratio (%)] 71.4]50.4|65.5(86.4|43.6|66.9]67.0|43.0| 55|58.7|38.9|52.4
Average of SS in waste water (mg/L)| 188| 79| 112| 248| 72| 143| 186| 140 163| 398| 105| 228
RO SSIZEITIRT £ 9 12112~228 mg/ L 50 100
THY, BEKREFEMTLIIEEL LA EAETL o Raw water
Tz, HKHOBENE L & o 7203 HKE % 1 O | —a— Removal ratio 80 <
MELL-DIERL, BEHAREEEL Czze 5,0 k’\\ o
LEBEEALNG, £ g
3.2 PN EAIEK 2l g I

PIE 7 ALKk L C TR £ 10, 15, 20, o by &
26m’/hr (5 W#EMEIX33, 50, 6.7, 87m/hr) i
ELTEREITo 72, EBRERYELIRRUES6 S (R R S (S| -1
\z %';‘o Flow rate  [m?®/hr]
1) EAKYE %5 FPRIKE L BRFEFE (EMEG RARERK )

Fig. 5 Average water quality and removal ratio

JEK SSIEEARIIRT L 912, FHHITIZI0~
15mg/L OFFIZH 555, EEREAB b & K153
mg/L, &/MI2mg/L L EBRIAEZb DL
TWb, 87 RIZIZEKRKE OREZELE R L T
%o K SS DRFIZ20 mg/L LLF L EWETH 2
A%, 30mg/LUEEEBEICEL A RON
%,

2) MLHEKE

KB O MR Y SS 134.0, 2.6, 2.7, 5.1
mg/L &#KEIZ L ST RFRREZHERL TV,
SH1Z, BARRUBTEIIRT &) (CEEBRLRE
DI AMED 9 mg/L, F/MEZ 1 mg/L & JHEAKDK
EREEIH L TCORELLKREPELN TV S,
KRR L ST RIFC, KELRMEBAEIESND
DI EBIT R O BRI K DIIER FAFRATH ),
BEND SS OREH/N S IRE T 2 HEER L
DHT, D SSHTFIFEAEEEIN VDL
ZROND, TIUTMEF FESEIT,R & X DM
HKSS, v bbb AREBRTOFEKSS 710 mg/L
UFEBoTnwaZ i dissnsg,

BRERIIOWTITEKE L ORELZBBIIR O
3, 83.9~705% &> T\ h, F7-, EEREIR b
DEEERIIRELEE L T 508, THUTEAKE
DEBPRKEZ DI L CRBEAKE 2 RE L T\
ZElXA,

(Activated sludge effluent)

—77, HEEHNOEEKIEIZIS m*/hr £ TIZE
KSSAB0mg/L L EEKELSEELTH04m LL
TEHEELTW/, 20m*/hr L E OB A120.6~
ldm&ER LR L, BFE/KSS PHEEMTCEMKIZE <
%hE, EHIZIhE B ) FEHEEOLSmE
RAFRRRFUE L 72,

INHLDZE LY, IEF K S L S &
TELGEDOARNA Ty VT 5 N TOMRHERRIZ
15m’/hr £\ 2 %, AEBRFDSE BRI K D
WA XD BIET 42012 SS OIRRME G iR
THhOBRELRTV) ITERTAEEZ LN,
3) BEEHEK

WHEPEKEIZ1~1.5m®/ hr [Z%5E L7275, ¥EE
HEKHh OFH SS 13118~165 mg/ L Tk E & O
WRERIER O N e dol, FREBOT— 5315
ARIZPEFETRL T B,

3.3 IT#RAK
1) FKKE

JEK % B DREREEAL 2 58 8 I /R T, JEAKEREIE
WART22E, R/NTOSETH ), FHI12ELE
OV FEIRBETH 72, TNITEREA
FATo 72720, BHEEORENL L, BARDOEE
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FAR  EFEREKOKE
Table4 Water quality for flotation eflluent

10 15 20 26
Flow rate (m%hr) - - - ;
Max. Min.|Ave. [Max.|Min.| Ave. Max.|Min.| Ave. |Max.|Min. | Ave.
SS in raw water (mg/L)| 42 2114.8| 353 21115 17 7110.5] 13 9] 10.8
SS in filtrated water (mg/L) 7 1] 4.0 9 1| 2.6 4 20 2.7 7 3] 5.1
Removal ratio (%)|90.5| 4.3|53.9/96.7) 0.0|66.4|85.7|42.9| 70.5| 66.7| 42.4| 54.5
Average of SS in waste water (mg/L)| 379| 41| 165| 271| 24| 119 153| 71| 118| 181| 118| 150
10,
Flow rate [m*/hr] 15 L 15 | 15 %2 2
50 100 PACdosagefmg/t] 0 ' 10 | 30 | o | 5 I
—&— Raw water 8
—o— Filtrated water — —¢— Raw water
40r —a— Removal ratio 80 _ g --o-— Filtrated water
— s g e
5 300 //\ 160 -
£ f =
= 2 4
4, AF {08 g
A 2 =
10- [ S {20 =
D\D——V/ m, \
00 é 1‘0 ]‘5 2‘0 2'5 300 0 | e | ‘bmge--00-00-8 L °
0 5 10 15 20 25 30 35
Flow rate  {m?/hr] Elapsed time  [days]
6 VAR & BRFEEE (N & LK) %8 JE7K & AUEK B ORERZAL (T EERIK)
Fig. 6 Average water quality and removal ratio Fig. 8 Change with time elapsed for raw and
(Flotation effluent) filtrated water (Industrial water)
60{ 15 20 15 10 15 (26 20
= j o+ e 2 } | 1L 7}‘ — —a— Raw water [Flow rate 15 m3/hr]
sl Flo‘[”m%er] 4 —o— Filtrated water [Flow rate 15 m3/hr|
—— ng water vy
B 40’> --o-- Filtrated water :’? i
£ =
s &
s R " it 5 70 | \?”IT/;”//L,’E
0 10 2 ’ % 5 10 55 2 % % %

Elapsed time  [days]

57 JEK & ALK DRERFZEAL (INE 3 ALK )
Fig. 7 Change with time elapsed for raw and
filtrated water (Flotation effluent)

WY hholzlzdThb,
2) MHEKE

28I KEEORIEL AL L TV 5,
SLFEIK B R FEOKEEDSFEF IR ICH B 5T,
BAEIS m*/hr (AEHEE L5 m/hr), EEEDYE
ETOFEEERESINTWS, PAC #10 mg/L &
AL7ZSGEOMMKEEIZ0.28 & JFKIZHR ] E
KT, BERIZL T80 %A EBREIN TV,

PAC dosage

E 9 PACEAE L EHEO MR
Fig. 9 Relationship between PAC dosage and
turbidity (Industrial water)

[mg/ 2]

5 9B PACHEARE UK, WEKE O BELR
ZEARLTWAD, Rl L7k ) IZ#EAKEISm®/ hr
DY E13E Y % PAC OIEAZAT ZIXIEH IZB) R
THDLZENDRPD, 28, HEEAOHIKE
K15 m’/hr DHEIIER04 mAR TEEL T
W7z, 32 m'/hr OFEI314 mAEiRTEE L Tz
A, FERFEL oz, WEIPKOEHEIL 1 E
MPHT0EDM TELL Tz,
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INHIZE D, FREEMRAARFERREF T,
B2 LK E 2 R D113 @K E 215 mY/hr, 7
bbHEEES bm/hr BEIZ, /@Y% PAC
FEABERHRTILENHLEEZOND,

3.4 AMRKR

A¥E LT EMEHE L2, EEEHITHHB LY
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Vo PEEEEICBL TIZ219H % 8.1 L kB #
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MR L T/,

7272, 0.4 mmU T OFEFIHME b DA% <
L AMEENIH o7, T OEEL 5L ERE LR #
THiHZ DL, T —8H00.4mmll T ORH 2%
WG EER RIS L NI S 2 TTREMEDSH 5 L\ 2. 5,
B, A4 0y S5 hTHEETRERDITRE
0.7mmlAE, 2mmPlFTHY, WLt

BROBEHEND L DTH -7z,
COR B O
PLE, #fA#REE [KONTIRAD] @234 0 vy
N7 Y MK BFEFRERD F L O%ITV, GG
TRALEEAK, BNER EAEDK, THEAKIIOWTER
FILIRVERE, ALERAES OBEE & i L7225, Ak
ERFEHERIRITEENTH S,
BHBFMIKUBEOEATM TH Y, BEARLED
EEALRCLBEROFAHSETHRIEELREM TH
D¥EiTBHEEZLND, HBAR—A, REELHE,
KX bx HBULL 72, AERASBEBHIS HFEO
B GEDO = — X2 bNb EELTWD,
R, RFEFEBRE LT 124720, LD
ITRI - THI1 R TEW 7 BB (k) 0 TRRE IS
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Landfill Leachate Treatment by Membrane Filtration -
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Yoshinori Kajiyama
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+ o RS
Satoshi Tsuchiya

(F)HABEEE
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Kenichi Ushikoshi

M7 HENKOEELE (FIELE) [cBw CGEREREIEBEKhOSBEREYBRETX
LDOALLTEEE, HOMEWELFRICRET LI ENTE S, HREFRLELEE DT —F
Va— VY AT L%, BEHREY ERE LERBEEORBKICEBET A EBROEE, B5%D
S EIER TR L7 i R AYE o, WMEKIZAKBEKRLNVORIFLZKETH 72,

Reverse osmosis system can remove highly concentrated salts and simultaneously
heavy metals and recalcitant substances contained in the leachate from landfill site.
A test plant for leachate treatment using DT-Module which is a reverse osmosis
module with plate and frame configulation developed by Rochem, has been dumped.
The test result showed that performance of operation has been very stable even by
recovery rate of 95%, producing very high grade treated water just like clean city
water. As to concentrate treatment from reverse osmosis system, many cases and
methods are proposed. Consiquently it becomes to be available in Jappan to
construct a leachate treatment system which produces very clean water equal to
potable water by using DT-Module in combination with concentrate treatment

system.
Key Words :
B ook o #H leachate
WiRERELE (RO) reverse osmosis
+ /74 NV%— (NF) nanofilter
DT—F 3 2 — ) dt-module
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B, BomnatEm b FRICoERE TR A HIlTE
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BrE, IO OREEY R L R ERETH
5, FEEKRD DT-Module (74 A2 F 2 —7F
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Fig. 1 Picture of DT-Module
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W5,
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DEEETRT, COET 2 VOEIZEFRTH Y 2
BOBEPERELEIEASN, HET1 A7 LM
AEDENTHLEREZOF I I N TS,

F1RIDT-EVa2—VRUEDIF-EV2— 10
HE%2RT, DT-EY 2 — Vi1 KOBERLSROH
LT D 7 v v a VS A->TEBY, REKEIZE
FHT6m TH D, RITFEHRR) 73 FOFEES
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g2 DT-Module #1% X

Fig. 2 Picture of DTF-Module

% 1 & DT-Module £ DTF-Module f:4%
Table 1 Specification of DT-Module and DTF-Module

DT-Module

Type of module
Configuration

Maximum rated operating

pressure
Dimensions

Diameter (mm)
Length (mm)

Membrane area

Operating Temperature
Material

DT-Module (Reverse osmosis)
Disk-Tude (Plate and frame)

65bar, 120bar, 200bar

65bar 120bar 200bar

226 222 250
1200 1200 1150
65bar, 120bar 7.6’
200bar 9.1 m’
5—35C
Membrane Polyamide
Disk ABS
Casing 65bar

FRP

120bar, 200bar SUS

DTF-Module

Type of module
Configuration

Maximum rated operating

pressure
Dimensions

Membrane area

DTF-Module (Nanofilter)

Disk-Tude (Plate and frame)

40bar

Diameter 123mm
Length 2 250mm
5.0

Operating Temperature 5—35TC
Material Membrane Polyamide
Disk ABS
Casing SUS
28 iE VA A E 5 Vol. 41 No. 2 (1998./3)
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Fig. 3 Typical Flow Diagram of DT-Module Leachate Treatment System
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1.2 DT-EVa2a—IVI AT L
EIRICHEWE DT-EV 2 — VY AF AT H—
TR, WM L ) oRBKIEFAERBIZED SR
pH A IN/1%, AEKZTHBEINS, Ak
70T ANE—%E) 1 EE RO EEBIZAH S
M, MERY FTMEL DT-EY 2 — )V CTRE K
Nb, EBKIT2EEROEEBIZLY X5 4L
JRLE L, pH RERBORIMZ & C)INT R s
5, 2BBH ROZEEDRMKIZ1EH ROEED
FENEESINE, 2O 1EEROZE, 2KBH
ROE®EICIZI65 bar DT-EV 2 — LaMEH SN S,
1 BB ROEE L ) M- EMKIE, NFEREICE
D 2ED R — WG E R AR VY 7 A5 R

F U721, EBEAKIZEM RO B2, BfEKE
FEREICEONS, B ROEEBETIINFEENE
WK E S SITEEKEBREAICTEEL, E#EkiE2
BHROZEBEORI~, BHEKIZEHEEIERLSR
5, BFEROZEED DT-EY 2 — ik, BHAD
RIBE 721X ARV A1213120 bar €Y 2. —
Vs, BHAKIRRE, BUEHLIEVE13200 bar
EV2-UAHVENRS,

DT-&3 2 — Wi HAKMEBEEIZZ O L 9 % ik
T95~98 % DEINEK A S, HIFRHEKDIS~
98 % ALHEIAK & LTt &, 2~5 % ASiEMEAK &
LCHIBE I NG,

A, O HANOEREEOELIE D TR
PR EOREELE & OB 05 2 5 R AL
SHOEMHIC IV RBEL FEEERT S,

2. EFIEBROBE

19964E 2 B & 1) HEHRA L AR D3N & R E
T 5 BRURTORBELGHIIB T, HEH30m'/d
1BEROZE, 2B ROEEBEZMA-ETEEY
EHEg L CTE 7, FEERFICERSEORBAKEIC
B HIGEE wERET - EREHORF L EHANE
L CHERBRLIT, FOMET LSHEHIC [HRE
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Fig. 4 Flow Diagram of Test Plant

fRIZ & B2IREKOEEMBEERRE (F01)] &

LTS LY WHEEEOERZSRIL, RINERE0~

70 W%FEREICRRE UNEFR (@) L C & 7225, iEfEE

ERENT &, ANy A% MEEOEEH SN

W DRBIKKETHSHZ &, ROLEFO LM

THORNEFICL ) TEROFEIHEL 72,

1) BGHAGETEFOLDEEmg/l I2d B
I ABEREYE SCRIBAPRATLHDID S
7o, BELBEBLZMNMTAIENZET LV,

2) WMWY AAFVER T —VEFDITLE S 2
filif 4 > 5% 720, pHRABEDIZNIZAr — )V
BELEFIDFEADLF Ly,

3) DT-£2 2 — VOFEMEEHEIL 1 ~ 2 8HI
1 \SEYTH 5,
WAEFEORBERIC L VOIS MR

0, 1997TEFIIEERBEEL ML, SEHF %

HEALTROMEERHIAL 72, F7-1BHEHRD RO

RETHREL, 2F0OBINEEZI0 %L EE LTE

A L A fE S L7

2. 1 KIERES
FARICEREEOD 70—V — %2, E2RIZK

EBOMAEEERT, BE1 FOERRUONELRT,

FEERE L D PUK S /@ KIS GRS IR B, DR

#WEE, 1KHROXKE, 2KHROEBEOKML

HRAROEBZRCUMBAL LTHREENS, 2

BrH ROZEEDEMAKIZ 1 EH RO EEBORTIZK

#EEN, 1EH ROEEDBMAKIZEMEKEIZSZ

T AN BERR LR R il CALER§ 2 7- O FRREAE I 0k L,
IRAAK 7 R L7256 0K ICHIE L TRES
EoREIERE L TRD 72,
2. 2 EAIEBRAE

FEREOEEEFIIROBEY) TH 5,
1) FrLEEsE

BRI BRE BT E 1250~20001/h
WiE B ELEE 12501/h
WMEAE WEENVF 20~60 mg/1

NaOH pHEZEL ) HEEA
H,SO. pHE & ) BEREA
7€ pH R 6.8~7.2
5 itags A 2.8~6.0

2) KA RO &
1BH ROEE &fKks 900 1/h
1EHLIE S 30~50 bar
EIPJES 66~173 %
2BH ROXE ZlKE 8101/h
LT ) 15~20 bar
MR 90 %

3) BiEEE

NF & & FEiRKE 801/h
HEEE T 10~40 bar
R RO¥EE ZlKE 401/h
JEFLIE 70~180 bar

4) 2/REIEE 90 %— 93 %— 95 %
WAHEIBFOHRGEIEIH 1 /E, 18&H RO ERE,

30 MG T 7 R
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NF %#, @#i ROZEEIX 1 ~ 2Bz 1 |me L,
BRROT VA % HWTE# L7,

2. 3 FEIIEBRERRUEE

EHHIIKUEA ROEBEDRED T — ¥ %R
¥o 1B H RO EDEBKEIZ2 6008 &z
AR AIZ12900 I/h THEL TW 5B, Z O [ E R E
DNOEEI O TN THEE 7 790 v kI Cnie
WIENbhol, T/ 2BEHROERBOEAK

£ 2% ABEELE
Table 2 Specification of Test Unit

EH80/h ELELTCBY, EEEHDIILEAL
BENI o7z,

1B&H RO ZEBALIKEDS WA L TWB DI,
EHKE T — I L TR0 EIER %90 %—93 %
=95 %l L7720 THLH, 2B H RO EEIZL,
1EBEH ROEBEBOZEMHAKFEAE LTEBYEDF
Bedb e CEE LB RERL TV S,

55 6 X2 NF £ BT — ¥ 2R $, EETE )

Water Treatment RO System

No.1 Unit RO

Reted inlet capacity
Type of module
Nos. of DT-Module

30nt/d
65bar DT-Module
6 sets X 2 blocks

No.2 Unit RO

Type of module
Nos. of DT-Module

65bar DT-Module
4 sets

Concentrate Stage RO System

DTF-Module unit

Type of module
No. of DTF-Module

DTF-Module
1set

200bar RO Unit

Type of module
No. of DT-Module

200bar DT-Module
1set

Material
Accessories

PVC, FRP, SUS, PE
Pumps, pipes, valves,
instruments, panels, etc.

Photo.1 Distant and Inside View of Test Plant
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% 3 &% DT-Module R KL EEKBE T — ¥
Table 3 Performance of DT-Module Leachate Treatment System

Parameter Units Leachate Permeate Concentrate Rejection
(%)
Turbidity Turb. unit 1.2 <0.1 0.5 —
Color Color unit 28 1 240 96.42
pH — 5.7 6.0 6.6 —
Conductivity #S/cm 17900 90.1 140 000 99.50
M-alkalinity CaCOs, mg/l 2.8 3.0 52.1 —
P-alkalinity CaCOs, mg/l 0 0 0 —
Total hardness CaCOs;, mg/1 2270 <2.0 23900 >99.91
Total salts mg/1 12700 80 124 000 99.37
Ca Ca, mg/l 748 <0.8 7880 >99.89
Mg Mg, mg/1 97.6 <0.5 1024 >99.49
Na Na, mg/l 2440 8.9 25000 99.63
K K, mg/l 952 5.49 10100 99.42
Cl Cl, mg/1 6 500 15.3 67 400 99.76
SO; SOs, mg/1 84.8 <0.1 1000 >99.88
NOs NOs, mg/1 9.1 3.14 720 96.66
NH, NH,, mg/1 17.1 0.76 191 95.56
Total-N N, mg/1 43.6 1.4 379 96.79
Si0, Si0:, mg/1 9.28 0.14 108 98.49
Fe Fe, mg/1 0.12 0.1 0.18 —
Mn Mn, mg/1 4.10 <0.01 25.0 >99.71
CODwux 0O, mg/1 37.8 <1.0 329 >97.35
BOD:s O, mg/l <5.0 <2.0 <5.0 —

Date of sampling : September 16,97
Total recovery rate : 95%

ETLE, BEEEEORBICL VETEHL T»
LN, HEOMRIZE VEICKRELZEN AT RV,
FEEKEDEEMTEEL TWVD, —BRISERK
BPKEL B> TWABEDIL, HREHLEKIZEE 7
T rTILEBbDEEZLNS,

FIEIZEMRE ROEBDER T — ¥ 2/RT, i
BIEDPTH L TWE01L, BREOLTE), F/-7
Ty TIZENVBRBENELLIbDEEZ N
%o BEESI O EHIE R L, ERKRD
ZE L TB ) HEIZ R,

ZDEHITEERYPERIZI0 %593 %12, EH
1295 %IC EA L 72K EEOERRRIED TR
I CHE LI EEATFERTE 2,

3 RICEEMITRIS % TrEE L TW5DH E EDK
B7r—8%rd, GEILE, pHRERZROBELKD
i, HEXEFNENBE, 1.2ETHY, EBK
L, BEIEUTEIIBREIRTYS,

BEHAROER(ZER, BERE, ERA 4V EE

EENZEN1T7900 2 S/em, 12 700 mg/1, 6 500 mg/1
EEBWETH o 7278, EfKIZFNEIAGEKRKE
LAL90.1 #S/em, 80 mg/l, 15.3mg/l T Y
FRFE1399.6 %, 99.4 %, 99.8 %BITFELTW5H,

BHEAKDHNY T L, T AT T LBEIFNE
N748 mg/l, 97.6 mg/l TH Y, BEWAKIZZFNF N
<0.8 mg/1, <0.5mg/l L IEFIZL LBHEETETNS,

WA A, TUVEZ Y ALV, EBFIIEH
KiBEEZNEN9%4.1mg/l, 17.1mg/]l, 43.6 mg/]
WxF L, &EB8KiE3.14 mg/l, 0.76 mg/1, 1.4mg/l
EFFFNRANED EBKDE H NS %L EDOE
HrERL7T,

&K COD, BOD iz #1#137.8mg/1, <5.0
mg/l LIEWET, Ei#Ekd <1.0mg/l, <2.0mg/l
ERROBKIZFLWEIERLN TS, T2
7, 8k, XA ORBKOEREIZI28 mg/],
0.12mg/1, 4.10mg/1 TH D WME L K& 2MEE %
HETE D o7z,
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Fig. 8 Methods for Concentrate Treatment
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RREAOKE L, BRIZEE, HEBEZhFN
140000 ¢ S/cm, 124000 mg/]1 & i 12 B &
NTWB, IOV A, TR YAE, Fh
ZN7880mg/l, 1024 mg/l & S 2B SN
TWABIZHhboLT, Ar—) 72k 052L
e CEBEDHFEER TE TV 5D,

3. BREKDMNIEBIZDOWT

DT-®7 2= NVY AT LI X HEBAOUEEIZ X
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MR L7:o LA L—HCRERIHHE XN H% D
MK DALIR % Y AT 5 LED D 5, 3B 8 K HEH
ROMEEFHEDRSR % IRT,

NS DM FFEIZOWTERENE, BEEOmE,
OAHEiIA 2 STV 5.7 IEHEKMLEE & L CREALEE,
BRREE, TEMNERBE, iR EER &
KODPDOHEPREINTEBY, BSOS
WEDRBERFEFRRTE L L OBEI STV 5,

7

DT-EY 2 — )V AT L IIIEHHIER, WERSO
B WIERDSE OB & R & L AT iR Bk
WXL CHORE LA TELI L #FEIETE,
T/ ALEKE L, KEKLNILORED T BRI U
KEBDLIENTE, YATFLALEDORELEY IS
%LV BEIERTERZE T LI EPHRTE ],
DS OENERMAKIIT L, BETREICEL
WILE R L U TR K RAWA2215 &L 5 /T 5
EZAHTHB,
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Gas absorption Characteristics from liquid surface
of FULLZONE reactor

C[AF5 705
L L
Teruo Imanaka

R 2 B2 A ARSI BT, BRI ARIRES— KB TH 575, EHEIER
THIELRL, B THESINSG T AZBOBHERR»OWIN S RXEF ARES T
Bo WABIGEZEIZR L TiE, dHAARMBOANT SN TWBED, RICEE N ARIEE/ET
DRBENPELNIIL, BREFERILSIN, EEBRELBEZ L2 EX) v A&V, L
L, BEAABPUIOWTIREH SN O A%, BEBROBEREGUDERSEERE
Ko ODBBRPERBRICHBINTWSL LIEE R LV, I/, BREFTARIEEREEIBNTY, BHE
WIZREH AR KX HEEA RIZLTWAEALH D, BETARNOEEEML - &
i, WTEROTARPEREICBWTIEREFT 2 5,

AKRTIE, 7V — U MOEBRRE L) REY ARPMHEICERTWA I L L, HRERES
SEOBIERT L EBRR Ny 7 V&SR EORRFX Ka 1252 55882 BN T 5,

In gas absorption reaction using an agitated vessel, there are two kinds of
operation system. The one is aerating operation from bottom which is generally
adopted and the other is sucking operation from liquid surface which is used to
absorb the gas consumed in the reactions without continuous aeration. As to the
rection rate of gas absorption, the former is better than the latter. But, if the latter
is improved to more efficient one than the former, it will have great advantages, such
as simple facilities and easy operations. On the other hand, there are less papers
reported on sucking operation from liquid surface, and the relationship between the
type of agitator and overall capacity coefficient of gas absorption "Kia” is not
cleary formulated. As the functions of sucking operation sometimes affect to that of
aerating operation, it is very important in both gas absorption operations to know
the characteristics of sucking operation.

This paper describes that the gas absorption of FULLZONE is superior to any
other type of agitator and formation factors such as type of impeller and baffle
condition affect to Kia.

KM AT A R Gas absorption from liquid surface
Kia Overall capacity coefficiient of
gas absorption

I
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1. 1 A ARVREER

KRB N TH ADSEAL AR Y 72 ) B
SRS A Na i, EIRCR OB E B R R
OWHEEE, SSIIIRREREOBER S % 2
LA LEAMICEKBETAIENTE, (WEBHR
BOX(REZ) oTEZONS,

Ns = K .(C—C) (1)

ZIT, K i 3WAWEREMRE, C dRRETo s
AGE L RIBE, ThbbZOWREICBITS
SANRE, CIEREORIICBITAIBFOTRE
HEETHY, (C1—C) BT ARNOMEEITE &
%,

F72, ARRIBROEMERE, W 2HAERL T
X, WMHPOFTAREPEML T EE VLdC/dt

B1R VAN L THEBEBICRD SN bR

3T ADBEFEREIZHELVDT,
NaA = Vi dC/dt (2)

EEZBIENFTES,
o, (1) (2) R&Yy

dC _ o A o _
—E—m%wlm (3)

PHIAT B,

EHIA/ L B AR S ) ORBRERa L
BITIE,

‘fi—f = K (Ci—C) (4)
kb,
KBEERECIBNTR, BB TREREEa%
KB Z L IEEER D, ak BHYWEBEMRE K,
DRETHLBHDEBRBEERE Ka b5, F AR
WiEeE KRBT HHIEL LTHYWLNS,
oMY, Ka &EAHBBRIEVEA—V T v
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Tablel Required specification for agitating system of gas absorption

Method of gas absorption

Aeration from bottom

Sucking from liquid surface

Type of impeller

Number of stage
Baffle condition
H/D Large

Main effected factor for rate of gas absorption

High shear type

(Flat disc turbine etc.)
Multi-stage

Nearly full

Degree of dispersion of gas bubbles

Discharge-circulating type
(Pfaudler etc.)
Multi-stages

Partly

Standard

Volume of sucked gas
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Table2 Comparison of A/S for performance of gas absorption from surface
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Application Fields and Sales Results
of Vibratory Shear Enhanced Process
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Membrane separation technology has become one of the most important
technologies for the separation of slurry and/or molecules in various industrial
fields. Shinko Pantec also have had a technology on the membrane separation
technology to various industrial fields, and has introduced Vibratory Shear
Enhanced Processing (VSEP) from New Logic International of the United States
exclusively in the Japanese market except for the food and pharmaceutical
industries. At the same time Shinko Pantec has agreed with Pall Corporation of the
United States which have the right of marketing this system to food and
pharmaceutical fields to make possible for marketing Pallsep to the fields. During
the year of 1997, Shiko Pantec has gotten orders 15 machines in 5 processes from
chemical, semiconductor, aluminum makers.

In spite of farely long term should be required for installing membrane
separation system, Shinko Pantec has gotten orders using VSEP system in a short
trem experiments. This shows that VSEP is considered to be recognized as a
evolutional system never seen in the conventional membrane separation technologies.

Key Words :
e oan B Membrane Separation
= )] Vibration
+ A W & E Shear rate
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Fig. 1 Schematic diagrams of vibration system
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and filter pack
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Fig. 3 Schematic diagram of the flow in VSEP filter pack
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Fig. 6 Block flow diagram of river water filtration using VSEP system
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Table 3 List of applications of Pallsep for food and :
pharmaceutical processes
Food processes
Application Description Notes
Wine clarification 100 LMH
Gelatine clarification 40 LMH (at 4 %)
Skim milk fat removal 100 LMH
Casein remove off flavors 50 LMH
Coffee clarification 40 LMH
Apple juice clarification 100 LMH
Tea remove tea leaves 15 LMH
Sugar clarification 50 LMH
Corn “mud”, glutein oil protein removal 100 LMH
Corn hydrogenerated oil | remove catalyst 100 LMH
Soy sauce remove crystalline 350 LMH

protein

concentration prior to
extraction

Xanthan gum

60 LMH (2-3X)

Pharmaceutical processes

Basic study
clarification

cell separation
cell separation
cell separation
cell concentration

Baker yeast

Hep B vaccine
Fungal biomass
Bacterial biomass
Bacterial biomass
Renet

[LMH=L/m?%hr]
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Application of Vibratory Shear Enhanced Processing (VSEP) ‘e o
for Turbidity Removal of Industrial Water (ﬁ%)%ﬁrﬁ;@ﬁ_
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[VSEP] (&, BHIZEIIKFEREIZS5 252 &

&Y, ROBRET ) RHEOMAEZBIEL, SERRRORMMERFZTREL LR oH%E T

H5,

AR TIE VSEP O & & 112, WJIFRIKEZ K E § 2 T3 KO RET RS L H 512

AL7-ERHOFERG 2 AT 5,

VSEP (Vibratory Shear Enhanced Processing) has high fouling- and plugging-

resistance on the membrane surface because of the movement in a vigorous vibratory
motion tangent to the face of the membrane, and can attain stable high flux

continuously.

This paper introduces VSEP, and reports an example of application of VSEP for
turbidity removal of industrial water originated from river water.
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Turbidity removal
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Table 1 Design condition of the plant for turbidity removal of industrial water

Maximum flow rate of treated water : 1440 m*%/d (60 m°/h)

Quality Industrial water Treated water
Temperature () 0~15 <17
pH (=) 6.3~6.9 5.8~6.9
SS (mg/¥) — —
TS (mg/f) 70~116 —
Color (unit) 16~67 <1
Turbidity (unit) 4~16 <0.1
Permanganate value (mg/£) 2.1~4.1 <1
M-alkalinity (CaCOs, mg/£) 19~25 —
Chloride ion (mg/¢) 4.6~6.0 —
Nitrate and nitrite ion (mg/f) 0.1~0.6 —
Total hardness (CaCOy, mg/#) 25~27 —
Calcium hardness (CaCOs, mg/4) 14.8~16.8 —
Total iron (mg/f) 0.2~1.9 <0.05
Solubility iron (mg/f) 0.12~1.2 —
Aluminum (mg/) — <0.05
Ionic silica (mg/£) 39~43 —
SDI (=) — <2
FHEILE B 1 RITRT . ZORMOMIAKIE, ik
43 N 30 FEOKKE LUTHEAIN LM, B, BEMES
. - . Js DREE @ DOVHRE LTOEA SR 20, ik
o A: A . as, a Color _¥‘§Q& Uﬁ%ﬁkﬁ}@/}\&\/‘% |22 9% &7}(%%’3‘%5}—{5
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Fig. 3 Water quality of Yufutsu river
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Fig. 4 Schematic diagram of the plant for turbidity removal of industrial water
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VSEP JfiAK%#30 C £TMRT A2 Lickh, B LTBY, 3087 NCABEWARIFE2oTWS,

EEFRIELE (0C) T2.14, B (15C) 2.3 FERBRLH

TlLABE R L HESH, LEBERGREOKRE Y E RIZKENG O EEREEHEEZ R,

BLTwa, 1) VSEP (FE&EHLEI/KE 60 m*/h)
2,24 WHIAT A 2 R IREEIE SR E

9 TEHARKEDEAE CTHEADOAFMAAL, B s 31194 mmW X1 194 mmL X
HRDSEIT LA, BB CTEBERO T LA Y 5175 mmH
£ FBREDTRE T D o BEPERIZIZTRES (pH : k& ¥ 64
1.0~1.5) &AL, BEREICAE L 72KBRILT IV (A% )
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Table 2 Analysis result of water quality at test-run

-'0 8/26/97 9/16/97 Designed
Parameter Industrial; Coagulated | Treated |Industriali Coagulated: Treated | water
water | water ! water water | water ! water quality
pH (=) 71§ 66 { 65 69 | 71 | 64 5.8~6.9
SS (mg/f) 2 P19 Po— 3 P20 o= —
TS (mg/f) 94 Po124 P98 102 P120 P9 —
Color (unit) | 28 | 98 | <1 98 . 28 | <1 <1
Turbidity (unit) 2.0 . 42 | <01 22 | 52 | <01 <0.1
Permanganate value (mg/4) 68 { 70 : <1.0 59 | 6.2  <1.0 <1
M-alkaline (CaCOs, mg/l) | 277 | 129 | 12.7 277 ¢ 137 | 13.9 —
Total hardness (CaCOs, mg/£) 105 | 10.2 | 126 242 1 240 | 24.2 —
Calcium hardness  (CaCOs, mg/£) 39 ¢ 38 ¢ 5.0 16.2 | 158 | 164 -
Total iron (mg/8) 1.00 ¢ 0.89 i 0.002 099 ¢ 1.09 ¢ 0.001| <0.05
Total manganese (mg/t) <0.10 | <0.10 { 0.005| <0.10 : <0.10 i  0.007 —
Aluminum (mg/f) 021 | 341 = <0.01 0.17 ; 354 = 00l | <0.05
lonic silica (mg/f) 49 | 396 | 415 49 § 411 @ 418 —
Ex, 50mm cell (=) 0.430 |  0.564 0.075 0.227 ¢ 0.084:  0.040 —
Abse, 50mm cell (=) 0.028¢{  0.025 0.002 0.027 ¢ 0.012: 0.006 —
TOC (mg/#) 14 ¢ 1.0 5 09 | 1.0 { <05 —
DOC (mg/4) 1.3 0.6 — 0.9 06 | — —
Humic group (mg/f) 2.1 1.3 <0.4 1.2 1.4 | <04 —
SDI (-) — — 1.56 — — i = <2
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SVIXH—0OT7XEHFHE (2D 2)

The Test Report of the SV MIXER (No. 2)

(k) AT
X w T
Mikiko Ohta

SV I ¥4 — 3R AEROBERUGERE L TRAVWAHETHEASI TS, RIETIHERS -
Bt - 77 A YT IANGHEOHRFEZ, TR GMP fS PRI EE L L TONISH

I-FIDEFNTW5D,

BHTEZLZ—TOELZIIR > THART A N2 ToTWS, FIHRICBWTT A MERDO—EH %
BALT72e AR TRISICHHREBELRLIFREHAE (A TF VR 7YY= §4T) DT A

B MY 5o

The SV MIXER has been widely used in powder equipment such as for mixing and
drying. Recently, the application of the SV MIXER in the field of pharmaceutical,
food and fine chemical industries is on increase. Therefore it is necessary to be
suitable to the severer spesification of GMP (Good Manufacturing Practice) and low

temperature drying.

We perform various tests to satisfy the customer’s desire. Adding to the result of
tests on the farmer report, the test results such as functions of discharge valve with

no maintenance are reported in this paper.
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G M P
B’ &' % &
=l ) 1t

* AND X

WA, RIS, EERFEE, R, 774073
HVAETIE, GMP RMIEA L ) —BimEnTwn
b, GMP IZER SN AHIEL LTI

OBHE

@egMom L

®BHEMLIZ L 2 FEDOEE
ExdbITeoNns,

7, BERRPEHICEBMICALELRYE 2 H
DIEIBEDNDHY, SV IFF—0D kS M

SV MIXER
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Low temperature drying
automated
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E1k BfekH
Tablel Operation condition

. . Repeat

RUN. No material air parge time
Precititated calcium

RUN. 1 carbonate none 1
Precititated calcium

RUN. 2 carbonate yes 1

RUN. 3 Heavy calcium none 1
carbonate

RUN. 4 Heavy calcium yes 1
carbonate

RUN. 5 Precititated calcium yes 10
carbonate

RUN. 6 Heavy calcium yes 10
carbonate

AERL, Y- PEBRIEAHAZLIZLSTY -}
EREEEESEERT S, ¥ — MEIEFRKE T4
B(Thbicd, VEOBRYEZEWARAIZELTH,
MNEEHTAZENTE S,

EHiMIC b7 2 BERER L TREICT A 728, HEH
RICIZB & =7 — O\ 2TV T N=DF 5
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BHEL o T 5 (BERFHET ),

R O R R R T B 72012,

OEZE) -7 b
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em’G, B LY e s 5 7 EIEH1.0kgf/ecm’G
& L7,

1.2 BZ)—-J57X bk
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ROFIETTF A b %2ITo72,
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Fig. 3 Vacuume leak test
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Fig. 5 Vacuume leak test
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(1) air parge

B E 1 BT (BEEBI VY T L)

(2) no air parge

Photo.1 Discharge valve (precipitated calcium carbonate)

(a-1) Discharged one time
(a) Precipitated calcium carbonate

(b-1) Discharged one time
(b) Heavy calcium carbonate

B B 2?2 Hrtgofmno
Photo.2 Discharge valve
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(bb- 2) Discharged

(a-2) Discharged ten times
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CERABOIRIIRT, ORI T N—-T %
To7e

IFN—=T BT TWAELD, ¥— MNENDORE
OAFFERFIZ1IEEA2SI0EE T, BRTIRIFE
AEBEED ol (BE2), 72, EEEM»H
bhbB LI, WTRORBHIENW T EZRDIFH
EXHFAHEENICNO L Z L 2STE L,

AR RL Y, K7 A MTHEHLZFREHIAN

Vol. 41 No. 2 (1998,/3)

P E AN AV S - 69



E2Rk BIEEM

Table2 Operation condition

RUN. No | Contents* Wg:;i;g JKT |Temparature
RUN. 1 200 kg 20 Torr no 10°C
RUN. 2 200 kg ATM | yes** 18C
RUN. 3 200 kg | 20 Torr no 25C
RUN. 4 200 kg 20 Torr | yes** 25°C

* Heavy calcium carbonate
* % JKT temperature : 50 C
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Fig.12 Fitting of the scraper
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(a) before

(c) orbit arm 2 rounds

EE 4 A7VU—74%EETA b
Photo.4 Performance test of the Scraper

EE b A7 L—/ EffIREE
Photo.5 Fitting of the Scraper
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Fig.13 Fitting of the scraper (5000Lt SV MIXER)
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(oblique portion)

Air out

Orbit arm
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Fig.14 Air seal (coped with full water)
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(a) before test

B E 6 HE7FALM (HHIKE)
Photo.6 Cleaning test (inside tunk)

(‘a) iuside tunk

EE 7 %EFAL
Photo.7 Cleaning test
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(b) orbid arm

(b) condition of adhesion

(¢) back of the screw
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BEERXEMRIEIC L B IEREFEIEKDER

Low Strength Organic Wastewater Recovery
by Fixed Bed Biological Treatment

RIRAFRE
72 B =
Masanori Sugisawa
w7
Hiroyuki Chifuku

PN MBS TR D S HE SN A B EA IR O BRI SV THRET L7,

HBEIANF— 2B T 57201203, $FM% TOC SRESEETH L, SO OEKIREN
e MH L7-BERAUE L EEZHAGDE Y AT AIOWTHRE 31T 720 FEHEK & 4f
ML 4 0y PFAMCTOCHEERIY % LLEEE, o= a2 MIEE UV B L
REEHBL TS5 ko7, COFBIRIEI-HFILLH R TAEZR LM CRETE .,

Reclamation of wastewater having low strength of TOC discharged from semicon-
ductor or liquid crystal manufacturing process was investigated.

In order to reduce energy consumption it is important to adopt effective TOC
composition method. A fixed bed biological treatment using spherical activated
carbon and membrane unit were combined for this purpose. Tests of the pilot scale
system using actual wastewater achieved TOC removal ratio of more than 90 %, with
operating cost down to 1/5 compared to the low pressure UV oxidization method.
The high recovery rate was restored in a short time even after a temporary
shutdown or backwash process.

Key Words :

== B % Semiconductor
i B Liquid crystal display
T @) C Total Organic Carbon
[i] 52 AR A A Fixed bed biological treatment
TRENR A Y AL B Fluidized bed biological treatment
R E M R Spherical activated carbon
fE R BE A A% HE K Low strength organic wastewater
KEUVS v 7 Low-pressure mercury lamp
BEUVS v 7 High-pressure mercury lamp

¥ AHDE %o BE IR D S ML 1GD 5 = &ALV,

FEE - BAEGFOETFTECBVCITHAN EITELT0~80 %250 5720121, AHIEKD
DHRE BN THEZ T, B - BRET2  BENOATREZ->TL 5, L LEEIEK % BIX
LTEI UL LEEYOREASKS LT T 254 ERIEKE A 254 L ik Ll
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Raw water )—— Pre treatment system Ultra pure water production system Factory ‘1
High strength
waste fluid
Dilute acid
waste water
Water recovery system [lon exchange]
High strength organic
waste water
[<—{ Water recovery system [Biological + Membrane]
Neutral
waste water

Water recovery system [UV]

F1 AKOBIL7 17—

Fig. 1 Schematic diagram of water rcovrey system

Wa A MHEEICRDLIEHNE L, TR ORI
RKOSNTWE,

R DA BEHEK ORI (LR 2 Y
AR ST 575, TOC EEEA K mg/ L #
JEDIIBRE OB BHAK I U Tl ALEAEE |\
7280, PERPS UV 50 712 L 0B I
Twh,

ZOUV Iy AL\ ZEE L, KE UV
TUYTORHICE D HEB I ANVF—IZERER SN
TWAELEUV 5 Y 7050 %IIEBTE 2 2 &2
DWTIE, TTICHEL TV,

AT, KEUV IS 7Ly X5 2B
W= DD IR E TDH 5 Y A KRR O
AR Ll L 2R 2 s+ 5,

1. EFIIFEOHEKEY

BF LG TIIEROT Y F 7, kg, V>
AHF TAREETREOBMAISER SN, FOE
AR ERORES % & AP KEOHIADHEH S h
B72ORUNHEHHASNEE 2> TWb, BFLEIC
B BHKOFA R RO 70— %28 1 FISET,
—ARAIIE, EERK (BUK) RRTLBEEEC
EHE TR 71— KK E & M E
LIERL S N2 MR CULHE L CRMAK S 8%
bo ZOMBMIAKIE, BETREROEIIHRET A T
Han7-tk, ERONSRE %5 HFBIIK, Sk
ARIEK, RIBEARRIEK (BRI o 3 fEE
DHEK & ZN DI BIHEE S s BERR & 72 2,

MHARHEKIE T v F 0 750y v 2 TH%E) S

HENDEEOBm 2 ELHEKTH ) 1 4 o St
FICL D REEIN S D, EEEAERIEKIEL DA
N OREER OV THRED S ET A IBEOE VK
THY TOCEE L LT3 E me/L BT, &
JLFR & AL G X B, IR RE A K,
TE LW & T, WS, IPA, A% —)L,
7+t hr, TMAH, DMSO, 7z / — ), FkHE,
FREGEHERISETH D, TOCHEE L LTI mg/L
BETH L, BEZORKIEEABIEKIE UV B
EBEETUHEINTVS,
2. EKEEEHEEEKICNT S TOC /LIEH
Moo NnT
2. 1 UVE{LtAR

BB ERE 52 12X ) TOC B4 % Be b4
B3 HBMTHY, T THROKEERAZTEDENIC
INVEEUV IV 7TEEEUV 5 FI2KAl s n
%o IR UV 7 » 7O KFFESIEF0.01 mmHg
ETH DAY P VIiZ185 nm & 254 nm D A5k
Ev, BEUV 5 v 7OKEELKFIZ 1 ~10 atm
T, A7 Mid240 nm Pl ETH hEE UV L &
7% 1185 nm DM SJiE % < 254 nm D K,
UV BAL GRS L 2 BB OBRL R IZIE R D 2
DDANZALDEE L TW5B,

DUV OFO T 3 )VF—12 L ) BB N Ok

EXHET S

@185 nm » UV ix, H.O»bk Faxi 5%

WV (- OH) ZERL, TNIHEY*BEILS

f#3 5,
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,
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Waste water { {

Treated water

Activated
carbon

F——"Treated water

Reactor
F2H UVE LEE 7 O—
Fig. 2 Schematic diagram of UV oxidation
L
Reactor 1 Tank
Waste water 1
Air

B3I FEARAAYLIEEE T O —

Membrane

Fig. 3 Schematic diagram of fluidized-bed type biological treatment

UV B bLEBO 70— %88 2RICRT, HANICIE
WLBE R & SODAEICEA L UV 2B 43 57200
THAHH, FEUV I v 7FoEse, KEUV I~
TERL D185 nm ORSAIZE A LEWZD (-
OH) DER L VO THREEERF & L CHELKE
XM 5,

T 2% mg/L @ TOC = & CHEKITERE UV 5
YT RBERTAEAEICS, (- OH) &SR
ARTB7ZOEF UV 5 ¥ 7k ERICBEELKE
DOTRMDPVEEN e B, F7BEBALKELZRINL 28
BAI R O BERALKE & R 5 7201 E
AT L B IRV B !

2. 2 mEIRXEMNELKX

RIS % 8 S8, BRI % LIt <l
AR LUIEAZRE) &, Kk TOC B & #HAKIC
58 S AYICE ST ThRET S, I LAE
HKEDEEH IR IROBREEBEETHRET L AT
LTHDH, HARBROBER T, #HE&E L3k
EMRSELTHBY, TOC BERI %LU EHIES
N7zhs, HEROBHILR R E 2RO bz,
I ERAAEYREBEBDO 70— % IRT,
2. 3 BEERAEMUESKX
—EORIEE Fo HKICAEY 25 X8, T
T CHLBEN R 2K L, ek D TOC s % 4
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j —> Treated water

Waste water

Membrane
Reactor
4 858 PR A P L B e 1 7 11—
Fig. 4 Schematic diagram of fixd-bed type biological treatment
J IOOj 8800 o 8 00 CeramicE51~10 mm
— Ceramic 2~3 mm
S 8o A
L A Activated carbon
£ A ©
= 60 A A
g r A AN A
- A o
8 | O
=
w LB O O
0 ! | I ! |
10 20 30 40 50 60 70
HRT  [min]
) HRT & TOC &R0 %
Fig. 5 Relationship between HRT and TOC removal rate
(HRT:Hydric Retention Time)
9 PZX OBREL, ML RASE 2 EEES chRrE
THHRTH 5,
‘ C DT RUTRARIEE R 2 L - BRI 4
®A®ALBRUK (BRIEK) % L R0 IEEROBRMER T B <, Z0R0%

Tablel Composition of artificial waste water

W TH L ENEEBEBTOHE Y IZL HEBKED

ilgbgtance TOC ra_tlo(%) Concentra?t)lon (mg/L) EEFARES DB, FREIRIE D D\, Bl
IPA =0 25 YLK EO 70— 2 AKIZRT,

Methanol 10 39 B ER & BRI OEEICOWTIZ, FIETH
Acetone 10 0.48 N7ZEHD S EAIEER O ES R WEERE E L
K — 1.0 720

Ca — 1.0 3. HEER

Cg - 1.0 3. 1 {FREGEORE

Mn - 0.1 B & LT, B RITRTHEBROBEERE %
Cu - 0.1 R L TRD 3 EEOIKRTOMEMEREDE N R Y
Fe - 0.05 WA ERDE N2 RE LT 2862 RE L7,
Zn - 0.1 % BIEEBETICIE TOC BRI L TH5 %nEF L
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N, P, Mineral
NaHCO;

1

Waste water

“““““““““ > Back wash water

Waste Mixed
water tank
tank
Air
E6 EREE T O —
Fig. 6 Schematic diagram of test equipment

1%0) @MUz,
AERFEEIZEZRLS0 mm, 532000 mmoERD 5
L W7,

e (3HEE)

" ' $E (mm)
rI3Ivy 5 ~10
t73Iv7 2 ~ 3
BRI 1 1.3~1.6

FAREER L7 E O B & R OB &
#ESRIIRT, FRIIET Iy OHEKITRES ~
10 mm® b O TIXHFEER 504 ¢ TOC BREFEH
20 %, ¥i1E2 ~ 3mm®» b DT TOC BFEH60 %
TdH o7z, AU L CERIREM R OS5 A 13 i E I
f114~34%5T TOC BEFIO L ETH o720 ZD
e HIEITERIRERR AR T2 2 EICREL
720 e BEBERORMFERIIE 2 RIRTHDY T
H ) AR T ORI O & BUIERIRTE M K A —
BBE o7z, BAAIZIZ PCY BEHOBE, EEDS
~10mmoOtT I v 7OH TR, BE2~3mmd
I IvIOK2ETHY, RIZAEHIZBVTYH
B 4430, 6.METH -7,

3. 2 EHEKICLBZHABRER

HHBER D ZENE, BIKBEOZCEDOLELH
B9 A 7-HHEE300 mm, & E3800mma /A Ty
MEEIZ L VEIEKREMH L CHBRYER L7,
FORCEEOTU—-(2FE 1 ICHBEO/NERERT,
HREEAR B D EHEK D TOC i FEE122.3~2.9 mg/ L
THolz,

! Treated
I water
| tank

Back wash line

H2R HE~ORETER

Table 2 Count of bacteria on media

Bacteria (cfu/ml - elements)
Klnd Of media ................................................................
PGY R2A
Ceramic (5~10mm) 1.4%10° 1.4%10°¢
Ceramic (2~3mm) 3.8Xx10° 8.9X10°
Activated Carbon 9.7x10°¢ 6.0x10°
€5 5 1 AmeE

Photo.1 Test equipment
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Fig. 7 Relationship between HRT and concentration and removal rate of TOC

(HRT:Hydric Retention Time)

o
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Fig. 8 TOC concentration after back wash
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S ORERHH L 2ERIKIEE R O—E 05,
w HEEER L EFEMETE R I L,
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Operating cost

High-pressure UV Low-pressure UV

Fixed bed Fluidized bed

IR Fr=vraX MLE
Fig. 9 Comparison of operating cost
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Thb, 7, BERNEGUHEFRDOT > =7
A MIEEUV AR ELET S EH1/6, KIF
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Removal of Calcium from Landfill Leachate

(BROBUMTHRTEE 1 3 B
% woAT
Takayuki Hashimoto

VLR, BARBAKDOH NS Y LA F 2 RWFEA F U EOBAEENEIBE L 22 ), B AL
MERRADOEE CHEEBEICAY — ) Y 7OMEIE LTV L, SHISHHELT, AAd ™ sk
ThHDLREEF M) 7 LRI E 2 TN 7 ) Gedib B ik %, BV Esm s L /- o8 L7,

KREZBEIER pHREDOD LT, REEFT M AREIML, RAMOREES V™ A% AR -
MHSEAINT T LRBRETEHETHD, IV A5 BE L EEKZEYUETCBOD &
BE%, Tz, BAHM - HHEREAETSS, COD 2BFELTWD, BAMOBGEES LV > A
HiRE, EEETEENAKL TV,

Recent trend of high-strength calcium in landfill leachate causes scaling of piping
and equipment in the landfill facilities. To cope with the situation, the alkali coagu-
lation/ sedimentation method, using sodium carbonate was applied to a landfill
leachate treatment facility recently started. Calcium is securely removed under
adequate pH control as insoluble calcium carbonate(CaCQ;). After calcium removal,
BOD and nitrogen’is removed with biological treatment, and SS and COD are with
sand filter plus activated carbon filter. The highly dewaterable CaCO; sludge 1is
directly sent to dehydrator where chemical injection is no required.

Key Words :
i} A b, Landfill
e H 7K Leachate

VT ABRE

Calcium removal

% 3 4 % 72, FIWIDHERO TR LA S, BRI

WA, — RIS 5 BT BBtk &
LT, BHEKIZL AKEHEEIEOEEU ST 5
THEY, REKLEOBEALS KD SN TS, F

B ERIEB L 2R, BHEKFOAN VY 744
t MR AF Y EOERITHSEHREL Y, B
HHAKLBEERR AN TOR 7 — VEEE, BEEOBA,

Vol. 41 No. 2 (1998,/3)

R AV A § 83




MR TOREFENEEL TnD, 2D L) RERE
B L AR BKLEOSHWHRETH Y,
ZOXIBRD 5N T W5,
i 19974 3 A IZ5EHE L 2R B IR b X i kL
' B, AV ARERVCIRE - BB+ 14
RIHETH A, WMEBHRNIE, DN oz REES
MUY ARINC X A7V H ) BB TRk, [
BRI & 2 EMF s, SETBRLEY L, &
R L LCib A, [EEREETH D, HiRne
X, RERD IV 7 ATETR L AR O BRI IS
% &4 FIRKDOBRAKETIE L Twb,
AR TIE, FOMBROMEEZBNT 5,
1. RENPIZOHE
WhEIZBWTIE, E SN —KEEDIZ,
TOBEXIRERE, M Z AL % (2 T % 170,
BERx B A7 3t THLSZ LG 2 AT o T 7o, BREAED
DI Y, Bl — BB R AL & R,
19974 3 Hiz T L, BWEKSHFRTH 5,
1.1 187 (BE 1)
1) EHbIAR ; 367 468 m®
2) YA/HAE : 44 560 m®
3) VA E : 600000 m®
4) B W AR R OBRARE
5) BRI HEE - AR
6) BT ¥ FA v F AR
1.2 RHALERBESR (BEE2)
1) FHHEi7K= : 200 m*/d
2) ETHEIKE : 81 RICHANKE L BKE % RT,
3) L3 X
K AL H

)
)
)
)
)
)

VT LERE, BRI
(BIERFIAR), HEEIbE, 28,
mERE, H

i, BK

HRALEE

E E 1 EyiE
Photo.l1 Outside view of Landfill

2. RHEKNIBHBEDBE

EHAKOUEFFIIHANE - WBKEEEZEL,
FIRUHETEME, F2M70—3— MIRTE
DTH5b,

2. 1 HIALIE - AERAEEHE
2. 1.1 FatxFH

HAZH2 & OB AL, FEARBENTAL, BUKER
YA E D REBREA~EKREING , BEKOTARR,
JEAKAR Y T OREKEIZERE L BRI ERN CHIE
LTwh,

A, BHKOEKEGIE, KE0¥E—1t%
572012, —HKEZITHAERLRBETLHY, 2
T, BARZERTOCOEBHAKTOH LY Y LA
A F UG L, REEH VY Y A(CaCOs) & AR -
L <, BMEAEEIET), b TNERBIE
RET B 7200, BEHEESFXOKP I FH - 2R
HAL7,

FEERED S 71 V2 7 ABREBRANDOEKE L, A
FWVICEHHEEZZRLT, EHORS RENE
BrL, ho2&EL L,

EI1R MAKEROREAKE
Tablel Water quality

Item Influent Effluent
pH 6.0 ~10.0 5.8 ~8.6
COD (mg/?) 100 < 10
BOD (mg/¢) 200 < 10
SS (mg/¢) 200 < 25
T-N (mg/¢) 100 < 25
Ca (mg/¢) 1000 <100

o e
B H 2 EHkasszsle
Photo.2 Outside view of Landfill leachate treatment
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2.1. 2 HHRoMdRk
1) FAKREYT 28H

B 2 KEREY RS T

= B : 0.6 m*/minX8 mX2.2 kW
2) MRS 28

% X KPHERERDRS S
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¥ keI FH—-

Bk AR 260 m*X 1.5 kW
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2.2.1 7o+ xH

REAKPDAN T T LA F 1%, KPRERHD
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MBI L CULEE R T+ 250k E %
9,

AT = VPR OBME, RKEED VYT ADORSFT
HHLINYTEA T FDLDERET B HEH
Wi AgEE) £, IVY AL G R EERE
TAHZERMOEUEHIET LI LX) REEY
Vg ADORR - it RIS 5 (A7 — L
Bl lCKRBENS,

IV AR CREETF MU A
kBT Bk
e
- SR
- A F AR

- A — Vi - LA DTSN
[ - pH FEE

AR TIE, WHEOMEN, E&, 7ILVh) ke
KB D7 OBEGBRISREON S HT 5 R
F MU T LRI X B ERELBEEARB L, XRIZ
R MZ X D REEA VS o AR ER S, HL
T AERRIT S,

Ca’ +Na,COs (JREEF b U 7 4)
—CaCO; (KEEA N A) +2Na*

FRREOBEIE pHIZ 9 ~10TH 5, B LREET
M) LAEFEATSLE pHA ERA TS, LA T,
BHAKD pHR AN 7 A A F VIBEEIZ L - TIZEE,
LT IVH) OB LEER S,

AN LABEERME L CEERZ L, WD
LCEEEMFEROESETH Y, ROBEIZODVT
BLRE L 72,

(1) BUSHE, BANE, BEMEOBERIESICHES
ENIKKE FES B S L, B R
VUyRZRBEL, BHIIBICHELIZME L
776

(2) BUCE & BRI, EPcasr -
FrEDBETH Y, BHIZED A L] §E 7% ol it
L L7z,

(3) pHEMNZE, trH—#IHEL A r— V& H
BIRICRET AP (BRI 1 7) &
LT, WEBEDOIFMEEZEELKY, Mg
DEZLRFME L,

(4) REEA N LERIE, RS L L, FEL
RT VO THRFIKR Y Sk A5b5 k& L L,
R 7RI, EBHERBRR 7L L,

(5) EBAEOMANERCH R EL, HERL %
L THRETEXLHHRME L,

. Biological : Activated - )
Raw . Calcumi > denitrification —s ?%Z%T:Setiﬁgtion —={ Filtration |—={ carbon  }—= Disinfection —s Effluer
leachate remova treatment adsorption
Dehydration = Carry out Thickening ——={ Dehydration — Carry out

1 ALER TR
Fig. 1 Flow diagram
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2. 2. 2 iRESH

1) BUSHEEEEER : 5 min UL 1
2) RAEHE AR : 5 min DAL
3) EREAETEEFR : 20 min BLE
4) TEBAETEEEER 4 hr DLE
5) ICBAEKEBEEMN : 20m®/ (m>-d)ULTF
6) HAAERE R : 10 min DL L
2. 2. 3 FBEIEER
1) RIBMEHEE 15

2 X Foxs ()
£ A% : 295 min ' X 0.2 kW

2) RAMERERE 14

¥ R FoxsK (THE)
1 1% : 295 min™'X0.2 kW
3) BEMERIER 14
B KNP
tt #% : 35 min ' X0.75 kW
4) Gl R 13
B 3 L ERENRER,
f £k : 3800 mme X JH#4 m/ minX0.4 kW

5) FRFIAETH AR 14

E R ToxsR

£ K% 1 295 min ' X0.75 kW
6) HRGIERY T 24

¥ X EEERERRY S

ft: % 0.25m°/minX6 mX1.5kW
2. 3 E£MBEHEE (BEES3)
2.3.1 Fut A

AR ORI TIIINIEME % 30 F, Aok
THRICER Z R S AREHAKOMREIT S o KiEIZ
WAL - MEEHICRIETEELRFTH Y, KEHS
KT L7256, BEMICREE LBREICHRL CE
WILEDEE &2 DT 5,

YRS, AWEEII A e, AR
DESWHN S, BHEMAREZRAL, L - s,
PRzErl, B> S5, KFEMGAKE LTA
7= VefEHTA SO ATH S,

A EB~ORNIS R TEREZZEEB L, N353
IKEE % T KIER OB R e L L7,

2. 3.2 GkEt&M
1) FEEEALH m# M4 - 6 g-B0D/ (m®-RD-d) LLF
1.5 g-NH~-N/ (m*-RD-d) LLF

2) Wiz F RPN : 3 g-NOx-N/ (m?-RD-d) LLF
3) Ao HMERMAR : 10 g-BOD/ (m*-RD-d) LLF
2. 3.3 HEEHAE
1) B b R 3 2

) N %:

FE E 3 BEUEBRINVYYLERE) - BEMAREE
Photo.3 Coagulatioin/ sedimentation and RBC

B KRR
1 Bk : 3600 mme X 7540 m*X3.7 kW
2) EEFAREEMER 1%
T KKEE
£ A% 3600 mme X7 540 m?X 3.7 kW
3) XA MEEMR 1%
% KRR
11 Bk : 2400 mme X 1040 m>Xx0.75 kW
2. 4 BEILBYEE
2. 4.1 Juot AN
BEAIRILE 8%, BEPRIESTRER
2R L, C O DBRIEIIEIFA 72 GO SR DR AL
AR L L7,
2. 4.2 HEMRH
1) {BAAEEEER - 5 min LLE
2) BEEMEWREREM : 20 min DL E
3) TR AT R c Shr DI E
4) TREAEAKEREEMN 20 mY/ (m?*-d) AT
5) HFIAEIHE R : 10 min DL L
2. 4. 3 HEI3EAR
1) RAEHEE 15
¥ R FTaoxsK
M B 295 min ' X 0.4 kW
2) BEEHEE 14
¥ o FuR
L #% : 35 min'X0.75 kW
3) HiREHFE 1K
e 3 HRLERENRE
A #3800 mme X HH# 2 m/ minX0.2 kW
4) HHMERIER 1A
¥ X TaxsR
1 % : 295 min'X0.75 kW
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2.5 SELESE (BEE4)
2.5. 1 7utXFHH

AL L LT, SSHRIHICH A%, COD
BrZs TSP R A 4 % RR i L 72

WA @, EHEREREEZ, ) —-XTHEKL,
YA —IZ LB AR TRER S AT 4 E LTz,

BEAEXE & LT AR, EHEREEEONEI,
TATGA =7 e L, NREE, Hindide g
qMEL7,

2.5, 2 EErsH

1) A 8B : 200 m/d LLF
2) WEHREAETEEL D HE 4m’/ (m*h) LT
2. 5. 3 HRIMILAE
1) WA 1%

% X EHXTmEE

ft ¥k 2 /@A X1 350 mme
2) IEMREE 2%

2= VI S5 = W O =1 o}

£ ¥ : 1400 mme¢ X % 2 000 mm
2. 6 ERANIEHMK (BEE5)
2.6. 1 7Ot

N WREREPOBET LR VY 7 A
5L, YW RROBEILEHGR L R
RBERLY, PORERD 6 ~8EEL 0D, H
TeALERIZ 2 R & L, @mOBKEE 2 BRE L,
BL, WAANVY Y NEEMOSEICOZELT,
REHRTO | RO TRELR kML Lz,

KERI V2 MFRIZEEESR L, EELRT
WO TIRME 2 5T, BELEAE > & EEHE T
BREIZERLTW5, HRIFBEOHEBE, ST
TEREHE AL, ERERL T EICLDFHER
DL, EEDIEEKDOTWDS,

RER AV WG, BIKREDSE <, BB
TREF DTV RS, =% 1000~1500G
(ZAAEET RE 2 R & L, F e, EESEET
AN EETH O, BKBIFIRARILRR T Ty,

W ALER TR D EREILIG TR IL, IBRMER K BN E %
HEA L0772 100 G THAKMBEL L TWwW 5,

2. 6. 2 PEtSM
1) BAKT —FE&KE: ALy A7ER 70% LT
BERILBER 85 % LUF
2. 6. 3 rEIAAR
1) No.l Biki& (# vy ai5RH) 1H
T 2 mOBAEE (o= =1L AE)
ft #%: 15m*/ h(300kg/h)
2) No.2 ikt 1%

X4
Photo.4 Sand filter and Activated carbon filter

W5 - RS

B R 5 aLBUKE
Photo.5 Centrifugal dehydrator

e X E OB
ft Bk : 2m’/ h(40 kg/h)
3) No.l fsiR K7 1H
B o —dmA U
£k A% : max 22.5m’/hX20 mX7.5 kW
4) No.2 #flRR>7 14
¥ @A UK
£ ¥ :max3.0m*/hX20 mX7.5kW
5) No.l HiRITEEHEER (A Vv 7 AFERKE)
14
- N ¢
A B 43 min ' X15 kW
2.7 EEfRE%ME
HEEBOHMIE, RfrXEmEEmL, KYE
TR TAHIETHD, FO-DIZE, KE, KE
DERK ERRLOLBIEE L 25, RHEAL
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BIIKE, KEORKHK, THHULEEFKE, &
172 Ed % 5 57200213, SHERMIITS B8
EEIROONS,
BESICTER NV a2 HOWERER (PC
07 —) %%EL, BREH, 7TV IUEL LE0E
HFEHEEIT- TV,
BB, MR EZRT 7o - —
MR, BHUMEERR, SEA®R, AH, EHOEK
ROERESEORELEL TS,

S50, MEMERNICERE L -HES PS>0 F—
5 &, BUEAKLERGEZADFAE D ST A OB
HEZFHTA2HELELTVE,

¢ U

ARILFE R, 19974 3 HIZSERm L, BB %150
TH S ZVEIETH 5, HIEZRIEXRTbOILTWY
L%, FHERAKEIZMRBAAEOHAKLL, 125
P, TS BHAKMBERGERDOEHES 2 5,
MAKEIZ, GRIFELAICEFT o T EFHEIN
L, FEHWR OCRER R KELEBIC G T 5 7
DI, BIEEEEHENLEL 25T A, A—
=& LT, SHBEFORRE BF> TV LFHHETH
5,

WERIZ, RESROERICH-Y, SRLHicE
WeZwiewnbh Ao £, EOR#EHK LT,

B & W TR EEER
BT ERET 55 1 3R
HLERE

TEL 03-3459 - 5944
FAX 03-3437 - 3256
E-mail t.hashimoto@pantec. co.jp
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PCB ML #T(SP 7Ot X )(CDOWT

SP Process: Chemical Dechlorination Process of PCB
in Waste Materials

(BORFFERAZEER
I H#

Takao l;lKawai

[ S

Kazumaru Saeki
Tsutomu Nakanishi
/A

lil5d Bl
Takahiro Hattori

fhg s> 7 71k PCB G 3BEZEY @ PCB DL FRIBRE R LM 2B L7, &
TSP 7utZx (F M) AHERGBAORINE) THb, £TT LRI 2 0OFEMPL 2 5,
—1% Powertech #L D BAZSHAM 2 8 A L 7-bF B P ©, BEMEKETKE L, %% PCB
W %0.5 ppm LUT 29 5, AREMNIE A F & CHERNIC9 000 m*LL EO{HESm LB K& 4 A 3,
BTRRIEE 7O ATE U BRICE FN DL RERY % EMF R LEE CHRET LV AT A
Thb, FUBEBIZI 7T A XML, BEES 2EETH SO T PCBHLEYREYT
A4 MZTHBESTEZ ENARTH 5,

Shinko Pantec has developed a chemical treatment process for the dechlorination of
PCB contaminated in waste materials, named SP process; Sodium Pulverulent
Dispersion oil Put on Process by Shinko Pantec and Powertech. This process is
composed of two major process. One is chemical destruction process originally
developed by Powertech with using sodium pulverulent dispersion oil as a reagent
react with contaminated PCB at a relatively low temperature and reduce the PCB
level lower than 0.5 ppm. This original dechlorination process has a result that more
than 9000 m®* of PCB contaminated oil have been treated in Canada for more than ten
years. Another is biological treatment system which decompose organic substances
formed in the dechlorination process. Since this equipment facilitates in container size
as mobile type, it is able to treat on site of storaging PCB contaminated wasts.

Key Words :
PCB {5 4= EEHE Y PCB contaminated wasts
b % o M % Chemical method
ik b ES Dechlorination
AN RN S/ € o Sodium pulverulent dispersion oil
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¥ AN ZE

PCB (Poly Chlorinated Biphenyl : & ) #51k
Y7 xZ)V) I218814E1C F A v TAB &, 192948
W KETE V> MEASTRAREZ G, HATIE
UL FTED19544F £ D AR B L 2.0
RIS NG § CORERERIIHFIZIZH1007
FUEEHEEINTEBY, HRTIZSHFI T
PHEEIN, 5HATFPENEEREINATHS

PCB EFRICRETEGH LI, BILs

I WZE, B-TVH)IIRETERBZBAEL
t,cl/m &, KRIZEBDTHITIZ W &, MM, W
Bk, GBI DS, PFUR, oY
7Y —EOBESMARMC AR ORBR, BT
BEREFIMHEH SNz,

LaL, 1968474 + IMAEEMIC L ) PCB 0 F
AL L, 1972 8ED L S, 197448120
FRE LW E IR E SN2, T IV PCB I2TE
eIN2bI VR, arF U —S0REWIIET
HHREFEVICHRESN, RERVUCHEORITH2%
BOTONTESHICES>TWS,

7205, BRI RERSEOREHBERE IR L TRS

WHEKREZHTOCE, TOLDREBLWEAKD
LILTW5

LA L, 19864 DBEEIFFEIEIZ & ) PCB O #kBE
JLERASHE— DIERE L L TERD LTV B2 Hh
boHT, MALGBERDPSMBEEINSZ LB AHIC
EoTwhb, ZOITHKO—BE LT, EIIEESET,
WEL, FAEBHEE L TENEICB T AHE OB
R EFRFA 72 & CNALEIR I D W CBURIE RIS
FOTE, L CHENMEORIERS LEbET
GHETHD, X0EETA FICVH LR
DOMFTIED SN TE 7,

ZD\EET, (LFAHEH+ BT Ly
WEL TS EDRBIRENSY ThEZITT
19974 6 HIZBEREEAIE &, 11H ICI345EH
BEFEYHRE D PCBIBE R ¥ L #/2120.5 ppm HE
HE/z, THUTE-oTEL & H19984 6 A FTIc
LR X B MBS RE & 2 B & 9 IS5k
EEnsZ EELoi,

W) ETH %L, PCBHELEMOBENCET HH
I L D odH Y, TELR)BH I ETITHE
BHINCCTETEXLZ L, a2y TSR

VITHEARR & 2 572 &, MRFEEPLT LI AE EMEEY PCBEERVLEE)»F L, R4
TRZAREBFHDOEBNLE L BIZTRBFOERN RN EEEIARY 2 B S VWEHTHL 2
T e R A
E Y St ettty A ——>‘ Adsorber I~-—:> Exhaust gas
i y | b T
\ ! ! ! i !
! I N "‘7"“{“7 ----------------- Lo !
,: E Reagent | E Water CO; E E i
| : L { |
focxgami nated oil ‘E Degassifier Reactor Settler E
Container unit
Separater Treated oil >
[t -TT-- - _[
! i
‘: Biological !
| treatment |
| o pime ) Tl
| f
o N o ' ; Sludge
BIK SPFutA70—%A4755 A | >

Fig. 1 Process flow diagram of SP process.

Waste water treatment unit
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EE 1 BEBONML LIRS ORI

Photo.1 The outlook of the facility and inside of the container

&, N, MEEEE UTIIERE TR L, T n
HETHLIEHNEETH S,

LTI, BIBOERDOL &, &1+ ¥ Powertech
MOEMER—Z2E LT, BARDIRIZE L 7208
Bl 2 s L7 O TARMEHAM  SP 7o+ A
DWTHMNT 5,

1. ABMOEKRERIE

AUFG: $ 7 b5 SP #: i Sodium Pulverulent
Dispersion Put on process by Shinko Pantec
Powertech MBETH L, KWL A5 LD 70—
2B I1RIIRT,

FUEHM DS B, PCB OfitasE LD HEIE
B O (7Y a e LTHlioEs) $ciky
F % Powertech L OB EH M 2 X—A L L72d D
THhb, 19864 L, #F ¥E, BC Hydro
(British Columbia ME &) 4o THI2TH L
b7 Y AMDTHG PCB ALHEE & LIl o B4 FI ) %
FHNT, BUIEE TIC9000 YL EDOMEEE Y H
L, BIEELHRBPTH 5,

Apefls (SP 70t R) DAL 2 2ALEIGIE
RIRTRIEATREN S,

nBpClm+n(mNa)—n(mNaCl)+n(Bp) &1
BpClm+2mNa+mROH

—mNaCl+mNaOR +BpHm BUS 2
Na+ROH—>NaOR+1/2H:

or Na+H,O—NaOH+1/2H, &S 3

R:kibAkZFEX, Bp: ¥7z=V3E ((10-m)
ODH%ZEL), m=1»510

REM B TEIE Na (F R v Aa) 2EER
AR 12 538 3 & 7 BB T & UG SEH & L T
B iC@®mER L <, #HasmbhicegEEns
PCB £ &8 Na # )t &€ C NaCl # £ S & 5
BT, FBICHIMLA7a b ot 54D S Cl
(EF) ORI 7o by 2T 2 HIC &
DE7 2 VEICEM L TREE RS,

REBEOHEAIZIE 7T b diERND e S N,
feoT7u b rfEEA (BUSMEER) 23U 7% <
THRBERIGIIEA, PO 722 VOELE=FK
=LA CIZC WA, HiREORE, REH O
FER ORI L > THERRCEEIRE  HER
T BER, WEREHER) < —DPER LY,
BIRFRCEFEEIZEL 2 W EOBHEFET S,

o T, RETIHREER L LT, KEEOHAIZ
BB EOKE, BREOEAEIEA Y Fa¥Ly
VI—=VERMLTCRCOMREEZXK5S,

UOMIKIEE DS A0 CLUT, SiEEORAT
H200 CLULTFTBI bR ADT, ¥4 4% %
DRI IR AER L v, 72, Mmoo
THBITEAER L, MFHE L COFEMBL T
BECTHD (72721, BRI A2 BTVESH L),

RIFNTEESREEED OBV T &, R
HERRINED D % ¢ (EEENILTIOREE), L
b OGRS LB RIR T, SOS IR A5 VW A58 s
H5b,

R E S THELE 7 2 2 VIIBHIBHRET ©
(LAERRH R AR 245, I L 2w TKIBH
RIS LAt U Cid i X i
LT, RYMPER S 2WI e 2EBX L TWw5,
2. HEOHRERVHE

FARBREEOMBILFE 2N VUEE 1 IZRT,
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2591

—

ﬂ

f
J

0%

B2 HKEOMMN (HA7: mm)

Fig. 2 Outline of pilot scale test equipment of dechlorination process (Unit : mm)

MLIEEE ) & LTI KR PCB O34 T500 £/
batch TH 5, Zhida 5444 XIEBLEY
L, PCB REWGHT IR B 3% & W BE 72 o] R B L
e LCREET L2 0 THh 5,

OB AT AIKRESKGLT, FHRTHS
POCMIR Y 27 B EFHK - KT AT L0 5% - T
Wwa,

PBOCHLEE S 2 7 BT RITRTHERHE R & 72 5 T
W5,

WAL VT AND -0 DRT R, e, &
FEZCRAAE, BOCEERIITHE 22 & ONZEHEM, RUSHE,
ThiLAE, BESER, BV 2 - bo v S, RS UNC
BIA S D EYIBRE 2 SR SN S,

B SR A8 (2 I LER T O PCB B4l S % .

BT E MBS B 720D b DTH 5,

BEZABRE T, BEKGEHRET L EFEEIC
90 C & CTHALER M % NE 5

B OBEZR R %58 T L 7o BB 3 SO A 2
EOND, AT EFE LY, Eicis
SN PUSEADBE D AENT, FISHBI2bh
5

M LU TROMWSRB SR, KSIZk-T
R L 72 BIE R OKF~OBITE IS,

STEERE TIZE AR 2 & NS PEEK & B O 4
MEBI D,

DHER, FRENTBIARYEETRERII Ny 7R
MBI S LR S RS,

3. WMIEBOFEL S PICNIBEES

X UDICZITANSY ¥ 7\ ZEA SN HALER &
GC-ECD#IZ L B0k > T PCBEBENF = v
rgENLY

RNT, MBS B CHEREEIZES R,
TKGETHELTHS, BIEEMGEICELNS,
Z ZTRIBEERETHE D O 51 E SN ERIDTEA SN,
Kt &g,

FroE R R, SUSHIZ KR RS A & iEA
LA Oz %S, & 2T, REBO B
A OHRFIZ & ISR TdH 5 NaCl % itk 2
LTS, ZOB, KEMATEBEL, Kbz
NaCl #8738 5%, 2 TCHRIBAEEICIThb L7
TE&EA YA MIGEELZ GC-ECD #& 12 T4
MR T 5, AHEZEC, BESEMIZLY, WL
M E BRI B,

BEIKIZAE Y ULERSE 1 12 7% & N CHEK R EME L T o
REVZHE L CTFARRRT %,

T RE e A AR o PCB #5113 FFE20 %
Thb, COHHIZ, PCBZDLDODOENEL,
BROZEBWREL LY, RKIBPEAEL L7720
Thb, oT, TNIYFHEEODLDOEUHET S
BA MR a2 X o CIEIER BT RE 20

> -
—
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RALKFTZREA]) (S TARBELTICHRL CTRLE%
7o
1 % LLF @ PCB i BEVS $4ih @ PCB 5% RUG 14
30NN TIRT T %, BALEIROATAL D & FUSHE
T, WEHBLETO I NNy FIIHIEMTHE, K
FZAFEEE T12500 £/ batch THAHDT, 2m?/H &
L CAEMI500 m® (#18) H 2250 H ) DWUEMRETH 5,
10 B EEOEIRE PCB HEMOEA I G4
B L BIRE LA RS 5 LENHALDT, &
1 R O SUSKEH 2 B3,
4. FEEREMRE S CICHREHE
4.1 IREBBEME
ZUANSY U DR, BB T TIEARE
HoTBY, RYANDOPCBRMEYT ) v 7%
BRNT— 2w X ) IZEEETL T 5,
BIERZRER OCRSETO TR TRET Z2REWY
BRI SN WIS, A4V - v Iy TR
OEER T A VG — 2B LTz Twa,

O RE

BALBE & ORA § A EI I E BRI
W (AW - 23) BT, BRED»HRE»H -
TOHERICIRMT 5 2 & 7  ANERBEEASTE S X
Il oTW5,

HEEZNEBITIEETEIC L L @R 21T . HER
IEWR 7 4V — Rl LTS &G,

EEBEPRETHICH> TIIEREEL LTEEEE
MR THA, HEEBLOSRBHRIH-HAIZLE
BAOBERED QRFEZFISRISIBVEIICL
TWwWh,

A Y ILEEAE C I DAL O BIAE S (RETR)
AEYMBIZI ) SML, REEEIIEAT AKE
WHET 5,

4. 2 BEAESR A S IS KK FRAXISR

EEEMIIOWT, BelE—5 —iBHHOE
SRS CICARELTEREREHE L, EERKX
WL BEKRDOB I EEND T &, 7 — AR 2
FIZL, REDSHVIIHERICL2EFXKOPIEE X

E1k (KEFEPCBERBUBEOY—H—(11 v M) A& — LR EEGE R

Table1l 1 litre scale test result of low PCB contaminated oil.

volume PCB conc Tem PCB conc.
No ( ) mp. after reaction Reaction time
ml) (ppm) ( C) ( b)
Pp
FT-1 500 463 100 <20 5 min.
FT-2 500 463 90 <20 5 min.
FT-3 500 463 70 <20 5 min.
FT-4 500 463 60 <20 5 min.

*PCB types are A1242 and A1260. Sample also contains 160 ppm of TTCB.
Sampling time is every 5, 10, 20, and 60 minutes.

F2R KIRE PCBIHGMOFEREE T A MER (BC Hydro #t D% #ET750 £/ /3y F &5 H)
Table2 The test result with using actual operating equipment (at BC Hydro Co., 750 £/batch scale)
No. P(EB conc. Temp. (C) React. time | Amount of Dispersion | Residual PCB Conc.
ppm) (minutes) (litre) (ppm) (high resolution)
1 347 90 20 4.7 < 2 (120 ppb)
2 347 90 20 4.7 < 2 (160 ppb)
3 347 90 20 5.3 < 2 (34 ppb)
4 347 90 20 5.3 < 2 (45 pph)
5 3417 90 20 5.63 < 2 (11 ppb)
6 347 90 20 5.63 < 2 (31 ppb)
7 3417 90 20 5.63 < 2 (53 ppb)
8 347 90 40 5.63 < 2 (26 ppb)
9 347 90 47 11.26 < 2(8.5ppb)
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hoTWnW5h,

BUCSEHAE & SOSHE $ CoORERKIIE, S
Fla k@ Lz0b, F39mME L7, HvcEEy
ACERENE ) = rdh2 b l, BHASR
PHWAZLIZENVFEHRRTBLEZERIT) LI
LTw5,

FEITEHBHAERE L, NBRII AL LHK
2Pk T B & EH I, (EEZE~D PCB R Z Do
Ry OBRENIEE K> T,

KEFRREE LT, BEIKKIRIES % SHET
FEO LN TR REBER HAEFEEHEL T
5o

A MOGWEBELRE L, WEMOST %
TV, MEPTONTNAZERHERL TS, »
D, FEHRIO SRR I IKEEE LT, BE
MEZIT>TW5,

5. X7OEXADMNIBMER VNEMDE
2%
5. 1 KB PCB BmNNIRHER

10— —2BRO20LBER Y FFFET BV
T PCB &R & SUSIEH(F F V) 7 A5 BOE B ) 7
&, SEAORE, FISKRH, RSRE, 1EEH
DRRFEBET L7,

5. 1.1 1L A7 — VOIKEE PCB {54 mLiE
ERAE 1

F1RIZIL AT - VOKEE PCB 75 4 hALE
EERERERT, FUSERMIZ 1 BRICEREL, F
7Y ZiE5, 10, 20, 6053k L7z, SATOER X
D, 60 CULEDRESRHT TINS5 45 LINIIZ
R PCB #1320 ppb LT ICEET 5 2 & 25FERR
Iz,

5. 1.2 750 £ A% — Vi DK EE PCB {5 4
LT SEERAE R

E2IRIL, TNOOERER T2 TIT-72750 4
A — VOAKIREE PCB 7 G il AL B SEBRRS  % 7R 9
I I NIRIEF IEREE TSR T L, wWwin
b, EEMOSppm 227 T LT3,

5. 2 =B PCB B mNIEREER
5. 2.1 10 A7 — VERKKE

1L A7 — NV OBERE PCB {5 Je i L H 52 Bk 5=
TIITEDOREREIEL-HE& L FERE 22 -
THEENDHD, EIEERELTE TR
F 75 L VITEBREOERAICIIHFEMEW Z LT
o7z,

5. 2. 2 204 A4 — VERER

FIRIZBEORLZH2H D204 A r — VIR F
SRR AR LT,

RIROER LD, (KR PCB 15 4 o WLEE =44
ELT, RUBREEEH0 T, RIGHEEM & 1 B L
TCRMEHEASET L, RIBEH(F MU 7 A55E
M) ORIEE, EEEICH L TCH/BEUE (£
Wit) BETHLZENELNE R oT2, RISEH
RN IR I 2 5 IE SR TRETHY, 10%
T3 TR WL S ERREIRESG L b,

5. 3 RIEANODZTRMFZEBZORITHER

Rz & o THER T % NaCl, Biphenyl 2 &0,
HAEZ & 538 U CKMICRAT T 5 I DV THE
SO 2T 720
5. 3. 1 /B DOFREE PCB 74T

sk B S @ PCB i3 GC-ECD 12 & 5%
HoOERBEH SN2 o7, 275 F— PCB (33
44’, 33 44’ 5, 33’ 44’ 55’) $0.01 ng/g (FRH R
FYLUTFTHhHolz,

#3%k PCBREDVPELAHEN2Y v ¥ — A7 — VEBEEREL

Table3 20 litre scale fundamental test result of different PCB contamination levels.

No. Temp. (C) PC(B cone. Na add. Promotor Mol. ratio of SD, Completion time
ppm) (g/1) (ml/1) Promotor, to chlorine

PC-1 60 595 2.0 2.0 10. 8:3.2:1 <10

PC-2 60 1550 2.4 2.5 5:1.5:1 <10

PC-3 20-96 100 000** 64.0 90.0 3.7:1:1 60

**Aroclor-1242
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Fig. 3 Effect of biological treatment for the reduction of organic carbon

Fa4Fk FALHEMOWNE LE
Table4 Correlation of the quality of recycled oil

Items JIS standard |dechlorinated oil
Density
(g/cm’ at 15 C) <0.91 0.865
Viscosity
(at 40 C) cSt <13 8.29
Viscosity
(at 100°C) ¢St <95 3.0
Firing Temp.
(P.M) C >130 155
Flow Temp. (C) <275 < —40
Neutralization Number
(mg KOH/g) <0.02 <0.01
Dielectric Strength
(2.5mm) kV =30 54
5. 3. 2 HEROLEFEMREBRE AR OEY

EY S
T SR TS 1 U EREERER O R,
TIRERFEMIBNETHD 2 L, OECD L%
HERABES (1987) IR L~ RICBIT 5

SHEOEERAR (HERER) Cl3EEROKRS S
L BHFEEIZ20 L/ (kg hE) UETHDHI L%
EoREW R R L2,
5. 3. 3 SEEMOHEKE L ToORBEEFLSED
fEt
L L%ahs, HikE LTOREREHIIESE
EROWTCABYICBLTEAZLTWARWIEHHE
(BOD, COD, n-Hexane fiith&) 2% 5 DT, #
PALEZ X 0 SIS B O R OS5 BE % 470,
KEHEE L ER ST/ 2 TRIMCHEKTE 2 &
I ILERZ X AME R IT o 72,
5. 4 HEERDOEWMIRICEIT 2485
FEBHETT 2 ML DHEH SN EER O RS
B & T, RINERBOGEERE B k-7,
FOFER, EIFEIIRET LS 12 BOD 3 HEICRK
P, KEHEEILEOLEEEL60 ppm LLT % 5%
B L72. COD (22T & T /KRG Bk 2 350l AL e
T&H 5100 ppm LLF %35 L, n-Hexane fiti&
b 3mg/L LT L7,
5. 4. 1 {EEREE~0 PCB &7
RICEOEEDIEZ 74 V7 —BELTBY, &4
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WETNVETEANFTIIBTLERETSS Y MIB
VB0 B TEERBERRK RO b EHEfE
(50 ng/Nm®) LT %##7- LT3,

5. 5 IEHEROETAVEN
AILEIC & 5 C PCB LI % 17 7214, F4

W% AT o 7-FEMOBLELEZE 4RITRT,

WENDOHEE b FFICHE AT LT3,
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T, RIMCBEEWEZBIIE S 2\, H5WVITMEIC

Lo TR GBEEY ZH/-IIBESTRnI L %

BEMLTBY, ROBFEXHLTWS,

1) #FFITRCT, 10BERBEEDSRERR TH
D, 9000m® b DVMAMEL, BAFELBEPDOE
WEET,

2) SERMR T2 EEMENP TS &8 572050
FRAEDIEEIZE <, 20 ppb LLF O3 PCB &k
BHEONDE, (DHIEBORBIREDT)

3) BUSEEE2YE Y, (2050428 TR T /K

BBl OB E
4) FUSREMEV, SO0 F 433 v %k
EWE I &V,
5 ) MLBRIEAMARI & U CRAATTEE,
6) AEBBEKIZIZI PCBIZE TN, KHEEWE
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8) WAFERREBIIHKEEZ 2L, AEWE
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L CHREMER 21TV, 6 A LIBEOFERIZAT T
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A Standardized Series of Glasslined Reactors
and Stainless Steel Reactors. (4t)4;ﬁéﬁm

# H
Hiroyuki Tokuoka
i A

|z

Takahlko Nakamura
H 8
Tadaakl Mlyata

TIATA =Y TEFIGHER LA T v L ZAE T 2 — ORI U ERNEREHC L 5
SHEEEZRIToTEL, L LAEMWOEE, FUMMEIESTEILL TBY, % 5 IR
E2-HFINBIBEEZEINTVE, SOBBIIRZLERL, FIRIFAZVTRHRLTICAT VL
ABREHIZOWT, k% L EFICEE L - HBmOBR A HB L, AR TZOMEZ BN
T5,

Glasslined reactors and Stainless steel reactors have been so far designed and
manufactured on a custom-built basis. However, there is recently keen competition in
the reactor market and customers demand requert us shorter delivery and lower
price. To satisfy customers’ demand we have commercialized a standardized series of
glasslined reactors and stainless steel reactors. Presented in this paper is an outline
of the standardized series of reactors.

yizh ¥ M Standardized series
yi5A i Ly Shorter delivery
& i ¥ Lower price
¥ A E FEBROFy 7+ 73I—F 4 V7, KEREHEOE

Wk, FoRAITA=rT (UTFGLEFER) B Fhiokd, FREMET CICHEZRONL L
B S NCAT Y LA (BUF SUS EER) BK  25%<K, 2—FOEETHLEM - I X MIFE
IoERE, FIASNA G ENDZIHIED, HE  SEBRAAZTEPFRECL-TETNSE, £2THY
TR BBRETDSHETHLHB-0L—FOHKEIC #HTlE, BER--BELOEBEEMNICLY,
I U7 ARIRREHC & A ZEAENFEN 2 HDTE, CDI-FOEZIHEZ S, GLEZLWNZS

WA, T VERPIMOEKEE FZ0 3 X MER U SBRSHEICOWT, fiktd 5 #HBEIIRE L2
WOV TDI—FZ—XPEL o TETE, % HEROEFTEEB L, ARTIE, INHHKLS
EEEDOSE, BEBROME, RAMOREET, & ICOWTHEMNT 5,
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Cyclo Reducer

Dry Seal

Manhole
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&
S

[ 1]
Bracket

1. GL &%

1. 1 GLARROBE

1R GL HERRmOEEEZ R, GL Bgme
i, BEHHICB T GL #RSEHH O RS % &
DTWAERIIDWT, ¥ I oilEE S
ok E, LI TH o UoEBEELHREL,
RETLZ2b0THY, H ¥y ars—HTRSELERED
BELZLPICRENTELLICLAEDDTH S,
1. 1.1 EREERE

100 Lt 2258000 Lt F TDI29 A T%FGA VT v
7L,

FT—7 8 100 Lt~2 000 Lt
7 a—A& 3000 Lt~8 000 Lt
1. 1. 2 RROZFRFHE
KEDOFTFFFELLTIE, 795y ¥4 7LHE
MEyATD254TE LTz,

1. 1. 3 JAVORE

J AWVidEE, A XBE LT, BEEDI80° 5 R
THBHLIATE LT,

HT1847
gr5547

Pfaudlertype Impeller

1 ~ Beavertail Baffle

1 G L #A& mm OIE I
Fig. 1 Schematic of GL standard reactor

1. 1. 4 FEEMALR

BHEL LTORBELYHETE DY v IV R
DAY ¥ — FaHE, SHICLERGEZRIRTSE
2F 7V a VABOZEBEISBR I TWS, f
BROZLEHZE 1 RITTT,

1. 1. 5 #E#E

HEHEG, HHEEICEN, BEE,S PHE
TIRAL AN—TE, BELOERDPHLT7 7V |
TR (ZH#%HEBE) 2RAE L7,

1. 1. 6 ¥, NI 7HE

gL, BESHE CEREM, WEKRSAREL
FAT—=VERB LA, BEIEME I PTFE B
VTS5 3Iv s v—1THD, Ny FUBRE
BHOEANDRADS ZVEET, TNETIZEE
DWMAERDD HENXE L,

BER L, SERERERET RS ¥ — FEE
L, FFva v ABELT, A VNS EEE
BERHL, BEVWREBARIHIGTES L HITL
TWwh,
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Table 1 Specifications

Item

Standard spec.

Optional spec.

Code

F.S.L/P. V.2

Design press.

Vessel : F. V./2kgf/cm®

Jacket : 4 kgf/cm?
or

2 kgf/cm?

5 kgf/cm’

Vessel :
Jacket :

Design temp.

Vessel : 0~158 C
Jacket : 0~158 C

Vessel support

Bracket or Leg

Glass No.

#9000

Reducer Type

Cyclo

Cyclo with inverter

Motor Type

eG3 (indoor use)

d2G4 (outdoor use)

Agitator Type

Pfaudler impeller

Seal Type

Dry seal

Baffle Type

Beavertail

Beavertail with GS—T
Lead wire for GS—T
Safety barrier for GS—T
Converter for GS—T

Discharge valve

Flush valve

Manhole Opening system : Hinge Spring balance
Accessories : Sight glass Protection ring
Accessories Each noz (tank) is furnished Reducing flange

with split flange and gesket

Blind flange
Dipping pipe (PTFE)

1. 2 BUBSEETFIE

HFZUTICELNAERREL, RICKFHELE
E, WEIC ANVOREL W) NEFTRE85 47
LOBETHLIENTES, 52, LEHRMPD
NELF 7Y a YHERROF DL BIRT L2 LATE S,
2. SUS #E1&&

SUS HMEIZ A7 v L AR RIS DR AN 72 1
BALET o RIS, BREEHBECHL IV Y —
VEERLIOOT, %#H% FULLZONE® K-
REACTOR & L7,

2. 1 FULLZONE® K-REACTOR DO#E

# 2 @2 FULLZONE® K-REACTOR D&%
&%, FULLZONE® K-REACTOR O¥EIZ, X
D2IRTHA,

1) ¥#HoF—Frooy— [#HE] 2HkOa >
T NE L, SRECEN EEEETETSL 7V
V= EEZ, BEBRSLAERYMEICS U CERE
otk (-8 E, HE#H) ERTE5,
2) BREEA T avehy LYy TV ERE
&Y, S, BRI EERL 4,
2. 2 EHIZERE

1m*»520m*ECDI3Y A T2 T4 T v T L
72o
F—7H .

1m® (KR-1) ~ 3m® (KR-3)
70— XE .

4m® (KR-4) ~20m® (KR-20) §10% 4 7

B3y 47
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Table 2 Specifications

B Design spec.

Item Standard spec. Optional spec.
Code P. V.1 P. V. 2/F. S. L
Vessel : F. V./10 kgf/cm? 10 kgf/cm? Under
Design press.
Jacket : 5 kgf/cm® 5kgf/cm?® Under
Vessel : 0~150 C —5~150C
Design temp.
Jacket : 150 C —5~150C
B Vessel
Item Standard spec. Optional spec.
Vessel Solid : SUS304 SUS304L, SUS316, SUS316L
esse
Material Clad : SM400B+SUS304 SUS304L, SUS316, SUS316L
Jacket | SM400B ~—
Bolt : Swing bolt —
Manhole Opening system : Spring balance «
Accessories : 100A Sight glass «

Inside finish

Internal : Pickling

Baff #240, #320, #400
Mirror #2320, #400
Electro polish EP-3, EP-5

B Agitator
Item Standard spec. Optional spec.
Reducer Type Cyclo Cyclo with inverter
Type Double mech. seal Dry seal
Seal material : Carbon vs SUS316CM coat | <«
Double | © ring: FPM NBR, Perfluoro, Kalrez
Seal mech. Lubricant : Mech. oil Water
seal Oil catcher : None Furnished
Lubrication : CS press. cylinder SUS press. cylinder

FULLZONE®

Agitator Type ~
Baffle 2~Plate baffle -
M Others
Item Standard spec. Optional spec.
Vessel Bracket Leg
Conductivity Agitating nozzle Spiral baffle
Accessories Insulation ring Discharge valve

Insulation nut

Vol. 41 No. 2 (1998,3)
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2. 3 1EHE{TAE

HHEL L COREYMETE 2RI E, &
SIZEHEL BRIICHETE ST Y s VB
HEhOBRINTw5E, BEHED, EEICH LT
ERABHAOEROLFIHIHL, Z—FEMDE
SR H o ERRERRATAZEE LT, F
72, WEMA LT WS 7AETFIcEEE ST
BIATE [EPHLE] T Y g VB THIBT
feb L7 UHOBEICHAMAEZICESXRE
LB RARER 258 2 RIIRT,

2. 4 PE#

SRBETEMREBRE L LT, B4 208, HE
B DEBEH B IV — U RBH LT,

TN DENIEEERRIC OV TR, $EL
DAL—HFIZHR LTV TEY, HELEET
i, BRESEERLET A ARINC X 2 ARERME L
ZRALLTW5,

A& FULLZONE® K-REACTOR T3 #E 4t
HEtLORELZRL U N D, BT —FE
MORNEDHELEEEOR RIS L CRE%
WHRAREZEREL, VELE—IEHZEBRTH
e LTWn5,

2. b @i, KT TH4E

EARRICT TN AT IV —VEFLTET
A HRBIINTIA Y VERE L, AT=HV
S — VOTEERIEH — R — b vs SUS3L6E T I v
sa—- b EHAELR,

BB, SRR AR L, B
HEHO4 7 a YARELTE, 41 v NN—FHE

Drive Unit
i Shaft Seal
Spring Balanced
Manhole Cover
[T, Angle Adjustable
g = Plale Baffle
¥
FULLZONE®
l: ﬂ LH

%2 FULLZONE® K-REACTOR D#EE
Fig. 2 Schematic FULLZONE® K-REACTOR

BT ERA L7,

& 7T U

GL RO SUS A& ML, UM ORERE Ffi4
N— 2R L BB BR LTy ) —XfEL7
FLwarye 7 ORRETH L, 5% D L—0
EHROBMFIISZ AL, 7y a VABOREL
EBINZED, IVEBVWEFANETIv T aT v 73
Mo TWEETH 5,

I—HFEAIZBPNTIE, TNHEBRHOLRHES
77 Y b OFTHEEA L D IRE - BEW /22T s
WTH5,

®m M F H LT B R E L THRESER = B &8 # 1L TR SEER
TR BATER B
' HERE

TEL 0794 - 36 - 2511
FAX 0794 -36- 2578
E-mail h.tokuoka@ pantec. co.jp

TEL 0794 - 36 - 2513
FAX 0794 - 36 - 2578
E-mail th.nakamura@ pantec. co.jp

TEL 0794 - 36 - 2513
FAX 0794 - 36 - 2578
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HATRELIEG(CHITIEXEBERIFEDHEN
Restoration from Earthquake-Rehabilitation
of Sewage Water Treatment Plant

(B) BATERETEIS 1 &
H A —
Kazuya Uematsu

() pmeaimsg 2 st
s % W
Yasuhiro Miyago

Bt - IRRABKPEEL THL 3EH LTV PREBL, TOFHLHRELIITEIHLPEELT
ETWE, TARREZORTS o L DFEPKREP o M T RBLESZIZBNTD, BTEL
TWZBRBRA B L, B SNAKBENL T VAR 3 EVBREB B0, BRAERD
LERMIZFRY AAKEFRICWYHATELHDToLBHIEIZOWTHENT %,

About three years have passed since the disastrous earthquake in Kobe. The
restoration works from the earthquake have been gradually progressing in various
places. In the most heavily damaged sewage treatment plant, three dehydrators
recently started operation in the reconstructed building. This paper describes a series
of rehabilitation works implemented at the plant immediately after the earthquake.

B X B H restoration from earthquake rehabilitation
of damaged sewage treatment plant
MER LB ERE pressurized floatation system

WV 2NAYS Vi belt press dehydrator

S -

A TR ALERS XM T O, REXICH D
MEHRARICYEA5225000m*/ H (B YE) O
WMEREN D, ZOMNBEXIBIIFEX - X - &
RXD—ER & ILFEREIC DIz TV B,

199548 1 A1TH KRB SEE U REEEIEC
LOVMBEOINIIKE 2B EL ) T2, BB, K& -
HA - BROBEENPKE CIY EiFoniz2s, 54
754 v O—E%EE) TAECBTHHNTIEZR
{, BRIZEHVED AT THIZER S BRI |2
BWTIZHARDO TAELEIIF % A WERR 2% E
)Tz, (BE1)

Ltt D HTTAZE L U TR R - 72 iRk lE -

SRR -

B E 1 BRLIINERLEREERRE

Photo.1 Destroyed pressurized floatation system
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@ Eqalization tank

® Storm-water tank

® Separate pump pit

@ Screenings washer

® Sand sedimentation tank

® Pump pit

@ Primary sedimentation tank
Honjyou aerasion tank

(® Honjyou final sedimentation tank
@ Bunjyou aerasion tank

@ Bunjyou final sedimentation tank
@ Chlorination tank

@ Honjyou sand filtration system
@ Kouyou sand filtration system
@ Control building

@ Dehydrator building

@ Floatation thichening tank

@ Sludge thichening tank

Damaged facility

Submerged pipe gallery

w1 SR ALER S SR

@ Digestion tank
@0 Digestion gas tank

NN Damaged facility
Submerged pipe gallery

Fig. 1 Suffered area of higasinada sewage treatment plant
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FEDOWEEZT, FOREBIEEIELL:,
L OMD IR ML, TOFEHYKRELHE
2T, 8B 1 BUCEE LB KR % <,
2. —R{EIHI=E
2.1 —REHIEOLHHE
BRBIIIKEDORKIREEI R E, TARDTAK
B VARBICIET LTWwWiz2s, KEDOEIRIED I
DONTTFROKEDBEML T L b, ARETNZ S
E L O/ RERICE M X Y BRERBAE 21T — 7,
WEMHED Db o oKL OEIR &,
BRI R0 % & 7o AR K LB R A D I BAL T 12
L BRAEIE (KNE4/TRF) 21T, FROTK
WUERES L L COBBEEILD B, 20852z 5,
TR - B - B BROZSEED, ETHRED
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BEE 2 BEEL-EEEE
Photo.2 Damaged connecting pipes
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4 B25H wEFERETMERL T, EHFROBIZERLE,

5 1H REIBICLY, @EEOKLEE LA,
—RBIELHFIZBWTHLD /2T &b o 72K GK

BIRTHELBHEISBNT 5,

2. 2 EILEM{RERIR

B, BRXFCEOMVELTELSZELT
By, BTHREENCTHEELA-DOT, BEERL
TR ZH bR L - LNWVHERITo 7,

2. 3 MFRYABWEER
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WA @R, MOBIRIZ KL VEEEL L o72700,
WED b o RS A B EEZ#IE LA L
720
1) WEIEENC X b A L7 A M8,

2) ST L7 ERECEOEIR, (BE2)
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Photo.3 Re-constructed dehydrator building
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Make up water

®
To slud
® @ @ @ C (O] D) ® @ trgairlriegf plant
Excess sludge Z a
-] R NN L
i '—ﬂ
Q
® ® ® 1 ®
@ é
To digester ,
To sludge washing tank ©
T
(@ TFlotation thickener (® Clarified water basin @ Floss basin
® Floss collector @ Telescopic ralve @ Agtator
® Excess sludge basin Circulation pump @ Floss transfer pump
@ Agitator ® Air dissolution tank @ Clarified water transfer pump
® Excess sludge feed pump @ Air compressor @® Drainage pump
52 1 LR RE R AERE 7 o —

Fig. 2 Flow diagram of flotation ‘thickening unit
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TECHNICAL NOTE
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Fig. 3 Local dissipation rate, e(P/pV) ™' [—1, in an
unbaffled mixing vessel (D=0.60m, N=80rpm,
Re=120000)"
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