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About 90 % of the world energy demand is met by fossil fuels-coal, oil and
natural gas at the present time. Fossil fuels are used for transportation, heat
generation and electric power generation. The consumption of fossil fuels will cause
the carbon dioxide accumulation and threatening consequences such as global
warming and climate changes. Renewable energy such as wind and solar power can
solve these problems by coupling with hydrogen. The solar hydrogen energy system
is the most cost effective system if external costs (the costs which society pays for
the energy services) are taken into account. In this report feasibility of hydrogen

energy system are shown using the published materials.
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7K " & Water electrolysis
#® W M RE M Economical feasibility study
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) No global warming and no measures
) Mitigation
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Fig. 1 Relation between the income and the mea-
sures for global warming
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Fig. 4 World’s energy consumption
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Fig. 6 Amount of natural gas
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Type of cost Coal Oil Natural gas
Environmental damage
Effect on humans 3.48 2.83 2.09
Effect on animals 0.51 0.42 0.3
Effect on plants and forest 1.35 1.09 0.81
Effect on aquatic ecosystems 0.18 1.05 0.11
Effect on man-made structures 1.12 0.9 0.67
Other air pollution costs 0.98 0.79 0.59
Effect of strip mining 0.49 — —
Effect of climate changes 1.39 1.13 0.84
Effect of sea level rise 0.32 0.26 0.19
Total enviromental damage 9.82 8.47 5.6
Military costs — 1.7 —
Total estimated external costs 9.82 10.17 9.6
6 LT DA AV Vol. 42 No. 2 (1999/3)
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Fig. 9 Solar hydrogen energy system
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Table 2 Effective cost of the fossil fuel system (in 1990, $/GdJ)

Application Energy consumption fraction Fuel Effective cost FractionXcost
Thermal energy

0.2 Natural gas 11.82* 2.36

0.1 Oil 18.66* 1.87

0.1 Coal 12.02 1.2
Electric power 0.3 Coal 11.68 3.5
Surface transportation 0.2 Gasoline 21.4 4.28
Air transportailon 0.1 Jet fuel 17.59 1.76
Totals 1

Over effective cost 14.97

% : Average for residential and industrial sector.

IR KB - KEZANVF—VATFLOEHNITA L (19904, $/GJ)
Table 3 Effective cost of the solar hydrogen energy system (in 1990, $/GdJ)

Application Energy consumption fraction Fuel Effective cost FractionXcost
Thermal energy

Flame combustion 0.2 Gaseous hydrogen 17.63 3.53

Steam generation 0.1 Gaseous hydrogen 14.1 1.41

Catalytic combustion 0.1 Gaseous hydrogen 14.1 1.41
Electric power

Fuel cells 0.3 Gaseous hydrogen 9.52 2.86
Surface transportation

Internal combustion engine 0.1 Gaseous hydrogen 14.46 1.45

Fuel cells 0.1 Gaseous hydrogen 7.05 0.71
Air transportaion

Subsonic 0.05 Liquid hydrogen 17.78 0.89

Supersonic 0.05 Liquid hydrogen 15.24 0.76
Totals 1

Over effective cost 13.02

It has been assumed that one third of hydrogen will be produced from hydropower and two thirds from solar.
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Fig.11 Component layouts for hydrogen refueling station

B4R KRMEAT— ¥ 3 AR O

Table 4 Specifications and technology data of the components for hydrogen refueling station

Componet Capital cost Operation and Efficiency or Lifetime
maintenance cost energy required

Advanced electrolyzer $ 300/ kW 4 % of capital cost/year | 0.8 20 years

hydrogen out

Storage cylinders $1.1/scf $ 100/ year/cylinder | — 20 years

Storage compressor $ 2000/ kW $ 3000/ year/unit (0.6225kW/car X 10 years
(2 units) number of cars/dayX

18h/day)+DU

PEM fuel cell $ 500/ kW 4% of capital cost/year | 0.6 20 years

Reversible fuel cell $1000/kW 4% of capital cost/year | 0.6 in generating mode | 20 years

Future reversible fuel cell $ 500/kW 4% of capital cost/year | 0.6 in generating mode | 20 years

Internal combustion engine $ 350/ kW 4% of capital cost/year | 0.4 20 years

Fixed components $277100 4% of capital cost/year | 1.875kWh/car X 10 years

(4dispensers+boost compressor) number of cars/day
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Fig.12 Capital cost of Component for hydrogen refueling station

(Distributed utility operates 1 hour per day)
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Fig.13 Cost of hydrogen
(Distributed utility operates 1 hour per day)
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Fig.15 Delivered cost of gaseous hydrogen from large scale steam methane reformer plants
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B 5 RE(CKD PCB 5L AR
BRiEdR 4l (SED %) DRAF

The development of PCB removing technology for 4 ‘ ‘
contaminated electric devices—Solvent Extraction and
. (45) BRFE 726
Decomposion Process (SED process) oo Bk

Takao Kawai
Tsutomu Nakanishi

AT 7 M
Yoshio Konishi

PSR /S 7 2 kR RS & 5 PCB BRSO PCB Rl (SED #:) %5
L7 RO ATEBEHNC L ARG TRL, BB LVBREI NS PCB 045 T2 ¢
(SP 70+t A) bhb, REHMIOWTIIHARDIEEM (FREOKREIEEL £2g/100 cm® LI
T, SMERICHLT0.01mg/kg LF) 27292 & 2 HBERICIVHER L2, 7HEIER
TCICEMBREE CEIFERT T, WHEHBTORE PCBEE4#20u1g/kg LWTIZTELZ &
WEBIBEATH S,

Shinko Pantec has developed a solvent extraction and decomposition process for PCB
contaminated electric devices such as transformer and capacitor. This is a combination
process of solvent extraction and decomposition process of PCB with using sodium
dispersion (SP process). The solvent extraction technology has been confirmed the
result satisfies the evaluation standard of Japan (that of the surface is lower than 0.1
1g/100 cm®, and that of metal is lower than 0.01 mg/kg) via laboratory scale test. The SP
process has already been performed the operation by using actual plant and the residual

PCB content of treated oil showed lower than 20 zg/kg.

Key Words :
PCB{E G E R ke PCB contaminated electric tools
| SV Transformer
a v 7T v Capacitor
e g Rk Solvent extraction and decomposition
process
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S-TE PROCESS/:Ef7k & SHER DI ot

Study on improvement of effluent
TOC from S-TE PROCESS
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E 4 1
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S-TE PROCESS decomposes the excess activated sludge generated from municipal
and industrial wastewater treatment. The process is very simple, maintained easily
and consume low operating cost. However the effluent TOC becomes higher
(1.1~1.4 times) compared with that of a conventional activated sludge process. It is
caused by increasing of TOC loading to the aeration tank due to the circulation
TOC of solubilized sludge from S-TE reactor.

In this study we propose some methods to improve the effluent TOC from S-TE
PROCESS. The remarkable improvement was obtained by increasing MLSS in the
aeration tank and installing another aeration tank behind the S-TE reactor.

$ Key Words :
S G ) Thermophilic bacteria
®OH FH R Excess sludge
G S 1t Solubilization
WO R Activated sludge system
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Fig. 1 Schematic flow and sludge material balance of S-TE PROCESS
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Table 1 Performance of field test with S-TE PROCESS

Cnventional activated sludge process S-TE PROCESS

Operating condition

BOD loading rate (kg/m*/d) 0.8 0.8

MLSS concentration mg/L) 3000 3000

HRT (d) 2 2

Temperature of S-TE reactor (C) - 65

HRT of S-TE reactor (d) - 1
Treated water qualities

S-BOD (mg/L) 6 <5

S-TOC (mg/L) 384 52.9

SS (mg/L) 21.9 29.2
22 W/ ST 7 R Vol. 42 No. 2 (1999./3)
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Table 2 Specification of lab-scale test equipment of S-TE PROCESS

Feed pump 20L/d Diaphragm pump
Aeration tank 40L Polyvinylchlorode
Settling tank 10L Polyvinylchlorode
Excess sludge drawing pump 1L/d Diaphragm pump
Circulation pump 3L/d Diaphragm pump
S-TE reactor 3L 5L Jar-fermentor
Post aeration tank 3L Polyvinylchlorode
Air supply Air compressor |

B3R AT IO AMBAKEN
Table 3 Method for improvement on treated water quality from S-TE PROCESS

Run. 1 Run. 2 Run. 3 Run. 4
Conventional i Conventional | High MLSS ' Post aeration
activated sludge process | S-TE PROCESS | S-TE PROCESS i S-TE PROCESS

Schematic process flow

:40L Aeration tank @ :10L Settling tank 2L S-TE reactor :2L Post aeration tank
Operating conditions

BOD loading rate (kg/m®/d) 0.8 0.8 0.8 08

MLSS concentration (mg/L) 3000 3000 4500 3000

HRT (d) 2 i 2 2 3 2 s

Temperature of S-TE reactor “
() - i 6 6 65

HRT of S-TE reactor (d) - 1 g 1 i 1

HRT of post aeration tank (d) - - - 1

Treated water qualities : ;

S-BOD (mg/L) (5 ; (5 ; (5 ; (5

S-TOC (mg/L) 41.2 5.8 | 4292 16.1

ss (mg/L) 30.1 398 413 35.2

B4R AT 7Y R RT3 BRI O 5
Table 4 Effect of wastewater components on treated water qualities from S-TE PROCESS

TOC of treated water (mg/L) (B)/(A)
Conventional activated sludge process (A) S-TE PROCESS (B)
Artificial 18 22 1.2
Chemical 35 47 1.3
Petrochemical 40 95 14
Pharmacy 40 52 1.3
24 ETPA A E ST Vol. 42 No. 2 (19993
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Fig. 4 Amount of generated sludge
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Table 5 TOC material balance

L7, TNLNOBIEEMFENBERLETH S,
@Run. 3: & MLSS B&MHAIL 2 5770+ X
Run. 2128V T, BXAMO MLSS % # 4500
mg/LZHERE L, WAL B A IR 575
BRI & L,
@Run. 4: BRAAMNEZ2 7704 2
Run. 2 12BWTC, T A 7O %I % 41
L, BHKT OEEYIEE DR E X - 72,
2. 3 [EEEK
I A TR & 2 EEFRLE K TOC o E&
T LEAOHBIZ L o T EEBsND, (5
43FR) T 2T, MLBEK TOC EHEAR D AKX 2o
7oL DB R JFK & LTV, BEKIZE
BT Im' O—1) —% > 7 IZHELL, &I
D10 CTLATFIZRA LT L7,
2. 4 FEEMEORM
EEL DL RIPRE, T ARSI E LT YT
FE T OB L 7275 R B LAF 2L M SPT 2-1 4%
(2 e P S8 TS AT ey T2 L4 B Je 2
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2. 5 SHAE
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EEEEREZ (TOC) 13, ERH/EFTH TOC-
50012 & H#lsE L 72,

Run. 1
Conventional
activated sludge process

. Conventional

S TE PROCESS S-TE PROCESS S-TE PROCESS

Run. 2 Run. 3 Run. 4
High MLLSS | Post aeration

Schematic process flow

‘T%?r g

3\
@ 10L Settling tank

A :40L Acration tank 2L S-TE reactor 2L Post aeratmn tank

@Influent S-TOC

(mg/L) 899 899 899 899
Feeding rate (L/d) 20 20 20 20
@Effluent S-TOC (mg/L) 41.2 55.8 42.2 474 |
@®Excess sludge S-TOC (mg/L) 38.0 56.2 41.3 45.5
@S-TE reactor S-TOC (mg/L) - : 1806 2541 1796 i
Feeding rate (L/d) 3 2.1 3 |
®Post aeration tank |
S-TOC (mg/L) 952 :
MLSS of aeration ;
tank (mg/L) 3120 3050 4 560 3100
TOC loading rate i i
with® (kg/kg/L) 0.144 0.147 | 0.099 0.145
TOC loading rate § i
with®+®@or®(kg/kg/L) 0.144 0.192 0.128 0.168
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Characteristics of Latex Filtration and Scale Up
Study by Vibratory Shear Enhanced Process
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Application of filtration of latex by Vibratory Shear Enhanced Process (VSEP) was
investigated using both concentration polarization model and the effect of shear rate on
flux. The results show that the shear rate on the surface of membrane by vibration
produces high flux and the flux has correlated by shear rate.

Scale-up study was conducted by the relation between flux and shear rate those were
obtained from Series L. (Laboratory scale). Testing using Series i (industrial scale) was
conducted to verify the scale-up procedure. The result shows that performance of
Series 1 is estimated by using Series L date within an acceptable level of deviation.
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Table 1 Specification of VSEP for tests

BIZBT 5 EEBRTE - BIEMROZERTHL2IZL,
ZORRERIIFERO A — V7 v 7 (HHEeFHl)
) ER R WA

1. VSEP OHIE

1. 1 VSEP {:#%

VSEP th# %21 RIRL, ENT A METH
% Series L (LLF SeriesL), 7542y MMETH 5
Series P (LLF Series P) K UVEHE Seriesi (LLF
Seriesi) OBERXZFE1RIIRT, /2, &2V —
ADEET 2 — VRS TS 2 FIIRT,

Series L & P, Seriesi D& EOK X ENIE,
SeriesLDFEEY 2 — VIZHBERETH LD 20
L, P, Seriesi TidfE N L 1 28+~ aERER
SHMBEEEL 2> TWBEATHL, TP,
Series i DIEE Y 2 —WiZid, HYIRPHEA ST
BY SeriesL & 70— — VR L5, B3I
|2 Series P, Seriesi® 70 —/3% — VA X % 7=

Type Membrane area |WidthXDepthXHeight| Outer diameter of | Inner diameter of
yp m’ m membrane [m] membrane [m]
Series L 0.045 0.64%x0.8%1.9 0.26 0.10
Series P 1.53 0.64%x0.8X1.9 0.28 0.13
Series /150 13.5 1.17X1.4X3.4 0.47 0.19
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Fig. 1-1 Schematic diagram of VSEP Series L
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DT, 1/U=1/f LBLIENTED, Ho7T,
ERBEIIETRELR S,
6= (u/oN* (7)
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_ N 4zf"p%®
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[ EEEEYK [Hz] TH 5,
2 2 5%k VSEP OF AW & Py AWEE
Table 2 Shear rate and Average shear rate of VSEP
- Outer Inner Average
Aniyc)gt]ude Fr%l_}l;]n €Y | shear rate | shear rate | shear rate
[1/s] [1/s] [1/s]
Series L 2.22 59.0 103 052 40423 76 215
Series P 2.22 47.9 79153 36 660 70112
Series I 2.22 51.0 88 411 34 357 68 660
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Table 3 Test conditions of SeriesL

Test 1 \

Test 2 | Test 3

Membrane

UF-membrane : MWCO08000, Polyamide

Temperature [K]

298 (Constant)

Average shear rate [1/s] 87000 (Constant)

87000 (Constant) No

vibration:4

000
Vibration : 87 000, 76 000, 65 000, 4 300

Concentration of latex[wt%] 1.0,7.0,20.0, 35.0

30.0 (Constant)

1.0, 7.0, 20.0, 35.0

TMP [kPa]x10* 2.8,6.2,9.7,13.0,16.5, 20.0

970 (Constant) 970 (Constant)

Fluid velocity on the
surface of membrane [m/s] 0.4

0.06, 0.22, 0.44 0.44

Back pressure valve

M Concentrate

Feed tank 50 ¢

-
Permeate

Pump

X
[\

V < SEP series L 0.045 m?

8K VSEP SeriesL7 XA b 71—
Fig. 8 Block flow diagrams of VSEP Series L test
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(3) ¥ AWEEEEDERARICIETHE (7R 3) of membrane and Flux
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FNRALY EOREIIH LT, BBBEITEY
TAREBE AL TEML T, LoT, HEE
WEDRETAEAMEEIIT T v 7 AAHBTDE
BREIS LRIFICERLTWwAZ L, 2L T, &
BIEDE ARTEE THETETH L Z L b o
72,

RIZ, TOT A MERE I EERE L EBHREICD
WOy bL7z, FORREEEI2DRT,
F12X L 1) P AREEIAZ VT EEBHEE
BREL Y, BIRBPELREL 702 70—
DHDRETRKE L ERBTESE->TVE, 2D
EBd, TV I AALBIEEIHENTH S S
EAFERR Sz,

250

—@— Concentration 1.0 %
—— Concentration 7.0 %
——&—— Concentration 20.0 %
200 —4@— Concentration 35.0 %

150

[£/m?/h]

1001~

Flux

Average shear ratex 10~ [1/s]

BUE P3yE ARTHEEE & E BT R OB R

Fig.11 Relation between average shear rate and flux

B4R WHEHBERHE S VB BURE AR

EF QU Nt W AR AN S A TN YA
TWwWhbZE, BRBKTICT Ty 7 ARE&EENEW
& (301 2%, F3IXNUIBITE Cp=0) 5,
L BT EOBGERIZELL (3. 1. 3ELR)
TRTZENUETH S,

FEBRREROMEX LIEEOR 25IEL, &8¢
AWTEEE COWMEBEREE 7 VEBEBEE % Ko
7oo FORREEARIIRT,

FARIY, FHEAMBEEIEMT 2138, ¥
BREBRBER T VBBREISEMT 52 Ea5bho
72 TRREHPELIREL 7 02 70 —-DADIKEE
T, WEBBREI IFEILEDb-TBY, B
BRA L ZEZ 5N D rVBEKRE D KBS 5
Ebhol,

200,

Transmembrane pressure : 930 [kPa]
Temperature : 298 K

—@— Average shear rate 8.7x 104 [1/s]
—&— Average shear rate 7.6x10¢ [1/s]
—— Average shear rate 6.5x104 [1/s]
—&@— Average shear rate 4.3 10¢ [1/s]
—W— Shear rate 4.0 X103 [1/s] [Cross flow]

150

{4 /m?/h]

100

Flux

0 1 TR T T N N N A H
T

Concentration  [%]

B2 R L EBITR DM R

Fig.12 Relation between concentration and flux

Table 4 Estination of mass transfer Coefficient and concentration of formation of gel layer

e shar | Coffnt of | tormation of | B s
X107 [1/ s] [m/ hr] [wt%] m
8.8 1.13X10°° 57.1 1.93X107°7
7.6 1.09%X107° 94.5 2.00x1077
6.5 1.07X10°° 50.0 2.04X1077
4.3 1.02x10-° 42.6 2.13%10°7
0.4 (no vibration) 2.02x10°* 38.0 1.08X107®
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T, RENCIVBETLLAMEELS 7 v
7 ARMIIBIT A EBRFICB 2B EY 525672
T2, BMEREA S KIFICHEMmS &5,

Al DOREFE L HVOVSEP 125 5 v 7 A 5 @i #E
B LTWAZ L, @QEBTEAEAREE CHE
WEETHDHIE, QKT A MNEHTIE, BELES
MROBRITEESBET VR TERAETHL S
&, BNbhhol,

4, R —IVT7y TIEEEF BRI
4. 1 MEEFBIAE

Series L & Series P, Seriesi Tk L72¢ B
NIBHEE—RA Y FE->TWAELD, Y =X 2k
DEEREEAE R Y, SAKEEIES> TS

Input condition

. Flux=£ (g

. Flow rate of inflow

. Configuration of filter trays
Membrane area B
. Membrane clearance

. Initial concentration

. Gross volume of sample

Input condition

O U Lo DO —

Calculation of flux

[ Calculation of permeate flow rate
i No

( Calculation of concentration, J

concentration flow rate
and residence time

Exit of membrane module
Yes

[ Calculation of total permeate of single pass q

!

Calculation of average flux,
exit concentration,
and residence time of single pass

No

Target concentration

T3 AF—NTyTEET7TO—F v -}
Fig.13 Flow chart of scale up calculation

& Series L 7 A b 3% 8@ ¥t AR L2 A W o BE 4 1
BITH ENH D, T2, Series P, Seriesi TIX
JEE Y 2 — VOMHEEDT I8 A TE I 21T 2 5
BHEIIRoTwh2Y, REY 2 — VADBRES
fixZR L7, FHERRECHMAITH) LELVD
%o

INODEEZER L MR TR EREL 2 ATz,
Series L 7 X MEE A5 Series P, Seriesi D fE
TS 5 HEO 78 —F v — F E2FIREIIRT,

B, EREEEBREORRNIE, AREER
LD E BT FME % BESHE T L RWAM S &
=R W,
4. 2 Series P MEEFEI

9, BOTEDN Series L EIFIZRICT, 70—
NG = RO AREEAE % A Series P (198 )
DOVERE T 2 MET L7, £ LT, FEBEIZ Series P
THWTI T 7 AB87 A P ETV, RETH
(FH5) fEDOWGREER AT > 72,
(1) PEREFRIRRE S

PERE FHIMRAE S 2 88 5 F|IZ/R T, SeriesP O
T A MIEWRTNTIT, 7 2 28R #& B R
FUHIEELHE L, 72, METH (GHE)
T, CO&BEZEEINSEMGE L, SI1BRIIHE
Series P T 7 ¥ 7S A Ed i R A % R d 72
(2) TERET B DFRGE

EHFE PHFAMYE
Table 5 Test conditions of Series P

UF-membrane:

Membrane MWC08000, Polyamide
Temperature [K] 298
Average shear rate [1/s] 60 150
Concentration of latex [wt%] 19.9
TMP [kPa] 970
Feed flow rate [L/hr] 208.3
Stage 19
£ 6 & FrEMEL EERMEILE

Table 6 Comparison of the calculated and mearsured
average flux and exit concentration of series P

Exit concentration single pass
[wt%] [L/m?*hr]
Calculated 25.3 29.6
Mearsured 25.2 28.2
Precision [%] +0.4 +5.0
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SHAE L BRI R A 6 BIET o |
(EL, MBI (FHEME/ E8f—1)x100 x L =7 & [EFRAMEE |

Table 7 Test conditions of Seriesi

725) |
CORRED S UANORRTCH DL ® SR Membrane | GGaR B e
—HLTBY, SeriessL2oMiEiEETH S - — — :
Series P ~DOMEE T, MBI O RE 434 % % emperature
Average shear rate [1/s] 65 600

B L 7B BT A T AT RERE S 5 = & Cxf - _
A DS AT E 7, Initial Concentration Of[vlv%%’/?))]{ 6.1
4. 3 Series i OMEETFH

Initial storage of latex 520 ‘

fEtr 4 XH3E U CTd 5 Series L 7> 5 Series P ~ TMP [kPa] 970
DUEREF AT ABTHERIE Tl D 22 &1t Feed flow rate [L/s) 970
AFEAC & 7298, Y A XA3R 7% 5 Seriesi THF D Feed flow rate [L/hr] 1700 |
RHIASEL O SE O DG % A7, Stage 50 ‘

F

Feed tank 0.5 m3 1

<

Permeate

Pump
(o) |
M Concentrate

Back pressure valve

Vibration motor 5.5 kW

L ]

V < SEP series i 13.5 m?
214 VSEP Series i 7 A b 71—
Fig.14 Block flow diagrams of VSEP Series i test

B8R AL KR

Table 8 Comparison of the calculated and mearsured exit concentration and average flux of Series I

) Exit concentration [wt%] Average flux [L/m*/hr]
Feed concentration [wt%]
6.3 10.7 17.1 21.2 6.3 10.7 17.1 21.2
Calculated 11.9 17.1 23.2 27.1 62.5 54.9 48.5 45.6
Mearsured 11.5 16.7 22.7 27.1 60.0 96.1 52.7 50.3
Precision [%] +3.5 +2.4 +2.2 +0 +4.2 —2.1 —8.0 —9.3
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(1) P REF IR EE S

TR P HMGESEMG 2 8 7T RIORT, 7 A MCHW
7z Series i DK FEIX13.5m? (508) THY, F
A MIBIRIRTEREME TN TITv, P86
MARROBARRE L ME Lz, T2, HaETE (G
B) T, &HEFEOHEMGEE L, SR
Series 1 TOY¥E B % K7,

(2) MERET B DRGE

ETHME & EERELBELFE 8 RIINT,

(BL, #EIx (GIEME EBME—1)X100 & L
720)

FE8RLVEHEBTEEDOFMREEIZI.3% LA
Eholz, $oT, EE~NORTF— VT v FHER
TR FEHEAREERET LI L THIETE, 10
% DEEFRLY RADIT T/ ERERETHSTX S
CENbholz, E6IT, EFERTIIFEEY 2 —
VIR EIZ2TIWt% TH o7z, TDOI DD,
EWTO I T v 7 ADOBEBMEHITHETH 5 = & A5E
BHT&7,

Series P PEEE Tl & i L TFHIBEIEL 2o
TWBEKIE, BEOTEEAT Series 1 Tl KIBICHE 7%
AH7:%, Series PHREFHIFIE 7075 24158
BENKREL holzZ &, 2 L THREIREOEL,
ENEZ LN,

3

FT7 v AREICIRERIE SR E S 5 L,
WENC L D FATHREEROB VAR EEIZL -
T, BHEESBBRNO T 7 v 7 ADOYWEBENRE
PWREGLIEDNTELD, BEBRETLY
DEHBEI TRBIURETHLZ LD o7z, 2O

B VSEP T T v 7 AGBHAOBEBHEEIS
WEETHLZ LA IR,

7, B AX, 7a—nR"y—r, FLTHEAR
WENRL LT A M (Series L) & E# (Series
1) OVEREILE BT H O & A W3 B 5 1F CHHBI T Ak
TH5HIENFHEN, REEEGEEEE L HNT
TT Vo AREHRETAES O AOMRER FHIT X
LT ENbhrolz,
<ECESDFEA>

v IREE % [Hz]

A: A XIv I ADEBEE— A b [kgm?]
B JBETV2—-NVOEHEE-A T [kgm?]
ko NREHR

w : BIRENEK [rad/s]
P ERHEMEE R TORER (m]
IR {Hz]
AR ik AW )| [m]
y o SRIETIE (JEEICSRTE) [m]
u KB [Pa-s]
w: x J5EERE [m/s]
o EE [kg/m’]
Save : FHE AWEE [1/s]
A 1 MO [m?]
1, 1 BEEY 2 — LORLEE L AR [m]
P, P,: 1, r, COIRIE (m]
D : IEURE {m?/s]
Ty - RFEE BT E [m/s]

Js : BEOEBRTE
Ex3T

1) BIZITMAREES « 2—F— D70 EFBES R
iy, B LA

2) BH—EIZ> : W/ S0 7Y 25 Voldl, No.2
(1997), p.48.

[m*/(m*s)]
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Application of Vibratory Shear Enhanced Processing to‘
(%) BFRBIT

filtration of waste stream of yeast pharmenter A m % %

Katsuyoshi Tanida
o B B E
Yoshishige Takeo
AN B M
Yoshio Konishi

=4 H —
Kazutaka Takata

INCERRRRBEIIE, MEROBESHMETREAD 7 7 7)) ¥ 72 L EBREAVNS V20,

EHRPRETH o7z, £ CTMT7 770 ¥ ZHIER- BN S 5825 5 VSEP /% > B

. EEBANOBASPFF SN/, 7 A Mg VSEP Series L (JEMF£0.045 m?, 5 & M%) &

Series i (BEIMf§14.5 m’, ) #MH L TTV, Z0O8E, VSEP IZHER OB L i |

THEOWERENZE ST S I EAMREN2, LHL, Series L & Series i OB THBIHED

FHEIHERR S N27280, TR MEREHOTAr — VT v THEROKRE 175720 ZORE,

AR L IRE D 2 — VOBV PEBREOMEOKE 2 EETH 1), FANEES &b,

REV 2 - VOWELZEET 52 L1251 Series L OF & MEHEA S Series 1 DE B H 4 F
BTEDLZEDGDoT,

It was difficult for traditional membrane separation to apply to filtration of
waste stream of yeast pharmenter because of extreme fouling and low flux.
Vibratory Shear Enhanced Processing (VSEP) has excellent fouling resistance, so
VSEP is expected to apply to this application. As a result of the test using VSEP
Series L (membrane area 0.045m?, laboratory scale) and Series i (membrane area
14.5 m? industrial scale), VSEP had several times flux to compare with traditional
membrane separation system. But there was the difference of flux between Series L
and Series i, so the scale up law from the flux of Series L to the flux of Series i
was examined using the test results. As a result of examining the scale up law, the

’ difference of shear rate and the configuration of the membrane module between
Series L and Series i are the dominant factors of the difference of the flux. The
flux of Series i is able to be estimated from the flux of Series L to accord both
shear rate and to consider the configuration of the membrane module.

Key Words :
fE N B Membrane Separation
= )] Vibration
T A WK OHE OE Shear rate |
AT =T vT Scale up !
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INUBRRERTAED O S N5 /8 BRI B
WISBRMEBICHRT A AT/ AV EOBEIZLD
BHOICERINTEY, HEEFHREICL 24ED0
HA24To CTHOREEZ FABKBEAMBUTIZT S &
IZHREETH 5,

BIE, EWHEBREDDICEERREmE, 4V
v, BEERKIC X D OMEORE L 2 kD
SNTVDEY, WTNOFED I X FOH D 5 HiE
HEEIEEVEWV Zo kS hhTERERE o
AN ATy MIEFES P, B ESEEE LR SN
TWh, i 157 SRR B & /3 B
BEH~OBLEEOBHEORE #T>72, F0
R, CPHEBAESIOL/ mYhr LT THY, F
7ML BRI 2 AT o T2 S ERE EE B T AR
VY BEBERL, 5~ 6 B0 TEEERKE
B5L/m/hr FTIEF LA, IROHDOEDNS, i
KRB SHMEBTIEI7 77 VI X BEBHED
KERE T BHEORBEE I L - TRO%L
ML L, BT A 2 VHEL hoTIA M
TRECHET L - FRImE S hTwb,

VSEP 135k D5 & e L Ciig 7 7 7 )
YIMICENTB O MEREE L ) O RE LERE)
WEksng 9 22T, VSEP O/ BERFEE3EER
TEA~OBEHEL I T 57:0, E@THEOMRE,
IRENADSE BT FN AT TR, Series L (7 A ME)
76 Series 1 (FE¥E) ~OAr— L7 v SHOHE
BaEEWELTT AN T2, 7 A MREOBEE
TR 3 ~ 5 %/ BEREEEREBE TR & (AL
T80 % FE TREMET 5o F B EWAKE I T KRBT
BHEUTICT A L2 HWE LT,

1. EAMEREERT—LT v T

VSEP 3 E OREIERE > 0 1oL ) P FE L
7oBRE Y 2 — V& RO KT AR RE) S Bk
HOWARICEAMNEG 2B LIk, (ERRE

3 1 & Series L & Series 1 OHiiliEE
Table 1 Shear rate of Series L and Series 1

THELEL DO RELERARREBRALZENTE,
TeRERFETIIRELEREE CORBMEIT) T LN
TE5, HEREBTEAMDE LIF5 23Ry 7
IV MELHEMSEREREZ LT3 HEFRON
B0, COHFETRIANF-OANKEL D,
VSEP 12X W RERMMOTARIZE 2 5B HAWH
EEBAROBIRIIUENRBICL YV ELR DD, T
T I RAEOT ) r— 3y TRAKMNOEMNE
DVHERREIN TV DY TAMITIZBEETANEET
AL, CAREE y ZRATEREINGY

) 4 1.5 0.5
j= ”’;V”P (1)

_ 871'2f1'5p0'5 P e -
TAve ‘uoﬁ " 34

ZZTR (1) IRACHEED S TR AR#E T
Hh, X (2) ZILAWHELY EEHESETHES LK
HETR LY TH Y, REETOFE AW RE
Thb, TAWN L EBRKEOBRYFHET 5545,
WEITFEHEARNEELHHT 5,

VSEP Series L THHOHN 5 EBHEKRITERTH
% Series 1DFEBAFTR IV DBKEL LB, ZOFE
Ho12& LTHEDEAMEEDENED 5,
VSEP Series L & Series i D% AR#HEDFHE#E
REFBIRIIRT, BIRIOSPTEEH1Z, RRE
23 U%E Series 1 DFHH A WEE 1L Series L
DFHFAMBEEDHIN B E Lo TWV5EH, TAR
HEDEN EOREERREILET 5 D I TNH
S, EEWBEEIZL D ELR D20, Series L,
Series 1 Z HWTT A b2 TWEAMEED R %
Y 5 BENH D,

D) 1 DERE LTEBEEY 2 — VHEEDE VDS
H5D, Series LOJEEY 2 — WIZIE—WOKE L 2
HEEEN TV WD, Series 1 DJEFE Y o — VI JE

Amplitude at the rim of Frequency Average Maximum Minimum

VSEP the membrane module [Hz] shear rate shear rate shear rate
[mm] [1/s] [1/s] [1/s]
Series L 22 59.44 77089 104 233 40 886
19 59.30 65 843 89027 34922
12 59.04 43 607 58 962 23128
Series i 22 51.03 68 660 88 411 34 357
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PRE S NTMEHEETH), TOMEELTIRT A2 ZELTCEBRELEZ 2 ITNIR SV,
B 1 NATHIBHES TR LG L ko TWa, 2. TAMAEE

D728, Series L & Series 1 Tk 1 7SA T 7 A MiZix VSEP Series L & Series i % f# H |
MEVPRLY, 1A TOEBRKIGEDAELL, L7z, RICENRENOT A MEBOTO - LT A T ‘
Series i Tld, BEY 2 — VNI B A EMAIEE  FEI oW THR<D . |

Back pressure valve

@ % Concentrate

Permeate ‘
Feed tank
50 2
@ 25 l'Il3
") ‘ Pump

Vibration motor 2.2 kW

[
L ]

V <~ SEP series L 0.045 m?

F1E VSEP Series L7 A 71—
Fig. 1 Block flow diagrams of VSEP Series L test

Cleansing tank I ‘ !
0.3m Feed tank

; , 15 m?

Permeate

Concentrate 1

Back pressure valve

Vibration motor 5.5 kW

I a
L |

V <~ SEP series 1 14.5 m? \
#2HX VSEP Series i7A k71— ]
Fig. 2 Block flow diagrams of VSEP Series 1 test ‘
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2,1 Series L7X bk

Series L7 A MIFEWZFEW Y v 7 h bR T
FAWTVSEP OFEE Y 2 — VIR L, T
PRER & BB A P THERE & 4T O TEERIEME 7=
TAiTo72, Series LT A M ALz 70— 25
1 IR $, VSEPOREETEIZ0.045 m?, {REIHE—
5y —DFEIF2.2 kW, FHEY v 7 OBEEIIN Y F
JRHMET A NERIZS0 L, #EHaEAKT A PEHZ2.5m® T
HbHo, R THOIEENRAERZHRITIEEY 2 —
VORNOEDZGFIBL, HOET O R E R E
BELRIRELEEENVTICTCITo 72, B, B
EY 2= )VAOE M THIE L% OFEHE % B{E
JEf & L7z, IREE, BlY v 2 NOBBROEE%
WE L7z,

T A My FilEsEE Ny FEICER SR TTo
72Ny FiRgHET A M 1 OB 3% L CHHT 5
EEEAKT A &7 o7, WEEITH)BIE, 25m’
DY LT ENOLDY v 712K CeFRTIT-
72 oB, EEUEKT A M, BEEEIC L TER
BOUMEOLD, FHREEOEMIZIZEA LR,
2. 2 Series i T X k

Series 1 7 A hid Series L 7 A b & FIARIZT5EE
B RUSTNN Y FIRHEE R E LFT> 72, Series
17AMCHEHLZ70—-%8 2RIRYT, VSEP
O FIZ14.5 m’, IREVHE— % —DOFEEIZ5.5 kW,
E Y 7 OBEEIXISm® TH 5B, Series L TliFE
BEPMETHLOTHREL TWiho20F,

% 2% NF B

Table 2 Specifications of NF membrane

Series 1 DFGHIZEBEERE EICHENFHERTE
BEREDOFEZIT, BEEY 2—-VAOEHOD
FIGED & FEBEE S & B PN TAE R EES L Lz,
F BB EAT D 12O B B Y v 7 L LT300 L
DYy EREBEL, Ny FEIERERITo 72,
2.3 BB & F

RO EE TlIkk4 2o UF &, NF K, RO
REBERIZ LT TRHET A 247072, UF BEid&E
I RATK XV ASE BB AE 25T KB R HIE % i
AT, RO BIIESBAE I T KBTS E %
BT BHY, EBBRREPNS o, #2T, TA
TIREEBREDS T ARBRBEFEZ LA L, EEi
ROPREWNFREHHT L LICHRELR, TR
NCER L7 NF RO %5E 2RISR T,
2.4 BEEH

FEIRIBMEERM TR T, BAEENTEBTEED
JEINZIH L CEMBICEEMT 5720, EEEED
REHHEZZR L CHRE L7z, R EREIC
B L TN EERSHEE SN REZ0
FTIHERELITOT T A N 2T o727 OREIIE
Wd 5, RENGMHIT Series L TIFIRIE O E BT
KCRIZTEBEYHET A28, EIEZ12, 19,
22mm &2 TIT-72%%, Series 1 TIIEBDOH
KIRIETH 522 mm TIT-77,
2.5 EAMRK

TER L7 RIS VB 2 B3 Ll DR 12 ¢
INVBER R TREL 72RO ETH L, BARICHER

Material Backing Membrane Temperature Pressure pH
Class [T] [MPa]
SPS* PS/PE** 15~30% NaCl rejection 80 3.0 (5.0) 2~11

*SPS : Sulfonated Polysulfone

F3® BIERM
Table 3 Operating condition

**PS/PS : Polysulfone/Polyester

AR NUBEEEEROSERYIEE &WLE
Table 4 Total solid and absorbance of waste stream
of yeast pharmenter

p . .
VSEP [Ii\e/lslimae Teml[)fa.cr?ture A:}llph;udebat the rldm1 of Total Solid Absorbance
a e membrane module (%] [470 nm]
(mm]
Series L 22 .
976 920~30 19 Series L test 9.23~17.09 21.0~31.7
.. 12 Series 1 test 3.45~5.82 15.0~27.6
Series 1 22
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r [ ] Amplitude 22 mm
A Amplitude 19 mm
g0 ™ ° B Amplitude 12 mm
n Calculated
n
-
Nﬁ 60—
=t
S~
=,
ERUS
=
20
25°C corrected
I | 1 | { 1 | | L
0 20 40 60 80 100
Recovery  {%]
%3 PR KA THRE & AR D% (VSEP

Series L)
Fig. 3 Effects of amplitude and recovery ratio on
flux (VSEP Series L)

DEETEYIRFE & WAE (4710 nm) 2R, /8>
BERIRSEERVIZ T, RO DRI TS B 4
B U 7-EETEYEE DS T AR OMEBERIC, %8
DIKGEBEKZRET 7 OLEWIEEA 3 ~ 5 %
DOHIFTEEY 5,
3. FTXIMER
3.1 Series L 7 X MR

%3, 4XIZSeries LT A NOMREE R, B
3ENE/Ny FiEET A FOBRTH Y, F4XITE
HelKT A MOERTH D, MhO@IILHBEIEH,
AZFHEBHERTH Y, WX FDF— #1325 C
BB L-ETH S,
EIBIHERAER LNy FilfET A M3Es %
ZT3AAT o720 7 A MIIREY, AR & &#@iEE
DHEFEZHZ D, FEIEZ2mm, 19mm,
12mm £ TiTo 72, MPSEEELZEZ 2 L5
WIRASZALL, RIEAFKEVIEEEBRFIIA X
2B 2 EDGD5H, HRIE22 mm @ % 8 i 520
LT, REBI9mm O FE BT EIZHES %, HEIE
12 mm OFBEFTHIIFSE ke -oTHBY, B1XK
VR L728R 1R & 398 A WTEE o B4R & oHis LT
bo ZORERNS, NUBHREERBENOLHIIZT 7
T TOBUGCLERIZN L TYH VSEP OIS
WX D EBREISEML THBE ZE5h s, 77,
DT A MERIEARBRED R 5 Series L &
Series i TEMITHSRL DT L ORBLTWS,
FABIIRER AR L E Sk T 2 b Tl B

100

25°C corrected

20—
—@&—— Flux

—4—— Average flux

| . | L | . | . 1 .
20 40 60 80 100 120

Time [hr]
FAR ERRKEOMMIKIEE (VSEP Series L)
Fig. 4 Dependence of flux on Time (VSEP Series L)

DA & & HIEBTHEIMET L, EEE BG4 200s
I CEBRESNIOK50 % TIERTFT LA, 20
MRPOH, W7 7o) 7HICENT VSEP % i
HLUTH N BRERERROBEE~D 7 7)) v 7
REECIET A LI TEY, SR kiEs Y
BTHHI LGP, BREFEOMN 27 o72,
VR M B 3%, BEREO 77y v &
WHEHEL, BOMESEZZE L TREL,
779 YR ORI HSH (FTIR)
IZTATVY, 779 ) T E8R A TLE LT
7z, FRRILA RS M VoORlER R4S 5, 6
RiZRd, BOERICRED 5N 51656, 1540 cm ™ @
WS, 7790 FYWERICEAE 2 N— A L
TOLWMEAIMNE L TVDE I LD h oz, [FHEICE
6 XZFRD 5N 51143, 1091, 1024 cm ™ ORI D
5, 7770 Y IYREPICHEREENR-A LT WY
PMEE L TND LD olz, BIlbORENS,
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Fig. 6 Result of spectrum measurement of infrared absorbance for saccharide
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Table 5 Typical analysis results of water quality of feed and permeate water of waste stream of

yeast pharmenter

Sample pH Total Solid lodine consumption COD BOD TOC
[—] (mg/L] [mg/L] [mg/L] [mg/L] [mg/L]
Feed 5.5 46 400 1590 13900 24000 17 300
Permeate 5.5 8760 172 3700 4430 2 860
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ED ol

55 DRI/ S VBB L E B OREN K
EoHiERZRT, Z@EEO I T EHEEDLT
mg/L TH Y, TRBHEHHETS 5220 mg/L LA
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BEHELTWAI LT D,
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Landfill Leachate Treatment by DT Module
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BOENIBWT, UG HOREED S, RELGEORFICDT- DD 1N % S, BE
YWOBHMBOILENELL Lo TWh, O L) RBEHFRENSFARE LTRSS NHE 5
DFHIKIE, FIREOEBIEHE L IEE O, BEERD L ECEMICH L, INHDR-MAKE
WREREE DT €Y 2 — VY AT AT TIE AT - 78R, KEKL NV OEE % LEKE %
5 Z ek, —F, MEBROBHEKICITEREOEENEINTH Y, BRI KD
HELBEL o Tnbh, 2 TRMEAKDUEBFAMIZ OV T O 2TV, MK X 2 MEALE
FEARANOE IR e ORI & LR fETh 5 2 & #HER L 72,

The incineration of waste has been promoted in Japan to reduce the dumping
volume. The leachate from the landfill sites mainly composed of incinerated ash tends
to have high salinity and the organic substances that are difficult to decompose. The
DT Module System that equips with reverse osmosis modules were conducted a
running test and showed that the treated water became to the same quality as
drinking water. Concerning the dioxins, the system also showed a high rejection rate
of 99.6 % or more. On the other hand, the concentrated water that is discharged
from this system may contain concentrated salinity and organic contaminants. The
investigation for the treatment of the concentrated water showed that it was possible
to use the concentrated water as mixing water for the fly ash solidification and to
use the salt as an industrial resource by drying up and refining. By those experi-
ments, it became to be possible to adopt this system for the leachate treatment in
Japan as the system that inhabitants could accept to construct the landfill site with
such leachate treatment system. We hope and expect this system will be adopted
widely in our country.

Key Words :
Z o oKk o oM leachate
iR EBFELI(RO) reverse osmosis
+ /)74 L% —(NF) nanofilter
DT—%2 a— ) dt-module
= b} EE| high salinity
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Fig. 3 Flow Diagram of Test Plant
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MoTBY), MEMEICEUKRR Y 72 REL, W UL NEE) 3~5MPa
BECRELERTLZILICLY, EEITE R (MAX: 12 MPa)
5o A 70 %
KAEBOBEELMFIIROHB) TH5S, 2EEHRO¥E BEEYa2—-L 2XK
1) APLEE &K 150 L/W§/ A
B ILIE R E EERIE ) 3~5MPa
HFEAR s 2N 50 mg/L a =R 90 %
NaOH HEEA 3 ) SRR 67 %
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Table 1 Water Analysis
Paramoter Units Leachate Permeate Rejection
Max Min Average Max Min Average (%)
Temperature T 27.0 20.0 23.5 28.4 19.2 22.8 —
Turbidity Turb. unit 32.3 3.3 15.6 0.1 0.1 0.1 > 98.9
Color Color unit 280 14 104 1 1 1 99.0
pH — 7.2 5.7 6.6 6 5.2 5.6 14.8
Conductivity #S/cm 24 600 11 200 18 669 278 20 139.9 99.3
M-alkalinity mg/1 as CaCO; 223 4 108 12.3 2.0 6.5 94.0
Total hardness | mg/l as CaCOs; 3750 1730 2678 2.0 2.0 .0 > 99.9
Ca hardness mg/1 as CaCO; 3390 1550 2356 2.0 2.0 .0 »99.7
Mg hardness mg/1 as CaCO; 440 160 322 .0 2.0 2.0 > 98.1
CODMN mg/1 93.8 20.5 51.2 a.0 1.0 <1.0 > 98.0
COs mg/1 2407 4 221 93.8 0.0 22.3 89.9
Cl mg/1 11100 4070 7600 37.9 3.08 18.1 99.8
) SO, mg/1 413 62 178 1.17 <0.10 0.7 99.6
NOs mg/1 105.0 7.6 77.3 6.03 <0.10 2.65 96.6
PO. mg/1 213.0 13.1 113.1 <0.10 <0.10 <0.10 > 99.3
SiO. mg/1 30.0 5.6 11.5 1.58 0.008 0.257 97.8
Mn mg/1 14.5 2.6 6.2 <0.01 <0.01 €0.01 > 98.6
Fe mg/1 20.00 0.04 5.14 <0.01 <0.01 <0.01 > 80.0
Ba mg/1 7.0 0.3 2.3 <0.01 <0.01 €0.01 > 98.0
Sr mg/1 3.6 2.9 3.2 <0.01 <0.01 <0.01 > 99.4
Na mg/1 3460 1510 2382 15.1 2.02 8.90 99.6
K mg/1 1630 607 1025 15.8 1.31 7.4 99.3
TS mg/1 17700 9860 13988 180 8 78 994
SS mg/1 48.0 5.0 17.3 <3 3 3 > 82.7
T-N mg/1 90.6 23.1 4.9 1.6 1.0 14 97.4
BOD:s mg/1 187.0 8.2 41.3 2.0 2.0 2.0 >97.3
B mg/1 2.5 1.0 1.9 0.37 0.15 0.24 87.2
J
1.03 m3/d
%}é;é{;g{g —> Sedimentation tank Prefilter Intermediate tank
0.89 mé/d
1 st stage RO 2nd stage RO |—— 8.0m3/d
11.56 m3/d
2.67 m%/d
6 ERFEETO—
Fig. 6 Flow Diagram of Mobile Test Plant
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¢ 1st stage permeate flow rate

B 2nd stage permeate flow rate
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Fig. 7 Operating Data of Test Plant
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Table 2 Water Analysis

) Leachate Permeate Rejection
Parameter Units o
Max Min Average Max Min Average (%)

Temperature T 23.4 19.8 22.2 23.5 19.8 22.2 —
Turbidity Turb. unit 22.5 3.3 9.0 0.1 .1 0.1 > 98.9
Color Color unit 200 100 148.8 1 1.0 1 99.3
pH — 7.7 7 7.4 5.5 4.9 5.1 31.1
Conductivity #S/cm 22 000 11600 | 14535.3 311 75.9 126.9 99.1
M-alkalinity mg/1 as CaCO; 374 124 245.7 4.9 3.2 3.9 98.4
Total hardness | mg/1 as CaCO; 1975 206 752.6 3.8 3.8 3.8 99.5
Ca hardness mg/l as CaCOs 1820 386 647.7 2.0 2.0 2.0 > 99.7
Mg hardness mg/1 as CaCOs 155 76 104.9 2.0 <2.0 2.0 > 98.1 g
CODMN mg/1 52.9 37.8 46.7 1.2 0.6 1.0 97.9
COs mg/1 32.6 12.1 18.3 25.9 0.0 3.4 81.4
Cl mg/1 7990 4020 | 5147.3 41.8 9.18 17.9 99.7
SO. mg/1 141 73.8 97.4 12.6 12.6 12.6 87.1
NOs mg/1 130 41.6 91.4 10.2 2.94 5.74 93.7
PO, mg/1 14.1 14.1 14.1 <0.10 <0.10 <0.10 >99.3
Si0. mg/1 59.7 4.94 43.7 0.144 0.009 0.034 99.9
Mn mg/1 0.78 0.54 0.7 <0.01 <0.01 <0.01 > 98.6
Fe mg/1 0.18 0.002 0.1 €0.01 <0.01 <0.01 > 80.0
Ba mg/1 0.88 0.36 0.5 {0.01 €0.01 <0.01 > 98.0
Sr mg/1 34 1.1 1.6 <0.01 <0.01 <0.01 > 99.4
Na mg/1 2960 2200 | 2554.7 24.4 0.73 9.02 99.6
K mg/1 2370 1140 | 1384.7 364 7.43 67.9 95.1
TS mg/1 17100 7210 | 9802.4 96 20 54 99.4
SS mg/1 75 8 28.0 — — — —
T-N mg/1 54.8 38.1 47.6 3.3 1.3 2.1 95.5
BOD;s mg/1 99.3 324 74.0 2.0 2.0 2.0 »97.3
B mg/1 1.6 0.98 1.4 0.97 0.47 0.71 47.5
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Table 3 Analytical Data on Dioxins and Furans

Parameter Units

Leachate

Permeate Rejection (%)

Dioxins & Furans pg—TEQ/L 2.3~ 14

0.062 ~ 0.0052 99.6 ~ 99.8

% 4Fx WRESME
Table 4 The target quality of refined salts

Component Target value

Ca less than 20 mg/l

Mn less than 0.3 mg/1
TOC less than 100 mg/I1
Dioxins less than 5.0 pg-TEQ/g

2. 2. 2 ERREEEBME

57 RN EIEAL R OB 88 2 RICKE MRS 5
DEExXRT,

BEAREFE)11 600~22 000 £S/cm (F1914,535
uS/cm) DJFIK % v CTHEHEEE 2 1T > 78 5,
1B H RO R85 L/HE /A, 2 Bt H RO J&i2160
L/W/ R TREEESTE T,

WHEKEIZOWTYH, BRNEKEY 257 A DMK
L FERIC, BE, ©F, COD, BOD OMEKE
i, ThEehElE TRMEN <01, 1, <10
mg/L, <20mg/L THYH, T—N iZMEKT
1.0~14mg/L &fERE L LB L CIREICHIE 2L
ARG SNz, WEIZOWTIE, BRSESE, TS,
Cl, Ca & HIZZENFNI BLLEDBRERIZ LR,
KRR E FAFEOUNBKE & o7z,

2.3 F14FF%L 8OKE

FAFFT VT, —RINIIKICEBRLIZL,
RHEKPTORREITAITH SS E IR L T 5
B, BHREOFAFT X VHEbEETRTHDS,
ROETIE, #F LRV OGEENTTEETHY, F0O
SEEET~BTHLI DS, DTFEIAKEDY
1FF LV HOGBEITRETH D, L LEDS S
NET, ROBIZLE2BHATOTAFFL VD
BT 75 ki AL ED ST,

BIRIZ2HATOERTIT- 54+ XL VHD
TR ERT,

2.3~14 pg—TEQ/L ®JEK%E AT X5 & THLE
L7oRiR, AHK T 0.0052~0.062 pg—TEQ/L
£99.6~99.8 % DIRFENZ ST,

2.4 DTEV2—INILBEBTED

2 T BT DBEEFRIE & AR % TR & 3 5 B
BORBKEEAKE LT, EBRZIT-o1E, £
SO%EY, EMNAEREHREITIZEICLD,
RPERSTETH Y, BHTEELOEEL LD
ARH Y AT ADHAENICBWT O LE L7
WHRETH LT L MR LT,

1) lEHROROE#AKRI, ZHEEBKED

75~85 L/W/ R TEEIZEE T X /2,

2) 2BEH RO ZEBKEIL, FEBAKED
160~200 L/Fs/ AR L& %2 5

3) NF &, ®E RO EoFEBKRZIZFNFN,
e K EDE0 L/F/A, 40 L/B/KTdHh o7,

4) RPEAKEE, FEAKEOEBIN L TRELE
27 <, EOBE S HEIKIEDEE R KEHE
L7z,

5) ¥4+ FT VEEIZOWTIE, 99.6~99.8 % D&
EERPEOLN, BRIV THL I L 2R
A

3. i=HEK & V) TEIE DRI

RO MHEHZ O % DEREKOMEOHMT, T 2T
(X, AREBREREIEEE U CHINY 2854 O EEEE
RIZOWTHET 5,

3. 1 BiEKDL SOOI EENEIR

RO WAL OWRMK Z ZRET L 2 EDE 2 5
Noh, VA7 NVEVSBEDNSL, S5ICHBREBED
BIAERZRBHEL, THEE LCRINT 2 L% F
LW, TZTld, ¥REs THEEE LTRINT A5
WOV THRET 5,

WBRA TERE LCHT 284, 1) Vv—5%
THETHH, 2) #nUAOHEICHERT 2 LA
ZZ2obNb, 1) O¥4A, NaCl & L TEWHEH
BOREN, BEAKOEBEEZNHTAZ LI, BE
GREEREL, aXAMNEERE, —F, 2) O
&, WEMRWHECTORAITETH S, TEHE
ELTEROBHBEURMEHR & L TEAHTLHE,
RABIZL YA OBFEREVIEL D20, HRED
HEIZE) $) ITHETREAMNINT 2 LE S D,
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TORMFL LT, — AR, & 3 1. 2 TREERINERYE
XEE, BRESHKRE L OBt R ya 2 1) EBHE

BEELWE ENh3B, Ca Br#1%, Cold Lime Soda #:i2 & ¥, Mn K

AEBTH, BARIIRT LI, BEICBT2 313, BMBLs6E (Mo BEER) 0L ) RE
BEHEZRE L7, 35753, Cold Lime Soda #:%479 #4&121%, Mn
3. 1.1 IR RINERR B LREBFICBRE S NS 720, BMEMLEIIAREL 25,

FRICEE 7 U —4RY, W, Haiko
72O T Ca KT, Mn DBFE4{To7-, EBT
Y TNEDPD VD, HERESSERIEY L
fﬁ, ()%%Iﬁ]i # RO Hﬁ Iz "C//ﬁ‘ 5T %) lﬁ]%@;ﬁ%%ﬁs‘ Leachate Ca, Mn removal Evaporation Burning

BONDEEROND, 72, ABHICF A5 — |
YREERBRIBIRML, S04 %Y VEONMRIZE
T HEERY B THT o 724 I
TOC, 1+ F L YEHIZOWTIE, EIXIIRE
TN IE R E |- TR+ 5, #EEIX , AlEk s TOC and dioxins decomposition Refined salts
BT, NE10mm, £ 350mm, F&E3LTh "
0, SRS U TN O RIS E 2L S NN
57280, NG A DOBAEHTRE 2L L 72 - T
Zap FeE FEERTI—
Fig. 8 Flow diagram of the test
6 R THEIEFEERMEUKSHER
Table 5 Raw water analysis
Parameter units Raw water
pH — 7.5
Color Color unit 120
Conductivity #S/cm 29 000
M-alkalinity mg/1 as CaCO; 253
Total hardness mg/l as CaCOs 1590
Ca mg/1 588
Mg mg/1 27.6 L
CODMn mg/1 50.6
BOD mg/1 5.0
COs mg/1 15.3
Cl mg/1 {15.0
SO, mg/1 171
NO;-N mg/1 3.62
NH,-N mg/1 66.5
T-N mg/1 75.9
Si0. mg/1 20.9
Na mg/1 5030
K mg/1 2880
TS mg/1 21600
SS mg/1 2
Mn mg/1 1.0
TOC mg/1 42.7
58 M/ T 7 HR Vol. 42 No. 2 (1999./3)
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TOC DkrEIL, B MBFRERICHRAL,
600 CEThiz L, AHM % BRIL SRS 2 BEREE I
LoTITo 7,

A4 %L YEOBRFE, Buomsik -7
RAY—E) Lo Tiro7:, THiE, TOC 4
D%, BETAZREAALRESHEDRE T TS
WL, BEXFEAKREERLLYS, FrEniRE T
BEyLI LT, ¥4AXXL VEEDPHRTDLN
HEThHb,

2) EEBREH

RICKREBROEREHZRT,

- Ca 3

Cold Lime Soda #

Na,CO,/Ca=1.2, pH=10.5

- TOC 7f#

BRAb 53 R

ImBE=600 C, 225K & AAE=23L/min,
B =1 hr

AKX SR

N A X =

MmEE=450 C, @HF WK XAHAE=3L/min,

6 &R FIUEOME

BOSEEHE =1 hr
3. 1. 3 T EIEMUERRLE

1) B@HIKEARKE TR

FEORICHEHIK E RN T I % FRE 3 5 By
B OB EKFEKDKEGHERERT,

JEARD TS i 21600 mg/L, Ca i3 588 mg/L,
Mn iZ 1.0 mg/L, TOC i 41.7mg/L Th o7,
2) BIAIEAEREERIE R

%6 RIHEHAHD Ca, Mn, TOC, ¥4 %+ *
T VEOGHTRER T RTHS, BRE ORI BEME
THEIBHME 2D, WETREBEEIELN,
BT AF T2 VEERINL-FEBRICOWTIE,
81213 0.01 pge—TEQ/g, R E LT 99.9 % 1L
b&, EbDOTRIFRFEREIEON,

BEE 1 IIRBEIELZR Y, BEIRIIME, BRLB
KRTHY, THEREE L TERESNL&MRHET
HLDTHol,

FEITRIIBEELRVORREOMBERT, K,
SO 2SHEHIE DO F IR &EFT T3,

CORER, BEKEPBEAETLIZLICLY, T
R E L CHNHTEETHL Z EPBRTE,

Table 6 The composition of the dried salts and the refined salts

component units dried salts refined salts removal ratio
Ca mg/kg 40 000 300 99.3
Mn mg/kg 93 1.3 99.5
TOC mg/kg 1250 26 97.9
Dioxins pg-TEQ/g 26 0.01 >99.9
Dryed salt
N: gas Heater Discharged gas
air
[ 1
| .
OO O
[ \*

Refined salts Scraper

%9 INZRHE BAE EREREIX]
Fig. 9 The drawing of the test equipment

EE 1
Photo.1 Refined salts

i
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Table 7 The composition of the dried salts and the refined salts

component units dried salts refined salts removal ratio
Ca mg/kg 40 000 300 99.3
Mn mg/kg 93 1.3 99.5
TOC mg/kg 1250 26 97.9
Dioxins peg-TEQ/g 26 0.01 >99.9
3. 2 RHEKAIEERERT LD BAL BRI L, BRBXARIIZLL TR

DT &7 2 — VEED SHEH S Lz g K oL
2B LTI, RTALELR & oA b R UERK T
WEREILRERT A2 LICL Y, AEFRYWEOR
X, ¥A4EX L VEOSBEENTRTHY, T
e L TEREHEEICHNHATAZ LI TRTH S,
t 7 U

DT &Y 2 — v 7@ KB iR &, st
TR0 L EOEEF S D, SOV AT LAEHAE
[N i3 HKLE L2 8 B L 72356 O MK B P RE,
B RE M OB O B L TEBRE T o
AR, WO EFEEFIC, BEICUEITETH S
L ERFER L, FICHAROEE, BEYORAML
HAEL, R EELY W EEKLEORE S K
WIZENT I EDTELEEZLNS,

BHEKDMBIZONWT YD, WY LRUEEITH T &
&Y, HHEPTREZBEESRINENS,

SEEVIERTERE LMY AT LOMEIZL D,

FANTIET 5 LB RERER TR TH L EERS

N5, 5k, “ETEREIELVERIZKLETA E

LT, AVATAPRASINR T Z L2 HifFT 5
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Handling Technology of Concentrate from Reverse Osmosis System
for Landfill Leachate Treatment (No. 2)

(30 FFER F 5
/N Ak

B
Toshié/uki Kobayashi
(%)%ﬁxﬂﬁ%ﬁ%

B
Kenichi Ushikoshi

MR KD RO LB E D H PN SN DMK DRI LD 1 D12, BHIKERIKE A >
MEMLDOEMKE LTFHT 55 ENH DL, TOHERIANVF—2H T Y LELET, FEWIC
BNLTETH B, Bt OWEE - ALFHLEEIC OV T INE THIAY 2 o7z, AT
&, Bt omEeZEt s U THEMEE, (LriLeEts L TESRECHEEOBILE ZIRR &
L, Betefro/, $72, EMLY OISR TICBIT 2 RN R LEn L HET 572012, HE
Bz OTERZRBL, TOMEZBRNT S,

High salinity concentrate is generated by RO membrane facilities for landfill leachate
trreatment. We have been investigating a handling method of concentrate which use
concentrate as mixing water for fly ash solidification process. Compressive strength
and eluate concentration of heavy metals and salts have been examined from the view
point of physical and chemical stability of solidified products. Also we have started an
investigation on a long term stability of solidified products under imitate landfilling

condition using lysimeters.

Key Words .
L ) % as] 7K Leachate
R 0 i Reverse Osmosis Membrane
-3 i 7K Concentrate
+ 2 v b [ AE Solidification by Cement
¥ Z2h & L [DTEYV2— VI AFA4] 1E, RO
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B EZ L, #&et, REMOEDSHEL
1To7Ve TOHRDOMEEND1 DL LT, BEKE
Kt X > b EICALER O RBKNE IR 5 ik

ZOWTHRE 21To TWwWh, AITIE, RBfKE L
TRk z V72 RIKtE X > b B OEHEERE,

RUBESBRESCEHEOBHE 2 5 B OREEC
DWTHREH L, HTOMEMIOLNI2DOTHET S,
F70, Bt A TR0 RN ZElE* i
T A0, EEOMEN RS FEE L - KRER
2 HW72EC OB EERXRGE L 7-0T, £0
BEEMHNT 5,

1. REEKDOIELE

1. 1 RO I & 332HKME

BEI1R DT EYVa— VY AFA]l O7u—%
Y, NFIRRXBED ROKEY 22— VE#MA&ED
5T EICE D ERE 9.5 ORNIERNERTE S,
1. 2 REEKOMER
%1%0@%%(@%Lf@ﬁm®mﬁ\ﬁ#%
RT o Z DUEMEAKIE, BIURT ORBELSHIC
H%%ﬁ%&ﬁﬁﬁg%mttﬁwfaéo%ﬁm
AR L 728 E O EFEBEEEKROKRBINERITIS %
THo7,

1. 3 WRIKDO+ x> FEMLLIE

B 2B EHWRIKDOE X > M EICLE
TU—%RY, T TORKE X, HRLHOBRA
FOHREREBECTHIESNEETHY, SFHIEH—
BRRFEVW TH L, BELEMNELEL /-1, &
WG4 5ZLEETEEDITONTVWS, EXA Vb
BEALE L Z 0 BERENLEED 1 DTH D, HH|
EPER L7 FEE, BRIGCLREShCwS
REEBRTHEHLLRIKIE, A F—7F¥ L T8
HPIZBWT, BEREEETHESINDDOTH S,

B1R ORNAKOKE
Table 1 Quality of concentrate

Parameter Concentration
pH — 6.2
Electric Conductivity S/m 12.3
BOD mg/1 <5.0
CODwmn mg/1 212
T—N mg/1 315
TS mg/1 105 000
SS mg/1 5
Ca* mg/1 10 840
Na* mg/1 22 800
SO mg/1 1820
Cl- mg/1 52 600
Pb mg/1 0.06

BEA A BRI TH S, MRIKEKELBEREL,
KEAFIIRET S Z L TESBEIRNBILT 2%
PHISN TV A, REERTIE, RIKORTLE L L
T, MIKEAKZESBL T2 AMMBEL, 1.7mmbh
TICHRELZRE L2, 8 2RICRIKOMIR & aiLs
RIKOBE LA R LR, BHRBRAEIIEET
EIREI3BHICHER L /-, RIKIZELEBEHOFTY
HEBBEICEAL, BHEDFEEIIBEVI LD
%, BCHBI I NSRS O F OO EE SR
Hix, BUIEEDNT ThHorz, T2, BILEZITY
L TRIKOSHEHERIL, BEIKICH L TH 99 %
BT L7,
2. EREMRUVAE
2. 1 REREH®

BRKE L CiEREKE Rkt X >~ METLY
1%, BEHICHETCOHR, BEOKEE & I2%1t
LTw<, Bt O@EDVKTICHEVRET S Z &
W&o T, BECTH2EILY» o EELESBRE
ZEPHPBELEL W ZEPBEIN, T,

1st. RO 2nd. RO
6.5 MPa 6.5 MPa Treated

Raw leachate P P water
C C

High pressure RO
P 12 or 20 MPa

NF

P : Permeate
C : Concentrate

- Concentrate

F£1H
Fig. 1

[DTEY2— VY AT L] O70—
Flow diagram of “DT-Module System”

Rainfall

vl
0
Leachate

Permeate
Concentrate

Solidified

Fly ash-—= Mixing &
products

Cement, Chemical —solidification

2R BHEKTHWRIKE X 2 EILE 7 O —
Fig. 2 Flow diagram of solidification with fly ash
and cement using concentrate as mixing water
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Table 2 Quality of fly ash

Component of Fly Ash Concentration of Eluate Elution Limit Standard
Parameter mg/1 for Lanc/ifilling
mg/kg Original Fly Ash | Matured Fly Ash e

pH >12.0 (=) >12.0 (=) —
EC — 4.10 (S/m) 2.51 (S/m) —

Pb 1970 50.2 0.66 <0.3

Cd 131 <0.05 Not Analysed <0.3

Ca® 186 000 8660 Not Analysed —_—
Na* 38 000 3310 Not Analysed —_—
SOL 41 500 923 Not Analysed —

Cl~ 159 000 15 800 8 000 —

BHIAKICE L EENLIMEREIX, EA Y Py
AR BIRBEETLZETHONTEY, Ok
WO AL MELICERELY RIZT I LA INR
72o FTTHRERTIE, EILYOWHE - {LFHLE
PEICOWTHREATH) L2 HIE L, XD 3 A%
CERDIEE L7,
1) XY NELYILVOBERDOEELTL
2) & A MNELY OIEHERE
3) A MNEALY S OESBE, HHROBLE
i3
2. 2 EBAZE
LAY MNENT VT O Y 7 OREREERTIT,
A b, MEME L TEER, KEIFS—-TE
PRI 2 o CRRBI L, AKRPFEEEIT- 72, R
WMREDEWVIZLA2BREORE A LD, R
AL A A o 2eHK, BNEK, HEE< A7 4
(MgSO,) ORELBMAKICHEML2D DDEH 4
e Lo MgSO BEEIZ15%E T5% & L7z,
BEAIEEA b R . K=065:2:065& L
720 WREOWEI T A YNV - DB TITo 72,
RIKE A~ FEALIEZ, AN, BIK, KESI
I — TSR, Baffio THRAIL, FretifE
A L7z, BEREM % RISRT,
1) RBAKA X oK L igREKD 2 FE5
2) BA RIKEAYF=1T7:3, 8:2m2#Y
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Fig. 3 Expansion quantity of mortar
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4. 1 EBROE®M

FERENIIBIT HEMEE, ESBERCIEHOE
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B, B LUBEEYEERMEITEL,
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Table 3 Results of elution tests for solidified products

No. | Curing State |Mixing Water Fll;/h:glg 1;:1::; ¢ Curl; agy?ays p_H SE/:(:n mC; /1 mP;k;l
in Water Dl water 7:3 7 13.2 0.97 1560 0.33
28 12.6 0.53 709 | <0.10
91 12.4 0.32 461 | <0.10
8:2 7 13.0 0.80 1560 0.38
28 12.4 0.36 967 | <0.10
Run 1 91 12.3 0.24 354 | <0.10
Concentrate 7:3 7 13.1 0.98 1630 0.31
28 12.7 0.51 744 | <0.10
91 124 0.32 449 | <0.10
8:2 7 13.0 0.81 1560 0.39
28 12.5 0.37 603 | <0.10
91 12.2 0.24 378 | <0.10
in Air Dl water 7:3 7 12.4 1.77 4 960 0.37
28 12.5 1.61 4700 | <0.10
91 12.0 1.52 4870 | <0.10
8:2 7 12.6 1.84 5140 0.58
28 12.2 1.67 5490 | <0.10
Run 2 91 11.6 1.16 5890 | <0.10
Concentrate 7:3 7 12.6 2.08 5940 0.44
28 12.5 1.79 5320 | <0.10
91 12.0 1.73 5670 | <0.10
8:2 7 12.4 2.04 6290 0.69
28 12.2 1.86 6290 | <0.10
91 11.7 1.79 6200 | <0.10
in Concentrate DI water 7:3 7 13.4 1.45 3720 0.21
28 12.6 1.11 3100 0.23
91 12.0 0.95 3190 | <0.10
8:2 7 13.2 1.43 4080 0.34
28 124 1.01 3190 0.18
Run3 91 11.9 1.03 3590 | <0.10
Concentrate 7:3 7 13.3 1.44 4250 0.23
28 12.6 1.02 3010 0.14
9 12.0 0.93 3150 | <0.10
8:2 7 13.2 1.44 4430 0.20
28 12.3 0.99 3280 | <0.10
91 11.9 1.02 3550 | <0.10
FEO6m OB =V BOSS T TH Y, 8AZ  HAEKRON, B ImBECEEKE TR
BEINTW2, EHEO LHIER SN TBY, H  ORWOFRTISITWE,

KRR CERE T o T 5, HEREKEIZIZE

B ARICHTERY O LR T, BRI
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Table 4 Filling conditions

Lysimeter A—1 A—2~4 B—1 B—2~14
Mixing W

FI;XIXih Cae:re;le:n(szlock Tap Water Concentrate Tap Water Concentrate
Ajusted Waste Ratio Bottom Ash: Bottom Ash:

Shredded Incombustible Solid Waste

Shredded Incombustible Solid Waste:

=15:1 Garbage Compost=30:1: 1
Volume of Landfilled Waste m? 0.419
Weight of Ajusted Waste kg 313
Weight of Fly Ash Cement Block kg 106
Density ton/m?® 1.0

Ay NEMLS L REW A RZEIC T BRE L 72,
BRI, BEHIK & NRMERR S AR RE LT
TH (ZOFBETAZFRBELHEY ABLITS),
BEHUK & AR S A, BT AIVRA MR
HELIABEZA (FILS BEEWER) O 2 EHY
vz, A-1, B-1HIZIZEMAKE LCKREKEH
WeE Y, F ORI IZIREKE L CEREAKE
HAwWwEitWEFE L, INOOEPLEELT:
BHK, FBREKRH A EHAICEL, S
B, M, ARMBE L EOSTEIToTwb,
¥/, fLHEHE 6 B, 14, 2 FEHRITERME L MK
L, Ety & RS AR EILL, Bt OI-EEE
LESEHE, BRLRLEOBHEEZINITELTETD
5o

9

BN HE ko RO RAHEBE» SHEH S NS
BAEAKE, MK A Y PEACRBEOERBKE LTH
Wb HEE, TAVE-HBEND R, ARER
BRHEEDPSATHEIZALIHETHLHEER S,
AEFTIE, BHAAKE L TR EZ HWARIKE X >~
N EE O EMERE & EAEHE, BHROBIREDY
5EALH DL EMEIZ DWW TRE 21TV, ERDKE
BAAKE LEIEE LRTHHEDL T L2, &
(NGS5 EHEIRFTE LT LR HERRLT,

B B 1 BIERE

%5
Photo.1 Lysimeter

¥ /-, HVIRETICBIT 5 EHN LB oREE
ICOWTHRIERAT D 72012, BRI w2 E
EBRABIE L, TOMELEBNL,

nH, AFEIIEEKENOREHETHY, &
WZAFZEICx L C R AT E L THW T B fEIRIE#
g, BREATIEER, WHBEEEM, F /%I
BHLTLEE o4 OBRBICKIZ /) TEL
T 5,

(BEXH)

1) NHRHEEIEh - MR S 7 7 88, Vol. 40, No. 2
(1997), p. 99.

2) BRETIE)  S1I8NSEER T IERIF LR RS #HH
rH (1997), p. 44.

Mok R o= BB FEA D 4 o — RBREEERN
RSB (4l L - AKGEEEPY) BanpIRE
HY R

TEL 078-992 - 6525
FAX 078 -992 - 6504
E-mail ty.Kobayashi@pantec.co.jp

TEL 078 - 992 - 6532
FAX 078 -992 - 6503
E-mail k.ushikoshi@pantec.co.jp
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BEEY) I RBUIBIT NI X F L
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Fundamental examination of WOW System 3 LERG
Kenji Katsura

(Wash Out Waste System) A E B —

Shunichi Mizukami
() B mpARE
C T

Kenichi Ushikoshi

—To aim to make landfill sites acceptable for citizens—

HIRIZZ T AN OGNS WERBLGE % BIE LT, BEWRGEEE Y MES 25 4 (WOW &

AT & Wash Out Waste System) %33 2N, EBMWERZIT-7-, KB TIL, B

Bor sl EA TN B REH R BEFEW TH B HBHIK (FIK, RIK) OWEBHFES L 052 27 40k

H, BEANORESEIIOWTHRE Lz, EBROME, KORAFAICLY, RELSEOREZ%
) 5, FHIBEILD L OCRMBRHAI ST E 25 2 EDBO SN, FOEE, [EROME TS |
AT LIZHA, WOW 2 A7 M3V, REREMEL VB A Y X7 412 % 5 WHEMIRIE |
X (WA !

WOW System (Wash Out Waste System), which is a novel landfilling system, has
been proposed to aim to make landfill sites acceptable for citizens. Washing
properties of bottom and fly ash, which are mainly derived from incinerator ash of
municipal waste, cost performance, and environmental influence of this system were
evaluated. It was found that landfill sites could be stabilized in the early stage by
using this system. As a result, the sites were supposed to be closed and were
reused for new purposes in the early stage. Furthermore, it was found that this
system had the advantages on both cost performance and environmental influence
compared with the conventional systems.

Key Words :
J
ALY D HEAR Securing of landfill sites
w % B M Washing properties
BE 0 X Incinerator ash
oo F M Ultimate land use
¥ AN &Y MU0 BT 2 L b TB Y, v, #y

BT DRERRIIHRIR & L CRE L WIRILIZ B
B, NI A7, 19984F 6 B io [—Remes
Yy OB AL o U BE BB D I L35 1 AR b
LEM FOREERFED LS (BHERF, EALO®
Fdr4) | PSWIE SNz, ThICE i, B Eku
i id, REAOKEDT 2 £ FHERKE % Flal-
TR TEBEIES NG, Lo L, BIFETICET A1

Rz B CRMICIED, 2SI BEEY
VA7 %S 7263 e ehb, 2O EDEIER
WKEODTRERARREZD DL LTS, 2D
L) EFORT, HEEYRERINICEE LT
AEHAL S, ByBoRHeE, RHEES LY
BB HFHEZIT) AT AL LTHET SN0
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FAINHHNENLREEY CHLBAIK (FIK, R
JK) O¥EEB X0y AT A OREYE, BEAO
EBEDREHERICOVWTHET 5,

1. WOW ¥ X7 LO#HE"
FBIRICWOW Y A7 A0BAEREZRYT, Zh
X, RY AT LA EFRWGHOMITATLE L L CE
3222 BEELEZODTH S, HbATNI2E
TWI TR THRIE SN, RS HNEDILTSH
5, HEWERLEREEY GUREERKE, ik

Wastes Washing water

SN7KLER (BULE) MR CRE AL, K
BEEM OB L U CIRRAIM S5, BLL 72k
MKISZERMELL, AT LS R - R,
THEE LTHMMATS LA BEL TS,

2. EEWSLRER (BRRXER)

2.1 HEEEY
SROERTI, FREEIY 25l T HOBEHIK
YL, ZOHRPLERKERIKEHER L7, FIKIE—
BEEMTH ), BLEOT F T TITRELZ-

l

. Wastewater
Washing equipment
1
. Water treatment equipment
Washed wastes Rain [Membrane treatment]
L Concentrated water 5:1%(;\{32}; of
Leachate : Water treatment equipment :. Treated water
) i [Simple treatment] !
Landfill sites L |
F1E WOW ¥ 27 aaX
Fig. 1 Conceptual diagram of WOW system
B 1R FIKEFL— FEACRIKOMBSH R
Table 1 Composition of bottom ash and chelated i
fly ash
c — 8
. omposition
Items unit
Bottom ash | Chelated fly ash
Si % 13.0 3.33
Al s 8.01 1.61
Fe 7 5.26 0.72
Ca ” 21.5 30.8
Mg 4 1.87 0.87
Na s 2.51 3.73
K 4 1.08 1.94
Cl % 0.13 0.13
Pb v 0.05 0.16
Cu ” 0.26 0.06
Zn 4 0.43 0.51
PS,% : ggé 13'84 Left : Chelated fly ash
4 . .
acid insoluble C(.enter: Bottom ash
” 33.2 3.51 Right : fly ash
matter
T}(I)gc mg/kg 28(1)5 829 5 R '}C?E#W?E
. . Photo.1 Incinerator ash
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Fig. 3 Comparison of column and batch washing
tests (L/S=10 L/kg)
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Fig. 4 Relationship between total L/S and electric
conductivity, TOC concentration
(Repeat batch washing tests of bottom
ash)
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Fig. 5 Relationship between L/S and electric
conductivity, TOC concentration
(Batch releaching tests of washed bottom
ash)
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Fig. 6 Relationship between total L/S and electric Fig. 8 Relationship between total L/S and electric
conductivity, TOC concentration conductivity, TOC concentration
(Repeat batch washing tests) (Batch releaching tests of washed chelated
fly ash)
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Wastes [18t/d] Washing water [220 m3/d]

Washing equipment

Washed
wastes

Wastewater
[220 m3/d]
Treated

Sedimentation Filtration RO water
tank tank equipment
Sludge [0.44 t-DS/d] Concentrated

water (11 m3/d]

Dried salts [2.2 t/d]

Heating
equipment

Landfil] sites

Treated water

pH adjustment
tank

Leachate

[100 m?/d] Refined salts [2.2 t/d]

FOX WOW Y AFAMHE7T-—
Fig. 9 System flow of WOW system for the
treatment of leachate
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ML D REERITIERY 257 2 OMHEKE (100
m*/d) ® 22 E o7, REEKLETRIZAE

E 2% ETVAGET-¥
Table 2 Data of typical landfill sites

Population 100 000

Area for landfilling 15 000m*
Volume for landfilling 120 000m*®
Amount of wastes 18t/d

(Incinerator ash: 12.3t/d,
Crushed uninflammable
residual : 5.2t/d, Resource
residual : 0.5t/d)

(composition of
wastes)

Period for landfilling 15years
Amount of leachate 100m?®/d
Composition of leachate COD: 150mg/l

TS :10000mg/1
Ca : 2000mg/1

SS : 300mg/l
Wastes [18 t/d] Rain
Landfill sites
Leachate [100 m3®/d}
Sedimentation Filtration RO Treated
tank tank equipment water
. Concentrated
Sludge [0.2 t-DS/d] water [5m?/d]
o
Dried salts [1 t/d]

Refined salts [1t/d]

FI0 R AT LT T —
Fig.10 System flow of conventional treatment of
leachate
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ERENMECL DT KPOHEMZERDIRE

Removal of Nitrate Nitrogen from Groundwater
by Electrodialysis Reversal

(BB EREIEIS 2 3R
a ot

%

Yutaka Ishimaru
=2

Hironobu Nighio

J T &

Yukihiro Ogino

T KB OMBHmEERIAF AL TBY, BFOEKLEBETIRETL I EFTERY, HR
MEREOBRFICEIBIEETH S, 14+ /e - ERENE - MRERE R EPVLEIIR 5,

WA IIREEEE R R OB EHM & L CRASBIMEIE B L, RFEMEAER RS KB EHKD
B CIZEINSE 1 TH e 2 2B ERAESENEE UHKE  150m*/ H) #19984 3 AIZMA %
L, 6 A HKEIT> T D,

Wi AR L, BRENETHEL LS, A7) Y IIRBEEA~NOAEITA( FOfE%,

—ERE L ICRAENEOBROBIEE ANEZ 52 L TRBRLEARTH L, @EBEXENT

VB 72 AR LSRR URME K T A NOTREED TN 2 & DOEFIEAR, BEOBAGRE D@ EEICB VT
ANEZ R AEHN R HFRNTH 5,

PEAERT T, JEKRY PR 2SR R 26.9 mg/1 120f L CALEUKIERE L 6.5 mg/1 &, BREFTES
BTHEELTHEHLTBY, KAETEFOERRED HbETHET S,

Nitrate nitrogen exists in an ionized form in ground water has a risk of
methemoglobin formation if taken by infants. The substance is hardly removed with
conventional water purification methods. Shinko Pantec has applied the electrodialysis
reversal (EDR) method to removal of nitrate nitrogen from groundwater. This can
eliminate scaling on electrodes and deposition of negatively charged colloids on
anion-transfer membrane which conventional electrodialysis suffered. Thus chemical
injection and membrane cleaning are eliminated. The delivered EDR wunit having L
capacity of 150 m*/day has achieved the removal ratio of 75.8 % or 6.5 mg/] from 26.9
mg/l in the raw water since June 1998.

Key Words :
OB M E R Nitrate nitrogen
" OR & M Electrodialysis
WA ESEN Electrodialysis reversal
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Fig. 3 Principle of electrodialysis
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Fig. 4 Principle of Electrodialysis reversal
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FHE)

Tablel Raw Water Quality of Miyahara water
purification plant

Turbidity (degree) Less than 0.10
Color (degree) 1
pH (=) 6.6
‘Gation. Transter vmrngmr sl Potassium permanent 1.9
Wembrane g Mmbrane consumption value (mg/1)
Colloical | Electric conductivity
feed - (£S/cm 25C) 255
TDS (mg/1) 240
n~Tran§fet
[ron (mg/1) 0.01
Poartty ‘ Povar ity ) Manganese (mg/1) 0.003
' ‘ Nitrite nitrogen (mg/1) Less than 0.005
%5 Witz L 5 B E ki . .
Fig. 5 Self-cleaning of EDR by polarity reversal Nitrate nitrogen (me/1) 26.9
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From October to May {source : surface water]

Surface water =eeeeeess

PHBEERICLDHERINL TS, B 1R,
19984 6 H~ 9 A OE RS KEH FTAKEEZ RS,
O TAKIZ, WHEEEEFEDUIMIKERELFHLE L
TW57%Y, HTFKPOMERMESEFIBEDIH 20 mg/1
EEL, BEICLVIBEONTYXIEHEDDODK
BREEDO I0mg/l #FEICHEBELTWL0, BR
BN v BATAIEE L7z, B, COEEBES

—F7

..................................................... > Tap water

i——j NaClO

From June to September [source : groundwater]

Groundwater

E6 HEGAKEIOELATO—

$ Tap water
NaClO J

Fig. 6 Process flow diagram of Miyahara water purification plant

Groundwater
Chloride [0.3mg/ ¢ |

Sand filtration

-

Feed pump Feed inlet

Concentrate

Feed tank inlet

Concentrate make-up

Electrode feed

Concentrate recycle
Concentrate blowdown

%76 EDRYAFAL70-—
Fig. 7 Flow diagram of EDR
system

3 Product

Off-spec product
[Return to feed tank]

E H 1 EDR(FEMHKE)
Photo.l EDR system of Miyahara water

purification plant
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B 1) %19984E 3 HIZMA, 6 A0o#kEiToT
Wh, RICEDEEIRI T HET 5,

3. 2 FHKMEIO-—

26 B E B S KEDOEKILE 7 0 — %R,
HIRMSAKEE, RFKEHTRD 2 O0DKES
B35, KFMEOBBE»S, 6 H~9HF T, #

F2&k ERAENEELE (ERMESKE)

WAKEBUKTE /-0, BTFAKEEKT S, o
T, HEEESKEOEKLE 7 00—, REKDOE
G, BERLE+®AE, #TKOERE, A58+
EDR & 7% %, %238, EDREEBEZMHL%HWI0H ~
5 BETIE, 14y REWEOEERETOFRERE
Ofzoiz, HEICTEMIZ1E, #EATAEHI1CL
Twb, B7HICEDRE#HED 70— %217,

Table2 EDR system specification of Miyahara water purification plant

Electredialysis reversal (EDR)

Size of membranes

46 cm X102 cm

EDR reactor Number of cell pairs

300 cell-pairs

Total Effective membrane
surface area

89.4 m*

Required
electric power

220V, Triphase current, 60 Hz, 10 KVA

,

Recovery 90 %
System Nitrogen removal rate 69 %
performance
Chemical injection Unnecessary at normal operation
Indoor
Installation

5000 mm X7 000 mm X3 000 mmH
(Structure areas) includes maintenance area

Feed 167 m*/day
Nitrate nitrogen 18 mg/1
feed water quality
TDS 200 mg/1
SDI 5 Less than 15
Turbidity Less than 2 degree
Feed water Free continuously Less than 0.5 mg/l
quality residual
restrictions chlorine momentary Less than 10 mg/1
Iron Less than 0.3 mg/1
Manganese Less than 0.1 mg/l
Production 150 m*/day
Quality of EDR Nitrate nitrogen 6 mg/l
treated water TDS 67 mg/l
78 i PN & Vol. 42 No. 2 (1999.3)
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Nitrate nitrogen

[mg/e]
F9 LR RIS L BRI ERDOMR

B ERBEIL 269 mg/1 TH D, KELEIH L

THHESENLEKIL 6.5 mg/]1 & %% L TR
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Fig. 9 Relation between Nitrate Nitrogen and Fig.11 Change of Calsium
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E3k KESHHER (19984 6 H~ 9 ADFHfE)

Table3 Water quality of Miyahara water purification plant (Mean values from June to September ‘98)

Sand filtrated EDR treated Removal
Raw water
water water (%)

pH 6.6 6.7 6.5 —
Turbidity [degree] <0.1 <0.1 <0.1 —
Color [degree] 1 1 1 —
Potassiurr} permanganate [mg/1] 1.9 <10 <1.0 -
consumption value

Electric [1S/cm. 25C] 269 280 73.6 72.6
conductivity

TDS [mg/1] 245 274 78.5 67.9
Iron [mg/1] 0.01 0.03 0.01 4.9
Manganese [mg/1] 0.003 <0.001 <0.001 —
Aluminum [mg/1] <0.01 <0.01 <0.01 —
Silicic acid [mg/1] 35.6 35.5 35.5 04
Calcium {mg/1] 18.9 20.3 3.98 81.1
Magnesium [mg/1] 7.46 8.11 1.69 77.4
Sodium [mg/1] 20.0 13.8 5.29 73.5
Ammonium nitrogen [mg/1] 0.04 0.02 0.03 7.1
Nitrite nitrogen [mg/1] <0.005 <0.005 <0.005 —
Nitrate nitrogen [mg/1] 26.9 30.2 6.50 75.8
Chloride [mg/1] 13.8 16.2 3.2 77.2
Sulfate ion [mg/1] 0.49 0.53 0.12 76.0
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Effective treatment for slaughterhouse waste

(3R) BB R
B  # F
Kohei Masuda
(BR)BArEE RRATER
V- S S|
Shigeaki Ohara

O OBEFEY L L URINE, BBAEY, ABREHIE L ERBEY S B, KiETHR
EFT LMY AT AZEKRARNEDORES % 5O A RIMLEE BAICS8 L, KEFv 72 HnT
EYGRROBEICL VREILTAIEMNTHY, S0y FVEBRIZL Y ZOERPHERL-DOTH

%o
FEMBILED RIRE, HEEE T CHAEHEIC L VES RSN, #2067 ABoHkS T
) bHROBINTRD LY, WEILAZRER D Z &5 h o7z,

Slaughterhouse discharge considerable amount of waste like blood, contents of
stomachs and intestines, and, excreta. Only blood, accounting for half of the BOD load
to the treating system was biologically treated in a pilot-scale reactor filled with
specially processd wooden chips. Blood was easily decomposed by the thermophilic

bacteria grown within porous wooden chips under controlled temperature and mixing.
Six-month operation of the test plant proved that there was no generation of excess

sludge.
Key Words :
KYEF v 7 M Wooden chips
SO ] Thermophilic bacteria
g3 = 1t Reduced sludge generation
1.) ®oom i Hog blood
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—
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Fig. 1 Flow sheet of the pilot test plant
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Table 1 Analysis result of bioreactor drainage
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DTWMIZMY TSN TWB, 20 HIMAKA S 320
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JEDS CUTTOAF —2FHBE R Y, 50 TLL
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REEIZ & DHEROREGE, LW L 2 58 -
DR TR T RROEHIZOWTT — F L,
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MEOKGEIE, Fv 7H pH, 2R HF ARE, B
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RN E & T v THREEEROLIL, KEF v
TMEEBHMAEY OB FEMETEEY, KEFy 7
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GaKin
3. TXMEER
1) 35 BIFEERIZDOWT
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ELT, 100 ¢ DEALHRE Bf L7z, & OBk
TRy FEOREIZ40 CU T Th Y, BEFHES
NLREBEREICE > TRV, YT FEHINL
YOI S RT, BIBRPEMAKRT LzoTidis
WIREEBZ LN, NAF YT I8 FL VBOSHT
EREBIRIORT,

6 HiaH & 0 #20R o M AMLE %47 - 72, #
DGR, MBHEARGEE & IZXy FEBOIREHS0
CULIZERL, 32w REBEITAITNG S

Flapsed, time 13 26 44 58
pH (=) 6.8 6.8 7.1 7.5
BOD (mg/¢) 20 16.4 <5 <5
COD (mg/¢) 1530 1 440 152 30.4
T—N (mg/t) 163 148 16.3 3.2
T—P (mg/¢) 11.0 11.9 1.7 0.3
TOC (mg/¢) 836 811 94 15.9
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BHIETTADDOLHEE SN,

EBRUIEPOREFy THOpHIIHT~9 D7
VAT A RIZHY, TVEZTREOEE L ST
TWBLDEEZ NN, EYRELENSH L &
Hbhs pHI0IZIEEL T ol THITE
T VEZTHERNT LI LK T, PRI
HToTWhdneEZON, 72, Fv THoOK
31326~30 (D.B%) IR &Nz, E512, Ny
FOBRFREIZIZITRABEEISEL, 18.1~209%
ThH-o77,

FEHAME P, BEEE L MEEREE2E 2R
KRS, ZOGHEEE2S C/N HiZ1.6~2.00%
BIH DI LD 5,
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G, EVRMEOGRRIIRRTERREINS,

Elapsed time  [days] }??%7k'ft%ﬁ\ﬁg
Cm (H,0) n+mO:—mCO;+nH,Q +eereveeeee (1)
B VT s~y NEBOREEL (H:0) ’ i
Fig. 2 Temperature in chips bed
F2F MBESTHER
Table 2 Analysis result of blood
Sample No.
No.1 No. 2 No. 3 No. 4 No. 5 No. 6
pH (=) 7.0 7.0 6.9 7.0 7.0 7.0
BOD (mg/?) 171 000 165 000 158 200 173 000 175000 168 000
COD (mg/¢) 91 200 93 000 85300 93 000 92 000 94 400
T—N (mg/¢) 30000 31 000 30000 32 800 32 000 33400
T—-P (mg/¢) 80.6 75.0 86.0 83.5 82.0 103
TOC (mg/¢) 47 200 49 600 51 000 52 400 60 800 56 700
n-Hext.®* (mg/¢) 320 520 410 380 460 500

*:n-Hexane extract

£ 3R KEFy IHHGME 6 7 HMEHZOBG 5T

Table 3 Analysis result of wooden chips — New and after 6 — months Use

Sample New chips 6—months Use chips
pH (=) 4.7 74
Total nitrogen  (mg/kg) 1510 3740
Total phosphorus (mg/kg) 29.8 1860
Calcium (mg/kg) 2300 2020
Potassium (mg/kg) 879 5910
Sodium (mg/kg) 127 12 500
Inorganic matter (mg/kg) 2.9 48.7
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High Voltage Pulse Water Treatment System

(B RFFER 25
N B IE #®
Masahiro Ogura

MEL/ OV AKMBEEBEIL, AV, TUAN, HRETFRMEESELZLI2L0 ., A ;
DR, BEATIHLVERER L 7O 2ORBTH B, KB > TN AEETHY . FTA |
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A 5,
FAKIZAVTaENT IV a— )b (IPA) %E#E L 7-ERBROMLBERICBWT, BET/ VA
) $ BB A BB OGA O#) 315D TOC BERTH - 72,

High Voltage Pulse Water Treatment (HVPWT) is a new advanced oxidation process.
It is promotes the oxidation of the organic compounds and disinfection because of
ozone, radicals and shock waves. The structure of HVPWT is very simple. It is
expected the application to the purification process of drinking and sewage water. On
the other hands, it is expected to treat noxious gases and odors because of the
construction.

HVPWT is third times as large TOC removal ratio as the ozone single treatment in
the purification experiment of water which contain isopropanol.

Key Words :
HEENNL X High voltage pulse
) i 4 A Discharge
F VA > Ozone
1’ & B 1t Advanced oxidation
7K AL i Water treatment
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Table 1 Quality of water for industrial water treatment

Treat emoval

Raw water wate?‘d itio(()%)
pH [(—] 7.3 8.1 —
Color [deg] 32 2 93
Turbidity [deg] 11.6 0.3 97
Conductivity [#S/cm, 25C] 390 385 —
COD [mg/1] 2.3 1.3 43
Fumic acid [mg/1] < 04 < 0.4 —
Iron [mg/1] 0.625 0.056 91
Manganese [mg/1] 0.004 0.001 75
Phenols [mg/1] < 0.030 < 0.030 —
Total hardness [mg/1] 198 199 —
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Table 2 Quality of water for drinking water treatment

Tr
Raw water wator ety
pH [—] 7.5 7.5 —
Color [deg] 2 1 50
Turbidity [deg] 1.0 0.4 60
Ammonia nitrogen [mg/1] 0.14 < 0.10 28
Chlorine demand [mg/1] 0.7 0.4 42
KMnO. consumption [mg/1] 2.9 2.6 4
THMFP [ g/ml] 45.7 27.3 40
General bacteria [/ml] 2300 51 98
E. coli group count [/ml] 0 0 —
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The Unit Chemical Equipment
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We, SHINKO PANTEC, offer three types of processing units, namely GL UNIT, SV
UNIT and WFE UNIT. These units comprises various chemical apparatus manufactured
by SHINKO PANTEC, condenser, receiver tank, vacuum pump and so on. Especially,
since GL UNIT consisting of glass-lined opparatus is our field of expertise,We have
accumlated much know-how there on. We offer reliable process systems with these

units.
“Key Words
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Table 1 Standard specification of GL UNIT.
Type GLRD-001 GLRD.003 | GLRD-005 GLRD-010 GLRD-020 GLRD-030 | GLRD-040 GLRD-050 GLRD-060
Capacity 100 300 500 1000 2000 3000 4000 5000 6 000
Type: Vertical cylinder Y.c?.lume m’ 100 300 500 1000 2000 | 3 000 4000 | 5000 ____________________ 6 000 __________
Agitater: Three blade | Heating area m’ 0.95 2.06 2.96 4.69 7.45 9.75 11.4 13.4 14.7
Reactor ratreat impeller Power KW 0.7 0.75 015 | 5 | 22 | 37| 31 55 5.5
Material: GL+SS Dimension mm| 500 ¢ X500SS | 7004 X800SS | 8004 x900SS |1000¢ X1100SS|14004 X 155085 (15004 x1650SS |17004 X 1850SS | 1800 ¢ x 1 9508S| 2 000 4 X2 1508
Type:Shell & Tube/  |Heating area m* 1.3 3.4 4.4 5.1 10.7 10.7 21.3 21.3 21.3
Condenser Mater?:ﬁl éii‘i 5;5531 Dimension mm| 450 ¢ X1131L | 700 ¢ X1235L | 700 ¢ X1535L | 300AX2000L | 400AX2000L | 400AX2000L | 450AX3500L | 450AX3500L | 450A X3 500L
Distillated receiverd Type: Vertical cylinder | Volume Lt 50 200 300 500 1000 1500 2000 4 250 ] dgoo
tank 1 Material: GL+SS Dimension mm| 350 ¢ X500SS | 600¢ X700SS | 7004 X750SS | 800 ¢ X950SS |1000¢ X1200SS|1200¢ X12300SS|1400¢ X1 250SS|1500¢ X1300SS | 15004 X1 600SS
Distillated received Type: Vertical cylinder |Volume Lt 50 200 300 00 | 1000 1500 2000 2500 3000
tank 2 Material: GL+SS Dimension mm| 350¢ X500SS | 600¢ X700SS | 7004 X750SS | 800¢ X950SS |1000¢ X1200SS|1200¢ X13008S|1400¢ X 125088 (15004 X1 300SS |1500AX1 600SS
Type: Water sealed Displacement  Ltfnin 315 540 803 1540 3040 3740 6180 6 180 6180
Vacuum pump |Material: GL+SS Power KW 0.75 o5 15 22 | 81 | 55 15 15 15
Pressure: 20 mmHg | Dimension mm | 560LX330W X 370 | 660L X 380W X 370H | 730L X 400W X 600E{ | 8J0L X 550W X 600 | 775L X 590W X 910H | 775L,X 590W X 910K |910LX720W X1 120EE | 910LX 720W X 1 1208 | 910L X T20W X 1 120K
8 2% SVaz-y MEEAR
Table 2 Standard specification of SV UNIT.
Type SVD-001 SVD-003 SVD-005 SVD-010 SVD-015 SVD-020 SVD-030 SVD-050
Capacity Lt/Batch 100 300 500 1000 1500 2000 3000 5000
Type: Conical vessel Type SVOOIVT ,,,,,, S VOOSV_T .............. S YOOSVT SVOIOYT SV015VT ,,,,,,,,, . SV020VT SV03ORT ..... ?_VOSORT _____
Material: SUS316 Heating area w? 0.87 1.53 2.38 412 5.59 6.89 9.13 12.96
- I T N
Orbit arm KW 0.2 0.2 0.4 0.4 0.4 0.4 0.4 0.75
Dimension mm| 800¢ X1341H | 11509 X 1 645K | 1350 ¢ X 1 972K | 1700 § X 2 545H | 1900 ¢ X2 872H | 2100 ¢ >3 200K | 2300 ¢ X 3 620 | 2650 4 X 4 110K
|Bag filter m| 056 056 056 | IR 113 R 1.68 Les
Type:Shell & Tube Heating area m’ 2 2 3 5 7 10 15 15
Condenser | aterial: SUS316 Dimension mm| 350AX1000L | 350AX1000L | 350AX2000L | 350AX2000L | 350AX2000L | 400AX2000L | 450A $ X2000L | 4504 ¢ X2 000L
) Type: Vertical cylinder | Volume Lt 100 200 300 500 1000 1500 2000 2500
Receiver tank | ) faterial: SUS316 Dimension mm| 500¢ X5008S | 6004 X700SS | 7004 x750SS | 8004 X 95085 |1000¢ X1200SS |1200¢ X 1300SS |1 4004 X1 2508|1500 ¢ X 1 30088
Type: Water sealed Displacement Lt/min 1500 2500 2500 3000 5500 5500 5500
Vacuum pump |Material:SUS316 -lsower KW 37 | 5.5 5.5 75 | 15 15 15 ------------
Pressure: 20 mmHg Dimension mm | 1000LX590W X 625H |1 154LX713W X 625H |1 154L X T13W X 625EL| 1 320L X T95W X T60F |1 320L X 795W X T60KL| 1610L X 895W X 8T7H | 1610LXB95W X 677H | 1610L X B95W X8T7H




REHIHIE L E9,
1.2 Sviz=y b

SV z=w MISV IFH— NTFTT74NVF—,
aVFUY—, iR, HERYTIOLEN (FLHH)

SINTWIY, EREFHME, EFHE, &m, &
B EORER R KRR EEMECE A EET
To 2=y POREKXIESV IXFH—DEED
1001t [SVD-001] 550001t [SVD-050] F T«
RINELTWET, SVIFH— (EB6H) 134
HRRETENFV ~KEE, NEFRENESL.9kg/cm?G,
REHREE130 C, #E SUS3I6A L > L A8 % (i
ELTWET, N7 vy —=FFhar7 )b b
PRERE L, aVvFUY—3SEREAE, EIERY
TEKREREZFAL T T, IS DEELHE
(B2R) WWRLET,

1M
3 ZEEMa 7T —
Fig. 3 Multiple vessel condenser

B4

ZER
Fig. 4 Shell & Tube condenser

(R
\ﬁ ..
— T { Cooling water >
| § I ,
} % J' Cooling wateﬂ
[
. £
-/
TN
[aimiiate Rl et (S
i
VP-1)
< Drain 1
SV-1 F-1 E-1 T-1 VPp-1
SV mixer Bag filter Condenser Receiver tank Vacuum pump
500 Lt 0.56 m? 2 m? 300 Lt Water sealed
SUS SUS SUS FC

BEHE SVaz=v b
Fig. 5 SV UNIT

96 F e A SR %

Vol. 42 No. 2 (19998



TR L B BB, o b DR R S
BVWOTERTAZRAMNET LT AN ADPES, &
TR ICERET AHH A DO TIRHEREBD SV 2 49—
BEL, AT —TZITANABLTrLEEELL
VW, AEMRERKLI= Y VSES, REDHEIF
OB Uz sHet e LE 3,

1.3 WFE1=v h

WEF = v M3y » 7, BwR >y 7,
JATVy, avFyY—, 5, I-VFIFIy
7, BERY TIhOEH (BTH) shTnET,
BEEMED R VY EDOEFREEMNE, FEEI5E L
FEEAENR T WY ORISR T, EE,
B L UBRRLESH THEHAL T2 Y,
=y ORI EEEEA0.2 m* [WFED-602 ]
753.0m° [WFED-2430] T 5 RIA & LTw
£9, 747V (B8H) I IARMKEFHES FV~
K&GE, NEbkg/em’G, FREHEE200C, #HE
SUS316 R T » L Al ZfE#EL L TWE§, BEZEXR
Y 7idimElEER Y 7 & L 1 mmHg ¥ COEZEEMAE
BHRETY ., INHDOFEMARE (FBIR) IIRL
9,

EEAREBRLRDEE, L2 EBEZE LV
O TEHBEINBMEBRBNESL, I— IV F VT v FI2TF
A4 VEEENES, 1 mmHgl TOSERES
PUECTTA TV VRERICa y F o —%2%ELL

WV, EHERTZAE LV, 2EOBAIIFOEY
WIS L2 BHIMIn L E ¥,

Motor for orbit arm Drive unit

Motor for mixing screw

Thermometer

Checking hole

F6E SV IFH—
Fig. 6 SV MIXER

05GP T [ Cooling water >
405G ! Cooling water |
q%___.;q )
l Steam 25-SGP E—’ A =
1, wsus | [11 77T,
B oo
. . 7 !
§ 408US
& 25-SGP 1
I Q. 17, N T L L L TN
i | 3 —
.. T4 |
t
3? vl
Drain y—
T-2 T-3 T-4 T-5
T1 Pl WEFE-1 E1 Residual Residual Distillated ~ Distillated E-2 VPl
Strage tank Supg. lying pump WFE Condenser  receiver tank 1  receiver tank 2  receiver tank 1 receiver tank 2 Cold trap Vacuum pump
800 Lt Diaphragm 0.8m? 5m? 400 Lt 400 Lt 400Lt 400 Lt U-tube 0l seal rotary
SUS FC SUS/ss SUS SuUs SUS SUS SUS FC

E7 WFEZ2=v }
Fig. 7 WFE UNIT

Vol. 42 No. 2 (1999/3)

thEg Sy T 7 Bk 97



86

AN EY

~Ni
&

(8./666I) Z "ON gF 194

% 3% WFEx=v MEEM4R
Table 3 Standard specification of WFE UNIT.

Type WFED-602 WFED-1204 WFED-1208 WFED-2415 WFED-2430
Type: WFE Type 6—2 12—4 12—8 24—15 24—30
Material: SUS316 Heating area m? 0.2 0.4 0.83 1.5 3.1
Evaporator Power KW 0.4 15 15 2.2 2.2
Dimension mm 156 ¢ X 630L 315 ¢ X735L 315¢ X1165L 600 ¢ X1 500L 600 ¢ X2 150L
Type:Shell & Tube Heating area m? 2 2 5.1 10 15
Condenser Material: SUS316 Dimension mm|  350A 1 000L 350A X1 000L 3504 X2 000L 400A X2 000L 450A X 2 000L
Type: Vertical cylinder Volume Lt 200 400 800 1500 3000
Storage tank Material: SUS316 Dimension mm| 6004 X70058 700 ¢ X 75088 8004 X95035 | 10004 x120085 | 10004 X1 200SS
Type: Vertical cylinder Volume Lt 100 200 400 800 1500
Distillated receiver tank 1
Material: SUS316 Dimension mm 500 ¢ X 5008S 600 ¢ X 700SS 700 ¢ X 750SS 800 ¢ X 95088 1000 ¢ X1200SS
Type: Vertical cylinder Volume Lt 100 200 400 800 1500
Distillated receiver tank 2
Material: SUS316 Dimension mm 500 ¢ X 50088 600 ¢ X 700SS 700 ¢ X 750SS 800 ¢ X 950SS 1000 ¢ X1 200SS
Type: Vertical cylinder Volume Lt 100 200 400 800 1500
Residual receiver tank 1
Material: SUS316 Dimension mm 500 ¢ X500SS 600 ¢ X700SS 700 ¢ X 750SS 800 ¢ X9508S 10004 X1 20088
Residusl receiver tank 2 Type: Vertical cylinder Volume Lt 100 200 400 800 1500
Material: SUS316 Dimension mm 500 ¢ X 50083 600 ¢ X 700SS 700 ¢ X 750SS 800 ¢ X 950SS 1000 ¢ X1 20088
Type: Diaphragm Discharge Lt/hr ~100 ~180 ~250 ~320 ~400
Supply pump Material: SUS316 head mH,0 20 20 0 20 20
Power KW 0.4 0.4 0.4 0.4 0.4
Type:0il sealed rotary Displacement Lt/min 315 540 803 1540 3040
Vacuum pump Material: SUS316 Power KW 0.75 0.75 15 2.2 3.7
Pressure: 5 mmHg B.i.r.nension mm | 560L X 330W X 370H | 660L X 380W X 370H | 730L X 400W X 600H | 820L X 550W X GOOH T75L X 590W X 910H
Cold trap Type: U-Tube (8US316) Heating area m? 0.5 0.5 1 2 2
#4% GLizv b OWEED
Table 4 Capacity of GL UNIT
Type GLRD-001 GLRD-003 GLRD-005 GLRD-010 GLRD-020 GLRD-030 GLRD-040 GLRD-050 GLRD-060
Charge kg 100 300 500 1000 2000 3000 4000 5000 6000
Heating area m? 0.95 2.06 2.96 4,69 7.45 9.75 11.4 13.4 14.7
Overall coefficient of heat kecal/m*hr'C 390 380 380 360 350 360 360 350 350
Temperature difference T 40 40 40 40 40 40 40 40 40
Heat transfer keal/hr 15 000 30000 45 000 70 000 100 000 140 000 170 000 190 000 200 000
Capacity of evaporation kg/hr- (Lt vessel) 1.5 1.0 0.9 0.7 0.5 0.5 0.4 0.4 0.3

Condition

Charge: Water containing low concentration chloride

Jacket: Steam 120 °C
Pressure: 400 mmHg
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Table 5 Capacity of SV UNIT

Type SVD—001 | SVD—003 | SVD—005 | SVD—010 | SVD—015 | SVD—020 | SVD—030 [ SVD—050
Charge kg 100 300 500 1000 1500 2000 3000 5000
Heating area m’ 0.87 1.53 2.38 412 5.59 6.89 9.13 12.96
U constant-rate piriod kcal/m’hrC 80 80 80 80 80 80 80 80
U falling-rate piriod keal/m*hr C 20 20 20 20 20 20 20 20
Temperature difference T 40 40 40 40 40 40 40 40
C constant-rate piriod  kg/hr:(m® vessel) 300 160 150 130 120 110 100 80
C falling-rate piriod kg/hr-(m® vessel) 70 40 40 35 30 30 25 20
Condition U: Overall coefficient of heat
C: Capacity of drying
Charge: Organic substance with 10 wt% solvent.
Moisture: Initial---10 wt%, Final--0.1 wt%
Jacket: Hot water 60 C
Pressure: 20 mmHg
2 63Fk% WFE—v bDMEREN
Table 6 Capacity of WFE UNIT
Type WFED—0602 WFED—1204 WFED—1208 WFED—2415 WFED—2430
Supply kg/hr 20 40 90 170 320
Heating area m* 0.2 0.4 0.83 1.5 3
Overall coefficient of heat kcal/m*hr'C 620 680 680 550 550
Temperature difference T 40 40 40 40 40
Heat transfer keal/hr 5000 11 000 23000 33000 66 000
Capacity of evaporation kg/hrm’ 80 80 90 90 85
Condition Supply : Organic solvent
Composition: Distilled---80 wt%, Residue <20 wt%
Jacket: steam 120
Heat capacity: 0.5 kal/C kg
Latent heat: 100 keal/kg
Temperature: Feed Inlet---80 C, Distilled:*-80 C, Residue+-+80 T
B 7% T A MRS
Table 7 Outline specification of test equipment
Reactor SV mixer WFE
Pilot test equipment 1001t test equipment 2—03 6—2
Capacity Lt 60 100 - —_
Heating area m* — 0.58 0.03 0.2
. Body:FV~16 Body:FV~ATM FV~ATM Body:FV~16
Design pressure kg/em’G
Jacket: 5 Jacket: 1.9 Jacket:5
. Body: 250 Body: 130 300 Body: 300
Design temperature C
Jacket: 250 Jacket: 130 Jacket: 300
Body: SUS316 Body: SUS304 Body: SUS316
Material Glass
Jacket : SS400 Jacket: SS400 Jacket : SS400
Throughput 1t/hr — — 4~6 g/min 10~50
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Moving Bed Aerobic Biofilm Treatment Process

for High Loading, PABIO MOVER

(BB BEE S 3 8

= a8
Takeshi Miyamoto
mOORB W FE

Toshiyuki Nishio

RERXBEM R A YELE 70+ 2 PABIO MOVER (/¥4 A —N—) 33 BR

BATEICRESEA2H LTI atLATH5b,

TERDIMAEMBEIE S - MR OMEORE L BT 5 2 & T, BRMLE, WFEOZREN,

WFDVES e v AT ADPEB L7z,

AHa T, PABIO MOVER O#HEEAK & BB EH L E6 % 2 R8T 5,

Moving bed aerobic biofilm treatment process, PABIO MOVER, realized high loading,

stability and easy maintenance of treating operation, by constantly moving the carrier

elements in the aeration tank, solving problems of conventional fix-bed type treatment.

This paper reports two successful applications of the system to a confectionery and

a food-processing factory.
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Fig. 1 Conceptual drawing of PABIO MOVER
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a. New carrier elements

E B 1 PABIO MOVER 1k
Photo.1 PABIO MOVER biofilm carrier elements

b. New carrier elements (right) and biofilm-
formed carrier elements (left)
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Fig. 2 Process examples
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Table 1 Design conditions for confectionery waste water

VE L EERREG 23l TE RV, K
FOMGAIETRETH Y, MEAKLVIE L
7-AmMEET D TE 5 PABIO MOVER %4%H L
72 BREBICIIRBBRREED - OMEF L% %
BLTWw5,
ZFNETNOEBARINCB B TFHEAELE 2

Raw waste water

Buffer tank
I Coagulation & floatation

[ UAsB [PANBICG] |

PABIO MOVER

Floatation

Treated water

EIF WMEI7OU-—OTOY I TAT TN
Fig. 3 Block flow for diagram

Flow rate of water : F=600m?%d

Quality Raw waste water Treated water
PH 6-8
SS (mg/1 1000 <200
BOD (mg/1 3300 <200
OIL (mg/1 500 <20
Temp. (T 50-30
F 2R K=y hORFHLHEKE
Table 2 Design basis for water quality
PH SS BOD OIL
(mg/1)  (mg/l)  (mg/l)
pan waste water 6-8 1000 3300 500
Wier ta . 1000 3300 500
Coagulation & Floatation 100 9640 50
UASB (PANBIC-G) 100 9264
PABIO MOVER 162 80

Floatation
Treated water 100 80 10

% 3% PABIO MOVER F SR
Table 3 Specification of main components of PABIO MOVER

Item Specification Unit
PABIO MOVER | 2000mm" * 3 400mm"* 4 500mm™® % 6 500mm™ 2
reactor
Blower 5.5m3/min*5.0mAq* 11kw 1+1
104 SRS Ty 7 Bk Vol. 42 No. 2 (1999/3)



5 R 2 RETHBKLER I E

Photo.2 Outside view of confectionery waste water

treatment

% 4 & PABIO MOVER #& 57— %
Table 4 Operation data of PABIO MOVER

Operation data-1

E K 3 PABIO MOVER #}#i

Photo.3 Outside view of PABIO MOVER reactor

Design condition

Operation data

UASB(PANBIC-G)
treated water

Treated water

UASB(PANBIC-G)
treated water

Treated water

PH (=)
SS (mg/1)
BOD (mg/1)
OIL (mg/1)

100
264
50

100
80
10 4

6.7
126
170

8.2
23
18

<1

Operation data-2

Design condition

Operation data

UASB(PANBIC-G)

treated water

Treated water

UASB(PANBIC-G)
treated water

Treated water

PH (=) 6.9 8.0

SS (mg/1) 100 100 50 25

BOD (mg/1) 264 80 67 15

OIL (mg/1) 50 10 2 2
£ 5% SRTEBEEKO%EEET
Table 5 Design conditions for food-processing waste water

High concentrate Low concentrate T
otal
raw waste water raw waste water
Flow rate of water
(m*/d) 40 160 200
. High concentrate Low concentrate
Quality raw waste water raw waste water treated water

PH (=) 4.0~7.0 4.0~7.0 5.8~8.6

SS (mg/1) 3000 450 <50

BOD (mg/1) 10 000 400 <20

CODwus (mg/1) 7000 280 <30

CODe (mg/1) 15000 600

T-P (mg/1) 150 10 <8
Vol. 42 No. 2 (1999./3) LE A A S S 105
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Fig. 4 Block flow for diagram

BO6XR K=y hOEFHLAEKE
Table 6 Design basis for water quality

PH SS BOD CODiy TP
(mg/1) (mg/1) (mg/1) (mg/1)
High concentrate
t t

:wae;a” 4.0~7.0 3000 10 000 7000 150

arier tan 4.0~17.0 1200 10000 7000 150
Low concentrate
raw waste water 4.0~7.0 450 64 280 2 ¢
Butfer tank 4.0~17.0 455 64 256 2
UASB (PANBIC-G) o
PABIO MOVER 1200 1500 1050 142
Coagulation & Sedimentation 782 34 60
Treated water 5.8~8.6 <50 <20 <30 <8

%% 7 & PABIO MOVER FZH#2314%
Table 7 Specification of main components of PABIO MOVER

Item Specification Unit
PABIO MOVER | 2400mm" * 3 500mm®"* 4 200mm"™" * 5 000mm® 2
reactor
Blower 5.6m3/min* 5.0mAq* 11kw 1+1
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E R 4 RO THEEKUERER M E
Photo.4 Outside view of food-processing waste
water treatment

HE & 5 PABIO MOVER #}#
Photo.5 Outside view of PABIO MOVER reactor

% 8 & PABIO MOVER &§x5— %
Table 8 Operation data of PABIO MOVER

Operation data-1

Design condition Operation data

Low concentrate UASB(PANBIC G)i Treated | Low concentrate ;UASB(PANBIC-G) Treated

raw waste water treated water | water | raw waste water | treated water water
PH  (-) 4.0~17.0 5.8~8.6 6.5 6.9 7.0
SS  (mg/l) 455 1200 <50 237 40 2
BOD (mg/1) 361 1500 <20 422 183 <5
CODua(mg/1) 256 <30 190 8.7
T-P  {(mg/1) 10 <8 3.88 <0.2
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BKIBCH T IEREREXNMERKBEORGEN

Application of the Pressurized Electroosmotic Dehydrator
to Waterworks Sludge.

(B E O .
L i #

Shigeru Sano

BREBRIEDAKEE (PED) IBEREARLBIUERXRBHE MM L -w kst mER
KETH B, O, ZOEBFLETD HBIZIZWV S KBESRKS TH 5 Mz BNLBKER
FHOTERBAE A SN, 19984 4 ADSEEIBE L -0OT, ZOMEIIOWTHITT %,

THE IR CIRREUKIEOF SIS TER PAC MBI LY, AT v IHEIRHIE L E
PARENE L L T 5,

EREREEICOVTIL, AT v JEE, RHAMEDB X U SI0/ALO; & 5 EHEE D MIZIEIEF I ¢
BV E1ea P A% (/s

BIE, Bk s REIOMN 3 RFIAKE LTHY, 1998F4 A2 5 9 A F TIZTERFI & 20007
A 7 VP EOBE R [ToTWADS, 20004E 4 B3RV BB T5FETH S,

The Pressurized electroosmotic dehydrator (PED) is highly effective pressurized
dehydrator making use of electroosmosis and electrophoresis. Shinko Pantec Co. Ltd.
deliverd the units to one of the largest water purification plants of Japan.

The paper reports the outline of the equipment and operating conditions for the
operation of more than 2000 cycles since April 1998. The sludge has been getting a
refractry characteristic year after year as a result of the improvements of the source
water river and increse of PAC injection. The actual operation proves good relationship
between sludge concentration, ignition loss and SiO./ALOs and the filtration velocity.

Key Words :
kAT v Y Waterworks Sludge
R REE B K Pressurized Electroosmotic Dewatering
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Fig. 1 Outline layout of Nishinagasawa purification
plant
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Table 1

AR D FEA G

Design conditions

1137 700 m*/day

Treatment capacity

(normal)

31.15 t-DS/day
91.02 t-DS/day
(high turbidity)

7.5h/day X 5day/week
normal

Solid generation

Operation taime 12.5 h/day X 5day/week

(high" turbidity)

5% (normal)

Sludge concentration
8 % (high turbidity)

Cake moisture content| 55 %

Air

compressor

DC power Filter cleansing

supply

SR

pump

2 <£
Cake
l hopper

@@:ﬂi}@

) torage tank
Thickener

CE—

Cake conveyor 1

Sludge basin Filtrate basin
F2E METo-—
Fig. 2 Flow diagram of sludge treatment plant
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1998/5 278 277 269 247.2
1998/6 224 222 210 187.1
1998/7 267 268 269 243.0
1998/8 305 299 295 269.0
1998/9 701 698 700 1235.1
Total 2063 2056 2020 2420.8
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Electrostatic Precipitator and Wet scrubber

(RYRZHEE
k

Kazunori Murakami

THPMERESEL VRET LT AFDOF R N HHE - SIS 2 BBOVEOL LT, BRE
B H D, WEEEEEEICY Y TV TH), HEDHI VS A F bRFTE 2 EEIEEER
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72, FAFOEEYERLEEAME Y RETLEEL LT, BRAKEE AT LHE1B,
AT, EREREEEL L VCCBRESEOBEEL LI, 2BERFLVRET LA
DBRER KAWL BE L L7 RBOMAEE 2 BNT 5,

An electrostatic precipitator, which is available as one of devices for collecting and
discharging dust in gases generated from factories, etc., is used in various fields as
a high performance precipitator which has a very simple internal construction and is
capable of removing the dust having fine particle sizes, too.

Further, there are many cases where a wet type scrubber is used as a device for
removing toxic substances and malodorous substances in gases.

This paper introduces features of the dry type electrostatic precipitator and the
wet type scrubber, and simultaneously, some examples of installations of systems
designed for removing the dust in gases and absorbing the gases generated from a
metal electrolytic furnace.

ERE E # Electrostatic precipitator
AV EE Wet scrubber

I A A Charged particulate
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Application of “PC-Logger”
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“PC Logger” is a monitoring system, using a general-purpose computer, for facilities
treating city water, sewage, landfill leachate and plant wastewater. The system has
been applied in diversified forms such as a stand-alone system, remote monitoring
system using public telephone circuit or exclusive lines, and a large scale system
utilizing computer networks. This paper introduces the outline and applications of the

PC Logger.
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Experiment
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Fig. 3 Comparison of computed and measured visible plume of large tower 1 (Run.3)
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