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We have developed the zero-discharge activated sludge process, S-TE PROCESS. This
process is consist of the conventional activated sludge process and thermophilic aerobic
digester (S-TE reactor) in which excess sludge are solubilized by thermophilic bacteria.
Complete decomposition of the excess sludge is carried out when the sludge is
solubilized by thermophilic aerobic bacteria and mineralized by activated sludge. This
process is economical and easy maintenance. Operating cost of S-TE PROCESS is
one-third to one-forth of that of conventional sludge treatment method (dewatering
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Table 1 Operating conditions
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Fig. 4 Effect of sludge circulation ratio (Qs/Qw)
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Table 3 Operating condition

Run 1 | 2 | 3
Aeration Tank
BOD-SS load (kg/kg/d) 0.3
MLSS (mg/L) 3000
Poast Aeration Tank
MLSS (mg/L) — 3000 —
HRT (d) — 1 —
S-TE Tank
Temp. () — 65
HRT (d) — 1
Qs/Qw — 3
F 4k NEKE
Table 4 Comparison of treated water quality
Run 1 2 3
S-BOD (mg/L) <5 <5 <5
S-TOC (mg/L) 42 55 46
SS (mg/L) 31 37 35
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Table 5 Operating conditions of pilot plant

Conventional S-TE PROCESS
Aeration Tank
. BOD-volmetric load  (kg/m’/d) | . . 0.8 ol 082 . ..
BOD-SS load (kg/kg/d) 0.3 7 0.32
MLSS (mg/L) 3000
HRT (d) 2
S-TE Tank .
o Temp. o 6~
HRT (d) 1
CTTQs/Qw 0~ 56days:1
56~ 75days : 2
75~160 days : 3
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Fig. 7 Pilot test plant
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Table 6 Comparison of treated water quality
Conventional S-TE PROCESS
S-BOD (mg/L) <5 <5
S-TOC (mg/L) 38.4 44.2
SS (mg/L) 21.9 26.3
7R EEREM
Table 7 Operating conditions
Conventional S-TE PROCESS
Aeration Tank
BOD-volumetric load (kg/m?%/d) 0.20 0.21
BOD-SS load (kg/kg/d) 0.035 0.037
MLSS (mg/L) 5 500 5500
S-TE Tank
Temp. (C) — 60~70
HRT (d) — 1
Qs/Qw — 3
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Handling Technology of Concentrate from Reverse Osmosis
System for Landfill Leachate Treatment (No. 3)

(B HmARE
VAN

'
Toshiyuki Kobayashi
£ ®m B -

Kenichi Ushikoshi

AL MR /KO RO BALHEE B S HRH SN2 REKO MBS D 1 D12, BHEK % RIK £ 2
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WZ kB bhol,

A high salinity concentrate stream is generated by RO membrane facilities for
landfill leachate treatment. We have been investigating a handling method of concen-
trate which used concentrate as mixing water for fly ash solidification process. In this
study, we have been investigating a long term stability of solidified products for the
influence on quality of leachate caused by dumped solidified products under imitate
landfilling condition using large-sized lysimeters. As a result, we have found that
physical and chemical properties of solidified products mixed with concentrate after 1
year in the lysimeters were stable and an increasing salinity of leachate caused by
them was hardly observed.
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Fig. 1 Flow diagram for treatment of fly ash solidification with cement using concentrate

as mixing water
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Table 1 Filling conditions

Lysimeter A—1 A—2~4 B—1 B—2~4

Fl\ﬁ;xiihv‘éi:in(t)fBlock Tap Water Concentrate Tap Water Concentirate
Bottom Ash: Bottom Ash:

Adjusted Waste Ratio Shredded Incombustible Solid Waste | Shredded Incombustible Solid Waste:
=15:1 Garbage Compost=30:1:1

Volume of Landfilled Waste m? 0.419

Weight of Adjusted Waste kg 313

Weight of Fly Ash Cement Block kg 106

Density ton/m?® 1.0

WHETRIZERTH D, wFAIE, —BEEYRR

W58 DU B K % RO BEALER % & T #2045 Layer - Uit fem]

WCIRHEL 72D DTH D, iBMEKEYIE, KiEAE < e

TEIZHAT Cl BB % &2, 20 Adiusted waste i

MORSOWBICBERAS v, BeBEo — Como lidfied = "L

Pb, Cd 121387 &HEME (<0.3mg/¢) HRIT 5N _

THEY, MEEYE b I OEEL L LT, Adiited waste =

L5 EB A&

LA & DBRHUKIZERII Y > 7Y v 7 % 4T S ==
o, KEEWEL, AR, SR EoRgg 0 Come ol = |
B & GH Lz, $72, 7 1 EKERIZ, A2
B-2 &ML, ML SEIY, %S4 % BT Adjusted waste g
L, EHESEEHER, BHRBRE T2, EHRER
BAEIIIS A 1108, SERBAEIRELBTE e T L s |
ICHERL 72, e -+
2. EBRBERRUEER <
2.1 Ké7k§ & l%tﬂ*i Adjusted waste E

5B 3 KU R E & i KB ORISEEIL % 7R, R
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(6AEFH66.5¢) THY, BRMAREL69 ¢ 120 L
TRHEREIFO BEH->TWD, HTHOME L,
FUAKE L TOFRBA R0, 60 % DKL
MBEFEMORB» LB L E2 N5,
2.2 RHKPOEBNEERE
1) pH, T-N, TOC
FA4E (a) ~ (c) KENFNERBAD pH,
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Fig. 2 Filling position of wastes

12 e E T A SR

Vol. 43 No. 2 (2000, 3)




F 2R BUEEYOHK
Table 2 Quality of materials

Parameter Fly Ash | Concentrate Cement Solidified|Cement Solidified| Adjusted Waste | Adjusted Waste
y by Tap Water | by Concentrate | (A-Lysi, 3m) | (B-Lysi, 3m)
Component
Ca (%) 18.6 23.3 22.9 — e
Na (%) 3.8 1.69 1.98 —
Cl (%) 15.9 — 11.0 11.0 —
Pb (mg/kg) 1970 — 845 792 —
Cd (mg/kg) 131 — 50 46
Concentration of Eluate
pH (=) 12.5 6.2 12.5 12.4 12.4 12.4
CODw. (mg/¢) | —— 212 <1.0 2.4 85.7 101
T-N (mg/¢) | — 315 <1.0 <1.0 12.9 14.8
Ca™* (mg/?) 8 660 10 840 1680 1670 2270 1440
Na* (mg/?) 3310 22 800 1360 1640 517 331
Cl- (mg/¢) | 15800 52 600 4620 5320 3560 2000
‘ Pb (mg/¢) 50.2 0.06 0.13 0.14 0.51 0.41
Cd (mg/?) <0.05 <0.05 <0.10 <0.10 <0.10 <0.10
180
160 —— Precipitation ‘
= ---0O--~ A1 leachate |
% 140 —@—— A-2 leachate
'§ ---/\~-~ B-1 leachate
i 120 —&— B-2 leachate
&
PR
L 5
(&)
|
400 500

Time [days]
%3 FRERRE LR TKE

Fig. 3 Cumulative quantity of precipitation or leachate
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Table 3 Results of leaching tests on solidified block with cement

Lysimeter A-2 B-2

Layer Upper Middle Lower Upper Middle Lower
pH (=) 12.1 11.9 12.1 12.0 11.9 12.0
EC (S/m) 0.26 0.73 0.73 0.17 0.40 0.53
T-N (mg/¢) <1.0 3.8 2.5 1.0 4.6 4.5
Ca™ (mg/¢) 512 1270 1260 335 804 867
Na* (mg/¢) 74.0 389 440 45.5 149 286
Cl- (mg/¢) o982 2330 2210 312 1100 1570
Pb (mg/¢) <0.01 0.01 <0.01 <0.01 0.02 <0.01
Cd (mg/?) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
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High concentration operation procedure using Vibratory Shear
Enhanced Processing Membrane Filtration machine

(B BFSEBIS % 3 BRses
A H om

#
Katsugﬂoshi Tanida
= - B

Kazutaka Takata

PRENZU R M2 B 3B OB IC L ) BIBIRIEDSTTEETH 275, BIESGR AT ) -0
. . 2L T, BELTREY 2 - VADORBOMRENIRI 5, 2 THEULHEESRG R0
2, BEED T —FORADOBR, BLUVBHEROBKERRELEEY 2 - VNOTRBOMENRE
ROWE 21T o7z, BIEFENEZBRRAEERFIET H2ENULICERZES &, BRECHEY T —
FAT H7-OICHMREE LW L, EHO LR L L HICEBTENMET 5 L0007, L
PLEDS, r—XPRETLIEDIERO 7 OZ 70— FRERBRLTEENTH Y, REEE
WHRUTCTEIEZRIT)ZEI2ED, ¥ —FOFEZFBIELAHDS, sux7o— R e #L T,
BEBRETOBRMENTRETH %, FBEROMERBO LA L L ICEERED PR S5 0LE
Wb eWaholz, LMALEDS, ZO5#iz0.2m/s BEL/NE L, 1~ 3m/s ORI #
EVBEETLHEROIUATO-FREBBE LTl 4 —F—RRETH Y, EERESHEET
IEBRERE L BRRIITR D 2 LRSI,

It is possible to conduct high concentration operation using Vibratory Shear
Enhanced Processing by its original vibration mechanism, but the flow path in the
membrane module is sometimes plugged by solids, which depend on the operating
condition such as shear rate and properties of slurry. Therefore, both the relationship

) ’ between operating condition such as pressure and cake formation, and the relationship
between fluid velocity on the membrane surface and plugging of slurry in the
membrane module were investigated in order to find out a proper operating condition.
When operating pressure increases over the pressure where permeate flux reaches
limiting flux, the effective membrane area decreases because solids become cake on the
membrane surface, and permeate flux decreases against pressure due to the restriction
of gel layer. However, the pressure, where cake generates, is high compared with that
of conventional cross-flow system, and therefore it is possible not only to prevent cake
formation on the membrane surface but also to operate with high permeate flux
compared with the conventional cross-flow system if the operation is conducted under
the pressure where permeate flux reaches limiting flux. Also it is found that increasing
of velocity on the membrane surface with viscosity of solution is necessary. However,
maximum velocity is approximately 0.2 m/s for VSEP, and the value is small enough
compared with that of conventional cross-flow system where 1 ~3m/s of cross-flow
velocity is usually used. Thus, it was confirmed that concentrating operation to high
concentration becomes very efficiency using VSEP.

Vol. 43 No. 2 (2000 3) P A SR & 17




Key Words :

s>

] \.

¥
TR e R

i
7 v
FvV hbov—

%

RN RN
%

¥ 2N Z

RS CRMIRER AT O IR, R ~OBY
DYEABEVHRI Y, BEEREOBRIEEHI/ NIV D
RELVIBLLLLBEMBEAZIR S, BE
PEEY O%4E, BESEIZ X ) EEO B ERE
W BHBELDLICEATLE, 7= VH5E -
T 5, kD70 RA 70— FROBESEEET
i, TEAZTERE CEBHEROBEERE L KX <
THD2, BEY 12— VADOBEERO RIS
WL o Tnb, D, r—FX WhsSE
THEELIIREISHET S, /2, RO roR
TR —AFRTRERTORKIIEGEZ LI EDTES
HAMNAVNES L, BEMBRFE L EET S L
T&nw (REROOBREWEEZEKLST5I AT
ER\) 720, F—=FRWHRETABRRONN)L
JIRERENEL, BREE COBRERITIZ L
BTELWV,

IREPRIIE B2 B MR OIRENFERE 12 L b R
HIZHERD 7 DA 70— E MK L TRELREA
WMNERESELIENTELRD, BESEREY Y
O270—-HA LB L TKKT 52 L5TE, &
IRMEEREDSTRECTH 5 .Y FBEREOE AR,
FEOIWENZ L D EEL TV B, AN 2 RE
SHEDLLOIBMEE T HETHRE I L LEH L
K& TCOMEIETH Y, 7 /A TOEiEKE
BAEDUTREL R0 TV D, L LAAS, REIEIRE
THEEETHREMBY ZEICHIET A2 EIETE
iz, ERosuz7a—-FR L LEIXE
B, HHRE, THULETEREITY Lr—F7
WISFEEST S, /B RTEBREYMASELLE
X7V, B OBED D WITHEREIIT L T—
EULORBEBFEL TV RWVE, BEEOEED
JREY 2 — VAD—EDHANIHEE Ly — %7
WHEAET D, TD7/20, BIERG T RELL T
W, IREAESEEECOBEEY 2 — VHEDE
FatkAsd % o

JEITBER B CEIRM AT OB, IKEY 2 — Lo

Membrane separation (filtration)
Vibration

Shear rate

High concentration

Sludge

Thixotropy

BrHEIERWEFLRML, BYRRERMET
BAERIEZ AT O LBV D 5, K TiE, IREEES
B E 2 L CRIBERIE AT O RIS, IREY 2
VADFHEDE LT IR & EikERlE
2T ODENOBEYHWE LT, B, BHE
MEDOBIEEMORBMHEIZONWT, BKAT v T %
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1. FAZERGIEEERAEICDOWVT

IREN BRI B B O E Y 2 — VN TREEWIC X
LA LT AL LTI, ROZO0)Ekd
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2) BRRIREC X A HIE

RIZ, ENENDOFEIZDOWTHRD,
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PRV TR RERE B TS 1 BUIR T &9 RIRENH
HIZE DR AKFHIIRE S 5.7 2O, #%
EORRFOEFME B IIRRTRENG,

v = i k<%+%) (1)

ZIT, v=EEEK [Hzl, A=V 1X3Iv 72 0 ‘
VADEH®E—- AN [kg/m’], B=EEY 21—

;Membrane module
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L ] >

weight
FBIX EE S AT 2 0HEAX
Fig. 1 Schematic diagrams of vibration system
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vz, HMEICRITS,

2) BRI L B HIE

REY 2 - VOMENPEETLE, BEEV 22—
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OHEZPILETEELEZONDL, ZOHETIHE,
HOh LOME L BERMEOBRE BHRIKTEL
RW—NRIECIR L TBIE, EHTHEICH
TAETF—FEWELENLZL 1) OFEL) LS
MOEHMTHE, LoC, BEY 22— VDORZER
IHEE AR LT, KFAMTIE2) OF3CD
WCOT—7E2HE L2,

$1 R RBRE SRR E O AR

2. TAXAMNAE

TANTI, BIEEN &7 — X RO, EHE
s L BEED 2 — VOREDOBRIIOW TR %
fTo7ze BIEEN L r —FHROBBRIZOVTIE
Series LA L TTF A b &4To 7, T2 BHEHR
WEEHEOHBIBIZOWTIL Series P, Series i
EHHLTT A M 2fTo72, RICENENDOT A b
SEHEIZONTHRNR S,

2.1 A bM70-—

% 2 !z Series L, Series P TOF A b 70—,
55 3[XIZ Series i TOFAM7U—%R¥, B1X
(27 A N CfERH L7 Series L, Series P, Series i
FNFNOEBOMARERT,

FTRTOT A MIEBEHE, BREHERE DIZF 712
RLERS LRI TITo 7% BEY 22—
AOEDRCAOREEAR Y THIOCERE L7ZED
FEFSTHEL, HOEHKRPHOREIZR Y 7H
THIRRE LR =NV T CREZITo72, 82
(278 L7z Series L, Series P T?DF X b TIIEE
Ta—)VAH, HORE EICENREZZT, EHO
BEZIT->7, T7288 3R L7 Series 1 TD
T AN TIREBBBEOMEIKE L, EBBEDOENN
HEHTELVO, EABOENOBELITH 729
ICEBREE FICHDENFERE L 72, Series L,
Series P OAEEN IR E 2 -V ADEHIOD
FEIfEL L, Series i DBMEENIIEEY 2 -V A
O& HOOFHED S ERBEDIES XTIV AEHE L
720 %72, Series L, Series P T®OF X b TiZ,
EE T E N PRBEEREEA AV V¥ —Il—F
BEOWARPBIE LM ZIE LREZHEE L7225
Series 1 T3 &EEE K CIEMEEE LR % 8%
BLREOHEZITo72, TFWY ¥ 7 WO
DmEY — IR0, By v o7& 4—5 —
X v bTRIRLTEY, RS 7 NOBEBRD
Mm% e UBEIREE & L7,

Table 1 Specifications of Vibratory Shear Enhanced Processing

Membrane area | Number of membranes | Vibration Motor Pump capacity Tank

VSEP
[m’] (kW] [m*/hr] (]
Series L 0.045 1 (0.045m?) 2.2 0.6 50
Series P 1.07 22 (0.049 m?) 2.2 0.6 50
Series 1 13.3 98 (0.136 m?) 5.5 4 200
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Permeate

Concentrate

Membrane module

Pump VSEP
22 Series L, Series P 7 A h 71—
Fig. 2 Block flow diagrams for VSEP Series L and Series P test . '

P Y
Pl

Valve

Permeate

Concentrate

Membrane module

(rs

U

]
Pump VSEP
#3M SeriesiTAMT7H—
Fig. 3 Block flow diagrams for VSEP Series i test
2Rk FHEOML
Table 2 Specifications of membranes
Material/Backing | Membrane Class Temperature Pressure pH
VSEP q
(] [MPa]
Series L PES/PE UF2 000 MWCO 90 1.0 1~13
Series P PES/PP UF4 000 MWCO 90 1.0 1~14
Series 1 PA/PS UF8000 MWCO 50 4.0 2~11

PES: Polyethersulfone, PE: Polyester, PP: Polypropylene, PA: Polyamide, PS: Polysulfone
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TAMCHEHLZBEOHARLZE 2RIIRT, A7
A b Tid Series L, Series P, Series 1 TiI#
ENRLLEEFEH L, TNENOT X TR
LIEAEH L7201, A7 A MOBKE, REKED
BETELRL, F—F 2R L2 WBELFROE
BEOBEEY 2 — VHHAEL 2 VEBIESRGOERE L
Tl Thb,

2.3 27T

U TNELTABEEDOEKRAT v VEFER L,
Y TINVOWIREFIRIIRT, BIEEHE 7 —F
B OBRETEIE L7 Series L TH 5 X + T,
ATy VOERMEH LA, BRERELEEY 2L
DFAZEOBFZEZME L7727 A b TIE, Series L/P
TATv V@, @%FEHL, Series i TAT v V@
#EH L7,

BERRE LIREY 2 — VOBEOBREOME I
DWVWTIIMEOATIEI R, FHliD/ ST X —F & L
TEWEORERE D BIE L7z, AR EOBIEIX B
RIERT AR L CiTo 720 BARIIAT v VOR
DRODORHEAR B EARE R AR T, KO TR
Boxtty, fEiio—y -mEKoxEcHh, X
oL 5@, A, R, It hFh, o—%—
Nol~4%2&LTBY, BIRxLAKEZIZNE
NAT v I@QE@%kEXLTVE, O—F —[HEHEH
lrpm LT OB TIZ 7T — 712416 0&% 0% 5
B, ATy VOMERBONEL O — 5 — O
OFFHELBFLTEY, BERNLFFY bud -4
oEmBR SN, Fx Y bu—EidEto

EBIFX RATvIoMK
Table 3 Properties of sludges

Temperature 20°C

A
 J
L 9 by
103 A O A
N
E L O O A | ’
AN
Z @ o
o
g g =
= 4
102~
c @ Rotor No. 1 @
A Rotor No.2

B Rotor No.3 @ :Sludee®
@ Rotor No.4 () : Sludge ®

Measured by B type viscosity meter

L Lo vl L gl i IS A
100.1 1 10 100

Rotation speed [rpm]

w4 AR E B B E RO O — & — [AEEB O BR
Fig. 4 Relationship between viscosity and rotation
speed of B type viscosity meter

BRICEARN RS2 52 L1250 BT ok
BPERTT2HETHE, FFV bu—HrET
DEHWIAT LTI, BRICE5 25 EAMNE—EIC
L THM RO B E1T ) LENH S, E-5T, A
Ty VOMMEREOFMMIZIE, T —% — No.3, 12
rpm FEELLL L, CoOLGETHIE L EE fF
HL7:. £85I BEESOT -4 — No.3,
12rpm THIE L7225 v V@R @D R MR &
BEOMRERT, KOMEILREARBRONE, B

Sludge @ Sludge @ Sludge ® Sludge @
pH 6.8 6.9 6.7 6.5
Suspended solids [mg/ 4] 110000 31000 43000 33 000
Electric conductivity [uS/cm] 440 420 530 350
Ignition loss [%/SS] 26.09 18.35 23.19 32.67
Si0, [%/SS] 40.10 39.51 40.34 31.93
ALO; [%/SS] 23.78 26.00 28.31 31.14
FeOs [%/SS] 4.83 7.01 9.31 3.89
MnO [%/SS] 0.26 0.13 0.29 0.16
Density of soil particle [kg/m?] 2352 2449 2431 2340
Conglomerate (2~75mm) (%] 0 0 0 0
Sand (75¢m~2mm) (%] 2 0 0 4
Silt (5 ~T75um) [%] 38 37 13 38
Clay (under 5um) [%] 60 63 87 58
Maximum Particle diameter  [mm] 0.106 0.075 0.075 0.106
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g0 A®
o
3
i A Temperature 20°C
o
@ Sludge ®
A Sludge @
Measured by B type viscosity meter
Rotor No. 3, rotation speed 12 rpm
102 1 { L 1 L | A ! . i L
0 2 4 6 8 10 12

Total solid concentration [%]
&5 MR E AT v ViREORR
Fig. 5 Relationship between viscosity and concen-
tration of sludge

BAEXR TAMRH
Table 4 Test conditions

FEMIEERT T A MIES DN DR —E
ELT, BIEEST#0.29~050 MPa F £ %2, E
NEEBBREDOBBEMEL -, T2, BEEMmMICKE
H§ 54 AWTTI2S Series P, Series 1 & 8] UfE 2
%5595, EIEZ19mm & L7z,

2) IBHEREEIREY 2 — VOBEOEE

BT E BT Y 2 — VOBEOBBRONEL,
Series P TAT v Y@, @%M@MH L, Series i T
ATy VORFH L, BARICT A MRS,
Series PDT A MNTIXAT v VOREEICEE R <,
R, BMELE)), BEERELZ—ZFICLT, A9y
BE, BRELKELZLIETHELZT- 72,
Series 1 D7 A I TIIRIE, BIEREL —FIZL T,
BYEET), AT v DBE, BRERE, ATy Uk
BEEEL S/, Series i TEEEHZBIL X7
DI, BHEERE Y BHERREIKESELDORT
37 <, D ER TLHBEOBERIEE COHE
EITH7-0TH b,

3. T MER
3.1 BEEHET—FHROBEIR

AT PO%MH LT, Series L THIEESH &
BT ROEBREEE L EREL2E6 IR T, It
D7 DMK EBTH b FRIR L7z, okt
L EBTR, WHEIREETHY, Mhoits
QLA AIFNFN, MADEBFKEEEZRT v DD
BBREEEERL TV,

B2 S5305 &)1, FMADEBRKIIEES IR
LCEMIENT S, 2hIHLT, 29990
FEBEEH L, BETIIHMKEFUEZRL TV S
ENBERTHE, A5 v V0EBREOEMOME
EIMAKEBRROBEMOMEE & L Th&L 7
D, EH05MPa i TIZEHND EFICE Y58
MR LT b, ERFEIE L7258, B
WhHHLUERAZBHE LA, BE1IIRT

Amplitude Operating Operating | Concentration Inlet Outlet
VSEP pressure temperature flow rate concentration | concentration
[mm] [MPa] [T] [m*/ hr] [%] [%]
Series L 19 0.29~0.50 25 0.33 10.7 10.7
Series P 22 0.43 25 0.12 ~0.36 2.92~6.28 3.56~7.33
Series 1 22 0.35~0.60 40 0.189~1.14 1.96~5.01 3.05~9.79
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Fig. 6 Relationship between operating pressure and
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Fig. 7 Relationship between velocity of concentra-
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PABIO DENI 7Ot X (C Kk BDEZEREDIHT-1RE

Reinforced Nitrogen Removal with PABIO DENI

(BROBmPARE
® oo

'
Shinichi Nonaka
g #

Jun Kawashima

MENR AW ELESE PABIO MOVER # w2 #KRk+E 70+ 2 PABIO DENI i35\ 52 ¢ ¢
FHRERDEALTOAE I L 2RI THRE L7,

BAETIE, BEEE WL SBICEE L CRKE BEICHIREAT S, HERARZT v 75
AREBMIURBLOR B A TY S, ETFAZMGE L7840y F%ERTIZ HRT 5 hr

W CTHEEK T-N1I0 mg/L 25515 2 L MR TE 72,

The moving bed biofilm treatment process (PABIO DENI), the activated sludge
method combined with carrier elements shows high efficiency in nitrogen removal, as
previously reported. Reinforced nitrogen removal was conducted, by distributing inflow
direct to three units composed of nitrification and denitrification tanks. This pilot test
using actual sewage achieved the performance of T-N 10 mg/L with hydraulic retention
time of 5 hours.
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Table 1 Specification for test equipment
Effective
Equipment name Dimensions capacity | Q’ty
F m*)
Storage tank of raw sewage | 1050 mm¢ X1 300 mm"® 1 1
1st | 1500 mmY X700 mm"X2 500 mm*"® 2.63 2
Tank for Multi-Step
(Denitrification and | 2nd | 1500 mmYX980 mm"X 2 500 mm"® 3.68 2
nitrification)
3rd | 1500 mm"¥X1 260 mm*X2 500 mm"“® 4.73 2
Nitrified water pit 700 mmY X 700 mm" X1 000 mm%® 0.49 1
Flocculation tank 400 mm" X 700 mm"X1 000 mm"" 0.28 1
Secondary sedimentation tank | 3000 mme X2 500 mm"” 15.3 1

B2 &k EREM

Table 2 Operation condition

Effluent from | Raw sewage
primary sedimen
tation tank @ | @ ®
HRT [hr] ) ) 5
A-SRT [days] 2.6 1.5 2.1
Control DO in nitrification 3 3 2
tank (NI~N3)  [mg/L]
MLSS (3rd stage) [mg/L] 1180 1320 | 1600
Temperature (3rd stage) 22.0 21.7 23.5 -
[C] 5 X 2

A4y b7 A MEENE
Photo.2 Pilot test equipment
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Table 3 Water quality of pilot test (Mean values)
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Effluent from primary Raw sewage

sedimentation tank @ @ ®
BOD/-N ratio of influent 1.8 2.9 2.9
TN Influent [mg/L] 25.9 25.1 24.0
Effluent [mg/L] 18.0 11.3 8.7

Infl . . 17.
NH.N nfluent [mg/L] 19.8 18.9 7.0
Effluent [mg/L] 0.7 1.1 0.5
NOx-N Effluent [mg/L] 17.0 9.8 7.1
BOD Influent [mg/L] 45.5 73.5 85.7

Effluent [mg/L] <5 <5 <5

ss Influent [mg/L] o2 111 113
Effluent [mg/L] 7.8 9.9 5.3
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Fig. 6 Nitrification rate of biomass
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Development of Biological Roughing Filtration
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The aim of this developing is to decrease the concentration of remaining Aluminium
in tap water. We develop and proove the new system substitute for Coagulation/
Sedimentation process by improving the biological filtration’s function of separating
solid and liquid. So that new system have two functions, biological treatment and
separating solid and liquid together.

The pilot plant uses the surface water of Yodo river, and settled in the Water
Treatment Center of Hanshin Water Supply Authority. The biological filtration layer is
composed with porous polypropylene media and porous ceramic media. The achieve-
ment goal is to get a processing water quality equal to or more than Coagulation/
Sedimentation process.
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2.1 EBR7>>2h

N4y VT2 MO 70— %8 3,
BRF #£O#ILEE 1 RIIRT,

COYAT LT 2 BHERO BRF #% 2 BRiEYIZ
FiELZDDT, FNEFNDOABOWHE TR +K
OPERBEE AL L, A EHEEKIE]L 000 mmAqg,
B #£4H 5K 5H1 800 mmAq CTHEIIIEESE 2 IT- 72,
%8B, ABIZOWTIE, EEERIC A BLEKE
FEAS100F # B 2 /2B, 2K A HR TV
A5 LT AMRE O LI & K% 1T 9 #Ekk
HRHLZWESEREDITHIZ L L L,

BEAFEAFIZIHEBIIE 2RO L) IZHREL
7o 2T, RUNQOEERIBEEA & IZFEKEE
WIS CCEARLHBHRME L, FEAREEIOELTO
A EEE T, FNULOBEEIEKEEDIRIT
1/2FICHBITHLLEHIICERELZDDOTH D, B,
[ UJEIK % F VT B 48 40 ) 1 K35 e BE oK AL B 52
AT v MREFIEARIIFEH0 mg/L TH o7,
2.2 EBRER
(1) HEREHE

EHMTOREREEYEIRIRT, RUNO
TlE, FEUKEBEDSI0EREE CHIUTERFETH0E
KEBELELUTHESN, RUN@TIZEARS
w290, FEKEBE0ELL Lo AS1.7TH ke 3

(2) FEXKEHH
BEUSNOKEEBIZOWTIE, EBEETIIRE
W& B L CREFRMEN -0, BEAFEAERSY
15mg/L &—w& L THEREREITo 72, HEE
RrE 15 mg/LIEAREOFYREROBRELK L D
B AE b BNIRT , BEERICITEELR L X
TREBOENST-BY VT VEN) 7 LAEER,
B, UV260, THMFP, ®AEWAHE/ > F
15mg/LO—EEABIETHZ L TIRITEREL

% 1% BRF 2B 70t AT
Table 1 Data of Two Step BRF process

| BRFA | BRFB
Treatment quantity 120 m*/d
LV 240 m/d
Material Porous polypropylene
Upper | Shape Hollow cylinder
filter | Size 4 mme¢ X5 mmL
Hight 2.0m | 15m
Material Porous ceramic
Lower | Shape Sphere
filer | Size E.S.1.26 mm¢ | E.S.0.69 mm¢
Hight 0.5m

LIREEZRER L2, ZOMIC ABOHBEREE 2R BRAEAE
1, BBOBEEES | 075 o & THIEAB Table 2 Injection rate of coagulant
BELSELULTTFNRON, B, ZOMOWEE/ N> Run[ Period Injection rate of coagulant
FiRRIEAED BRF T2 mg/L, FEIET 7 >~ & @ |H 7. 9.18~H 8. 6.13 No Injection
£ik#kit T140 mg/L TH -7, RUN®~®Tit @ |H 8. 6.14~H 8.12. 4 | Proportional to turbidity
Ak 3 7y 7% K 3R A b = p . ® |H 8.12. 5~H 9. 1.28 5mg/L
«%r%iw){f)w% BINESE5Z LICE D BEOKRE ® |H9 129~H9 3 4 10 me/L
CAEYCIAR S TR ® |H9. 3 5~HI0. 8 15 mg/L
BRF-B
l 300 6
@® { @ %® }QD ® =
B 250F 4 4
' =} | &
g U e S S O
38
8% 150r 0§
B R 5
Lover Bl A <
-l " :
! H7/9 He/l He/5 H8/o He/lz Ho4 HY/S HL
Backwash water Treatment water Date
% 3K BRF 2B 70t AHEES FAR EHEHER

Fig. 3 Rough sketch of Two Step BRF process Fig. 4 Change of turbidity
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it & RIEOUBEHEZRLTWAE I EDbhb, T

72Dk E, BREREBTIREIN WY VEZT

HERIT, EEFERTEHY6.9 %, BNV F
15 mg/L {E AR T4 F3485.0 % DBxrFRER L 72,
BEIKY AT LOEEIZBWT, BECOVTIR
B & FREOREEIHE O NDS, BELDS
DOKEHEBIZOWTITEERE & AEFEOREE %
ERTE T hol, LL, BEHE—FEA
THIEIWZLY, BEUSNOKEEBIZBNTD,
BRI L FAEBEOMEREIELNDL Z L b o
Too F7o, BHEF 15 mg/L —EEALTD, ff
B9 28EHORIE50 L LEOBEBATETH Y,
BETLVIZTAIDVTHBEOEBEED S
50 %BLATICHIBIT A S e TEL I ERHERLT,
(3) ZEFHROER

A BHEHIKER (BEER, BEEE/ N F15mg
/L) LFEFETT v b ORELEMER (BN
F40mg/ L) 22V THRBHEREZ S L, EEY
1.7, 0.97TH o7z , ERHHD Sio. / AL,Os L iZ
IKALERRE D A 3K & EOMBIAH ), BRF »5
FEHE T HIHIRI B R ILIEI G TR & _Thk 0 ik
BRRFTHL I EIRBENLDT, BAKBEDOR
BN ENEIRFTE B,

3. BRF —E¥ 7Ot X (R8¢ 3 ELpE5Es?
3.1 H Ay

BRF 70+ A2 X A A TIREER O,
TUEZTHERORE, BE TNV I = A0
FOREPHEREINT, L2LEDS, ZBoEY
HEP LR END -0, EEEHLBHEFSED
M CITBELBIIAHLTAY v 288, ERL

100f

'"q Coagulation /
(¥ / Sedimentation
Constant
injection
(15mg/¢]

No injection

Removal ratio

Fe

Creature
Color
KMnO,
Uvae0
THMFP

B FIOKEWHHOD LK

Fig. 5 Comparison of main water quarity

WKEBLTIREY Y Y IIVHOEHRO 70 AHYE
EE (N

ZZ7T, BRF 7utx% [ZE7otx] »5
[—B7OtR | NeYRTHIEEFEHBEL, 3
=7 bR HCCIEABIZE LA BN, I
N, EBEERTARBORME E U CTERSE B
oS hEEE S BRF 28 L 70t RI2D
WTKRE 21T 72,
3.2 BRF—E7OtvXICETHEAHF

S0BELLT O KB EE TR E L2BUK (HIVEAK,
AW TRORMAKSE) ICHFLTE, —BE7FokR
DEAERET A E Lz, —F, EICHEAOE
G T250~500EREOREE & % 55K (— )l
FHAKE) 12 L TiE, BRF ORIKICEE 250~
100EF CRETA-OOESREBEEB XML 7>
T ADBHERFTAZI L E L, T2, WS
v 2B HEEREO BRI, BB ut
AL HBRESBOEERCLEE L, WHEKEE 1
LT 2 24RM Ll LR CE 2 L L L7,
3.3 EREBEHIUXRBRAEE
FOHII=TT OB T —RRT, EBR
FEAIT ZEEEAEN AT AT,
ZNREKG OB EE AN EE 7T >~ b2k itER,
WUV — B LU Y FERMLZATEAY
Hv, IhZEECEY S L A~CIZEHER - THH
FRTEKLE (EB7u—-Q), S@EEKEA
oS REEEICIE, EYREESHMEF (0.06mX
0.16 mXx1.3m) %Ak ZEY, heh
SLACERERE LSO R, EBREHEKY &
KL7: (EB70—-0Q), FIRIII=TI VB

LU A OBIEHEARZ R,
Flash mixing Flow @
Raw water
NaOH XD
Coagulant
Flow @

Flocculator ;-
; Tube settler

BO6M =75 M7 O—
Fig. 6 Flow of mini plant
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B3IKR I=7F5v MER
Table 3 Data of mini plant

BRF Tube settler
Size . 0.1m¢X 4mL Size 0.05mX0.16 mX1.3m
Layer hight 1.75~2.5m Mean stream velocity 417 mm/min
Direction Down stream Direction Upper stream
LV 240~300 m
Upper layer media Lower layer media
Shape Hollow cylinder Shape Sphere
Size 4 mmo X 5mmL Size 0.69~1.26 mm
Specific gravity 1.1 Specific gravity 1.7

F 4R THEAMOLEK

Table 4 Comparison of lower media

% b & HHEHOLE

Table 5 Comparison of mixing

E.S. of lower media De (mm)

Mixing chamber | Flash mixing | Flash+Flocculation

069 | 0.8 | 1.26

U.C. 1.5 1.7 1.5
L/De 725 602 397
Continued time (Hr) 9.5 24.5 17.6
Loss water head at last (cm) 79 65 27

T/, REHEPFICL2HRE R 5720, BRER
1 L AERVE AL & ORISR EE A % 3R 2 E
ERIZOoOWTdITo 72,

3.4 EBRER
(1) TRAMHE (EBE70-0)

FARIZIEBEBIUTRELZ, #1175 m
BLU0S5mE LI, TERBOAMKNZELZELS
WG EOA BB L ORLEBIKEE R L
7ebDTHD, THITEY, BERIEVPKES R E
HEKFIIENMEZ IR L72AY, 2 #fkEEE A%
083 mm DAMEHWEEIC24hriB & D 5
WER IR L7270, TRICKEETALEI Iy 78 A
I AEZFE083 mm Db DA EE L7,

(2) fSBEHEEOKRF (EBR70—-©Q)

TRIZOTEELZARHEISSmm Dt F 3 v
78AK%0.5m, EBIZIZ4mme X 5 mmL OF
Y7aEL U BAKE1T5~20m FTEL, BHER
BEE & L BRoOBERIERETAEL,

S BRBERE L L CHW - ESE b, P
¥ LA 38417 mm/ min & —#& B9 7% bk B Aok
# (10~100 mm/min ) kB L TEEICE
W ERARETOMAKEIT-7275, EHERICASNS
IO ITHEBEADOENIEDLL Y, 260E LoEH
FEIFOK & 1008 Kl £ ThrE 5 2 EDMEETH - 72,

BRF (220w, B#BEHOARICLI) 7Oy ¥

Vot oy | m | w5 | w
on o wmeniation | 5y | 5 |
Upper layer hight (m) 1.75 1.75 2.0
Lower layer hight (m) 0.5 0.5 0.5
Continued time (Hr) 9.5 19.8 24.8
Loss water head at last (cm) 17 23 32

B2 AT o 72356 O A Bk f R £%9.5 hr Td - 72
DIZxTL, FEEEEZNZTC7Oy 7 EEZITo 72
WA DA G X, 19.8hr &8 2 B DE %R
LTBY, KRS0 AToOHEERIIIFLT7E Y
IS EERRE R R L TWELDEEZLR
720 20U, BAEHEEMRZ 270 - IZBWTLE
Ex17m»520m~Ne025mfBEAREL L-E
25, HBMEEERIZ2S %ML TRBY, Bw
5B R 2 R A 03 EBERTE L L
TRELTHIEPAERTHD EEZ LN,
4. BRF—E7O0t20/x1 0y K TS5 >
hEER

INFTORERBERLRERET 2T, Ehig &
B2 ATLELTOBRF B 70t An7
5 MEEREEEMAL, 19994 3 HiZ ACT 2145 2 of
TN —TORFELARNEE UTARI N, HRIEHE
FEEPTH D,
4.1 EBRTZ7> b

EER T ho7u0—-%F TR, EEOMRE
FEORIIRT, BRF-B#IZ, EEEBROERED,S
BREEEZONIHNEOTEBAMEFHLZ,
BRF @K LV 13240 m/d & L, #@Eix A%, B
L HITABEEPIOFEASEL 800 mmAqg (ZET S &
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K+ZBEBHIC X A BB 1T - 72,

4.2 M B BE
ZOBRF B 70t 2B AMEBEL LT
i,

(1) JFKBESORE LT O¥pA AL 2 L THLEK
BEI0ELUT T 5,

(2)  JEIKIBRES0~5008F D3 A L BT L 1B % fF H
T5HZ & TRBKEELOELTET S,

(3) A udKHehE M 240/ DL E

(4) foKEHEHIZBRF #@HL2%KY A5 A
ERTHRDOEK AT L EFAREFEONSL S
o

(2) &ERIHE

MUEEKERE, BREER, HERHIRE, » kb
RETRIZ, FKEBE L MEXKBEEORMRYE K
WKWRY . ST, A@MHREH &, HEL TS
2 BIHTATL 800 mmAqg 2L, BT L E T
DOFHE AR L, BEMHRE LT, FEKEBE & LBEK
BEOEIZAHBEMEREOBKELEL, Fhz s
BEETHRLZLDTHE, THICLDE, ZoH
HIZBWTIE, /N F215mg/LIEAT A

Low turbidity
T K
L L7 Raw wa {High turbidity | l 7

-0 Coagulant B X
1.3 £HEE * l; | I l
(1) BEANFEAZE o | - .

. o S o e < [} L
BEANEARIZIS mg/L —E0E#x & L7278,

N . X g F-B
UK BE YA - 7219984 12 28 H ~19994¢ 1 A 21 Predtreatment BREA PR
E@Fa'ﬁ@&75mg/L 0&‘{@?"5 Lflo EIX S4uv bTFS5 b TO—

Fig. 7 Flow of pilot plant
10
¢ N 2= e — o BRF A °
FBOR MuybTT ML 5 s BRF B 0 o
Table 6 Deta of pilot plant - o o6 A
=S| O I A S
[ BRFA | BRFB g ! Ayt
3 A o
Treatment quantity 120 m*/d & o at® o o,
LV 240 m/d = o o Aa
= | (o]
Material Porous polypropylene g 0 :32 4 4 2
Upper | Shape Hollow cylinder E ° [Constant injection [15 mg/ ¢]]
media | Size 4 mme¢ X5 mmL A A
Hight 1.8m 0.0 ' — iéo A Ba—
Material Porous ceramic Raw water turbidity [Do)
Lower | Shape Sphere EOE AW & KR OB
media | Size E.S.1.26 mm¢ ‘ E.S.0.83 mm¢ Fig. 8 Relation between raw water turbidity and
Hight 0.5m treatment water turbidity
71X BEREE
Table 7 Removal of turbidity
Turbidity Removal rate | Supplmentary quantity of 3| Continued time
Raw water Treatment | Treatment | Treatment | Treatment BRF-A | BRF-B | BRF-A | BRF.B
water A |water B |water A |water B
(NTU) | (NTU) | (NTU) (%) (%)  |(NTU-m%m?)|(NTU-m*m®)| (Hr) (Hr)
Period 1 Max. 151.0 28.6 20.0 100.0 100.0 9749 4097 173 115
H10.11.26 | Min. 0.7 0.0 0.0 0.1 59.4 3744 711 49 20
~H10.12.28| Ave. 11.3 2.2 0.6 78.1 95.2 6126 1267 130 28
Period T | Max. 24.2 12.7 4.8 100.0 97.8 7129 5846 170 77
H10.12.28 | Min. 1.0 0.0 0.1 0.0 4.6 2688 1722 115 22
~H11. 2.8 | Ave. 5.0 1.5 0.5 69.4 90.2 4459 2917 127 59
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L2k, ABE BIZOWTIEA BN
(224K LA, EAREEEEEB BT R1I.0NTU
DT ofERFfHmONT, »BEAXODVTIETRE
DAEMBENRE L, ABEBERO EAPTERL %279
7 Bk R I 1008 R 2 B R B 2 L B3 % o 1275,
BWE OISR+ 5 TREABEELONTU % &
2B EEhol,
HIZMBKE % E8 L7254, ZOBEKICHLT
XA @ BOAREER (TRAMA#)#E0.83 mme)
WEF L WEEZOSNDLD, FEKEEDIELLE
% BGER, ELTTHoTh L &L 1) NBEKE
EPLOEZBZ LI E0H D, BEFFEAELRE
BEFGESBILIINRFT ILELD S,
(3) BHDRR

Z DEELMIZBIT S A B O HE LKA
I A32cem, #w/P15emTHh Y, EERIAEGICE
WTHIARIKEEAYKIRIC B A3 5 & v o 22
AN, TNETHEZAH, ARBITEIFICHEE S
NTWwWa B bns,
(4) EZEKHEEH

ZOHEROEADT vETHESE, BN
VBRI T LEER, B By r Ay, BTV
ZUABXUUVB0DEYEEZE 8RIC, T
9B KMEAKDOFHRERZEIRIRT, 2D
BB T v E=THERBL OB VT,
BTN = AOBRFERIIRELBEY K& EREDY,
WY EEN) T AEEE, UV2B0DORKRIER
B L3 IZEEE, B, THMFP IZEAT%
HEWHRERTH o7, TNHDOTFEKEGHEBIZD
WTIIBRER OFEAR L BELZBREH L LEZ S
N, 5% LBEREBRZITITRLLINS OKEE
Hb & il e BEANEA RS 2 ET LT
BEBhDH D,

N B O

Sk, EEERY BT, BREAEAELRED
WO EEE SR 2 IR 2 L4k, BERCHERERC B
VD ERERO Y AT AOREER, AHIZBITL T

G
2

%8 & FAKKE
Table 8 Raw water quarity

Water quarity Mean of raw water
N-NH, 0.16 mg/L
Potassium permanganate 5.2mg/L
Total Fe 0.298 mg/L
Total Mn 0.029 mg/L
Total Al 0.22mg/L
Uva2e0 0.219
Color 20
THMFP 40.5pg/L
TOC 2.0 mg/L

[%] /
100f

° 80F
=
= 60f
<
3 / Coagulation /
40| ; ;
E L 4 W i Sedimentation
2 ‘A A A 2 A B  NEA(EEY
N i ¥/ process
0 , ) ) . ) Single step
< ; ' rocess
= ¢ e £ 3 8 5 &
= =S = 8 =
Z M = jes
=~
EOK FHyRRIE
Fig. 9 Mean removal ratio
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BEHESRECLDYIAFL L8
SRTROTVAT XL L EREBLT
(CRMRBEILECLDYIA XL BF

ees . — Yuta Nishimura
Decomposition of contaminated dioxins by solvent N

. . . . . Yohio Konishi
extraction of soil and catalytic oxidation of wastewater X K W

Yoshiki Otsuka

M # B

Takao Kawai

K

1

WIS, LT O YA 4D VA AR TG, 28 Na EERE TR 2R EHE S
BB L UHRT O 51 4+ 2 2 % SR & B LA T oM 2 BB L & BI5S L7,

VR R AL HIB R 47 4 4 % D VIR 22 ng TEQ/ g %0.086 ng-TEQ/ g, fili i
EHEIHLIRRTHR A H R E 460 ng-TEQ/ L # BRI T £ T T X, BELE (118 1ng
TEQ/g, #K :0.01 ng-TEQ/L) %724 Z & MR L7,

Shinko Pantec has developed the dioxins decomposition process: solvent extraction
and decomposition for contaminated soil cleaning, and catalytic oxidation process for
contaminated wastewater treatment.

Via solvent extraction and decomposition process, the dioxins contaminated in soil
specimen are reduced from 22 ng-TEQ/g to 0.086 ng-TEQ/g. And dioxins contaminated
In the wastewater samples are also decomposed from 460 ng-TEQ/L to lower than
0.0016 pg-TEQ/L. From the results, it is confirmed that these process satisfies the
reduction of dioxins concentration lower than the Japanese environmental standard.

Key Words :

FAXX V(S A4 FFV >, RV T75y, 2759 PCB)

7 154 o R
fi E EE 1L B
S P70+ A

S ) -

CHBEHFE PO RET A5 XV VHEIZE A T
B EOBIRBEHRIHEE o T W5,
FRICRBRIGF RS OB S 8% e WE B EE
RTHY,) MEEORENEN N TS,

TAT XL VB EORSHREAIERLE YL
Hhe LT3, MRBEE, BEEARKERIbE:, S+

PCDD, PCDF, Coplanar PCB
Solvent extraction

Catalytic oxidation

SP process

BRALAIE 22 &V M, BTl MIE b RET &
nTws,

AT HYEALFRE L S I F BRI ERRTL
PO BBEE AR TRIBETRETE L7280, JAY
BB TE 5, o C, AT E R LET
BERFRET 5720, BHEMBEOHE G B~ OB
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L BEMEIBECLZBFLLEOLA

T X2 KRN3R
L1 B A&

ABIZE T Tkg HERBRICL Y, MHEHRL
TAXF L VIRBREOMBRERET L, ZOMEI
EONWT kg BRI L B2 EERBREAT- 72,

BEMMSEZIERO S+ F 2 VR
TAMUTR MBI IN T+ 52 VEHE2 SR

W TR AE LS, HHIREE60 T T204
MWL TE A4 X VHOMB 2T, BES
W& HE LAY SR L 22, HFRABIIREIC X
DEAMHLZ (B2E),

TR PCB ALER 2 ICHE L, R R %
EFE 1L ORACKFRBEF I TI CI
e L7, COBBICTAFFY > OEFE  Na £
VI 1/10000 SUSER 2z, HEL 2558

LM LIRTHER I NS (B1X), ReLTTVa—LvaxlERML, 28BEERLT
Solvent extraction process
r—-————— e ——————————————a
I
Crude : I Treated
- Solvent » Separation : rea.
P : extraction : ‘ soil
l . ! ©)
) } Contaminated ] Decomposition process
: solvent : T
, [l
| ..
! . : Concentration | Dechlorination |/ Treated
{ | Distillation | (SP process) T’ residue
|
T e y ®
I [
| Oil
T |
l I Sodium dispersion >‘
|
! N\
! | Alcohol >
| |
I J
1 EEMN SRR 7 T —

Fig. 1 Flow diagram of solvent extraction and decomposition process

Recycled solvent

Sample > Treated
soil
M Contaminated st afs
Solvent Q — > _4 Distillation
solvent
Yv — To SP process
Extraction
tank
O
%2 BRI EEOBERK
Fig. 2 Schematic flow of solvent extraction process
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TAXFY YEOBRBFRILRIEE2ITo 72,
AEOY T v 7IIE 1 RO FETRTER
BE, AERERL R CALE IC DWW TATV, AT L
72o HTHEIRBETRKERETERIERRITOS
AFFL RS B EY = 2 7 WITHEL L,
1.2 #RES5UICER

lkg FEABROSITHER LB 1 RIS, EFdFo
PCDDs+PCDFs (LLF PCDD/F) R ERE & f

RABROMER, TEOIEROBEZH V2D
ELUHHBRIEIC L - C, 1BPOF A+ 5L Vv E%
9.7%F TCHRETEL, TRIFTAYHIZBNT
TOH A MOBEEIBERILAYMLBEOEE,H 5
RCCIHnEEMtIc X 2 +iEF D PCB 2 & DA
WIRFILEMOBREFER (96~99.8%)° LI13IZF
ETHY, BERBEZSAFFICBICHLTY
HOERIERILEW L FABRIZY B EBRETE S

HEEEOBRYE IBIIRT,

ALK T OPCDD/F R 15 ng-TEQ/ g T
o725, 10LT0.33ng-TEQ/g, 15L T0.098 ng
-TEQ/g F ThHEans,

Ske BERBRE INY FITo 7R FE 2RI
INY o FBREYA & F T VEBEEILINEFYT0.086
ng-TEQ/g L %2 o7z,

i, ZRBIBMEINTSA 4 X2 VEOS R
BODIHFERZE IRITIRT, BEEm =54
T & ¥ HIE, 0.000055 ng-TEQ/ g F THfE sz,

FAF XL VEHOZUBETORKEELL v ANT
VARBAREFEARIORT , RUHERAEF DT A
T F T VOB E D440 000 ng-TEQ TH o 72D 2
LT, SR LR 1 i, Y A
AbET1400ng-TEQ FTHALTEY, &0
9.7%DYTA A XL VEPSRI NI,

Residual dioxins [ng-TEQ/g]

Solvent [£]

%3 PCDD/F %R L i E o M%
Fig. 3 Relationship between solvent consumption
and residual dioxins (PCDD/F) in soil

F 1%k MERROBRIYV A4+ VEHEEREE (1ke BEFAR)
Table 1 Result of soil treatment

PCDD/F Coplanar PCBs Dioxins
Sample (ng-TEQ/g) (ng-TEQ/g) (ng-TEQ/g)
Before treatment 15 6.8 22
Aft Test 1 0.33 — —
. t”t Test 2 0.29 — —
a
TEAMERY 1 Test 3 0.098 0.0043 0.10
B2FR FTA4FFL HEEEHMBRABER
Table 2 Result of extraction test
PCDD/F Coplanar PCBs Dioxins
Sample (ng-TEQ/g) (ng-TEQ/g) (ng-TEQ/g)
Crude sample 15 6.8 22
Test 1 0.068 0.0027 0.071
After Test 2 0.11 0.0032 0.11
treatment Test 3 0.076 0.0018 0.078
mean 0.083 0.0026 0.086
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FAE B 2EEOREEZHA VT2 L RABEZ1To 72,

BRI YA XL VoS R,
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E L7,

WMEAIROREIOL 2ozt L, 5%

~7z,
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0L FERIZ08um B X 75 (MF) W
2T, FEREHR O SSaERE Lok, HRE
fE (RO) MLEE% ATV, pH %4 9 (CFE L, il
BRALALEE % 1T > 72, MF 3 X OF RO & Ha K 125 i
WX B - BT ATV, SP Fut R &) R
L7 (885M),

Crude sample After treated
22ng TEQ/g 0.086ng TEQ/g
Solvent extraction
— -
process g
v Treated residue
Decomposition 0.000053ng—TEQ/g
process T

AR FAAFT VEOFTIRICL HRELL
Fig. 4 Change of residual dioxins concentration via
each treatment

Table 3 Analytical result of residual dioxins in extracted residue

PCDD/F Coplanar PCBs Dioxins
(ng-TEQ/g) (ng-TEQ/g) (ng-TEQ/g)
Treated residue 0.000055 7.4X10°° 0.000055
FA4R FAAFVVHETANT VR
Table 4 Total dioxins balance sheet of soil treatment
Crude sample After treated Extracts Treated residue
Total Dioxins conc. 22 0.086 — 0.000055
[ng-TEQ/g]
Sample weight 20 16.4 210 1
(ke]
Tatal amount 440 000 1400 (438 600) 0.055
[ng-TEQ]
Residual rate 100 0.32 (99.68) 0.000013
[%]
Removal rate 0 99.68 — 99.99999
[%]

* Figures in parentheses are calculated from the substitution of dioxins content of before and

after treatment.
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I Oxidizing reagent

pH control reagent

Solid

E—Vl MF filtration l—@*l RO filtration ]_C?SIJH control
D el

Catalytic oxidation |—» T‘:Zt"rd N

y

| Solvent substitution l—————h

Dechlorination process
(SP process)

Y

l Sodium dispersion

BOE MBERLED 7 v — L AT

Fig. 5 Flow diagram of catalytic oxidation process

5 b & ML RS

®
Treated
solid
®

Table 5 Experimental condition of basic experiment for catalytic oxidation

Treated volume | Space velocity Oxidizing Catalyst volume
Sample (L) (1/h) reagent (L)
A 10 0o
H:0. 0.5
B ) 1

% 6 % PCDD/F 35
Table 6 Analytical result of dioxins concentration

Crude sample After treatment Decomposition rate
Sample (ng-TEQ/L) (ng-TEQ/L) %
0.00 97.4
1 0.14 36
0.0032 97.7
2 0.095 0.013 86.3
0.14 ND (<0.001) >99.9

il B FRA L ALER 1358 b IR 4 CRM UL % 1T -
77

ABOH 2T T ROGHIIESHOIILFET
RET TR LT,

2.2 HRER

HHERERD PCDD/F it REFE 6 RiZR$,
PCDD/F B2 T hoRERIZBWTH0.013 ng-
TEQ/ L2 5B RALLTY (R ARMEEE : 0.001ng-
TEQ/L) L%V, #E321386.3%599.9 %Ll L%
~L72,

20 L ABROBHE A DGR REEE T RIIRT,

FRABOF A4+ XL VHIERE 13460 ng-TEQ/ L
EFFEIRRETH LA, RALEIKIZ0.0023 ng-
TEQ/L LT, SPALEZ D RO EHERE TIEEIX
0.00096 ng-TEQ/g & 72 » 7z, B LB~ D ¥ 4 F
¥ VERE IR bNhh o T,

pH, CODw.,, BOD, SS i3fi#ER{LALEERZIZIZ
PEHE®E LT/ L7,

FATFT VEHOZMBTRICBY 5EETLE
LOYANG Y AZE B LUBEBRIIRT, K
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BB D S A 4 F 2 HEIE MF AHEIZ X D70 %,
RO ALEET99.9994 %7k S 7z, iBHaFERE X SP
Tat A2 XK 099.997 %HS R, FEERICME L
725 A4 FL VEHETIIITEEIIEINT,

HE B OMELEIRIIRT,

BRED Y A 4 SV HIEEI ng-TEQ/ L A5
RO MLHE#12130.016 ng-TEQ/L LI F & 7o 7z, filt
IELILERIC X 2403 RO MU X % e R pdk
BP0 2R T X e d o7,

SP ML % D RO 18 #5572 1& o i 13 0.00005 ng-
TEQ/g & %> 7z, BALAMERD & 14 4 %3 il

FEIZ0.00056 LA T2 7/R L, WEFEL TRV &
DHERR I N,

pH, CODw., BOD, SS i3fififfEE{LMLFE 1213
PR R T/ L 72,

AT FL VEOZUMBIIBITHBESLB LY
RANG Y ARBTRB L OEI0RITT T, KEA
EHBLTMFBEIC L 54 FF Y VERTED
21% &2 o727%, RO MLEH121399.994 % DL | #8
BRE SN, MR LALEKD 5 1 F % 3 UERIERIE
0.00057% Td > 7z, BMEFREILSP 70t 212 &
199.9994 % 235 S 7z,

w7 R FEAOHBRKEE
Table 7 Analytical result of sample A
Sample PCDD/F Co-PCB;s Total Dxns H CODwus BOD SS
p (ng-TEQ/L) | (ng-TEQ/L) | (ng-TEQ/L) | P (mg/L) | (mg/L) | (mg/L)
®| Crude sample 460 3.9 460 8.2 14.5 1.6 <0.5
@ MF filtrate 140 0.33 140 8.3 11.2 0.9 —
®| RO filtrat 0.0034 ND 0.0034 7.3 <0.5 — —
titrate : (<0.00061) : : :

Catalytic oxidation ND ND _ _ _
© v =0.5) (<0.016) | (<0.0016) | <0-016 8.3

Catalytic oxidation ND _ _ _
® v 2 0.0023 | (<qvoose) | 0-0023 8.3

Catalyst (SV=0.5) ND ND _ _ _ _
® | (hg-TEQ/g) | (<0.0016) | (<0.000s6) | <0-0016

Catalyst (SV=1) ND ND _ _ _ _
® | (he-TEQ/g) | (<0.0016) | (<0.000s6) | <0-0016

Treated residue —10 _ — _ —
® (ng-TEQ/g) 0.00096 4X10 0.00096

Catalyst
Crude sample MF filtrate RO filtrate ' <0.0016ng-TEQ/g
460ngTEQ/L  140ng TEQ/L 0.0034ng- TEQ/L : After treated
Catalytic oxidation(SV=0.5) <0.016ng-TEQ/L
MF filtration — RO filtration |
After treated
Catalytic oxidati =
atalytic oxidation(SV=1) —» 0.0023ng TEQ/L
. Catalyst
Sampling |, 5016ng TEQ/E
Treated residue
| Concentrate [——® SP process |—————» 0.00096ng TEQ/g

B FAAFTUHEOLTIRIC L BiEE( B A)

Fig. 6 Change of residual dioxins concentration via each treatment (sample A)
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F8XR FEAOFAIAFL VHENK
Table 8 Total dioxins balance for waste water treatment of sample A
Crude sample | MF filtrate RO filtrate (%%}ilg%t) Af(g\r/;%a%%ed

Total Dxns <0.0016

[ng-TEQ/L] 460 140 0.0034 [ng-TEQ/g] <0.016
Sample volume 2 20 15 483 [g] 5
Total volume

[ng-TEQ] 9200 2 800 0.051 (<0.017) (<0.017)
Residyal rate 100 30.4 0.00055 <0.00018 <0.00018
Removal rate _ _

[%] 0 69.6 99.9994
MF residue | RO concentrate | Treated residue %g{;,aiylsic Af%esrvt;ela)ted

Total Dxns _ 0.00096 <0.0016

(ng-TEQ/L] (560) (ng.TEQ/g] | [ng.TEQ/g] 0.0023
Samplmolume — 5 240 [g] 483 [g] 5 Lo
Total volume

(ng-TEQ] (6 400) (2800) 0.24 (<0.017) 0.012
Residual rate (69.6) (30.4) 0.0026 <0.00018 0.00012
Removal rate _ _ _ _
(%] 99.997

¥ Figures in parentheses are calculated from the substitution of dioxins content of before and after treatment.

99X ABBOREBRER
Table 9 Analytical result of sample B
Sample PCDD/F Co-PCBs | Total Dxns H CODwex BOD SS
p (ng-TEQ/L) | (ng-TEQ/L) | (ng-TEQ/L) p (mg/L) | (mg/L) | (mg/L)
@®| Crude sample 91 1.0 92 8.8 64 0.8 P)
®@| MF filtrate 71 0.58 72 8.7 53 <0.5 — (I
. ND _ _
®| RO filtrate (<0.016) <0.00001 <0.016 9.0 1.4
Catalytic oxidation ND _ _ _
@ (SV=1) (<0.016) | <o0.00001 | <0.016 8.6
Catalyst (SV=1) ND - o o o
Treated residue 10 _ _ _ _
® (g TEQ/g) 0.00005 5X10 0.00005

BB AZOWTIE YA 4 F 2 VEHEE0.0034 ng-
TEQ/L o RO MK SV =1 T 5532 %1

L, SV=05TIIRHRALLT 2R L 72,

TEAE L BRACANC X BTk LTS A A

X U HEEL2 pg-TEQ/LOKIEE YA X2~
KB CHBEY %L ED ¥ 4+ X3 v ES R

WROLN TS SEEE S REIKZ LB L

7-#E %, 110 ng-TEQ/L #4.2 ng-TEQ/L & % o 7:
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Crude sample MF filtrate RO filtrate
92ng TEQ/L, 72ngTEQL  <0.016ngTEQ/L

Treated water
———»| MF filtration —{ RO filtration P Catalytic oxidation — <4 016ng TRQ/L

Catalyst
<0.00056ngTEQ/g
| | Concentrate |——p| SP process Treated residue
0.00005ng-TEQ/g
BIE A4 FL oHOLETREICL isER (BB B)
Fig. 7 Change of residual dioxins concentration via each treatment (sample B)
BIOKR HBBOFAF+F VEHIGEL
‘ , Table 10 Total dioxins balance for waste water treatment of Sample B
Crude sample MF filtrate RO filtrate &%}ilg.sst) Af(tse\r]:trée%t)ed
Total Dxns <0.00056
[ng TEQ/L] 92 7 <0.016 [ng-TEQ/g] <0.016
Sample volume
(L] 23 23 7.6 483 [g] 7.6
Total volume
[ng-TEQ] 2100 1660 <0.12 (<0.12) <0.12
Resiqual rate 100 79.0 < 0.0057 < 0.0057 < 0.0057
Remoyal rate 0 21.0 >99.994 >99.994 >99.994

MF residue RO concentrate | Treated residue

Total Dxns _ (108) 0.00005
} [ng-TEQ/L] [ng-TEQ/g]
SamplffL\]'olume — 15.4 240 [g]
Total volume (440) (1660) 0.012
[ng-TEQ] '
Resid[t(l)zl] rate (21.0) (79.0) 0.00057

Removal rate

(%] — — 99.9994

¥Figures in parentheses are calculated from the substitution of dioxins content of before and after treatment.

SEpt, TEMBEATI LIV HMERTE O ¢ U

ThbeEZOLNT, BEMEOBECL ) TEROS A 3 VB
SRR IO WTIZ SP 7O ADE R EIRER E#0.086 ng-TEQ/g F TR TE, LELLHM
N7z, ShBES NI A % 2 v $130.000055 ng-TEQ/ g

FTHRTEAHI EITREINTZ,
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Safety of hydrogen
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WRTHEHESINDL TAVF—DH0 BiZAKR, AHlH, RRTASOLRBRETErZ2bh T
%o ALAMB Z VBT 5 & ZRTOZBILKFRENS LR L, BIKERL, JBEESH EST,
TRUGIZILE BSR4 L PHEIN TV 5, KB ANV F— I HERBIERE, EFGE

Q_ . LR BRT A7) VA NF - LTHFEN TS, KZELAINVE—RIELELEVE 2D
W23, PERDICABRE Y XA 7 AREU EOREM LT HAUENDH S, RBEETIIAFEOLESH
[ZDOWVTHORS,

About 90 % of the world energy demand is met by fossil fuels such as coal, oil and
natural gas at the present time. The consumption of fossil fuels will cause the carbon
dioxide accumulation and threatening consequences such as global warming and climate
changes. The drain of fossil fuels is forecasted in the next century. Hydrogen is
expected as a clean energy to solve the global environmental problem and drain
problem of fossil fuels. The safety of hydrogen equal or higher than that of fossil fuel
system must be established in order to use hydrogen energy system widely. The safety
of hydrogen is shown in this report.

Key Words :
’ KEL AN F— Hydrogen energy
%7 & % Safety
K OF O Hydrogen gas
W K E Liqufied hydrogen
OB ' i Fuel cell

BEA S F BB ERIKEH L E Water electrolyzer using the proton
exchange membrane

MREE M E 88 Fuel cell vehicle
KEWRBAT—a v Hydrogen fueling station
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P26 DAL FHEH E2E D20 % % 5D T
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HEIHEGEFIZBWCIIHEIE X — 7 —H%20034EEHIC
AT HIBL C, BREAEMESESEOMEL
EDHTWL, Fhalcrxlb—TaryT ATkl
THEHTEX /M EORERREBEMOBHE,ED 5
nacwnb,

BE, MR TOKRHEEEITEMNS 000E m® & H#
EEINTWSE, 200 %LLEFKRYT ZAOSE S
A, TERIRETADLSESNTNDS, R IIKERE
WEDEEENTWESE, TOKEDI %L ELT
VEZTDER, A%/ —NVOEK, AIHOLE,
BEDOBRTEOTE DL AHERE LTHESR
Twhb, TAVEF-FHE L TRALHEEZT LT
Hary s OBEHHREKZEPFH I TS,

BROKZELANVE— - VAT LADLEEPEET S
EREBIZKEMEH SN LB TRABETS Vb

EB1R KEFNROYME

TARZEZHEL, "M T4 2L VEGEEND,
F 7Bl KR ADR O N AT T KBRS T ~
FNCRAT A KETLEL, KEZRETSH, =
DARF LS, BKEERICOOT, by
TEE SN D, MNRBFEHOEAIE, F oAb
RIRRA A EEEE, /2034 o4 FEUKERE
EPERING, RKEZINA A~ A, KBtk
EFOBEIANTF L8 EIND,
ZDEHIKELAINF— % HCHEREREE RS,
BEMBBELBET L2012, KELFLF—
DAVTIFTAMNI I F Y —NEHIND L LB,
PERDILEIRE Y 2 7 4 L RIS O D 5
CEH LI END I EPEETH S,
CD/DITITIERDOKREETH A TETOLADE
FPHEAER- L CAELANVFE - D722
EEEZZE L, Kt MRTE 2R, &tk
EEREIT APV ETH D, KEETIIKRED
LI DNWTHRRS

1. ZE20ERALSOKFENME
1.1 KEDMHEE

e KEEEEE Y RFTT 2 720I3KEON
M FNOI o -EREL BB L TBr 2Tl
oV, KEFAREHO AT HRICHEH S
TV LEMERE L BUEEH L, LA LWL 20D
HCERLSIZHMEIRT, KETAOYHEFE 1K,

Table 1 Physical and thermodynamic properties of gaseous hydrogen

Property Unit Value
Density at 273.15K kg/m? 8.99Xx10°?
Compressibility factor at 273.15K — 1
Adiabatic compressibility at 300 K MPa™! 7.03
Coefficient of volume expansion at 300 K K™ 3.33X107®
Cp at 273.15K J/ (kg K) 1.42X10*
Cv at 273.15K J/ (kg K) 1.01x10*
Enthalpy at 273.15K J/kg 3.84%10¢
Internal energy at 273.15K J/kg 2.72X10°
Entropy at 273.15K J/(kg-K) 6.92x10*
Velocity of sound at 273.15 K m/s 1246
Viscosity at 273.16 K Pa-s 8.39X10°°
Thermal conductivity at 273.15K W/(m-K) 1.74Xx10™
Dielectric constant at 273.15K - 1
Isothermal compressibility at 300 K MPa™! —9.86
Self-diffusion coefficient at 273.15K m?*/s 1.29X107*
Gas diffusivity in water at 298.15K m%/s 4.8%10°°
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Table 2 Physical and thermodynamic properties of liquid hydrogen

Property Unit Value
Triple point temperature K 13.8
Normal boiling temperature K 20.27
Critical temperature K 32.98
Critical pressure MPa 1.29
Critical volume m®/ kg 3.18x107?
Density
at normal boiling temperature kg/m® 70.78
at triple point kg/m? 77.02
Compressibility factor
at triple point — 1.61X10°*
at normal boiling temperature — 1.71X107*
at critical point — 3.03x107*
Adiabatic compressibility
at triple point MPa™! 8.13Xx10°®
at normal boiling temperature MPa™! 1.19X107?
Coefficient of volume expansion
’ at triple point K™ 1.02X107*
at normal boiling temperature K™ 1.64X 107
Heat of vaporization
at triple point J/kg 4.49 X< 10°
at normal boiling temperature J/kg 4.46X10°
Cp
at triple point J/(kg-K) 6.51X10°
at normal boiling temperature J/ (kg K) 9.69Xx10°
Cv
at triple point J/(kg-K) 4.71%X10°
at normal boiling temperature J/ (kg K) 5. 74X 10°
Enthalpy |
at triple point J/kg —3.09X10°
at normal boiling temperature J/kg —2.96 X10°
Internal energy
at triple point J/kg —3.09x10°
at normal boiling temperature J/kg —2.58X10°
Entropy
at triple point J/(kg-K) 4.96 X 10°
| ’ at normal boiling temperature J/(kg-K) 7.98%x10°
! Velocity of sound
at triple point m/s 1.27X10°
at normal boiling temperature m/s 1.09X10?
Viscosity
at triple point Pa-s 2.6X10°°
at normal boiling temperature Pa-s 1.33X1075
Thermal conductivity
at triple point W/(m-K) 7.3%X107
at normal boiling temperature W/(m-K) 9.9X107
Dielectric constant
at triple point — 1.252
at normal boiling temperature — 1.23
Surface tension
at triple point mN/m 2.99
at normal boiling temperature mN/m 1.93
Isothermal compressibility
at triple point MPa™ —0.0011
at normal boiling temperature MPa™ —0.0199
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Table 3 Properties of hydrogen of interested in safety consideration

Property Unit Value

Diffusion coefficient in air m?*/s 6.1x10°°
Limits in air

Flammability volume % 4.0~75.0

Detonation volume % 18.3~59.0
Limits in oxygen

Flammability volume % 4.5~94.0

Detonation volume % 15.0~90.0
Ignition temperature

in oxygen K 833.15

in air ) K 858.15
Flame temperature K 2318.15
Heat of combustion J/kg 1.12X10°~1.42X10?
Thermal energy radiated from flame % 17~25
Burning velocity in air m/s 2.65~3.25
Detonation velocity in air m/s 1.48X10°~2.15X10?

B4R KK, Ayy, Ty, FVYroOWEE
Table 4 Properties of gaseous hydrogen and other fuels

Property Unit Hydrogen Methane Propane Gasoline
Molecular weight kg/mol 2.02x10~* 1.60X107% | 4.41X107% | ~1.07X10™
Density of gas kg/m? 8.38X10"* | 6.51X10°* 1.87 4.4
at 293.15K and 0.1 MPa
Viscosity of gas Pa-s 8.9X10°¢ 1.12x10°° 8X10°¢ 5.2X10°¢
at 293.15K and 0.1 MPa
Diffusion coefficient in still air m?*/s 6.1x10°° 1.6X10°° 1.2X107° 5X10°¢
at 293.15K and 0.1 MPa
Buoyancy (Density relative to air) — 0.07 0.55 1.52 3.4~4.0
52 LT AR A S E Vol. 43 No. 2 (2000.3)
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Introduction of an Improved “Leopold Underdrain”

(R HEMTHAE 2 el
K oO& F M

Hideki Mizusawa

Yutaka Ishimaru

LTI, BAKERIZCOLERK, ThSIMHELEDABHEMELMALTE, 2058
RO TH B TEEEKEERE L, BR, KkEREL70y 7 (A/WRLERLVF7Ov &)
EERMTAHIEICLD, A8, BREFOBSEEOR L, BEKEOKE, F-MEONEICL 5E
fix, WO FADEGNE, BGWEZFTOBFEIDSTEEE ZoTWb, —F, HELFEL 7Oy
71, RO A/WRALARLV 7Oy 7 %88, XRLHFUGETHY, SHARELIEL T ¢
2y 7 FECHYT2 28T, fERODBREMRTRTH 2 HHMITHEK CLHDH) 2 REL
L, REKKEREZAMTTROMHEIITD & L), AHEA, AN BOEEN % KB @3+
LI ENTREE R0z, T2, VARV FETOY 2 RKOBIRETIC L 1) 224, Kitikiso ks
B s sicmELTW5S,
AETIX, COFBLARVETO Y 72 BATHHDTH S,

Improvement was made with a filtering block for underdrain system used for
treatment of city water and industrial water and also for tertial treatment of municipal
wastewater. A plate of high density polyethylene beads sintered together (IMS Cap)
mounted on the conventional air/water scouring type perforated filter block (Leopold
block) eliminates the need for support gravel, and simplifies either installation of
underdrain system and filling/ replacement of filter media. In addition, uniform
distribution of air and water is much enhanced by remodeling the block itself.

L
Key Words :
T 5B 4 B K 2 E Underdrain
FRILARVFTay 2 Type S with IMS Cap
X O W O # Gravels
S A -1 ez, T/, BIKEIMECIRETAHE, ik
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VAR ST E S L BIRICEEEMA T 5,
IMS Cap (Integral Media Support: A # X #Ff
K) X, ROZFHBMIIKDLLEDOTHY,
Type SO LHEIZY v ¥ Z R UTHEHE L CTHEHT
bHo THIZE ) HEFROFENSAEEL 2D, #F]
RBOENED LRI b, 72, EHHERKER
IR WA, SRR 2 AW/ ERUKEE T,
TEME R AR OR, SR E LY BRI
DRADPFEIFANOEEL 2572 0FEBEXEL T
7225 IMS Cap TIE#FD L9 RLEIZER 25,
179y 7 OoREFEE, 1220 mm® X 285 mm”
X340mm" TH s, B, H3IZIXIMS Cap &

¢ T
P
Self-tapping ? T 1‘ !‘ l TT
serew L SRR R T ) }
Pre-drilled T Lo | | ' | " ‘
1MS cap B ' I
T A
‘ ) [‘\ ol ‘ ‘
‘ I - . ..
co o
2 | &
|
T <

1 K EIMER
Fig. 1 Configuration of Type S with IMS Cap.

EHTEY, ROA/WRLARLVETOY 71
YR TH LR ZFTRIBE LA & HRT, 230m
m" D EERABEBEOE S XKL THI LT ERT
H5,

1.2 HFRLARLRTOY 7OEE
HENEZEIN, BEE1IC, EEMEETE IR
WRT, 70y 7 LEFRIBICEARD R Nz,
ZOEML, Type SOFRETHY, EHERIIBIT
L7y ZEEBAKO 7Ty 2 AEA~D ) F—
AU 74 RAEFZTFTBY, BROGEEOM LI
EELCwh, £72, IMS Capix, KUZFL ¥
DO RkL % BERS L 72 AFRILET00~800 um DK — F
ZRDEIMTH Y, »EHREEREFO A 2 H

ZE 1% IMS Cap ff Type S D4k
Table 1 Specifications of Type S with IMS Cap

Type S—high density polyethylene

Material IMS Cap—high density polyethylene

beads sintered together

IMS Cap Pore

~ [¢)
Volume 30~50 %
IMS Cap Pore 700~ 800 zm
Size
Weight 11.3 kg/block
Size 1220 mm" X285 mm™ X340 mm"

1 L)L K IMS B4k &
Photo.1 Type S with IMS Cap
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Water flow

{m/min]

Front Center

flume flume
1.02
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Note : The headloss indicated includes bottom entry losses. Contact the
factory for laterals with different feed arrangements
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Fig. 3 Headloss on length of lateral
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Fig. 4 Headloss of air scour
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Fig. 5 Headloss of air scour and water backwash
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Table 2 Test Condition

Testing machine used =£3-tonf electro-hydraulic servo
type fatigue testing machine
400 kgt

0 kgf
Load conrol

Maximum load
Minimum load
Control method
Wave form Sine wave
Test speed 1Hz
1.56X10'cycles

Number of cycles

/Fatigue testing machine

d cell
Road ce IShaking

Test
specimen

] w i ] gVide-flange
i : 9.7 73 L [ﬁé}geeu
LY 0.6 0.8 15 12 48
Backwash water flow [m/min] / / /
BOER 7 INRIDEVIZL LHEN FETX RAEEE
Fig. 6 Maldistribution on length of lateral Fig. 7 Epitome of fatigue test
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New Fill for Cooling Tower (HYPER Fill : High Performance Fill)

(R)EEHGEEE
&R 7&

Mitsuru Mizusawa

HHE OB Th 5 FTEM L, KEBRKOEREEMIC L ) BZBRETVERE KA T 5%
B[RRI T, ATFy 2B GREED) & 74 VAR (KER) o 2BEOEMEFREHY, BAE
X7 A NVABERERTH 5,

TANVAEIIFICPVC v — b (RUBE=— VI — ) 2EMIEEELCHERALTYA
B, BUENEE, BVERRICLWERNIX NEEOMENSH o7, S, INS5OMES
R L 7-ARE L, BREERIT 2 b OMEIR % @ & L JEEE Y 2 FEIFEM (Non-Bonded
anf Suspended Type Fill) ZBFE LD THNT %,

Fill, a component part for a cooling tower, is capable of exchanging heat by allowing
water to directly contact with air, thereby releasing heat into the atmosphere. The
contact system of the fill is available in two types: splash type and film type. The film
type fill is being chiefly used at present.

The film type fill has been used by bonding mainly Polyvinyl chloride sheets (PVC
sheets) after molded. However, the film type fill has been posing problem of a large
pressure drop, an increase in transport and scrapping costs, etc. due to a high
percentage of void. To solve this problems, Shinko-Pantec has lately developed a
non-bonded and suspended type fill intended for and lowering of the pressure drop and
the reduction of the transport and scrapping costs. This paper presents this new fill.

W 1 £%:8 Cooling Tower
b H v Fill
7 4 Vv A H Film Type
E 73 # % Pressure Loss
¥ AR FE Suspended Type
¥ AN X ‘ DR EFIHELRBESN TN,

WESE A FEANCEIAREN - EREH LT YHCRTERAGIE L LTEKEOSEEZHRE
TGy vaBlE - ERFERLEZT74 VAEIDEHY, 90 %L T 4 WABITEMEZHRHAL T 5,
BAEZPVCY—MIL 374 VARIFTEMPER 7 4 VARIFEEMIZ PVC ¥ — P 2 EZERBE,
Thb, 74 NVABIHEEBIRE S BVEAZE FBEESCL) 70y F U MG HEOTEE
HREFELTNREE, 87 MRGHENTET  HICHEEBELTCENSRSE, TEM Y — PORMEICIE
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FTEEM OMREIIE L 2 A5 LEEME (Specific
Area) ZfERGEFEEEICL, EHEEOERT
HHEFBEBRAERICTTIEEEROREEREL

5 1% HTEMTIRARR
Table 1 Shape Dimensiton of New Fill

(S.A.P.S) AR IZAF L55~66 % (2% U (252
EEHE/I0EEEFTROLTH S, TRIFTER
D Z B ENICULEREEBENST Ay F{RIZ L
DARBELZ)TREE o7z,

—%, FEMOENEEOEREL L TITRD EH
BFohb,

O EEmEEEX (LLEER)

® Lk HEx (=R L EEW D)
® FETKEZEREOHEIEEIC X 5 BEEBE

kBafrE, HELES)

Z 09 bEEHEEEE L EMBERITERKEOE
DEE~NDEEFIRETH B DI LiEkEEOE
TRk & BRONEBREIV R R 2O EER
ERBIIEETH > 72,
ARERIZBWTIIEEDOTIEM O LB REEE D
LENBEEROMEICER LEEHE/NNI L BE
NEEOHEZITWTEM OBIKRE E L7,
2. FEIFIEMORET X MER
2.1 FIEMMERERER

26 3 BRI FTCEM & R & ORI KREI R
BThb, B LARIBRBMEROLEBRERETH
5o
HERERZIZIIFEE L LI L ) BB
kM EENR L, ENEEOETIRIZHNIE % T
b, TIAKEMOEIMZL VIETEEIILL LD

Narme it New Type Fill Conventional Type Fill
HSP27DP4 HSP33DP4 FKP27 FKP33
Sheet Pitch mm 27 33 27 33
Thickness mm 0.4 0.4 0.4 0.4 or 0.5
Sheet Size
Air Travel | mm 965 965 965 965
Heigt of Fill | mm 1900 1900 950 950
Width of Fill | mm 610 or 750 610 or 750 610 or 750 610 or 750
Specific Area m* m? 90 74 91 75
Dry Weigt kgf/m® 30 25 29 24
S.AP.S (%1) m¥/m* 0.111 0.107 0.166 0.195
Ratio of S.A.P.S — 0.66 0.55 1.00 1.00
No. of Projection p’cs/m? 11 11 131 131

%1 : Specific Area of Projection Shadow for Air
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Load of water L/A [10°3 kg/m?/h] Water to air ratio L/G {-]
%3 EHEERBRER 4 YRR BRI R
Fig. 3 Result of Pressure Drop Test Fig. 4 Result of Performance Test

B 2R REMWERRGE
Table 2 Result of Force Load Test

Item Unit New Type Fill (HSP) Conventional Type
Load Type — Tension Compression
Load Speed mm/min 10 10
Sample Size (WXH) mm 630X475 965X 950 X810
Sheet Thickness mm 0.4 0.4
Sample No. 1 2 3 4 5
No. of Sheets S 5 5 1 1| Ave.
Max. Load (HSP27) N/m? | 10954 | 9224 | 13260 | 7207 | 10089 | 10147 3776

(HSP33) N/m? 8962 | 7547 | 10849 | 5896 | 8255 | 8302 3628

B H 2 #HERAR (WE 30000N/m?) B
Photo.2 Load Test (Load 30 000N/m?) Photo.3 Fabrication Test

E 3 HuHR
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PVIFH—-—DOHBARN

Introduction of the PV MIXER

U =ro=7) 7
¥ H
Hirotoshi Handa
FE B K

Daisuke Tojima

FLOMAERSERELE LTPV IFY— 2R L7, PV IXH— 3L SV I F4—L i
B, HRICEEREE L2V o, BET, BRTFTOERNITRTHS, T/, FHRHEEERE
WL ) ENEEEREREST 52 0MBEORVWEGERIMTA S, XTI, REBIVITLET
A MRBHIH, PVIFH—L SV IFH—, FTNV)RVBEEORBEREEITVHL IR -
7PV IFH—DFELHBNTS,

We have developed the PV MIXER that is the new equipment for powder mixing or
powder drying. The SV MIXER has the gear unit inside the vessel, but the PV MIXER
is mounted with the drive unit outside the vessel. Therefore the PV MIXER is able to
operate under high pressure condition and/or high temperature condition. And, raw
material is circulated in vessel for strong mixing of the special impeller, so to be
possible good mixing or drying.

We have compared the efficiency of PV MIXER with SV MIXER and double ribbon
impeller to use calcium carbonate powder, we show the result in this paper.

i =y Mixing

72 v Drying

SV 3IXx¥-— SV MIXER

FT V)RR Double ribbon impeller
2 F v B Paddle impeller

EHThHsb, LL, &Y ERETCOBELRREES
R OERE, SR, SET TOME X LT

AN
LHTIHEREEREBE LTSV IFY—, o

ZAWEKTAX, T4V FITALXDHY, EEh
BK, {LELf % Id COIRRWAECHEAS TV,
BRSO F NEGTH L SV I XY —1F, H
NEOBEEEFIZI DA NV FIZHEEZEST S
B, FRTFHEIDR CBERRLTWHEOEREASHEE
BORBERL RV DBRICBIR R B OREE B

DIREHEE, HELORIRY &3S HEE 23567
B ey, TERICAET 5 EREIEE~ DO E§ 01
AEF 2, HAED L O FICEFREERE % & -
B X3 IENNT Vv ADOFIHIBVETH S, K
TVU—rBORERIEI A, EROBEOEHRE
FREOEEANS V- VEHOBEEOBRAD T T
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Filter unit ~_|
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Seal unit

Multi pitched Jacket

paddle
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Ribbon
impeller
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=1 PV I ¥4 —
Fig. 1 PV MIXER
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meter

1 Sr=-1

I
P ir

Mark Appellation
M-1 | 300 L PV MIXER
C-1 | 5m? condenser
C-2 | Cold trap
BF-1 | 1m? bag filter
D-1 | 204 tank
VAC-1| 3.7 kW vacuum pump

V-1

Discharge valve

CW out
CW in

Steam in l
HW out

Steam out
HW in \ / '—J
fAir lﬁx_\l
5~ 7kg/cm? %? 1 ::—[
X
N—— ¥
/-

FE2E 300L 7 A MEE

Fig. 2 300L PV MIXER test unit

- st
L]
Ll
I/JJ 7 S
Q\J ~— =
1 = b =
/ =
S
gl =
PV MIXER [ Double ribbon impeller
E3IW K£ETAMR
Fig. 3 Test impeller
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(5) BILBEEREBELI B,

KEEH V7 ATORET A N CTHEERIERE
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wRLz, HL, WBRICIVSEZONLEER
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F1xR FAIMRHE
Table 1 Test materials

(1) F<DOFEENLRV,
L2y 7Ty RRIL, BEERASEL S
THBELR T, BEBRLATPELRT VY,
—%, PV IZH—i, NFVEOLy JET
5w B LRI ORENIZ b b,
(8) ®BE (FRMNEE) 25w
REEA N T LDOEET A MIBWT, EEHE
W (IER#E+SEE) CORMEZ L5 &
TN RYBIIHEAEDS %OFRBEIZR L,
PVIFH—IF11%ESV IFH—D8%LEEE
DERBETH o7,
3. AT b
3.1 X +AEE
EAOBREZTYTNVY)RVE, PVIXFH—D 2
BICEZ, FBICP»HE8HEHE L,
FANREE LT, REBBANVY Y L2, B
BYEEEMEDSE B DB R —/3—1500 & FREE
DEWVWNOAER (WFROAERI VT 7 AKE)
WKOWTIHRE L TA S, BEOWELE 1 RITRT,
3.2 TAMERRUER
3.2.1 BREAROHEERE
MEIREAE SN D ERIL,
QO HBEELHEEOTRY, HEERICL SR

A
=]

@ BEREFBHABELOTRY, BEICLLES
® BHREEOEEEIZILLZTRY, BEIZLS
BAICHETE, INLOMEEHEIZE-T
REDVHEIT LTV,
EHEONREENSEVGE, BRELETFoNH
iz, BEHEEOTNIEIARL, BEREICES
WREL 2 VBB L HEY T2, HICHBIEOEN
WRDEE, F& L TH@DERNI R &R,
BHo% 3, EERLOBBICIYVEEIRLLE
ZoNb, EHICEEEEL LTFsEELIJICEIDNE
EIZEIE L C W RIS EEABE) LEEEICIH - T
HLLET N, HERE AL THER.OEATT Y &

. Bulk density Angle of | Average particle| Water content
Test materials _ .
kg-m™ reposoe diameter gm wt %
Super-1 500 620 56° 2.3 0.19
No.A heavy 1420 36° 200 0.04
calcium carbonate
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Impeller speed [rpm]
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Fig. 4

&1 1E & BB O BLR
Relation between power and impeller speed
(Test material:Super 1500)

. —O— Double ribbon
4ol LA BV MIXER
g 3.0
g
2 2.0
1.0
I No.A/150¢
0 1 ] 1] ] 1 1 1 | 1 1 1
0 10 20 30 40 50 60 70 8 90 100 110 120
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5 By /ME & mEH O BR
Fig. 5 Relation between impeller speed and power
(Test material:NO.A)

B2 & BEOHER

Table 2 Presumption of mixing power

Capacity of vessel 100 300 500 1000 |2000 |3000
Powder upper level 640 1067 |1338 |1776 2347 |2739
H mm
Impeller speed 62 45 40 36 32 30
N rpm
PV MIXER Power 0.46 1.06 1.55 2.55 4.14 5.41
kW
Double ribbon Power 0.70 1.66 2.43 4.11 6.81 9.01
kW

Vol. 43 No. 2 (2000 3)

i E T A ST

77



Ezbhb,
3.2.3 BEyHEDOHE

ZITC, ¥TNVIYRVE, PV IFH—|IonT,
L BE L OBRICOWTHRET 5,

M, AEB LUCEBEREOBEMMILA LT
BhERIRELS Y, BiflE%E P kW], [EE#K
# N [rpm], HHEEE% H [m], Bz K LT
5t PocK-H - N OBBERTEENS,

FANT=% LD K, a, BEERD, —KRHIZ
EESEE LT B I EDE VR —3—150002
BOTEBR-IADE N2 HETLLEE2RDL )
2% B 1 LERAROERICBVTIZETLD 2
~3EDELEBLE— B ERET BLEND
LEEZOLNDN, GBRESLTAMEOERTLY
G T BB LR L TV LENH B,

4. BETX b
4.1 FAX A&

EROB2 ¥ 7V RKVE, PVIFH—, SV
IFG-DIFHEICEIRET AN 2To/2, TA
FeRELE LTCA—8—1500% B L, #1% (b %
7 —140ED : FHITEMWSE) L EE LIS . 5TRE
Lizo %8, BEIWETT 5 IHEVFWHSEL LR
BHIEP S RICEBINDG, TEDRESEMEIE
A EER, &E8, TED 3 e 7rIY 7L,
BEFTT AW THELHE LREEEE 2Rk,
4.2 TAXMERRUER

EOHIIERTAMNOERERT, 28,7 B
FEE 73, BEEOEREN—DOTHY, BERE
AN T L9 D DEETREESRE LIHES
HEREKELL, BREELLETEIDTH 5,

XL D, PV I X4 -804 M iIcB W THRE
FEE ) OEI LD LIGEWEEZRL TS, ¥
TN RBERET S ERE (50 rpm), A
& (300L) oEGREHIF—TTCORERTHY,
PV I Y —DHEBHNIZS 7V RVEDH0 %

B3R FAMRME
Table 3 Test conditions
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i
(1) ANECERBELTRT I LICL o THEZ MBI

1.0

0.8

0 2[ / —©@— Double ribbon
e —@— PV MIXER

—4&— SV MIXER

0 50 100 150 700
Mixing time [min]
%6 REEIERE L RARMOBMR

Fig. 6 Relation between the degree of atainment, 7
and mixing time

Volume of Impeller Jacket Test Water content Overall coeffiecient
Impeller ; h o of heat transfer
powder L speed rpm temp. C materials wt% W/(m? - C)
PV MIXER 300 50 80 Superl 500 15 158
Double ribbon 300 50 80 Superl 500 15 128
SV MIXER 150 63/1.6 80 Superl 500 15 99
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Granulate material on drying operation
by double ribbon impeller
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(b) Double ribbon impeller
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(a) (b) (¢) Attachment state in vessel after
discharge dry powder.
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DAICEL CHEMICAL INDUSTRIES, LTD. HARIMA PLANT

YA MR ITRBBETSZRAT
AFX LR F15— (IWS) DIMAREDN

lonizing Wet Scrubber (IWS) for

(R) EERAREEE
AW &
Tetsukazu Koide

¥4 e WALETERIBETIZAICRE L TWAIT Ny 4 7 L—7 Mk (1F8)) WLIERAE
»FALT, MEARBEENER (JARID) 25 [Z7 Ny FESEMEEMORME] OFFEEITH 2
ol TOAYTL— S MBRELOHIH SNAP T XA OBBRBRBE LTAF VAT T3~
(IWS) ZSBRA &N, 19994 8 BICMA, FEEHMARERRRICMEIETB ) HAEERIIHKB L T
b, AR TEOBMBELHNT 5,

Messrs. Japan Automobile Research Institute (JARI) decided to make a study of
the “development of airbag optimum treatment technology” by utilizing an airbag
inflater heating (actuation) treatment system which Messrs. Daicel Chemical Industries,
Ltd. had installed in their Harima Plant.

Employed as a piece of testing equipment for a waste gas to be discharged from this
inflater treatment system, Shinko Pantec’s Ionizing Wet Scrubber (IWS) was delivered
in August, 1999 and has been used for the development testing after test run. This
paper presents the outline of this IWS which is presently operating in good condition.

S A 1

HMHERICBITHEERECENE L THEE
BILTNy VAT LADPRFEIN, 198THERE LY
JEXREZEMm S 0, BETIIEERMHE LT, EE53h
TWh,

ITNy TV AT i, HEREPRNT AL —
EEDRFTITNY T B &E24 7L —%
BUOBMO LIS TNy S THEEh, XF7T
YUY TZTORICHARAIFNTWSE, 17V —F kL
ITNY TZ# LI BEHTAREEENLTHY,
5 A VAL TER THEBREXXRTEREARD
2HRDA 7L —F2RFEL, EHLTw5E, =
TNy FEEBNEEBEERE 1 1IRT,

Inflater
Airbag
IWS
Dust

Bag
Satety system
Inflater

BEE 1 =7-N\y7EEBENE
Photo.1 Outside view of airbag
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Fig. 1 Flowsheet of inflater processing unit
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HEEH PVC

RV b - Fv b AE: SUS304

1R MEETA MER (LESEN : At SUSH)

Table 1 Performance test results (treating model:A Co.

stainless steel)

HHES  SSHESR X v

Item Measured value (IWS inlet)

BB & UF 3R R
4. EHmfE R

SS400 (EcALEE)

Gas quantity (wet)
Gas quantity (actual)
Gas temperature 53C

1620 m*°N/h-wet
1938 m*/ h-wet

19994F 8 HIZRAEER R UMAERERFE 7 A b 25

L7z, HEET A MERZE1, 2FRIITRT,
EI1RITAMSUSEIA v 7L — T EEO T
AMER F2RIEHTVIEL VT L—

Measured value .
Ttem - Measuring method
inlet outlet

5 LBREED T A MEREZRT -

Dust content 19 9
mg/m*N-dry

JIS 78808

1, 28,5, FARITESEGIIHLT
A%t SUS 847 —% MLEEES] %, Ext7 v
SEALS T V-V AERES THDHA, I
EENLERMOERRITL LY, ZoTAEL
ol

F2Fx MHRETAMER (UESF  Eft7 IV IH)

Table 2 Performance test results (treating model:E Co.

aluminium)
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Item Measured value (IWS inlet)
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Gas quantity (wet)
Gas quantity (actual)
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1720 m®N/h-wet
2079 m* h-wet

F144150 mg/m*N (23 LC A+ SUS # 1
7L — 7 MEEE19mg/m’N, Eft7 I &4
v 7 b— 7 ILEI23 mg/ m*N & JEEIICIREE

Measured value )
Item - Measuring method
inlet outlet

Tholh, BENEIETETLALDIOTSH

Dust content
mg/m’N-dry 23 2

JIS 78808

%, HIOEEICDOWTIE, ReTEM 5 mg/m’N
KR LT 2mg/m®N TH Y, &t rHim
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Kogyo Kayaku, Vol.52, No.3 (1991)
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Recent Applications of Glass-Lined Reactors.

)z y=7) v &
Tatsups Saksgami
atsuya Sakagami
R TR
Tadaaki Miyata

STy 7T, BEICOIV I SATAZ VIR BELC& 72, FO/M, 2—H%—
Z—ADEALIZE LY, I ADUBREBENOH L E2BAEREL D) 9Ny 2ERELTE
oo ZBTETIATA 2V TOBMMEEZ RIS, REDT T AT 4 = 7 RIcHEO#E R %80

5,

We, SHINKO PANTEC, has long manufactured glass-lined reactors. During this long
time, we have improved material of glass and technology of agitation system. So we
have accumulated much know-how. In this term paper, we introduce recent applications
of glass-lined reactors focused glass lining superior point.
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Fig. 1 Trend of amount about GL-Reactor
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Aerating operation with agitation
GMP

{fELNTWE, KR TEIRED GL KD #EH
WKOWTHMNT 5, 1 HIIHE 3EM DX GL
RIS oH&REY LiITeimERd, TORMIZERN
FE B P ARSI ERE O, —kIbEE,
g - TAHBERL,

Latex and
elastomer
8%

Material of
\ medicine and

] Material of
agncgltlial < medicine and
chemicals Chemical £ “Jagricultual
$H% 389%% \\\ chemicals

V' 54 %

1998

Vol. 43 No. 2 (2000/3) IS T 7 Bk 8



1. 88 - JLAEDFEAG (GLIALES
FIGHE)

FB2ENIRT L) ICHAALEARE/ ~—%K, A
iR, EEBAIE &L OICHRERAL, ZIUIHEE DN
AT HEATHAMESSETHEINSE, ZORK
JETIZEVER A EE (REYORE) O A)
BIFE L %L, BWEHRICHENOERE, BE
AY—B L URINE ) v —OERBHIHED S0 ST
LR\, FAMEICLBERIET, oV 38m
LRETHD, CNHOMEHRRBRTLFEL L
TI7WV—VB (UTFZE) #%EL GL Kb
BOEFEHEINSE, FIRIGEYRLEERE
(Coagulum) CIEHEI DR ZMAMICELL
WTHsb, COMPLHBTESL LHIZZDIAE
AFREBDHEBE T, FHVHEE T Coagulum @
FEPEML, EOKFABOETAY— V7 v 7L
THOHWMOBERICH S, ZDL ) ZEBRRTIIAR
BTHLFZEPAMTHY, FARNIRTED [
CHEHE N O b L Tid Coagulum FA4 &5 3 # s
BE (779 F7—R) CHEBEIDV, 20
HEEE—DEERE (BREE L SARDORK)
T FZEOAEPFEREENKE L, Who b EE

Catalyzer

Monomer

Water, Soap
-

- ~

~- - =]

I
|
|
:

Polymer

F2H
Fig. 2

GL FLE A USH

GL-Reactor for polymerization

\ %c%\e.oo

Coagulum [%wt]

Py [kW/m?)

B3 Coagulum & #H#E D&
Fig. 3 Relation between Coagulum and Pv

H
S
E
=
8o
g
(]
&
Py [kW/m?]

F4 Coagulum & BEHROBR
Fig. 4 Relation between Coagulum and Agitator

041

/
A
0.3+ $
g IS
®§ \1
X \ &
g Py A
é 0.2
S
© A
0.1~ t‘?
4 e~
oo.o/0
L] 1 1 ] 1
0 0.1 0.2 0.3 0.4 0.5

Py [kW/m?]

#EH5F 15m*ABS 79 7 FHALEAIZ BT B Coagu-
lum & EHEHOMER
Fig. 5 Coagulum in 15m® ABS Graft-Polymerizer

88 K DAV SV S F

Vol. 43 No. 2 (2000/3)



£ 1R BEuMANSHER (WEROERRE28 T)
Table 1 Result of measured contact angle (at 28 C)

(Unit=Degree)

Contact angle
Surface SUS 304 SUS 316
treatment Rmax (u)|Pure water | Glycerine rr?gi(l;?ggr Rmax (u)|Pure water | Glycerine rr?c&igengr
#150 3.8 115.5 104.5 33.3 3.3 109.5 105.5 32.2
#150-+EP 2.0 74.1 68.2 11.0 1.9 48.3 46.0 15.5
#320 1.8 112.2 102.8 43.3 1.3 90.0 91.5 34.7
#320+EP 1.0 80.2 75.7 16.5 0.9 55.0 52.5 13.0
# 400 0.9 91.6 93.8 32.5 0.8 79.0 78.1 27.3
#400+EP 0.8 80.6 63.7 13.2 0.8 67.0 61.7 12.8
GL 0.9 7.0 150 |Unable to _ — _ —
[NOTES]” Unable to measure because solvents diffused too quickly on surface of glass.
ABTEIDIEBER TH 572 DEEETOHRNIZ X BEL
NI NI &L B, BOERICISMPABS 75 7

FMULERIZBIT 5 @EME L HBBHOMERE so0L
FZRYL 3IMBBETRY, ZOM»H b FZRD ]

B DD 5,

RIHEZOWTERLTARSL, B1RIRERN ol Vg0 fem/e]
B EHICGLEETOMA, 7)YV BIUAF Ug-05 [cm/s]
VYR - OEMAE, ATV LVAERER N E U025 [cm/s]
HES L OCEMRIB L b0k kxThad, cn L "

B OL OREBEN L S2ETEEbR VD, d s
EEGHBIIBVWTIEZoEE2E» L, WEEWN 50
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LTwb, FEBIEERD Y S5 A, AF Y VAR
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WMo &) ERSINBZHAICE, 77 ADOKELE
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BT, MHIEME, WAREFHET2, (EoTH
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Fig. 6 Relation between Pv and kLa using turbin
Agitator.
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50 —— Glass-lined turbine agitator
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HEERELEFINIITLZTEFALE
JZRAZA=TCHTH3=L I RERE
Pull-Through Defects Inspection Methods using
Phosphor or Sodium Lamp in Glass-Lining.

(BB RIS 88 1 i

mEFR

Tomoharu Maeseto
BET¥EKRSY #HE

B an

Satoshi Fujii
ERTHRRE B#EE

/h E X

Masafumi Kobune

TIGAGAZ Y TDORBED 1D THL=IVIOF LVEEREL LT, G/CRBIZEEED B W»
BEREEZRMLRE L2V LERENETO VI 2R ETTRET A2 HELEF NI TAT VT %
FHLT=Y 385 L C/C D600 nm AT DIDORBRBOEEZFIH L TV IH5EH S  EH
LTS5 2 00REAETRELL, EXEERMLI-EAE, 3HHOBBRTELL RS
BIlk, QAT THNBERENIENPLVIBRBEFEE L TEEBOEG~O B I K
THbHIEWTPol, BETHEMLASEIEREOBERICBWTHRELL, ZAMNT v TH
0.5 BLUTE/NENWT DLV IMEBEHEL LTERTHAZ LGl Fl2F NI UAT TS
FRALEEEE =V I BT 5700 BEOHIITD L {13465 nm O HEEEFE 48 L
2ODNEEADNEZ THEHTAZ L CHATEZVIREFEL LTERTHLZ LD o7z,

Concerning the pull-through defect, which is a sort of defect of the glass-lining, the
following two inspection methods were investigated. One inspection method is to detect
the fluorescent pull-through defect by adding a fluorescent substance to the ground
coat. Another inspection method is to detect the difference in color between the
pull-through defect and the cover coat under a sodium lamp, as a monochromatic light
source. This latter method utilizes the difference in the absorption coefficient of the
light of the sodium lamp between the pull-through defect and the cover coat. In case of
the luminescence substance addition, the fluorescence is not detected after 3h firing and
the cost of products increases 20 % because of the expensive luminescence substance.
Therefore it is difficult to apply the luminescence substance addition to the inspection
method. In case of the phosphor addition, the fluorescence is detected after long firing
and the cost of products increases under 0.5 %. In case of using the sodium lamp, it is
necessary to take the conventional light source or 465nm monochromatic light source
together with the sodium lamp to distinguish between the pull-through defect and a
large bubble. The phosphor addition and the sodium lamp utilization are useful as the
pull-through defects inspection method.

= v N Pull-through defect
TIRAGA=0 T Glass-lining

H p 25 Phosphor
FrITLAS VT Sodium lamp
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Table 1 Properties of the phosphor and the luminescent substance.

Phosphor Luminescent substance
Products number NP-22-19 NP-2820-01
Chemical composition Can (POs) FCL:Sb, Mn | SrO-1.75 (Al, B) :0s:Eu, Dy
Luminuos color white blue-green
Emission peak (nm) 480 nm, 600 nm 490 nm
Wave number for exiting (nm) 254 nm 365 nm
Average diameter (um) 6 ~10um 6 ~10um

2% THIXTT AOMEMK
Table 2 Composition of the ground coat glass.

SiO. | BOs | LiO | NaO | KO | BaO | CaF: | ZnO | MoOs | ALOs | CoO | NiO | MnO:

mass% | 46.5 | 16.5 | 0.4 | 1566 | 3.7 8.5 3.4 1.6 0.2 1.3 1.0 1.0 0.2

#3& TH&FIAHINVEMY
Table 3 Mill addition for the ground coat glass.

. Silica Phosphor or
G/C frit powder Clay Borax NaNO: Luminescent substance

mass% 100 45-X 7.1 1.1 0.5 X (X=5, 10, 20)

(a) under the fluorescent lamp. (b) in the darkness.
(1) 5 mass% luminescent substance addition.

() under the fluorescent lamp. (b) under the 254 nm UV lamp. (2) 10 mass% luminescent substance addition.

(1) 5 mass% phosphor addition. (2) 10 mass% phosphor addition. (3) 20 mass% luminescent substance addition.

(3) 20 mass% phosphor addition.

£28 LREEZHFMLAY Y TVONERER (BT

1 WHEEZRML Y Y TVONREE (BT J 19365 nm 58 5 ~ TREH R ORER )
K U254 nm AR T~ THRET) Fig. 2 Photographs of samples containing the lumi:
Fig. 1 Photographs of samples containing the nescent substance under the fluorescent lamg
phosphor under the fluorescent lamp and the and in the darkness after irradiated by the
254 nm UV lamp. 365nm UV lamp.
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7o B ORGSR L B OB E E 4 IR,
AR LI, #9266 ° FETEHAINS
BEHROY — 713, BEEEOEMIZE I RWEL

(a) 1h fired,

(b) 3h fired.

FIE HAMAE 20 mass% ML ¥ 7 Vo RERH
WEBONBEE (254 nm B4 5 » 7RETT)
Fig. 3 Photograph of samples containing the
20 mass% phosphor under the 254 nm UV lamp.

CBA L, B—0 X BRAEEH BT, 20
min &8 h BERMZ I LR, 1/40TIC X4
BEIET LTw, SThidEBE (BRE) 2795
BRI TR EFEAICKBLTTENVT 7 AL
THIELIERLTWAEZZObNS, 72, 8h
BERR L7 BCIZ T A P E— XA DBWERDO ADFEN L
TWizZ edhh, REOKRE ZEGESERHB O
BT =Y TRBR~NEELzOTIE 2wt %
ZONTze FITEBEDT A =V FBFNDILE
RHERTHIZD, T4V e TICLT, 8hiE
L7z, ZORFEE T XRD I CHRRAER, o
A=V 7E%E B UTERELZ-FEE L oF TEEIR
BOLNEholz, T2, BHERIIBVWTHESL
DREICEBEEIRDON o7, UL, 8hiE
BRLZREDTA =V FRBOKE 275 A M THE
SOESICRE LR, BIRETRELAER &
FREZ DA CTENMHARLBE L2, BR
BIBERC T 5 & & T8 A & V0SB 5 G/ C NIk
BT 5, SO F VHFHBEIMOPDOEE LS
ZATWAEIELEZLNED, THIZODWVWTOEK
FIIISHOBEREL Lz,
2.1.3 & H
EREOGERETEKRET 70N R LEL
B BIZESRICT B L RGBS DADFENT 5
TeORGERDPEFEICELGTH L, L2 LEPLE
BB T A 2 L TREVROLN R 2B LD
5, EREHECEERTRE /N R OBH IZBE &

!

£l
S
=
B
g
=

WW Firing time = 1h

Firing time = 3h

Firing time = 8h

1020 30 40 50
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Fig. 4 XRD patterns of samples containing the

20 mass% phosphor at various firing time.
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(a) under the fluorescent lanp, (b) under the sodium lamp.
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W2 5 # BT d 5 iRm0 = ¥ 3 £ 4
Photographs of samples. 5Spots of G/(
appear in C/C surface as the imitatior
pull-thorough defect.
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The furnace No.b for glass-lining
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Hiromi Wada
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Masamitsu Sawada
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In the firing process for glass-lining, the furnace temperature control accuracy and
the furnace atmosphere have significant effects upon the glass-lining quality. Thus, the
furnace has changed so far from a heavy oil or gas fired direct heating furnace to an
electric furnace in which a precise temperature control is attained and a clean furnace
atmosphere is obtained without being exposed to any combustion gases.

Nevertheless, the electric furnace has a drawback that a running cost is expensive.
To solve this problem, Shinko Pantec recently developed a high performance furnace
incorporating radiant tubes with a town gas (13 A) combustion recuperator and
introduced it into a firing line at our Harima Plant. As a result, it has been confirmed
that the running cost of the high performance furnace is around one-third of that
required in the conventional electric furnace and that this furnace surpasses the electric
furnace in the furnace temperature control accuracy and the clean furnace atmosphere.

v furnace
TIAGAZT glass-lining
TIGARIGTA = TEG glass-lined products
STV NFa—T radiant tube
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B 1 xR BERFOIEGK
Table 1 The heating type

of the furnace

Comparison of Furnace Heating Systems

Items to be compared

No.5 furnace with regene
type radiant tube

Electric furnace

Gas fired direct
heating furnace

[Cost effectiveness]
1. Unit cost of energy

2. Exhaust gas or elec-
tric circuit loss

3. Heat radiation, heat
loss to firing base, etc.

4. Heat efficiency

5. Running cost

Gas: 1/3 of electricity

Exhaust gas loss: 15 %

Assumed to be 50 %

42.5%

Ratio to electric furnace:
35%

Electricity:Assumed to be 1

Electric circuit loss: 10 %

Assumed to be 50 %

45 %

Assumed to be 100 %

Gas: 1/3 of electricity

Exhaust gas loss:
70 to 80 %

Assumed to be 50 %

10 to 15%

Ratio to electric furnace:
100 to 150 %

[Quality]
1. Suspended dust

2. Furnace atmosphere

3. Furnace temp. control
accuracy

4. Features

A small quantity of scale
on tubes

Inside of furnace clean by
combustion within tubes

Highly accurate temp. control

Accuracy equal to electric

furnace

-Horizontal direction:
+5C

-Vertical direction:
+10C (Actual temp.)

Radiant heat is strong,
thus speeding up heating
in the firing temp. region.

A great deal of nichrome
scale

No gas generated by heat-
ing with heater

Highly accurate temp.
control
-Horizontal direction:
£ 5C
-Vertical direction:
+10C

Dust folwn up by com-
bustion flame

Products exposed to com-
bustion gases

-Affected by SOx, NOx.
-Glass chipping due to
hydrogen

Uneven temp. occurs in
each section.

YR, Fa—TOWMEREDORENIIE T RBE
VLETHDL, FOBEL—YOREBZE 2 i
PN I
FROBRELZH—I2T 5720, F)ERERNORE
PR, HIBE, RHWCT VTV b Fa—ThH—ICERE
ENTW5S, FREEKOE LANEOGH, 25
EXZDBELREDBRBERLEZR LT - NF
ARPRD SN TS,

FRICEB SN F 2 —7OREIE, &3-SR
INB LN, Fa—TOREEEIFRED RS %

ZRLTHEIEN TS, 7, FEEL ORMBIXIF
BED D DR GTEL L BLOMELT, Fa— T —/N—
b—FLARVHEBIZZ>TWSE, INSDMEIL,
F a2 — T OOFEERFRFOTHEICERT DT,
PEREME L BBEMOHE 2 SREBULETH 5,
Pz bds, Fa—70O/MEE, 6=D/d=
05&7%Y, 6=P/S=OLICEREINNITHEDMHE:
BEL RBUENEONE Z LRI N,
BHHAOBEBF T, £ o4 SUS3I0S DR
FIFA THMERENBD, TIRTA4 = THER

102

LA A S E

Vol. 43 No. 2 (2000/3)



Radiant tube

Q 0
4 [
< 4 Z —‘_IZ'—O 7_7J
1
(N} [
It
|_{[_{- Radiant
tube
1
|
sm// ' | '
wall " [ 1
Tube
: support
O @,
1
Vessel— ] J & Y Supeort
2 A s s v sy sl
fTWWLHH‘W—HH{W—Hi—*%ﬁ'
1
Burner Floor / l { Insulation

Radiant tube
Front elevational view

B FoELev—-sEE

Fig. 2 The structure and heater-layout of the furnace

Radiation
Wall from tube

Radiation rebounded

from wall
Tube

3 b — % kg
Fig. 3 The distance of each tubes

AT, SMESHEZEIET/2OF 2 —-TI12KE
RBISNBRET B E LD, Fa—TEREDN
1200 CRi#£IZET 2 DT, SUS310S TidHFH AT
Wld, TOMTHEFTIE, HPRHKE & vo
CEI Y Vs U ADTBGRLEEEENE b
TWABD, ITNHBMEGHNIETZ 5w, L
POF 2 —TDOEAN Imm ATHREE Y, &
mOBE L Y F 2 — T ORED LE o THPRIMK
TLTLESH, FZITIOER, Yoy MEEED
T —=N—=F—IZHFHINTND, ZHH=y
T, 70h, ¥FUVTATVTHERINLNENAZ

&e{gant Radiant tube
/

Tube support

Insulation

Cross section view

Wall

Radiation rebounded
from wall

/
Radiation
from tube

FRTAHZLICLZ, BIREEIE L 3mm O
BT/ A T TSR TH S, EANEV 2L
WIREREORED R, A TOREHRECE
BTH5,
6. B E &l 1

BHOH LANIFREZ AR T 2B I NS C
&, BROBEGLHEEFPRICEEONLDT, F
ROBEIIEL ZoTWwb, 20T THETIIZ,
ETOREENBHAVWCLE ), dbAAL—F NS
VAIZHLBEELTWAY, BESIHTCHE IR Z
IHTHRZE L,

Vol. 43 No. 2 (2000/3)

TN TV 7 EER 10.



ts

Temperature

ts

50°C

T: Tz Ts

Time —

T1:Time at which the firing of the floor 2 com-
mences

T2:Time at which the firing of the Furnace body 1
commences
(Temperature difference:50 degrees c.)

T3:Time at which the temperatures of the furnace
body 1 and the floor 2 become equal to each other

td : Temperature at the side of the furnace body 1

t6 : Temperature at the side of the floor 2
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Fig. 4 The firing-timing of floor heater
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Demonstration Test Plant for SCWO
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Shinko Pantec has completed a demonstration test plant construction of Supercritical
Water Oxidation (SCWO) with a capacity of 1.1 m°/hr, the largest SCWO test facility
in Japan. Practical continuous treatment process for various sludge and waste water,
will be investigated with this plant. This paper describes introdution of this plant,
applicable field, and further SCWO development scheme and safety procedure for

practical use.
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8 R oK BR b Supercritical water oxidation
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Table 1 Physical properties of supercritical water

Property Unit Supercritical water
Density kg/m® 80~200
Viscosity Pa-s 2~3X10°°
Diffusion coefficient m*/s 5~10X1078
Thermal conductivity | W/m-K 0.1~0.2
Specific heat J/kg K 2~3
lon Product -log Kw 21~24
Dielectric constant — 1~2
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SED processing test plant for PCB decontamination

of electric devices
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Shinko Pantec has constructed the test plant for treating PCB contaminated electric
devices, such as transformer and capacitor, at the Technical research center.

This facility is designed to treat 20 kVA transformer, and also considered to maintain
the environmental protection and safety measure.
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TECHNICAL NOTE

RO &AL IRiE

Pretreatment for RO systems

4 B O — smEEEEm
BAERE
U E
it (kEEP)
F 2P Z BLTW5 4 PNEIE, 1.0um OETH A X% 8

PAKE 23K % MR EE (ROE) ICX D O285mmFED_ 2 -7 VRT T4 NVE 2 HNT,
WEATH) 70 A BT, BEERELTASLT  0.3MPaDEILTAEZITV, AHEKIEFIR
WVBEF TP RAED L2, WEEOBVIEEY2—  (1.0ml/sec.) %&b HeREEL, AEKEERY v
VEMBHT 546, ML, RFICEKOBEETRY Py (ts) TELEDDOFEPNETH L, F1
DEREIEE L ZITFT RS2V I PNEOHIEE%ZRT, PN {EiX SDI fE & &\

WRERE W BE 70t 2128, AT  HEEREET S, B 2RI PN EL SDI D4
EDBEEV 2 - WHGKOBEBEEYEZEHTSL BRERT, ZOBKRIY, A5 FUVHE, HEk
R LT, EROBEEENEDOERRFETH
LBE, SSHEIZHVWLNTIZ, AV TSI rT740  HB1R A4 TVE, RZERE RO BACUKEERME

y—#ACHET 2 SDLEDH 5T 5, Table 1 I(Qilgij:tidliriljt) water conditions of SDI and
LAaL, SDIfEix MIE T 2MEREBREEWED PN for spiral wound and hollow fine fiber
HEISENT &, WEEOERIMRZIZL L, FiE reverse osmosis membranes
bRREETH S LEOHEND - 72, Configuration of DI PN
22T, WEEA L) HET, EEEIE membranes
HEEOBBEN LSV, PNEEZHVWALZ L %iR Spiral wound 4-5 or less® 5-15 or more
Hollow fine fiber | 3-4 or less® | 15-30 or more

Pressure
Sample lime gauge
& 1000

Sample valve
*
100+ e
e %
~—~ RS
’ LR VRSN
= LRt
Filter Z hd F 2K * M
holder a5 ¢ . .
10k o*t e *
-
*
L
* *
Measuring 1 ) L ) \ | | |
container 0 1 2 3 4 5 6 7 8

&1 PN &l %8 &
Fig. 1 Method of PN measure- 3E2H PN{fE& SDIfEDRILR
ment for colloidal matter Fig. 2 Relationship between PN and SDI
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#1 RO JEICER SN TV 5K E % SDIELMIG S,
PNETETIENTEL, BIRINERZRT,
Kb OBBERM ERETHHFELE LTE, &&F
B, WAHE, FTLa—rAHB, BELSBEEOD
OENBIEBLUEFNS OEAEEVHWLONTET:,
Tz, WEICRY, BELA, BAASBEV oK
EEHAWETOERY, BHENELHTWS,
AL, FREREE H W CREHBEKROBIE 21T
3 7O AIBNT, BT LERKEEZES
Fr, GERIEIC K BB LBMBIED, REHER
RWETHSY 7, KEOFHMEEL LTiE, PNE
s A AYAN

1. EREE L FHA

1.1 ER&ES

EBEREO IOy 7 7u—-2HIFIRT, 72
L2 A, BELE, B HE, FERA >EETELR
LT ATUEAT, 70X A IZERTOEXR,
A ZHBEEEEEZHESEB2012, BABREBICK
BALTIVIZ A0 70y 7R 7TLa—FL2boD,
A FRETBELIVOF Yy ) —F—N—T0 v
*BHRET L0, BAHBRFIICLEDOEEH
FEEALTUERATH S,
BELBEE LTX, ATy TV TITy MR

ENBREEE, BArBEGE L TBEEHAD A B85
PRV, AMETVYAIY A P THEHZENLC—
0.7 mm, HERELT, »HFTESIZ0.6m TH S,
EHRABHREIBRENRLBHEOPRI, BHE
0.6—0.7 mm, HWHEREL6DY I RARIFEERXKE E
S09m ICHELFALZ,
TatAB, 154 vEREHE, HEERA
BrEARLTLTOLATHD, BEHBE, HERK
5BIZiETav X A THW® A 8%, EEK
BREPFEH L, R LB BEREIAMEEEL,
AHEI—1.0 mm, HERHELEDT X AFH A b
B0.4m &, AF#E0.4—05mm, HEREIEDA
WE02m DEBABERLE L, POBREE LA
TEBHLHITLT,
E2RICEALABEAKEDGIB ZRY . B
MBETHAEZELY, ERMEEES1190.0 S/ cm
EEL, HRKEROFEY )T b, T72HBEK
ThrIery, HEILLELIL, Oscillatoria
LWAPHLHEREELTBY, BEOBELEZDL
nb,

1.2 EBRHAF&E

TR A OEEREE, FKKIERIZ21.2—29 TT
Bolz, MEEASML LTI, BER L LTPAC

Name of process Block diagram
PAC, NaCIO H2S0:
Process Ao
RW SBC CW CWP SF ACF FT FP RO
PAC, NaCIO HaS0,
Process A
' RW SBC CW SF |— ACF }— FT FP RO
PAC, NaClO PAC HS0,
Process A
’ RW sBC —{cw CWP]—LLSF I —{acF { 7T —{Fp
PAC, NaClO H2S0,
Process B
RW DMF FT FP ACF RO
Abbriviations:

RW :Raw Water

SBC : Sludge Blanket Type Clarifier
CW :Clear Well

CWP : Clarified Water Pump

SF  :Sand Filter

ACF : Activated Carbon Filter

FIX EREE oy T7O-—
Fig. 3 Block diagram of test processes

FT :Filtered Water Tank

FP :Filtered Water Pump

RO : Reverse Osmosis Test Unit
PC : Precoating Unit

DMF: Dual Media Filter
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8 2 & FAOKESHME
Table 2 Quality of raw water

I

Item Unit Analytical value
Turbidity Turb. unit 1.5
Color Color unit 3.8
pH - 6.9
Conductivity #S/cm 1190.0
M-alkalinity mg/1 as CaCOs 41.2
Total hardness mg/1 as CaCOs 138.0
Ca hardness mg/1 as CaCOs 43.0
Mg hardness mg/1 as CaCOs 95.0
TDS mg/1 621
CODwma mg/l as O 3.1
Cl mg/1 as Cl 301.8
S0, mg/1 as SOs 40.2
NOs mg/1 as NO; 1.2
PO mg/1 as PO, <0.1
Si0. mg/1 as SiO. 1.6
NH, mg/1 as NH, 0.05
Mn mg/1 as Mn 0.02
Fe mg/l as Fe 0.15
Algae

Oscillatoria sp. cells/ml 386
Melosira sp. cells/ml 246
Navicura sp. cells/ml 210
Ankistrodesmus sp cells/ml 105
Schroederia sp. cells/ml 105
Particles
1-3um nos/ml 5.67X10*
3-5um nos/ml 8.40x10°
5-10um nos/ml 8.40x10®
10-30 um nos/ml 3.92Xx10°
30- um nos/ml 2.80%10°
PN Its 0.13

30mg/1, &EHIE LT NaClO 5 mg/l DFEA%ITo
720 B pHIZBEICE L TV, BREDD
O pH FEII TR D o7z, 27012 RA A TiE
WrEEHE7VI—-MFELTPACER S La—1%
YUIWEERL, KBLT VI ATy 7 RE
D, Vx4 —TiEA, 7ba—tL7%Z, 7ot
AABITARABEHEFATORE PACIEAE
¥, 10mg/1 THo7z,

WABEXS.Om'/h, B5E%, HHER»ESR
LV id&4£10.7, 15.3m/h Tholz, WA\ EE
MRS\, EHERSEKICTERRIC BT RS
wEREL,

7ot X B OEEREOFEKKIRIZ19—20.2 CT
Hotr, BEFORBEIRNEREE TR L,
30 mg/l DIEAEL L7z, BEDDHO pH FEIE
ToTWwWiz\v, ZFEHI & LTNaClO5mg/1 &iF

AL7,

BATEEIZL.S m®/h, BAESE, EERAEIRD
LViZ& 454, 7Tm/h ThHolz, WA BEHREIC
FEREE LR L,

2. ERBERCER

FEIRIIR TR ZBIT 0K PN E, BE,
EEZRLT. TUOLR A IZBWTIE, HE31—
6.20FKICXT L, MEKIO—30ETHY, EEE
FIIW A8, HHERASBRTELORE» 8%
0.054, 0.21 MPa & A7 0o 725 LB K PN B2 &
KTHIOBETHY, R84 F )V, hEREIC
LLABERENTWS PNE5—15, 15—3012& < K&
v,

THERA AICBWT, BELBEBHROKDE
FIX0.5—62ETH Y, #MR25ELTICaY bu—
VaENTWz, LAL, REEFISEE Vo 2K
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Table 3 Operating results of processes

Turbidity (Turb. units) T Differential pressure (MPa/hrs)
Processes reated water d
Raw water | Treated Water | PN (Its) Sand filter Actlvafti?gercarbon
A 3.1-6.2 1.0-3.0 1 0.054/40 0.021/40
A, 1.9-5.9 <0.15 . 4-11 0.131/88 0.025/88
A, 2.8-4.0 0.1-0.3 10-27 0.075/22.5 0.020/22.5
B 2.9-7.5 0.1 50-137 0.206/24 0.015/24

BEORD, LEXPNEIIIEETHY), BE
EBROX Y1) -4 —N—%BEIIRSTLHIT L}
O—-)VLTd, MWEAPNEZRETE LNV LD
WLz, 70 v 7 PBRERBENICEREEIL,
BE, WE Lo HEEENKDN, 5B TS
WRTERLL ol bPEZLNS,

FITTOLA AWIBW TR ABERIC, TV
SUATUY IOV O— RV, BELREE
I0Fx)—F ==Ll 7oy 7 2T
EBMEIDERET L, BELI—59EDFKIZ
L, MEUKBEIZ0OIELRE k>Tw5, PN
fEiF 4—11mELdon, BEEIZIZRIE: 2o
720 ZEEA8%, HER AT, BEBFHOAE
R C0.131, 0.025 MPa ¢ A5 BBRDOEH LRI
REPoT,

TUERX A BT, BETBEBDX v —
F—=nN—1L7vuys%, BABAHFIMILEDE
EHEEEEATAZEICL VBEREYITY, 58
HEEEMLEI T L 2EAT, EE28—40DE
Aizet L, ALEKIZ0.1—0.38 £ &<, PN EIZ10—
2T KIBICMEL, RA/84 SVEROERKE T
HN=TELDOD, FEREHDOKEIZIT—ER
X polz, ZE2.51FH O A BEEICN L, 7
% 823130.075 MPa & LB H EF B0 7298,
TEMER 5 B88130.02 MPa & LR i3 h o7,

7O A BIZBWTIL, HE2I—TS5EDEKIC
L, MEKEREIZ0.28 LK<, MHEK PN fHEid
50—137E MO TEL, AL FIVE, FELRED
WTNOERKE b HAICHRET B EPE N,
ZEEAIURFOA BRI L, #5825
0.204 MPa \Z:& L LR E» o 7208, EHERAE
23120.015 MPa & o 72,

N N O
TRIEHIEAK & AN TV F 7o ld R ek B S B

ZHWTHIELIT) 72012, FIABEOKRE 21T-

72o 22T, PNEZRHLEKE ZFHMET 27200
BEE LTHY, BEMEE LTRSS FIVEE, HhzE

REEFRALE KO PN % &4 5—15, 15—30LL &

L7,

(1) ®&EkE, B8, HERk »BEZzHV/ 70t
ADMEK PN EIZLOL KD o7z, B AHBERIC
KEBALT VI =vavay s rLa— Lkt
ZAHPNEIZ4-11EHEI N, BAHEZRTFH
WHEOBRER PACRIEAL, BEREL-EZ
ALK PN fE1310—27¢ 22 o 72,

(2) BE»H, HHERHBFTIZNIEK PN fEIZ,
50—137& %Y, AL ), FEAEVTRO
WREBRAOERKEEZWIZT, BFLRHERIZ
BTz, BEIMIBARD L 512, BEPIRL, &
BWNREOMRGZEEOSRE, MREROTLEE
ELTREABZFERETLIHEFENTVS
EHIBRL 72,

(3) RIAEFOLAAIIBNT, 710y 7 Ok
HzHhEI ) RO LZWEEIITAZESET L
v, REHOWEICLY 70y 7 OFEERESED
n, H»BFICHRESNT, LEKPNELIMET S
LIENEZLNE,

[&EXE]

1) RERBEERE : [MREE - BANEEE LISH, BEA
BEMNY ¥T vy 7|, FE, p.19-22.

2 ) D. Comstock:Water & Wastes Engineering, (July
1980), p.47-51.

3) ASTM Standard D 4189

4) HEHA, FBfE— . EKENT, 4 (4),p.60-65.

5) FilmTec 4k, R LEEMER

6) Du Pont#t, Dow Chemical ¥tH#F&#:
7)) PEEEBTINTIESE - Bk ORE],
4 X4k, (1990), p.90-95.

8) b, WMAEG : JE, 23(3) (1998), p.140-147.
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