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SV MIXER have been installed widely in the field of fine chemical,
pharmaceutical inductions and so on, as the mixer and dryer with original
mixing mechanism. .

In particular various needs such as cleaning, stability of quality are on the
increase in the pharmaceutical industries.

To must there demands, we can serve the optional type with scraper for
decrease of sticking to the machine wall.

These items are helpful in work saving. SHINKO-PANTEC can serve not only
manufacturing the machine of reactor drying, mixing, filtering for liquid and
powdery materials, but also planning and construction of chemical and
powdery plant.
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Trends in Renewable Energies and Their Future Prospects
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Shunichi Mizukami
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As the global warming effect becomes more of a reality, many efforts are being
made across the world to help solve the problem by deveroping and introducing
renewable energy technologies. In this report are shown the scenario of the world-wide
energy conversion during the coming 21st century, the characteristics of each type of
renewable energy and secondary energy system projects in which renewable energy and
hydrogen are combined. Finally, the subject of the future spread of renewable energy
with which we are now confronted is considered, on the basis of published material.

BATRIA LT — Renewable energy
AR I Clean energy
X B Xt & & Photovoltaic power generation
B 1 % & Wind power generation
BE WY X & Waste power generation
T AN T BbBLDTHD, TDIHIEEDD &,

NEPEEALABE T VRO - EEEGD 1997412 7 ([ iRBRMLEA I R & 7% (COP 3) »SFHfE
THEPL, WIEREBET CO, IBEIE LIED, FTE  &h, 2008~20124E T TEEZEDRENREY
DBWVEMTHEERLE D -6 TRERMEL AHIR BIZENED b Nz,

o TE, COMEL, EROPTARELER AT, FROMECHRFEN—DOTHILHE
D, HRMICER B - BEOIHSFICh-5E  ATRIAINF-BAOLEREEMZHEL, #
HEA AT B0, AWROIANVE-—VRFLOR  MOIAVF—DOEBEEL LTOKEEZHEbE

2 WS T 2 EHR Vol. 42 No. 1 (1998,/9)



o7 )=V IRNVF -V AT LADTUY s MRS
R, 6121, INHEMOBAKE L THORE
WZOWTERT %,
1. BEAET R ILF —BADDEMY
1.1 WEREZT(EDOFE

BIRKIRT L)1, EEEME (18004EHE)
12280 ppm BETH o 72 ME E D CO, iEEIL, X4
M1EL72080.1 ppm THEML Tz, LML,
B30 ppm @ CO. IBE LY, Zo#EMmE
AH15ppm/EL T oTWE, TOF FHIB R,
FEBIERNZH]l o T CO. 2SBEH S ki L, 2070
#E1213550 ppm, 21004213700 ppm 1272 5 & Fifl]
INTW5S, 550 ppm DEEET, #HEROFEHRIE
B2 CEAL, BERAMIIS0Ocm BELERT S L
DOFH b DB, D% DIBERNREN X OHEH % EH|
BRICEFE L ud, ELokE, BEOEXAL,
RTEDIZL BXEREROELE 2 EHHEZ B DD
EHEREN TS,
1. 2 #HRBEOTIRNVX—&EH]SF 1)+

AIEIOIRBEEL 2 KT % 720121, CO. 12fAFE
SNBHRBERNRT ABEOBEMZ LD T UE R S
W, FIANF— - EEFMLEHEERE
(NEDO) DZEFEIC & b HhERERIE e S HT I Se A4
(RITE) 2%%EHE L7cRARIZES T, HRZAVF—

TAET WV (DNE 21 €7V : Dynamic New Earth
21) TCOHEHE LHIR - FEEL FHIFIEL,
BHE CO, X IRFUMT D # A B FFAM & A% 3 o BARAg»t
W) A DIEREIT 2 72,

ZOTFy AL, 7, HHROBREIEE
MEFEL, POBRBOERMBIEICES 2 WEHEN,
LAV CO, i&E %550 ppm L FRELZ, #L T,
21004E D CO, IBE %550 ppm T THO LRI & &9,
FDHIZ0 ppm DL NV EHEHRETED D E LT,

370

250 355 ppm [1992]
r Increase in the rate of 1.5 ppm/y
I

330 Industrial

- Revolution

T

290

CO: concentration in the air [ppm]

280 ppm
8 8
Il 1 i | 1 N
1700 1800 1900 2000
Year [-]
B KRKFZBILRFREOREL

Fig. 1 Secular change of CO: concentration in the air

270!

35 000,
@ Energy conservation
® Change of fuel to natural gas 550 ppm [2 100]
30 000 ® Biomass
‘@ Photovoltaics Energy i
® Wind . . @ [ conservation
P t f oil 1/3
® Hydro & Geothermal romotion of oil recovery {1/3]
25000~ @ Nuclear
Storage in ocean
@© Pouring into aquifer
’(Ij 20 0001 '@ Pouring into abandoned gas field @
% ® | Alternative
@ | energy
o ® |[1/3]
8 15 000 ©
@
10 000+~ Reovery
@ | and
stor??ge
1
o [1/3]

2010

0
2000 2020 2030 2040 2050

Year

F2E  CO: Ml KDOZHR

2060 2070 2080 2100

Fig. 2 Effect of various countermeasures for CO. reduction

Vol. 42 No. 1 (1998/9)

TR T 7 Bk



Electric current

e

Electrode
Reflect-proof film e
n-type semiconductor

p-type semiconductor
Load
Electrode

Photovoltaic elements

#HIE KEAREDRHE

Fig. 3 Principle of photovoltaic power generation

IO —AZBIF 52100 F To CO. FFHENE
BY, F ol HHDRVHEOBHEE L DT,
FIRVIIRENT VD, WEDETH HHEHEIR
ENOFSIZONWTYH, FEOMEIIRINTW
b,

550 ppm 7 — A ® CO, ERPFEEZ R 5 &,
20304FH F T3 Lei) 4%, €D#HI1E550 ppm
OIS TR T B 2% 5, CO, HIIBEAD
ZHEMNFEOFSFME RS L, 2100ERETIE, 4
IANF—1/3, REZANVF—1/3, CO: BIX -
M5 1/3 L IFITHETH 5D, BREMICIZ2030FEF
THIANVF—-OFENEEKTH Y, 21HEREFITIC
B EFETMRBIANF-DESIREL RS, &
DR, HEROER L DS 905, RERFATRE
3 (564F) R AMTERESR (454F) ORTREE b
MREsHbLEEZLNS,

ZOYF )AL DIREFHRICH D, EE
IIEFHERELSTES DR, FHELULEOHKD
TV—=JANV—TRELEFGTHIDHIHTL BT
H59), TORTEETNEIAVF—IL, RANIC
BENOAMRELOTNEL, 20 ERAET
ANVF—BUIRIPZVEV) BEE L0, E
ELREE LTRDPFINTH S,

2. BERBEI R IL¥ — D EEAIRR -
R E
BAWREIAVE— L&, KBt B, K,

NWAFTA, BETH D, FTITBRIHFHELFOI

A5 TERITSTEODE, Wb i

VY—FE, [ECLEEE), FEIX MR EICH

BAzBELIDLETVERLTHE, UTICELRE

AMELANVE—OHREBRICBITEZEAREL

W DWTRA B

2. 1 KBARRE
KESBRBREIVITRT LI, YVavk

I Speed-increasing gear

Nacelle / Brake  Generator

{380
I\lo_tation
axis

‘Blade Tower

4 BAREROBEE

Fig. 4 Structure of wind power generator

EDHREARIINA LB EBRABBET ALV
BRRLZICHALZDDOTH B, TIROV Y I VB
MEV2-VOBNEBRHFREIRKTIL %, £
BEV2-VTRI2%BEETHL, TOREFELN
X, BEL R A VT FVADPIEERNETHHLI L
PEITH A, JEPLCHHEIZL > THEENTKE
CEBITAHZEPEMTH B, T/, HIROEER
BETIIRRIEE VE LR % 2O TH100H/kW T
Horl0, KIERBHFEIAFD20~307H/kW
WCENLZTEDTTONE P HRETH S, BIE, K
i [EERABCREEARBEREE| L LT
BAFEENOKGHEE AT LI 1kW 5720,
ERTHUIEE@HL, TRICHE) TR FOKEE
FRTLRE, FBERRICMT-ZBRETHE LT
5%,

1TEDOLAENZ BT 5 KGEREEEAEILST
FHEkW TH5 (&R TH0H kW), 19944128
CHBRE SN LA VF - BAKMZL S &,
SR 0OZAETENL, 20004 B#E4077 kW, 20104E460
FTEkW E S, 199846 FOBEELARYNFRRE
L i, 20104500 kW & & 52 EABIE S iz,
72721, 2000 BT AREEEY 2 — VEFEI AL
(AB#mmeEEY) L LTI0~20FB/kW, BEa
A F20~30M/kWh dFRESINTHE Y, BEMEER
I L VWD DORH B EBbNS,

L) RKpEREEDOTEELZ KD T,
CVD % EOEEBERMEF o7 TENT 7 AV
JaEREMKGEBMOREIED LN TS,
19984E 7T BB SN KB ARECER %S
(2nd World Conference and Exhibition on
Photovoltaic Solar Energy Conversion (Wien,
Austria)) Ti, 3EBEBETHEEET ) A LA
D15 % DEHFR L EBR L OHRESDH Y, I§
ROKIEZIA T VFHREINTYS,

4 TR S Ty E#

Vol. 42 No. 1 (1998,79)



2. 2 RARE

BAFEBIEIEIEITIRT LI, B ANF—
7L — FCHEZANVEF-IZEHRL, HEF7%
BHLTENZ2Bb0THD, KEELRBELER
D, 1EB4-)OREEIHEKW~1.5MW &K
g, EAFEZBLDOBEERICEL-BEHIXNTH
b5, LL, RESCEHICL )V REEILILT S
LR, AR, BE, BEREOEATHREBSITICHIE
VHDLIENRELRoTWS,

BARBOEBEARRKE, E1RVTRETEBDY
19964E & THEF TH6 200 MW (62005 kW) 123E L
TWw5b, IR AE, 7AUS, F—0 98
E, 1Y e TOREENE L, BARIZ14H kW
(F970%) L xbDTHRv, HEMICHAERN
DORBIEIZLTLIFABEEIFE LT, 1995EH7- 0 »
LEMICEARSELTWS, BIZBXRHFI AV
F—EAKMTIE, 20004£T 25 kW, 2010415
T kW OEAHSEHE & 7255, 19974 T2.35 kW
£, TTIZ2000EHIER LEloTWwB I Edd, &
HIEWHRE L T20104305 kW & KigZ BiZH55|
EkiFens,

RHER O A M, BN EREN (Fre—
7, kY, FAVRE) OKBRNFEEKLE
ATHZET, P ERSN, REOHETIX25
~40M/kW LW EIFE SN TS, 72751,
HATIZERD L WO F ), FIEA RO

£ 1% MRORNREERM

Table 1 World-wide totalization of wind power

genrators
Total scale of
Region Country power generation
(MW)

Europe 3384
Germany 1576
Denmark - 185
Netherlands 305
United Kingdom 264
Spain 216
Sweden 105
Italy 70
Greece 28
North 1839
America | U.S. A 17%4
Canada 23
Costa Rica 20

Asia
India 820
China 57
Japan 14
Others 58
Total 6172
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Table 2 Comparison on generation cost of electric power using renewable energy

Cost of electric power

Photovoltaic power generation 70 — 100 yen/kWh
Wind power generation 16 —
Waste power generation 9 —
Geothermal power generation 14 —
Hydro power generation 14 —

note : Current cost of fired power generation is 8 — 10 yen/kWh
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Explanation of Supercritical Water Oxidation

213K E Eco Waste Technologies (EWT) #t X v # Eg 57K B {b 32

(BOBFFEBARE 5
= k4 F 1,
Kazuya Miwa
H — A
Kazumaru Saeki
il T " 3

Tetsuo Yamashita

(SuperCritical

Water Oxidation: SCWO) (2B 2 HMEA 41T > 72, EWT #11319944E 12 SCWO (2 & % it
FANOE BRI R 2 ER L, FOHMIEA T = —7 > ® Chematur Engineering ¥~ %
HEINT D, AW TITBEFRAKOYE, BERF KBTI X 2 HBIERKRZ T v VO5NE,
ELSE, B EWTHOTov X, ERICOWTHEHNT 5,

Shinko Pantec has contracted with Eco Waste Technologies (EWT) in the United
States to transfer SuperCritical Water Oxidation: SCWO technology. EWT built the
first commercial waste water treatment plant using SCWO in 1994 and its

technology has also been introduced to Chematur Engineering in Sweden. This

paper describes characters of supercritical water, organic waste water and sludge

treatment method using SCWO, and EWT process and activities.

Key Words :
B R K
w8 R oK B AL
BB B B BE K
FEBREYLE

£ A - 1

FEDOHARIINT B EEREDORERTIB L #
4P EHEEINE, FOMGTEE L TIdBER
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Supercritical water

Supercritical water oxidation
High strength organic wastewater
Hazardous waste treatment
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Fig. 1 Simplified phase diagram of water
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Table 1 Solubilities of several in organic salts in
supercritical water

Pressure Solubility

Temp.(TC)

Compound (MPa) (ppm)
NaCl 30.0 500 200
NaHCO:s 29.8 509 86
NaNOs 27.6 500 540
KNO; 24.8 475 275
KOH 27.7 450 331

—— > (02, Nz, H:0

— > Acid or salt [PO43-, SO42-, CI7]

Fig. 2 Conceptual diagram of supercritical water oxidation
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Table 2 Destruction of hazardous chemical compounds with SCWO

Compound Temp. (C) Time (sec.) Ci(;ncentratlon (mg;/liz g?;t;z:l?;?% )
GB 450 30 10 000 Bdl >99.999
VX 450 30 10 000 Bdl >99.999

Mustard 450 30 10 000 Bdl >99.999
PCDD 500 50 5.3*10* 3.1*10°® 99.4
PCDF 500 50 1.4*10°* 7.0%10°° 95.1

Note: Bdl: Below detection limit
PCDD: Polychlorinated dibenzo-para-dioxin
PCDF : Polychlorinated dibenzofuran

E E 1 Huntsman 75 » + O4LE
Photo.1 Overview of Huntsman plant

Air
' cooler i Off-gas
l A AA A
Steam \ / Pressure
boiler letdvown
device

Liquid / Gas

. separator
Heat Trim

™\ exchanger " heater
\ AL}

Feed pump

Effluent

tank
Oxygen Oxygen
pummp vaporer %3 Huntsman 70 & &
Tu—[¥
Fig. 3 PFD of Huntsman
plant
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Table 3 Selected results from the May 1994 demonstration run

Parameter Contract limit

Detection limit

Alkalinity, Total as CaCOs —
Bicarbonate, Total (HCOs) —
Carbonate, Total (COs) —

COD 267
Ammonia 20
Nitrate —
pH 6-9
TDS —

10 11 400
10 13 900

—OoOooMd—
[\P) Rewn]

*All values showen in ppm except pH

FAR FEVAMNL—YaryEBETOHER T A5
R
Table 4 Exhaust emissions from the May 1994
demonstration run
Parameter Test1l Test2 Test3
NOx (ppmvd) 0.8 0.1 0
CO (ppmvd) 65 92.5 61
0:(%) 8.7 11 9.38
CO: (%) 25.0 25 25
THC (ppmvd as Methane) 237 168 205
SO: (ppmvd) 0.1 0.1 0.15
NH; (ppmvd) 8.9 8 5.7
Os (ppmvd) 048 076  0.33

Moisture (%) 11.28  10.92 7.34
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Table 5 Recent pilot plant experiences of EWT

Waste stream Contaminant ~ Concentrationin feed — Destraction  Duration
Organic-laden wastewater TOC 50 000 99.9 3
Municipal sludge TOC 22 380 99.9 1
TS 66 850 71.7

Refinery sludge COD 68 949 97.1 1
TS 31715 50.5

Paper mill sludge COD 54732 99.9 2
TS 33353 57.8

Paint sludge COD >500 000 99.9 1

Mixed solvents COD 412 600 99.6 1
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Photo.2 SCWO pilot plant at The University of
Texas at Austin
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PREDICTION AND IMPROVEMENT OF CONCENTRATION
OF ACTIVATED SLUDGE IN FLOTATION

(BR) BT ERET 45 2 7§
FoOH #
Takaaki Hirai

FLREEEOY I 2L - a VETVERBEL, ZOETNVEHVWTERNIOKROBENE R T
DRARFVEIREIZ G 2 5 BB OWTHRE 21TV, BRA 7 =X L0MHERAT, FORKE,
70 AREITAEL, ERYEMB L O SVIICHERELY X, AR EKRESEF0MmEA
FIL BB E, ERTIIRIBC L A2HIGHICL ) 7O ABEMKTTL2 L, 3
FREMEEEIEFREELZ) IV LAREOBRHHEETH L ERZ LT L, EPHLI R T2,

Based on theoretical consideration, a simulation model of flotation of waste activated
sludge is presented. Using this simulation model, effects of influential factors on froth
concentration, which have been hardly investigated by experiments, are discussed and
optimum conditions in designing and operating for current flotation plants are
indicated. Results of this simulation show that the concentration of froth is influenced
tremendously by Solid-loading rate, Air-Solid ratio, and SVI but little by the coefficient
of permeability, the effective pressure, the transmission proportion of effective
pressure, the thickness of froth and hydraulic pressure in the froth. Comparison of
results of the calculation with those of the experiments indicates that the solid
concentration decreases by the affection of devices such as collecting device and is
influenced stronger by the change of gas fraction than of the effective pressure because
thickening of the solids finishes almost in the lower layer of the froth.

|
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Symbol item unit Values -
Run “ standard for calculation
7 Viscosity kg-m™'-s7 0.001
R gas constant J-°K'-kg™! 286.8
g gravitational acceleration m-s? 9.8
Pao atmospheric pressure N-m™ 101 300
Poo surface tension N-m 720
ol density of liquid phase kg-m™ 1000
08 density of gas phase kg-m™ 1.29
g () | as production rate kg-kg™s™ when i; Z,Z: 383 z 8.13/Ta
Ta O: depletion time sec 10800 ( 3 hr)
Tf froth collecting interval sec 600 (10min)
B transmission ratio of effective pressure — f: 2;;&:12;
K coefficient of permeability m? 1.84%10 "{ep(1—e) 9"
P effective pressure Pa 2.57x10%(1—¢,—0.165)*"
Ls solid loading rate kg m~*-d* 139.6 100
S-A/S | air-solid ratio (setting value) kgAir-kgSS™* 0.0279 0.02
R-A/S | air-solid ratio (real value) kgAir-kgSS™ 0.0141 3.93(5-4/8)"
T temperature °’K 298 293
Osw wet solid density kg-m™® 1667 1667
Osd dry solid density kg-m™ 1030 1030
a volumetric ratio of wet and dry solid (—) 21.75 21.75
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Examination of Glass for Glass-Lined Discharge Electrodes
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BRETES VY —FH 5 X (156Na,0-15Ca0-708i0;) 121-3mol% L, #hSDTEILEE
BRIZRIZTEBIIODWTHAN S, VIRAITA =V VEREBEEDI—T 4 Y TROEEICEHL
THEERBOMBHIEEL L LFEROB AP ORI Lz, BEALOFHLETE (Pr, Lu,
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FEERDOKEF: 3Co0-3NiO - 3MnO;- 3P0 - 30Bi:05- 20Ba0 - 50B,0; (mol% ; CNMPBBB) 4 5
AFHFEENILE L, M EOBN - HEEEELFF-> Twiz, CNMPBBBY 7 X379 X T
A=V SHENEEBRE LTHEETHSZ G2,

In this work, we studied the effect of various elements on the relative dielectric
constant, &, by adding 1-3mol% of an element to soda glass, 16Na,O-15CaO - 70SiO,,
the mother glass. The structure of the dielectric coating layer for the glass-lined
discharge electrode was investigated in terms of the breakdown voltage and &, It was
found that most rare-earth elements (Pr, Lu, Eu, Gd, Sm) are more effective in
increasing & than other elements. From the viewpoint of the breakdown voltage of
the glass-lined layer, it is desirable that a cover coating with a high &, is directly
coated onto the base metal without using a ground coating with the low &,, to obtain
the optimum improvement effects.

As the results of experiments, the 3CoO-3NiO-3MnOQO:-3PrsO - 30B1.0s - 20BaO - 50B,0;
(mol% ; CNMPBBB) glass was found to have a high & of 16 and good adhesion with
steel. CNMPBBB glass is highly promising for use in the glass-lined discharge electrodes.

Relative dielectric constant
Discharge electrode

Glass lining

Adhesion

Bi;0:-Ba0O:B:0; glasses

Bian ‘ BaO N BzOz;‘fﬁ o) 7 A

s

X

Masafumi Kobune

Introduction
There are some devices, such as an ozoni-
zer,” laser,” and corona discharge surface

' which utilize discharge be-

treatment device,’
tween opposite dielectric coating discharge

electrodes at high frequency and high voltage.

Ceramic electrodes with a metal layer deposited
on one side are utilized in small equipment. On
the other hand, glass-lined electrodes and glass
tube electrodes with a metal layer deposited
inside the tube are utilized in large equipment.
It is expected that the performance of such
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equipment will be improved by increasing the
discharge power. The discharge power of the
ozonizer is given by the following equation,?

W = f-Cg 2V {2Vp— (1+Co/Ce) -2V}

where W is the discharge power, f is the fre-
quency of the power source, Cg is the electro-
static capacity of the dielectric coating layer,
C, is the electrostatic capacity of discharge
space, Vi is the crest value of applied voltage
and V' is the discharge sustenance voltage.

Therefore, increasing the electrostatic capa-
city of the dielectric coating layer is one
method of effectively increasing the discharge
power. It is possible to increase the electro-
static capacity of a dielectric coating layer by
thinning the dielectric coating layer or by
increasing the relative dielectric constant, &-. It
is more advantageous to increase &, rather than
to thin the dielectric coating layer, in terms of
the breakdown voltage. Some ceramics are
known as high & materials. Coste et al.” re-
ported that the efficiency of ozonization should
be improved by using high &r ceramics as the
dielectric coating layer of the discharge elec-
trode. However, this is thought to be unsuitable
for a large discharge electrode because of the
restriction of the formability and workability
of ceramics. It has been reported that the
efficiency of ozonization can be improved by
increasing &- of a dielectric coating layer com-
posed of a mixture of glass and barium tita-
nate.” However, & was not so high, about
9.8-6.6, contrary to the expectation. The reason
1s considered to be that a part of the high-
dielectric-constant ceramics, BaTiO;, changes
from crystalline to amorphous due to reaction
with the glass at high temperature during
enameling.

In this work, we studied the effect of various
elements on & by adding 1-3mol% of an ele-
ment to soda glass, 16Na,O-15Ca0 - 70S10,, the
mother glass. The structure of the dielectric
coating layer for the glass-lined discharge
electrode was investigated in terms of the

breakdown voltage and &. On the basis of the
results, glasses which are suitable for use in
glass-lined discharge electrodes are examined.
1. Experimental

Reagent grade chemicals were used as star-
ting materials. A batch of well mixed reagents
was melted in atmosphere. The frit for the
glass lining was prepared by water quenching,
which means that the melt was directly poured
into water. On the other hand, the slip for the
glass lining was prepared by milling the frit
with mill additions. 15Na,0-15Ca0-70Si0, (NCS;
mol%) glass was selected as the mother glass.
Sample glasses were prepared by adding 3
mol% of each element (PrsOu, Lu.Os, Rh:Os and
Hf.O; were 2mol%, Ru.O; and Eu,O; were 1

~ mol%) to the mother glass.

Samples for the measurements of & were
polished to the dimensions of 15X 15 X 1 mm®
and silver paste was applied to both sides of the
sample as electrodes. Samples for the measure-
ments of the breakdown voltage and the adhe-
sion were prepared by lining glass on 100X 100
X 3.2 mm?® shaped steel.

The relative dielectric constant was calcu-
lated from the obtained electrostatic capacity
which was measured using an impedance ana-
lyzer (Yokogawa Hewlett-Packard, HP4192A).
The glass transition temperature, Tz, and sof-
tening point were determined by differential
thermal analysis (DTA ;Rigaku, TG8110). The
thermal expansion coefficient, @, was deter-
mined using a thermomechanical analyzer
(TMA ;Rigaku, TMAS8140). The
voltages were measured in insulating oil using

breakdown

dielectric strength test equipment (Musashi
Electric, IPK-50). For the evaluation of adhe-
sion, samples were pressed by a 12.7-mm dia-
meter hemispherical die with the load of 1.33 X
10°N and loading time of 30 s. Adhesion was
evaluated from the area of the left glass layer
on the impression.
2. Results and discussion
2. 1 Effects of each element on &

Figure 1 shows the effect of each added
element on &-. The longitudinal axis shows the
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& : Relative dielectric constant of 15Na:0-15CaO-
70S10: mother glasses,

&- : Relative dielactric constant of 15 Na,0-15CaO-
70S10: glasses containing various metal cations.
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Fig. 1 Effect of adding various metal cations on
relative dielectric constant.

ratio of measured &- for each sample to &, of the
mother glass, while the horizontal axis shows
groups of the periodic table. It is found that
most rare-earth elements (Pr, Lu, Eu, Gd, Sm)
are more effective in increasing &, than other
elements. Furthermore, some non-rare-earth
elements, e. g., Bi, Ti, Nb, Ta and In, also show
good improvement effects on &,. It is known
that the addition of Bi, Ti or Ba, increases &, of
glass.” In particular, Bi shows an excellent
improvement of & in this study. However Pb, V
and Te showed only a slight improvement,
contrary to the expectation. This is because
their vapor pressures during melting are higher
than those of other elements. For the borate
glass system, Ba, Bi and Nb were added to the
mother glass of 15BaO-15Na;O-70B;0; (BNB;
mol%) and the effects of each element on e,
were investigated. The behavior of & improved
in the borate glass system, showing a tendency
similar to the silicate glass system, as shown in
Fig. 2.
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€ : Relative dielectric constant of 15BaQ-15Na;O-
70B:0s mother glass,

&r : Relative dielactric constant of 15BaO-15Na;O-
70B:0s glasses containing various metal cations.

w2 WML 72 e RO B ERANORE
Fig. 2 Effect of adding various metal cations on
relative dielectric constant.

2. 2 Effects of each element on Ty and «

The effect of various elements added to NCS
on T is shown in Fig. 3. The effect of various
elements added to NCS on ¢ is shown in Fig. 4.
As expected, elements which cause a rise of T
decrease a. Rare-earth elements which greatly
increase &, also tend to raise Ty but decrease «,
while Bi greatly increases &, decreases 7 and
increases . Based on the above results, Bi is
suitable as an additive to the glass lining to
increase & and to adjust @ of the glass to that
of the base metal.

2. 3 Composition of glass for glass lining
2. 3. 1 Silicate glasses

The borosilicate glasses have large thermal
expansion coefficients between T; and the sof-
tening point. Therefore they tend to generate
the crack defect called the strain-line during
enameling. Generally the corrosion resistance
of the borate glasses are inferior to those of
silicate glasses and borosilicate glasses. There-
fore silicate glasses were investigated first. The
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T : Glass transition temperature of 15Na.O-15Cao-
70Si0: mother glass,

Ty : Glass transition temperature of 15Na.0-15Cao-
T0S10; glasses containing various metal cations.
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Fig. 3 Effect of adding various metal cations on
glass transition temperature.

addition of Ba induces a large improvement of
& and barium carbonate is available as the
starting material. The melting temperature is
expected to decrease, and the agitation effect is
also induced by evaporation of carbon dioxide
during melting when using a carbonate as a
starting material. As a result of the experi-
ments, Bi was found to induce the largest
improvement effect on &, other than rare-earth
elements. The addition of Bi is easier for ad-
justing a to that of the base metal than the
addition of other effecive elements. Therefore
the Bi:0;-Ba0-Si0. glass system was investi-
gated. The glass formation region for the Bi;O;-
BaO-Si0; glass system is relatively wide.” For
the glass lining, slow heating and cooling are
generally required in order to prevent the
introduction of defects since the base metal
possesses the large heat capacity. In particular,
more time than in the usual application is
necessary for heating and cooling with the
glass-lined electrode application, to prevent
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Qo : Thermal expansion coefficient of 15Na,O-15Cao-
70Si0: mother glass,

a : Thermal expansion coefficient of 15Na:0-15Cao-
70S10: glasses containing various metal cations.
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Fig. 4 Effect of adding various metal cations on
thermal expansion coefficient.

distortion. Therefore the crystallization of the
glass is difficult to avoid in this glass system.
2. 3. 2 Borate glasses

The borate glass system was also similarly
investigated as in the case of the silicate glass
system. The low corrosion resistance is a prob-
lem in borate glasses. However, the electrode is
mostly used under the dry atmosphere condi-
tion, like the electrode of an ozonizer, so it is
decided that the borate glasses can be used in
electrode application. The Bi:O;-BaO-B:0O; glass
system was selected for the same reason as in
the case of the silicate glass system. It was
found that 30Bi0s-20BaO - 50B,0; (BBB;mol%)
glass is suitable for adjusting the thermal
expansion coefficient to approximately 1X 10
/C in order to line the steel and for preventing
crystallization during the glass lining process.
To induce a large improvement effect on &,
Pr was also added to the BBB glass. Therefore
3PrsOu - 30Bi: 05 - 20BaO - 50B.0; (PBBB;mol%)
glass was selected from the compositions of Pr
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added to BBB. Table 1 shows the physical
properties of PBBB glass. The relative dielectric
constant of conventional glasses used as the
glass lining for steel is estimated to be approxi-
mately 6 to 8. On the other hand, & of PBBB
glass is 17. The firing temperature of PBBB
glass is 570°C which is 200°C lower than that of
conventional glasses. The lower firing tempera-
ture is advantageous for electrode applications
due to reduced distortion.
2. 4 Voltage assignment and breakdown
condition of multilayer
The glass lining layer consists of two layers
called the ground coat layer G/C and the cover
coat layer C/C. The function of the G/C is to
maintain a good adhesion with the base metal,
while C/C has properties which are suitable for
the intended application. When the step voltage
V is applied at time=0, the change on standing
of electric field, E, is expressed as follows,”
where the values of thicknesses of G/C and C
/C are d and d2, the respective electric fields
are E1 and E», the respective conductivities are
o1 and 02, the respective relative dielectric con-
stants are €1 and &z and the external applied AC
voltage 1s V.
R
C/C d1, El, g1, &1
G/C ds, Ea 02 &2

e

. g2 €2 . 02
B = 01dz2+ 02d1 v (81d2+82d1 01d2+02d1>

t
X V-exp (—?>
where, T = (e1d2+e2d1)/(o1d2+ 02d1).

The conductance of the glass used for the glass
lining is very small, approximately 107 Sm™,
therefore the strength of electric fields is de-
cided by the capacity of each layer during a
short period. When the high-frequency AC
voltage is applied to the glass-lined layer, the

electric field in each layer is shown as follows;

E2

En= e1dat+ead v

% 1 2‘% 3PI‘sOu . 30B1203 M 20BaO M 50B203 7\7'7;(@
Wt

Table 1 Physical Properties of 3PreOun-30Bi:Os-
20Ba0-50B:0;s glass

Properties Measured values

Relative dielectric constant 17
(at 150kHz)

tan 6 (at 150kHz) 4 %1073
Breakdown voltage 14 MV/m
Firing temperature 570 C

1.07x10~°/C

no deliquescence in
atmosphere

Thermal expansion
(50~400C)

Corrosion resistance

€1

Bz = e1dz+e2d: V.

Consequently, the ratio of G/C to C/C is
E,: E\ = &1: &2. When the breakdown voltages of
G/C and C/C are approximately equal, it is
possible that the layer which has the smaller
& will be broken down. A multilayer which
consists of the two layers corresponds to a
series connection of condensers as the equiva-
lent circuit. Therefore the electrostatic capacity
of the multilayer is strongly affected by the
layer which has the smaller .. If &, of only one
layer is raised, the electrostatic capacity of the
multilayer does not become high. When C/C
with high &, overlies G/C with low &, & of the
multilayer is not high. Furthermore, if G/C is
broken down due to unequal voltage assign-
ment, the high voltage will be applied only to
C/C, breaking it down. Normally the thickness
of G/C is 0.2 mm, while the thickness of C/C is
0.8 mm. If &s of G/C and C/C are, respectively,
7 and 17, &- of the multilayer is estimated to be
approximately 13. If a high voltage ¥ is ap-
plied, the electric field of G/C is estimated to be
1.89 ¥ MV/m and the electric field of C/C to be
0.78 Vi MV/m. If the values of breakdown
voltage of G/C and C/C are almost equal at
approximately 14 MV/m, it is necessary that
the maximum applied voltage is below 7.4 kV (=
14/1.89) to prevent the breakdown of G/C. In
the case of using G/C with low &, it is necessary
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B

A : 3Co0-3NiO-3MnO:: 3PriOu- 30Bi:0s- 20Ba0-50B0: (mol% ; CNMPBBB) glass,

B : 3Pr:Ou-30Bi:0s- 20BaO-50B:0: (mol% ; PBBB) glass.

5 TETAMEDT A NE—RAKEEE
Fig. 5 Surface photographs after adhesion test.

that the applied voltage is set at a low level even
if C/C with high &, is used. From the viewpoint
of the breakdown voltage of the glass-lined
layer, it is desirable that C/C with high &, is
directly lined on the base metal without using a
G/C with low &, to achieve optimum improve-
ment effects.
2. 5 Improvement of the adhesion between the

glass and the base metal

Normally Co, N1 and Mn are added to the
conventional G/C in order to increase the adhe-
sion between the glass and the base metal,”
because the adhesion is generally preferred to
be very high. Therefore Co, Ni and Mn were
added to PBBB glass to improve the adhesion,
in the form of a compound with the composi-
tion of 3CoO - 3NiO - 3MnO: - 3PrsOn - 30Bi: Os -
20BaO-50B:0; (mol% ; CNMPBBB). The result
of the adhesion test is shown in Fig. 5. It can be
seen from the figure that a part of the CNM-
PBBB glass layer remained after pressing,
while the PBBB glass layer was completely
removed after pressing. Moreover, the proper-
ties of the CNMPBBB glass system given in
Table 2 show that & of CNMPBBB glass is 16
which is lower than &, of PBBB glass due to the

% 2 %F 3Co - 3NiO - 3MnO: - 3PriOu * 30Bi0;s -
20BaO - 50B:0s: T A 0)%‘]&

Table 2 Physical Properties of 3Coo-3NiO-3MnQO.:
3PrsOu-30Bi:0;:- 20Ba0 - 50B:0s glass

Properties Measured values
Relative dielectric constant 16
(at 150kHz)
tan 6 (at 150kHz) 4 %1073
Breakdown voltage 14 MV/m
Firing temperature 570C

Thermal expansion
(50~400C)

Corrosion resistance

1.056X107%/C

no deliquescence in
atmosphere

addition of Co, Ni and Mn. In conclusion, from

the viewpoint of & and adhesion, CNMPBBB

glass is highly promising for use in glass-lined
discharge electrodes.

Conclusion
The results of this study are summarized as

follows. '

(1) The effect of various elements on the
relative dielectric constant (&) was investi-
gated by adding 1-3mol% of an element to
soda glass. It was found that most rare-earth
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elements (Pr, Lu, Eu, Gd, Sm) are more
effective in increasing & than other elements.

(2) From the viewpoint of the breakdown
voltage of the glass-lined layer, it is desirable
that a cover coat with high & is directly lined
on the base metal without using a ground
coat with low &, in order to obtain the opti-
mum improvement effects.

(3) 3Co0-3NiO-3MnO;-3PrsOx-30Bi: 05 20BaO -
50B:0; (mol% ; CNMPBBB) glass has a high
e~ of 16 and good adhesion with steel.
CNMPBBB glass is highly promising for use
in glass-lined discharge electrodes.
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Dechlorination of PCB Contaminated Oil by SP Process
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A chemical treatment Process for the dechlorination of PCB contaminated in waste
material, named SP process, has been developed and the pilot scale test has been
applied to a PCB contaminated electric insulating oil. The experiment of the
concentration of 10 mg/kg, 100 mg/kg, 1 % and 10 % were carried out and completed
the dechlorination to lower than 20 ug/kg, respectively. When the PCB concentration
of 10 and 100 mg/kg, dechlorination was completed within an hour, and also
completed in three hours when the concentration of 1% and 10 %. The wastewater
formed via dechlorination process is dark brown colored, and this dissolved organic
matter, which is by-product of the dechlorination process. This wastewater is
biologically treated and more than 90 % of organics is decomposed and cleared the
wastewater disposal standard. From the analyses of dioxins, furans, coplanar PCBs
and hydroxy PCBs, it is recognized that these substances were not produced but
reduced in this dechlorination process. Even in the exhaust gas, the analytical data of
PCBs, dioxins and furans proved that these toxic substances does not exist. Since
this equipment facilitate in container size as mobile type, it is able to treat on site of
storaging PCB contaminated wasts.
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Table 1 Analytical result of total dioxins in treated oil

Conc. 10 ppm 100 ppm 1% 10 %
Items Before | After Before | After | Before | After Before After
T. Dioxins [ng/g] | N.D.*' [ ND.# | ND.* | ND.* | 200 | ND.= | 690 | ND.*
(T. PCDDs+T. PCDFs) N.D.** | ND.* | N.D.** | ND.** | 58 | N.D.* 33 | N.D.»
[ng-TEQ/g]
%*1) Detection limit T:~ PsCDD/DF : 0.008 ng/g, He ~ H,CDD/DF :
0.02ng/g, OsCDD/DF : 0.04 ng/g
%*2) Detection limit 0.005ng-TEQ/g
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Table 2 The result of treated water quality after biological and activated carbon treatment

Cone. 10 ppm 100 ppm 1% 10 %
[tems
pH [ — ] 6.0 6.0 6.0 6.5
BOD [mg/4] 1.6 0.9 9.7 1.1
COD [mg/£] 30 17 20 5.5
TOC [mg/?] 30.4 5.4 42 4.9
n-Hexane extracts [mg/4] 0.6 <0.5 1.4 1.2
PCB [ug/f] N.D.* N.D.* N.D.* N.D.**
Total dioxins [ng/£] N.D.* N.D.* N.D.** N.D.*
(T. PCDDs+T. PCDFs) N.D.*® N.D.*? N.D.*® N.D.*®
[ng-TEQ/ /]
Effluent standard of Water % 1) Detection limit 0.5ug/£
Pollution Control Law %*2) Detection limit T,~ P;CDD/DF :
pH : 58~86 0.1ng/4
BOD : <160mg/¢ Hs ~ H,.CDD/DF :
COD :<160mg/¢ 0.4ng/?
n-Hex. : < 5mg// 0s CDD/DF : 0.8ng/¢
PCB : <0.5ug/t *3) Detection limit 0.08 ng-TEQ/Z

B3R BURRHLPBREERO (AW HEMER) WIS X 2GR E

Table 3 Effect of decreasing organic matter by biological and activated carbon treatment
Condition 10 ppm 100 ppm 1% 10 %

Raw |Treated|Removal] Raw |Treated/Removal| Raw [Treated Removal| Raw |Treated| Removal
Items water |water| rate |water |water| rate |water|water| rate |water|water| rate
BOD [g]|168 0.5 199.7%|115.5| 0.2 [99.8% | 168 2.1 |988% | 57 0.1 199.7%
COD [g]]392 9.7 1975 % | 266 4.7 198.2% | 236 4.2 |98.2%| 56 0.7 [98.7%
TOC [g]]231.2] 9.8 |95.7%|333.2| 4.2 |98.7%|148.8| 8.9 [940%| 37.3 | 0.7 |98.2%
n-Hexane extracts [g]| 14.8| 0.2 |98.7%| 52.5| 0.1 [99.7%| 3.2/ 0.3 [90.7%| 0.1 ] 0.1 —

Removal rate [%] =

(Conc. of raw water [g] — Conc. of treated water [g]) < Conc. of raw water [g]
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Table 4 Total PCB analysis of environment of test facilities

Sample Sampling Before operation During operation ! After operation
Soil near the test facilities 1 N.D.* — N.D.*

% 2 Y —_ 7

7 3 7 - %
Atmosphere in test facilities N.D.**(n=3) N.D.**(n=3) N.D.**(n=2)
Exhaust gas from reactor — N.D.**(n=1) —

: : *3 (o *3 _

Accumulated in pit N.D.**(n=2) N.D.
water in oil pan — N.D.*(n=2) N.D.% (n=2)

*1) Detection limit 2ng/¢, *2) (Detection limit 0.021g/Nm®), *3) (Detection limit 0.2ug/¢)

% b6 &R MIEMOBERMBM & L TOMIR

Table 5 Physical property try of treated oil as insulation oil

JIS Stadard .

[tems (JIS C 2320:93) Treated oil
Density (at 15C) [g/cm?] <0.91 0.86
Viscosity (at 40 C) [cSt] <13 9.6
Viscosity (at 100 C) [cSt] <55 2.5
Flow point [C] <-215 <425 B
Flashing point (P.M) [TC] >130 134
Total acid value [mgKOH/g] <0.02 <0.01
Dielectric breakdown voltage (2.5mm) [kV] >30 54

* Methods of examination is based on JIS C 2101

JISIZEDHLNI-HETH D, THOKRIIEDL X
RS &), BAEMOLERFESIZ+ 5512 JISH
xRz TIHDTHo72,

6. 6. 2. BRELE L-CoOFEF RN

ARV FEAR NI TH 1), e & R
FHIBE TH A, L2A5-> T, BAEMmDERYIZIT
BELE LTRERTTREE ZEZ5NBDT, BEL LT
DOWRE JISHEIC LY EIEL, HRE2 JISHEHKE
MHLTEORIOR LA, 2hibh, BHEIIAER
HMEFETH Y, MOARHMS S TR OEVEE R
L, BEELTOT0EAATETH LI EHHHS
Mmootz

6. 7. EBOEIEY

6. 7. 1. JHIEMLEE
SRIOEBRTIITA M EEE L TEBESRGYE 2
TREBETAMNLAOT, SHICL Y MEORERS
BIh)DIIREEEE LD, RBEEEIRESH
TRALERIMIZ OV T, Ny FE TS 505, &
RMEDBEZ TH D, > T, KIEEOHEIZITRB

HAPLRIGHET ETBLZF 2BMURNTI Ny 7
DIBEDSHEITL, 13y F UK GHE b O
MU A e SN L7280, EFHIRETIIHG
~82NyF/H, Am*/H) BEOWHED+ 457 8
ThbEEZON, BEORL DM, ¥iE
G Rl & AT 2 B8 XS Z 0 b Db E

{752 END, 10 %iRfETH600 ¢/ HFERE DALFE
EEhAHEEZ NI,

AIFE D FAL H Yl > PCB i FE D4R A3 5
& Do ARILFREIRNIIFTE OVRREE#E I L T
HIIA VARG I CUE SIS TE 595, LA
BORHPERE D, ZOHIZOVTIIRESS
YMIOWMERBEENTSEL I, HWEERS
(BB T HMF%ER) 12 GC-ECD,
GC-MS (WEmBM : K~ F o MeER), GC-MS
(B35 - BoieeRl) #3%E L, Bt S g RaT
il ZHET T4 L THRHEL M EFERTAFET
H5b,
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Table 6 Physical property of treated oil as fuel

Items %Igesggagiﬂ Treated oil MethOd pf

(JIS K 2205:91) examination

Specific gravity (at 15C) [—]| (=0.84*) 0.86 JIS K 2249
Reaction [—] neutral neutral JIS K 2252
Flashing point (] >60 134 JIS K 2265
Viscosity [cSt] <20 6.5 JIS K 2283
Flow point [C] <5 <—42.5 JIS K 2269
Residual carbon [wt%] <4 0.01 JIS K 2270
Sulfur [wt%] <0.5 0.08 JIS K 2541
Water content [wt%] <0.3 <0.1 JIS K 2275
Ash [wt%] <0.05 0.01 JIS K 2272
Total generated heat [kcal/kg] | (=11000*?) 10950 JIS K 2279

%1),%2) Specific gravity and total generated heat

6. 7. 2. BEWLER

BEALER AT BV AE LB, #R BRI GE M e AL
*EMT A, BEFLETRECRETARROE
ALV TNy FUBE B oz, EYLET
BTEERYOSEE S BIFT, SEEFOEE
BETTONIDTEDL I EPMRTE,

FE R ALEL I S 005878 THEAKASRAMICHE S h b
Zenh, EROKEEELFT/ITETTRL, ¥
{14+%L 8 2375+~ PCB, £ Fux3
PCB DO KEEENVFEFIIEETHL, D120,
BEBALE OIREEIZ6. 7. 1. LRIBICEMEAREEC
£ % B 2 i E ARG CEE T ETECH 5,
9 v

SP 7ot A1 & 5 PCB 75§ o i & 58
B A, HE600 L0 RS % A ¥ AR BRI %
HWTBI o ER, BEL0 % T TOFHGMF
® PCB ¥ % GC-ECD # B D5 #H RFE TdH 5 20
ug/ kgl TR TEALZ EDHL PR o 72,

SLHER T OV B X OVESEEIMA 2 b AR

are shown as an example on the market.
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B D95 % LA E K S, REUEKOKE T
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RVERESSFERE S Nz, T, EEUEREE LTLE
BECT 2 LEBERETHA I LIRERTE T,
(&EXH )
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DEAEALEE, R, vol.d4, (1994) p.819
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Anaerobic Treatment of Rice Washing Wastewater and
Practical Use of Generated Methane Gas

(B BRFSE
i 23] g -
Shinichi Nonaka

WEALIE L UASB SRR 77 & — CHB S NS, HRBKLEY 27 ADRFEEIT- 72,

TTEALHE TR B R (HRT) 75hr 12T %OTME LRI B SR, R T2 ¥ —
T3 BOD &4 10 kg/m®-d (2CT90 %D BOD BREHENSBOND Z L PR TE /2, $ 72, FhEx
FoHAZBRL, TAVF-HE L THMERT 2 I L THEEIA P RHIBTES 2 & bHERT
720 AR NRAFOMR, ARFEDY AT 2IFEELBEREEHREICHT, EET 2 F471/2
~1/3ZHIT &, RAEBIBENA23~43 BB T E 5 2 L% - 72,

An anaerobic system was developed for treatment of rice-washing wastewater from
sake brewery having high BOD and SS content. The system is composed of a
solubilization tank and a UASB anaerobic reactor. A pilot test, using actual wastewater
confirmed the 90 % SS solubilization at HRT 7.5 hr and 90 % BOD removal ratio at
BOD loading rate of 10kg/m’-d. Generated gas was recycled for boiler fuel. The
operating cost was reduced to 1/2 to 1/3 in comparison with conventional coagula-

tion/ sedimentation or activated sludge systems. Required installation space is also
reduced by 23 to 43 %.

Key Words .

WOk HE oKk
S S W &% 1t
Ay v R R
PANBIC-G

Rice-washing wastewater
SS solubilization

methane fermentation
PANBIC-G
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19964EFEH 5 199T4EFE D 2 # 4|2 8 » CElhige %
Ehe L, OB EL*RL LA TE, 2O
RO E A RIZH]ET 5.

1. EEOE - BiE

1.1 EROEM

B, FOREICKEOKELEET LY, K
SRR - KRR L OB RE IR, E ok
BRI KELRFEL > TETW 5,
FRIOROBE X TAETEAT 2HKPEKIE, SiEE

£ 1%k BELEYOKOMEE, KR
Table 1 Characteristics of Sake Brewery Wastewater
Wastewater Characteristics S8, BOD
Concentrations
Rice-washing Seasgnal Yvast?water High
(mainly in winter)
Some plants has no Low

Bottle-rinsing

bottle rinsing facility

Miscellaneous

Cleansing water for
machinery, tanks, floor

Medium-High

@ Coagulation only

Bottle rinsing ____
wastewater

i

I

1

l

. . A 1

Rice-washing Coagulation ¥
wastewater treatment

% Combined aerobic

Bottle rinsing ___} i
wastewater >E pH controll §

Discharge [River or sewer]

. . i n B
Rice-washing Aerobic A_eroblc }———> Discharge [River or sewer]
wastewater treatment treatment

@ Aerobic only

. . r
Bottle rinsing ____5! b} controll '-----==--==-=~-~ |
wastewater ; ‘

Aerobic Aerobic
treatment treatment

Rice-washing
wastewater

@ Coagulation-aerobic

Bottle rinsing __ _
wastewater

Discharge [River or sewer]

Rice-washing Coagulation I Aerobic Discharge [River or sewer]
wastewater treatment treatment

IR EROBEAHARIEY 2T 4
Fig. 1 Conventional Rice-washing Wastewater Treatment Systems
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D SS, BOD #&EATEY, HEROMHE LA TIIIE
RGRMEHEE REGUBEIA MELEET L L L
B, WoRPTAEEEE CBRAL - BT 5720,
HCRBEIEX R D B E 2o TL B,

ZZT, BBREOWRKIAKEDEL CMHES S
ENT & DB A LT 5 & & bz, L
HEFCRAET DAY VY EFGNERT LI AT 0%
L, ZORREIESHIEEICERTHIIER
HB& 45,

1. 2 AROBE

(1) BERBEKICH T 2 BERERE FRoFERL
(2) HekHEKICH 2 B b o 32k

(3) MIEEFICRETHIA Y U RBEREY T2 Y —D

MRS, HDHVIERA T - OB IHEHTX

BYATFATHALI E
(4) AT I7 FTHDE
(5) MEIAD - TV TaARXMPMRETHDLZ &
(6) RTEHIBEHTHAHZ &

2. FERBEKMIBS XF LIZDWT
2.1 ERDINIBS X T L

HE T2 SR ENLEEKIIE 1 RIIRT LD
W 3HEBICETE 5, Pkbkidfto 2 Bk
~NTSS, BODBENE L, 14H£01/3~1/20
ML SN2 VwOPERTH L, —H, MK

B2 R OB LRI O g

Table 2 Comparison of Anaerobic and Aerobic

Treatments
Anaerobic Aerobic

Installation space Small Large
Running cost Low High
Generated excess Low High
sludge
Energy recovery Possible Impossible

. Slightly
Maintenance cost Easy difficult
Effluent quality Inferior Good

IKERKEPRELEGT L EDHDB, DT
O, PR AT A% BETHICY 2o TIREAD
ZR*EZETLLENH 5,

ko (FkE, i), M BEKE
SRR A B U Hk ok E, KEDOEEE

(BABEKHE, 7B DER)
CMERRE R, BN

TR DK BRMIE S 27 A5 E 1 RUIZRTAS,
E& U TEELE R IR EAERE AR ST
Wh, LoL, MRETEROMEST DY), Zh
LI T ALEIROLNT WS,

a) WWRBEAEWMBEIZBIIANANLVE  FORERD

FVIBR I X b
b) HREAENS, WMHE - W5) H
c) AOEENKE {, MBEAKEINEE
2. 2 ARVAT L

A LB BRI LR & R LB A B B A8,
FTOHMEZE2RIRNT , BERBELEIZA YV H A
LB ANF—RIRASTE, IFAMHE IR T
FREFRBEEND R T V2V a X P hTEER
CENPKELRFERTH D,

BTV AT ATIIBAENHE Y EAT L LIL -
T, a) ~c) OWREOMESOHIE X -7z,
BB, AVATATIIE2BIIRT L) ICTFAREK
MOBEIIEEAELEER Y L, W o%a1
BRSVEALE L IR B OMAEE LT 5,

BERIEBIIHER ) 77 5 — (X ¥ 3EEE) B
Mo 1T G L, MR (BRAriE) +5
[T 75 —D2MTITIEHEDTD 5, vekibkiz
FIRIORLALI)DCEHBEDSS2#EGHLTHY,
WEEShHE A B 5 120121%, T bR © SS 2
fEL72BTAY VREET D QOMADPET Lk &2
bbb, TTTHR) 725 — 12382 H 5
A, i, BRI §E UASB gAY 7
75 =S, ERkEEICL OB AEE
EFHELTWA,

K AT A OBV |2 ALK R ER X
TR & UASBABR ) 727 % — %A L 72,

Rice-washing Anaerobic treatment
wastewater 1 system ] system

Aerobic treatment

Treated water

For discharge to sewer

For discharge to river

F2 TERBER DI 2 2 7 1 DER

Fig. 2 Selection of treatment systems for Rice-washing Wastewater
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LB TIXETN S CTd B SS D E LR AT WIT &
K[ T 25 —To BOD BEMEENH LT 570

m@ﬂﬁ%o:a‘sbm SS WHE LOBERS EE & 4
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2ITH) 12D 0BG L LT pH, BESEETH
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a) IEILED SS T LiERE % &6 5 72 D EiE

ROFRZHL TV

M- DHERR
b) B Y 72 % —® BOD BEBREYED LD
DIEEL R DOFERR

c) ERFIHWTRE:R X 5 v W ARA RO
d) ¥EORMELZROFERIC BT 2 LEMRED

=
e) TRMLEERED BOD R EenpEs
2) BiZEE

KRBT 5 BEMAE 3RISRT, BrEMEL
IZB1F75 BOD, SSHBREEL LTI %LLEEE
L7,
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DUFEALER OBER Y 77 ¥ —DOBRITHEFT,
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Table 3 Test Target Value

Raw Anaerobic | Post
water | treatment | treatment

Amount of

treatment (m?®/d) - 10 2

SS (mg/ ¢) | 5000 500 30

BOD (mg/ ¢) | 4000 400 20

ﬁm——wmator unit HDewatered cake >

Measuring
tank

Anaerobic
treatment
water
@D
|
= = 1 — 175
Diffuser
al \<>/
Feed
St i
tar(;}r(age pump Aeration tank Settling
tank —
Over flow — Effluent
} Return
ower sludge Effluent tank
pump

FAR FBUHEBHII—— b
Fig. 4 Flow sheet of post treatment
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Table 4 Specification of Rice-washing Wastewater Treatment System

Rty

Components

Specification

No.1 Storage Tank 1

Type: Cylindrical, vertical, closed
Measurements: 2 690 dia. <3 000"
Effective capacity: 11.4m?

No. 2, & 3 Storage
Tank

1 each

Type: Angular, w/agitator
Measurements: 1000%X1 700~X1 200"
Effective capacity: 1.4 m®

Anaerobic Solubilization Tank 1

treatment

Type: Cylindrical, vertical, closed
Measurements: 1500 dia. X3 000"
Effective capacity: 4.4 m®

Anaerobic reactor 1

Type: Cylindrical, vertical, closed
Measurements: 1600 dia. x4 500"
Effective capacity: 8 m?®

Gas holder 1

Type: Cylindrical, vertical, wet-seal
Measurements: 1200 dia. X2 000"
Effective capacity: 2 m?

Recycling unit Boiler 1

for methane gas

Type: Small percolation, vertical (GX-40S)
Heating area: 1m’
Maximum steam generation: 40kg/h

Aeration Tank 1

Type: Angular (Diffuser type standard
activated sludge method)
Measurements: 800% X1 000“X1 600"
Effecitive capacity: 1m?

Post Treatment Settling Tank 1

Type: Cylindrical, vertical, w/scraper
Measurements: 800 dia. X1 000"
Effective capacity: 0.5m®

Dehydrator Unit 1

Type: Travelling filter (RF300U)
Measurements: 1200%X 1 700X 1 600"

FIHOBEHEOBIRIAF CEHEREIII m® TH5H,
3. 3 BIAMANIBREEESE

EIBIR LA L)L, FEBREUKE % 5 BkHEK
VI BER R EEAE 20 & JFARE 26K O 7 CRIRBIZEUK X
f, No.l EAMIC—-HIFF S5, No.l FHKME
M HIER Y 7 THEBRICNO. 2 BUKAE I E N5,
No.2 F/KFDOFRNAINET 2 & FHERIRA L 72
HMARKRE A BRET H20ICAZ ) —rHhRITL-N
Twb, FKix, No.2 FEA#—u %/t —No.3
B R ) 72 ¥ —DNEIZHEN S, No.2 Bk
HENo. 3 F/AMIZTE A pH LiREa Y bo—)L
ITH 2L o C, WM ML B8R T2 5 —D
pH X REA —EEICHEF SRS, WK s
No.2 5K+, RUBEE Y 727 ¥ — & No.3 FHKME
OMTIE, HEKEFBRORSE - BMSELED L7
W, KARY THEEIfTONDS,

WEER R 775 —CRELIZAY VT
AFH ARV — IR ENE, A5 2 AZ/NE
KA T —THRIEES N, BHELEXAIENo.2, No.3
JEKAE DRI FIH 215,

F bR EBREKOKE (FHHE)
Table 5 Quality of Test Influent (Average)

Test Influent
pH (=) 3.8
SS (mg/ ¢) 3790
BOD (mg/ ¢) 3840
COD.. (mg/ ¢) 5090
CODwa (mg/ ¢) 1920
Total sulfur (mg/ ¢) 21.9
Total nitrogen (mg/ ¢) 87.3
Total phosphorus (mg/ ¢) 11.0
3. 4 MRER
3. 4.1 FEBFEKOKE

LB OTATIKIZ, B L/ ofEL
SO KE & ) SS, BOD igEAMEA 7272
, FRPPKIZEE CRE) 2L THERICHL
720 MR OEBFEKRDFEKEZE B RIIRT .

50 W N Ty 7 Bk
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Table 6 Effluent Quality after Anaerobic Treatment (average)

Water Quality BOD Ace.tlc
Acid
BOD load mg/ ¢ |mg/ ¢ % |mg/¢ |mg/¢ % mg/ ¢
5 kg/m®-d 3740 | 277 92.6 | 2470 90.4 <10
10 kg/m*-d 9580 | 273 95.1 | 3970 96.5 <10
100 ° vy 100
Q0| - === =mmmme oo R
§ 80r J- )|
3 S
é o £ e g O
= g -
= 0 LR QE] 0
E £ & 0
% 20_ é:j 20-
0 L [ Ir T — 1 L 1 l
0 5 10 15 20 25 00 5 10 15 30 55
Hydraulic retention time [hr] Hydraulic retention time [hr}
%5 AR & SS W LR o B 4% '

Fig. 5 HRTs vs SS Solubilization rates

HKERIFEKIZ SSA%3 790 mg/¢ T, BOD #%3 840 mg/¢
Tholze EWBIZLERERE, ) OEHENE
BiIT+aicgEIhcniz,

3. 4. 2 BERMEMERE ORGSR

1) WiE Lo SS aT s i he

WA OGN & SS TRt OBEYE 5
BT, HBEERIT.5 hr 1238 THE490 % @ SS
HEEREIELNE Z &2 572,

WE LR ORENL SS OB boMIz, HisW %
REBRSF DIHRIRIFER IZ8nIR T 2 2 L 10h B, RS
& AR OREE 6 IR T . TA biE
DIRAFFEEY (TOC) #HEH# L L 7- & X 041
EHRFIIHEERMIEIEE o e IR
HgM R B TR LB A X & 4
BRNC E o THREENSZOTHL, 5, 6
L0, AEEREFH I B O R R EIZT7.5~
10hr @B EEZ 515,

2) W5 72 % —@ BOD e

BOD &ff 5 kg/m*-d £ 10kg/ m*-d (2 BT 5 1§
KUT 08— BEKDOFHEEE 6 RITTT, LHE
JK® BOD J U8 SS i34 h #1280 mg/¢, 240 mg/¢
Droasson, HELT 590 %L Lo BOD, SS
BRERZERTE D Z EAFERTX 72, WBKEERS
REEWINDBI0mg/t LT EZoTBY, 2& Y

HOR R & AR IR O RIE
Fig. 6 HRTs vs. acidification rates

100
] [ ]
90% ———————— L N L 1
)
S
5 60
g
£
S Lk
s ow
[
m
20
0 1 L ] It 1
0 2 q § 8 10 12

BOD volumetric load [kg/m?-d}

573 BOD fifif & BOD Bk OB (R 72 4 —)
Fig. 7 BOD volumetric loads vs. BOD remoral
efficiencies

RENTEIITON TS I L bHIBTE ],
BE&) T2 4 1281 5 BOD & & BOD Bk
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Table 7 Generated gas

Solubilization Anaerobic Tatal gas

tank reactor generated
Gas generation (Nm®*/ m®) 0.3 1.7 2.0
CHy concentration (%) 69 75 74
CO: concentration (%) 31 25 26
(ol mothane &2¢ 10 m%/d X2 Nm%/m*X0.74=14.8 Nm*/d
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Otz kFE (H) E05&EN s, BES RO CH
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%h,
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MEER A Y VA AEIFI48NMY/d &b, 1B,
COHNABIEZ—BEETOFYH =T AFHED
WDHBICHYET ALY 2% VT ADOBREEHRRE I
35790 kJ/Nm® TH 5 = L 05, BTl fE %k
B350 MI/d &b, TDAY U HA%RKRA T —
THREEL CHERE 54 &+, No.2, No.3 EKkiE
DOIRICF AT 53546, stELIZLZFE (10CT) o
RICHERIANVE—-OR50 %EH2 58125,
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% pH 2> b a— W EZ TR {LIE%6.5,
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T FUKREIO M’/ d s, kY —FEARR
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Fig. 8 Relation between flow and NaOH injection
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Table 8 Possible Reduction of pH controlling agent

pH setting Solubilization: 6.0 | Solubilization: 5.5 | Solubilization: 5.0
Anaerobic: 7.0 Anaerobic: 7.0 Anaerobic: 6.7

Actual pH (—) Solubilization 6.3 5.3 53

tank

Anaerobic 7.0 71 6.7

reactor
NaOH injection Solubilization
(mg/ ¢ ) tank 1110 560 0

Anaerobic 10 770 700

reactor

Total 1120 1330 700
BOD load (kg/m?-d) 4.9 5.7 4.6
BOD removal ratio (%) 92.6 88.5 93.5
Tatal gas generation (Nm?®/d) 20.8 24.1 19.2
Methane gas concentration (%) 74.0 75.3 82.9
Methane gas generation (Nm%d) 15.4 18.1 15.9
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Fig. 9 BOD removal efficiency on restarting after
the plant 6-month shut down
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Fig.12 Sample Flows for cost Calculation
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Table 9 Basis for Cost Calculation

Amount SS BOD CODec:
Wastewater (m*/d) (mg/ ¢ ) (mg/ ¢) (mg/ ¢)
Rice-washing 20 2700 3200 4800
Bottle-rinsing 45 40 60 80
Miscellaneous 15 1300 2 400 2 400
Mixed 80 941 1130 1700
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Table 10 Cost comparison

Cost | Construction Operating Annual operating* Installation

(=) (Yen/m®) (1,000 Yen/year) space (m?)
Proposed system 1 83 1200 180
Conventional (1) 1.03 249 3590 235
Conventional (2) 1.03 179 2580 314

Note: *Calculated on a basis of 180 working days per year.

Site cost, wages and sewage dues are excluded.
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RECEKDKRA FHIRKOAINIE

Pretreatment of Boiler Make-Up Water Using
Membrane Separation Method

(R)VRBHRE
oM &
Yoshiya Kuide

(BR)BRATERRRETE L 3R
# b &H A

Yoshinori Kajiyama

A THRKOFLEBE B, FEREORERM L L THE;EHTRTH S, ERETHS |
RENB—ABL, BESBRER OS2 BEEL LB L 2R, MEREZEEP TR |
DIE S 2 EX BV CRERB A8 L) bHEE S BRER ORI S BERESELTL 28R ¢ \
LAY (A

Three filtration methods of coagulo-sedimentation(CS), microfilteration(MF) and
ultrafiltration(UF) were compared for application to pretreatment of boiler make-up
water. The test using river water confirmed that MF and UF were superior to CS in
view of stable performance and easy maintenance.

Key Words :
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KA T K Boiler make-up water
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Fig. 1 Shematec diagram of make-up water treatment system

B o1& B
Table 1 Specifications of membrane
MF UF
Type of membrane Microfiltration Ultrafiltration
Pore size 0.2 #m —_—
Molecular weight cutoff | ——— 150 000
Material Polypropylene Cellulose triacetate
Type of module Hollow fiber type Hollow fiber type
External pressure type Internal pressure type
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Cost reduction of HHOG
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BEARE S T EREREE# - - KEREBIREAODBEY B LA v 4 FNEAEREEETDH
b BHTREIOEKE ST EBREER2E -2 /KEMRIZ L AEMEAERERESEE HHOG
(High-purity Hydrogen Oxygen Generator) %% L, #amfbLCX7, &M, HHOG ®
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HHOG (High-purity Hydrogen Oxygen Generator)
proton exchange membrane is an on-site hydrogen generation system having many

Water electrolyzer, using
merits. The cost of HHOG has been reduced to 50 % in comparison with conventional
HHOG by reviewing components. The cost of electricity for water electrolysis has
been reduced to 80 % by applying Iridium to electrocatalyst and high electrolysis

temperature.
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Table 1 Comparison of on-site hydrogen generators

PEM Alkaline Methanol Natural gas Ammonia
Electrolyzer electrolyzer reformer reformer disassociator
Feed stock Deionized Deionized Methanol & Natural gas & Ammonia
eed stoc water water & alkaline | deionized water | Steam
Waste Alkaline CO, CO &
Material No waste water CO & CO: Hydrocarbon Ne
Purity 99.999 % 99.9 % 99.99 % 99.99 % 99.99 %
. O, CO, CO,,
Impurity 0z N Alkaline mist | €0» COn N: Hydrocarbon N
Start u Prompt 30 min 30 min 2 ~ 3 hours 30 min
p p required required required required
Operation 0~ 100 % 20 ~ 100 % — — —
range
Deilonizer foni
Maintenance Deionizer Errosion & Deionizer Catalyst Catalyst
corrosion & catalyst
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Table 2 Specifications of HHOG

Capacity 10 Nm®/h
Hydrogen gas pressure 9.5 kg/cm’G
Hydrogen gas purity 99.999 %
Hydrogen gas dew point —-80C
Electrolytic temperature 80°C
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Table 3 Impurities in hydrogen
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N: CnHm CO. CO O, Ar Purity
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (%)
0.28 0.02 0.20 0.01 LAF 3.60 0.01 99.9996
68 EHE T ANV A S & - ¢ Vol. 42 No. 1 (1998/9)

—




Make up pump

Circulation water cooler

Circulation water pump

Dryer

H: gas cooler

| | d
|
S
Electrolytic tank

e
g
& \
E \
\
\
\ a0
g
— \ 3
(5]
& \ > o)
< S S~
2 - Y =
5 z
g g
| >
fob]
>
@
f”
E'U
.
12 M
o
0007 !"1
— o0
- -
R =

Vol. 42 No. 1 (1998.9) PR ANV SRV 5 69




weldeip Mol € "Sid
{—4—-nc EEIE

197em
3urjoon)

Jo8ueyoxs
1Y
dumnd 191eM
UOIBMIILY) dumd dn asjepy

BT

197009 sed uagoIpAH

Joiem 3uijoo)

PY

[A1ddng] rivy

oy

BETS g
[y T

G f—op

juey
J1A[0009[F

I
i
{
!
i
I
I
1
| JUSA
I
|
I
1
i
I

ok

Vol. 42 No. 1 (1998./9)

v 7 ¥R

TS 2 <

70




Pressure of electrolytic tank [kg/cm?®G]

1 1
0 5[0 100 150
Time  [sec]

R EEY s OENE
Fig.14 Pressure of electrolytic tank
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Atomizing Wet Scrubber
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Atomizing Wet Scrubber(AWS) is, as the name explains itself, the dust collector
whose collecting medium is the dispersed and atomized water droplet. AWS consists
of very simple construction, and can treat high dust concentrated gas such as several
ten g/m®N. And it has been delivered in many fields as a pretreatment unit of high
performance dust collector.

On the other hand, in almost cases when dust collection is required, the gas
contains noxious gases and odors besides the dust. In these cases, wet scrubbers
such as AWS are effective in order to remove dust and noxious gases simultaneously.

This paper introduces AWS’s advantages and examples of application for the
removal of noxious gases and odors.

A EER Wet scrubber
£ E ¥ B Dust collector
A E K A Noxious gas
i 1A Deodorization
1w A 1t Atomization
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Table 1 Dust collection types

PR CHBEUET LI LN TELRVES D S,
INHDEE, AWSIE, FAMEBFEFADRE
BEDT R 72 0BFME "D, AWSIE, ThEFT
HAHEERL L TEHEL DERZE-TELD, BR
BETHLEVHIFRTENLT, &L, BEVAR
BEATADOKREY B E LIMABENTETE L,
AETIE, AWSOUV AT LML, HFTLVAHRE
WEH L MAER 2 I HRET 5,

1. EEEEDHE

HAHRPS T A S #ET 5 EEOFEEIL, &I,
BT, &, IET, ERIEOER A
LT3, ShHERIOENICLZEERA L,
BHRRO— R RT A MERVFESEELE
1RITRT, AWS i, &M, w8, &0HhFE
FALCBY, CEEBREBIISEINS,
B EEEEICL L OEENH Y, RENLD
DELTEL2RDEILDIDDHSH, AWS i, #
KRR TN L, EEMBIIHHBOMEICSD
%, AWSIZ, £EMERL LT, BALEE, BXK
BE, RXVFa)—A7 IN—EOEHEEREXE
EHRTHEDS, BEIA MPEMARZ L, BES

Typical equipment PrEessure drop Dust diameter
mmH,0] [# m]
Gravitational dust collector Gravitational settler 9~30 20~
Inertial dust collector Mist separator 20~200 10~
Centrifugal dust collector Cyclone 100~300 2~300
Wet scrubber Venturi scrubber 20~1000 0.5~
Filter dust collector Bag filter 100~300 0.1~
Electrostatic precipitator Electrostatic precipitator 10~50 0.01~

B 2R ELBGEERE
Table 2 Typical wet scrubbers

Type S?flilgﬁgg; Pressure drop| Initial Cost
Spay type Low Small Low
Packed bed type High
Holding water type(AWS) Low
Perforated tray type High
Venturi scrubber High large Middile
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Fig. 1 Construction of AWS
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Fig. 2 Particle diameter vs. Collection efficiency
(Ore dust or Metal refining dust)
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Photo.1 Operating state of AWS

WCEELCHREEHLTC, YAZAREEEO
BICAE LA A0 — M2 EETEAT S, ORI,
FEWEERIC L Y AKRZRME - 8L, A28V
TR E b, BRELAKEIE, HARARICE
ZLTETTHH, A0— bEETHEOTARIZE -
THAILEND, SOXH TR MNEREFT AL, R
75V TERICABBIZE T2 5RO FIoHRE
N, FOREREZHDT, WD TRRMN L ERE
T hbh, BELICEENENEOLNL, X7 T

Yy 7Ee @B L7 A AFOREKE, KIS

HE L CRIES N, TAROTIEREKRELLIITSE &5
W,

B DEEREICL > TROBENFEL 5,

O BHY - BENZREEMPITHONE 720,
ZELIZEENEIELONS,

® FAFDOATKEDTE - WAALTHDT, R
VITWARETH S,

@ EBOWEELSY Y IVEETH D20,
BRI A PHERMET, IR, REF
HBROBEZHTH 5,

@ HELFERC, TAGHCHEN A - BEEY
ADBENTE B,

® EHEE (130~150 mmH.0) &, "rFa
=R 7 FN—|ZHRTEL, EEMDEW
WDIEKS V= 7axMNTH b,

® KEYLABESTH5, (LEEE25~T720m’
/min¥ TOEEMAFENHEINTNS,)

Z] P E A AV S - 4

Vol. 42 No. 1 (1998,9)



Qutdor air

il

———— Gas outlet

SO

AWS

Gas inlet

Level instrument

(LA
./

Drain
P| Pump

H2S0;4 tank

BIW TrvEZTHREIO-—T-—}
Fig. 3 TFlow sheet for ammonia removal in gas
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Photo.2 Outside view of AWS for M)
ammonia removal in gas Photo.3 Outside view of AWS for
removal of dust and alco-
hol gases
; _ plower
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% | E /Control panel
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ram § / E
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- Shield pot /Chemical feed unit
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e 1200 1400
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Fig. 4 Outline drawing of testing unit
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Application of The Thin Film Evaporator
“EXEVA" for High Viscous Products

Uy =>y=71y 78
A H #
Sumihiro Nagata
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B SHERAEERAREE LT —F— I BVEHMEZ BT 5,
AR TIIMAEZL T A MNERO—EEHENT 5,

“EXEVA” is valued highly from our customers as thin film evaporator and
“EXEVA” is useful for evaporation of monomers or solvents from high viscous
solutions which “WIPRENE” cannot process.

This paper shows some applications and some results tested using the EXEVA unit.
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Fig. 1 Process flow sheet
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Fig. 2 Process flow sheet
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Fig. 3 Flow sheet of test
g 1R EXEVAFANF—%
Table 1 Performance and operating data of EXEVA
Feed Discharge Operation
No.i Rate |Polymer|Solvent|Viscosity| Rate |Polymer|Solvent |Viscosity | Pressure | Temperature
(kg/m?Hr]l| [%] (%] | [Poisel |[kg/m*Hrl| [%] [%]1 | [Poise]l | [Torr] (]
1 193.9 17.6 82.4 3000 59.5 71.6 284 6 000 100 170
2 147.5 ¥ ! 3000 40.3 84.5 15.5 15000 ! !
3 152.9 i ! 3000 48.6 81.2 18.8 12 000 150 {
4 75 31.0 69.0 3500 55.5 96.1 3.9 15000 400 150
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Table 2 Performance and operating data of EXEVA for glucose

Feed Discharge Operation
No.| Rate | Glucose |Solvent|Viscosity| Rate | Glucose | Solvent | Viscosity | Pressure | Temperature
[kg/m*h]| [%] [%] | [Poise] |[kg/m*h]| [%] [%] | [Poise] | [Torr] [Tl
1 45 62.5 317.5 10 30.9 95.4 4.6 100 5 140
2 45 ! y 10 29.1 96.2 3.8 100 3 140
3 60 ) ' 10 41.8 95.3 4.7 100 3 140
4 70 ! ' 10 53.4 95.1 5.0 100 3 140
< Hot oil outlet
Condenser
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Hauid outler =~ M1 1= Tiqud et

4 i
I 1

@
L
[®]
®
' @ | /M Vaccum
=N pump
Material tank  Gear pump Distillate
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[Hot oil inlet

F4E EBRTO-V-b
Fig. 4 Flow sheet of test
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FIAL—L (BEBFNZA4L—ILOKAN)
Dry Seal
(Newly Developped Dry Seal for High Pressure Use)

(1) B Es
# iE

Tadashi Enomoto
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P—o—XbENEHELD, LVBENTHEAERSL 54— VPBEENLFLhol2, &
M|, WE5kgf/cm* AMROBER T4 V=V E2BRELL-DOT, BAT 5,

Agitator shaft sealing device is one of the key-technology parts of reactor vessel.
Dry-Seal which has been used in place of gland packing is one of the maincurrent of
sealing device. Accordingly, user’s needs are varied, and now, much high pressure

operation by Dry-Seal has been desired. This paper describes the newly developed

Dry-Seal which can be used at the pressure of 5kgf/cm’.
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Agitator shaft sealing device
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TRITAHZEICELVFERINTNS,
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Fig. 1 Dry Seal for high pressure use
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Fig. 3 Abrasion test of rotational ring material
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B1R BEEFSA V- VERE

Table 1 Abrasion rate of Dry Seal for high pressure use

Dimension of Dimension after testing Abration rate Abration rate
test piece outer side/inner side outer side/inner side average
Opertion time 5. 288 5. 288/5. 260 0/0. 028
.2 . 5. 265 0/0. 020
1500 5. 285 5. 285/ / 0/0. 022
5. 285 5.290/5. 265 0/0. 020
hr 5. 285 5. 285/5. 265 0/0.020
B2&R FIAV—NVOEE
Table 2 Variety of Dry Seal
Type of Application Type of .
Dry seal range shaft seal Material
High press. type FV~5 O-ring Filler filled PTFE—Alumina
Medium press. type ATM~2 . .
Bellows Carbon filled PTFE—Alumina
Low press. type FVv~1
Thh, 1FBROEEERE () B vy, KREELDE 2 kgf/em’  TOHMNER
EANPERTHLHECHEBER FIA Y-V THb,
¢ =0.022%x8 760/1 500=0.13 mm 3. 3 =Ex#
EEEAROBRNAER L EESROERICESLE
b, Thabb, 1EUEOFHICHATZAZ WGt E o T b, EROBEHERTHERHIN

EOHIRE, W, COEREERERBFIA -V
LIRS THD, BHIRHOEELHEML T b
Wb 5T, ERESIIZESETH SHEIE,
FEIRM R O BRFMARE I N TS Z L IR
LTwa,
3. RS1v— I OiEEEEREE
BERORREICLY, FIA4V—-VoBERENIZ
BZeHh 5 5 kegf/cm®  TOWREL VEEICIAD 272,
F2REIFRIFIAV—NVO—EETHBI, L Fn
FThORREAELTEY, FHEHNEESL LUHNE
WIS U CEY 2 BEVBETH S, RIZFNEFR
OEFFHHE L BEOES L HHET 5,
3. 1 fEER
BHETOFAICES*BWAREMD R I Tw5,
FMERICE, #8@Y— VI PTFENXT—X, A
HBIRICH—RAY) PTFE BMER EINTW A0,
JVAF) v EETH ) HENCETREETON
BEYOFERIZEL TV,
3. 2 hEHR
MEBLUERNZEEIBEERLFA—TH 25,
HL, REEROBEFFICIE “BE” HROPLEDH
BT, I BINTEY, FLEHEREOHE
ICAE ) BEER O mERE IS T 5729, B.F.
EICTRMIEEDS SNT S, BERTOFEHIWRE

TWAT 70N —3ERE LOBRRED D,
VRBIZ O ) Y T RA AT A Z &l %072, o
T, BEEOBHTEOHZEICELTIE, O ¥
IHOWMEEEZ2ZRTLILENDD, VIR, =
VIUBBRANOBEREZREL, O v T OEEME
Z8—=Tn s L72as, ALy ZDMomEofE
HLEETH %,
E3RIIRENLESINT B/ — T 0O ER
ERLTWS, ¥ N8, TATN, 75, A
B, TVAY, 73IVEIEHTRETH S5, Kb
KE, &7 vRMEY, T—TVEBLTTLVTE
FEOFERICIIEEYET S, 4, AEWICHT
57—%, HHERITHTHHHAICE, MeD
FREMIIE CBEET A F 2979 L 28 5,
4, R4 - EHLOTEEIA
1) =Y ba2ERLRVZDZ) -V ThHhb,
2) BEWORBENLRL, HANDI Y Y IR
FORANIFFEIHETH S,
3) BENYYINTH ) MRBILDRA T F v
ADVEGTH b
4) RESRBOMEITKEEZFEo TWELD, &
B - M BRI R R R LE L Ly,
LZOREXHLRE, FIA4¥y—NE, A7
DEIB L OBEHEAOE ZFA L THERRS X
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Table 3 Chemical resistance of DAI-EL, PERFLUORO

. . Exposure
Chemical Rating Temp(C) Days Remarks
{Inorganic and
organic acid) A
(Inorganic alkali) A
(Nitorogen containig A
material)
(Hydrocarbon,
Hydrocarbon halogenide) concerning another chemicals
- Cyclohexene B 40 21 see manufacturer’ s
- Iso-octane B 40 21 catalogue
+ Carbontetrachloride B 40 7
« Tetrachloro ethylene B 40 21
- Tetrachloro ethylene B 100 7
+ Daiflon solvent R-113 D
+ Daiflon solvent R-112 C
- Daifloil #10 C
- Daifloil #1 C
(Alcohol} A
{Qil, Steem) A
(Ketone, Ester, Ether) concerning another chemicals
» Diethyl Ether B 25 21 see manufacturer’ s
 Methyl-t-butylether B 40 21 catalogue
(Furan, Aldehyde) concerning another chemicals
+ Tetrahydrofuran B 40 21 see manufacturer’ s
* Dimethyl tetrahydrofuran B 40 21 catalogue
- Acetaldehyde B 25 21
Volume change
A <H% B: 5~20% C: 20 ~50 % D: >50%
VCHERBOBEIIN 2 %E 3¢, FAOENGAAEE CON MO

BEHTIEETH B, LI2HoT, HREHRMAED
B EZEIHIET 5 2 LidHR2 v,
4.1 BEMEHZX
NEMDPBEET A TH LA, B H A
BT —WHN—RIZHEE L, BERE#HOFES T AT A
ZUTHBIUHMEZ TV (AF Y LVAE) %
BET LD, Y= VHN—HNz2 =T 5 NEHS
HD, WETAPKEZTHIHEI T /N=
THIEDNEFE Ly,
4. 2 WHEEMEERTIREY
WA PG ERICE RS R ERT 5101, 18
B AR DR A AR BREERLEL S, FXEH
W ZDX ) BRI NI = VoBERIZET
BERETH5D,

BEEFIA - VOREBICL ST, FIA4T—
VOBRAGEEIIKELSEDY), - —FBNOLE
BREEAOMEHARICR o7z, RREIEHHEBERL
BIERNIA Y- NVEFEELT, SHHOFTA v —
VDTG A VT v TEBN LTz, BEEBIICHED
ETHY, 1—H—=— A2 Z ZBEEF
BEThhb,

W, OV Z7EROBEE KT 42— )i3100
Lt~8000 Lt T T4 7w 7L GLHEESIZD
EERHINTBY, FIA4 - VoiHERICE
DLEEEIRAREL BT bDEEZ B,
e ey
1) #4877 ¥ —H# Vol. 28. No. 3 (1984) P. 10
2) ¥4 % EMER

E 5T
S i L IREHER
AT ER
HE

TEL 0794 -36 - 2515
FAX 0794 - 36 - 2578
E-mail t.enomoto@pantec. co.jp
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The Introduction of Active Noise Control

BlREAL RS TS
HoOROF z
Takayuki Koizumi

REAL KRB TR 75
a

%
Masatoshi Iwaki
KA E AR
A #
Kiyoshi Nasu

To2T747 74Xy b0 —VIGEEBRACHEIMTON TV BDS, FEHGFERALE 251243,
WETREELIFLITREV, RBTRT7 77147/ 4 X3 b U= VOEHE~NDBERHIZDOWT
BT B, R TRET A VAT AL, BHEBOT7 7 v EEICHET 7 b 2REL, RXTRELL
BRBEEE MEFX LMS &2 EA L, BEREREEEORBEZRS 2 & TEEm 2 BE ORI

IO bDTHb,

Recently, Active Noise Control have been studied for various noise problems it has
many points that have to be improved before its practical application. So the main
purpose of this paper is realizing Active Noise Control, as an example, we consider the
application to cooling tower. The system suggested in this paper is as follows. Mounted
separated ducts above the fan, then adopt omitted calculation MEFX LMS method, and
reduce noise by reducing discrete frequency noise.

TSR LTI A X3y b a— ) Active noise control

o & ¥ - b
41EHE MEFX LMS
RERUR R B BT

A -1

BERBRFHEO—DIZ, T2F4 T /4 X2 b
O—VAH Y, HE, HRIBAZTOLTVS,
FTrF4TI)ARarba—jvkix, NELixsE
Tt L FRIESE A ORIHE # EREbEHEKT
HFET, FIUERERTORRICENTH S,

Separated ducts
Simplified MEFX LMS
Discrete frequency noise

7z, BEBEICN L TKRELRERLMABLEDN L,
VAT LD BB NLITIHRD Z 0D, fERDE
BHE FEOMBEREBRT A2 HEL LT
SBOERMIFEINRTYSE, LAL, BlRTiks
7 MAEEREEO L FHEETERCRITEENS
EY T OPBRATHY Y, TELERLICEE 2

88 eI Ty 7 Bk Vol. 42 No. 1 (1998,/9)



LPUELRVEELT D,

AT, TrF4 7 /4R bu—VOEHR
LIZy, BHERE~OERB BT 5,

1. 7957« J/4X3> bO— )L
1. 1 Filtered-X LMS &

FLREROFEEIIEHET 5 —HOKREIBSR
Thb, HAEHK (1 XF) ICHIRETHEMAHD G
DERE (2RKE) #THIENIT2HEBTEXL L
WADET 54T/ 4ARXa7  a—VOEKRNL
EZHTH5D,

T, —REEBIBIIBT T4 T IR
AV -V RATLAERHEAT S, ¥ NAEEE
DT T4 TIARAY NI — IV AT LOERKE
BEEI1RIORT, BE (1 REE) »olataEn
BRI A 7Ry THREEN, E50EER
o CHIEA Y -4 (2R1EFWH) 25 H#Z5
Hans,

BAln 2B BBESA 7NDADEEFZ e(n),
HIEN R EEPS ORETA 7B ITAEER%
dn), HIHAC - 0o DEESA 7ICBITHF
BEEyln) L BERERFF e(n) 2ROD L AR
Wb,

e(n) =dn)+yn) (1)

b, 72, 8 2RISR TRRICHIENREES S
DEREYA 7 I TOEEBRE 2 Y v 7H 1D FIR
(BBRA NNV AIRE) 74N (hy, hy, Ry, -
hy-) L, avba—-SKHTHRFFIN-HHEZ
DInEMEE ¥ v 7THNIN<KM) @ FIR (FIRA
YINWAIRE) TANVE (w,, w, W, Wy_,) &
LTR)E=EE#HZ S L,

Duct

R Interference
Noise
source CSY
@)
Detection Control sound Error
microphone speaker microphone
——I ANC Controller
FBI1K 7 NRT727F47 /4 X3y bad—= VY RT
L DEEREIN
Fig. 1 Schematic diagram of active noise control
system

I—1 N—-1
e(n) =) hx(n—)+ ) wz(n—1i)
i=0 i=0

N-1 -1
=Y (h4w)z(n—D+), ha(n—7) @
i=0 i=N

R2)ED {e()) 2BDICT B0, w, =
—h &R DI ICHIEREZ R T IT L v, KEF
222 BV TIE LMS (Least Mean Square) &%
BT, AJiMEF z(n), BREEF e(n) 2H =
EBRBOBRE w, ZEISHIC —h, ICEE S5,
T OBEDRHEHNIRRIC LR 5,

w;(n+1) = w;,(n) —2u e(n)x(n—1) (3)

CITUWFATF Y THALRXNNG A—=F LIFEN 5
EOZHTREDEHFEFREL, ZOEIKEW
BEMEIIARE RS,

LAL, EBORIIBVWTRHAIEMA Y —h 2658
ZXA T ETIRERE ¢ (¢, €1, €3,y ¢joy) WF
FRELENEEZRET 5 LREEHFRIERRICAR S,

w,(n+1) = w,(n)—2u e(n)r(n—1i) (4)
72720, r(n) #RATERT 5,
J-1
r(n) = ) c;x(n—7) (5)
i=0
Z N % Filered-X LMS#E&E WS,
1. 2 Multiple Error Filtered-X LMS %
ZEEMICHETRTOE, BROHBEAY-—h<

47, BETA NI ELEET D, 2T Filtered-
X LMS7NITY XAAY%REF ¥ FIWVIZHEE L7

Input signal x (k] _Controlled path Desired signal d [k]

Error signal

A elk]
\J

Adaptive filter :
w ) Output signal y [k]

LMS

BIM 7547/ A4AXa b O— VI ATFADTOY
7 #IX

Fig. 2 Block Diagram of active noise control system
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Multiple Error Filtered-X LMS (LT MEFX
LMS L BgER?®) E2#bA$ 5%,

¥, £F v VANV ANC VAT b D— Y 7 1
BEEIBIIRT, BIMIETI AT AATIREL,
IREFEBMEK, BRESA 705 VBB M OB
THhb,

B n BT EELTF I NVDIY v TEBE
FIRFAVZNT 4 VT OHAEE y(n) XK
TEREINS,

Z W(n)z;(n—1) (6)

=0

L I-1
y(n) IZ
=11
BLz(n) ZIBFBBOT7 4 VI ATIES, wy 1T
EkFv AN, IFEANBBCHTEEI S Y
TOT4NYREEET,
HoTmBHOBREYA 7R VY HAGFIEXR
NER B,

K j—1
e =d,(W+). ) Conte(n—17

k=1 i=0

K I-1 L j—1

=dm(n>+Z Z Z chmjw/czi(n>xz("—i—f)

k=14=0i=1j=0

K I1-1L
k=1i=01=1
J-1
Vet (1) :_Z ClomZy (B —1) (8)

j=0

T Choy B F XV ANDT 4N F HITH
PREFEEZEHL TCm FHOREYA 70k T
BHEINIZBAROAL VIV AREEET,

CHIZIMS 7V ALk EHT A L BRER
RIKRA LR B,

M

w,d,.(nﬂ):wk,,.(n)—uzlrkm,m—i)em(n) (9)
2. 7547 /4Xa> hO—-ILOERIL
2. 1 SEEAOEAG

BHERRE LT 7~ OB ) BEEER S L
FEBEIR 2 SIEDEALICHE S ERE T v ¥ A BB
SEEND, FBELVIET 7 Y EETRL A
vy, 2T, EAFIIRT IO TP VAT v
EEICT Y FERVMFITIOY S FMEBE RIS
LCT7 o254 T/ 4AXay a—VvEERTAIL
%F2b, LHL, 77 VEESKEWVHY S b
BAKELRY, 7 VA TRERTEE 2R
L7 NR_RTOTF T4 T /4 X3y ba—)VIr A

Output signal
vk [n] v [n]

. O_-
Input signal X, [n] Adaptive FIR . .
filter array - ckmj . 1

Wkli vk [n] @ oem [n]

FIR filter array :> LMS
Ckmj algorithm

Error signal
e [n]

B3 ZF v Y HFNVANC YV AFADT Oy 7 #K
Fig. 3 Block Diagram of multi-channel ANC system

)
/
J

Fan stack

I

FA4K ANC OBHIE~OHEFEBH
Fig. 4 The application of ANC to cooling tower

TALADOERPREEE 25, TZTROMFTF2F2 b
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ZZTC, EARY 7 VAOBEEVFERE %572
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7 ME, vIZER, fIZREETH S,

v

b<0.586f (10
ROL Y &y MEERPELTRIEE D ECEERD
FEFEBEICT S LT SIS & % 5%k
WHEETAZENTELY, FEBIFER 5729
EHPHEEI 2D, BIZF T PEERECTEHLF
¥ & 72 2 BB 2 ) BEERICRF &
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¥ NOGEKYEZ ALY, HEANRETLE
WIS 500 [Hz] LT & L, HF# %340 [m/s],
EFT5EROL Y FZ7 MEIESS0 [mm] &%, FE
BRTHLIDEDYT 7 b EHEH L,

2. 2 HURMILBHESER

EERVATFAEELIRNIRT, HHLZYZ M
EX8[mm] oAREY 7 T, WEHIE—2Z350
[mm] DEHFFE, EXi122500 [mm] &% o> Twa,
B r70Ry, AV—HOERBIZRKICRTEBY
Thhb, EEERBL LTIE, DSP F— F DSP6031
(DSP:TMS320C31, 40MHz, PAF DSP L B&st) &
tFHartu—5& LTPC/AT HE## (CPU:
i486DX2, 66MHz, LIF PC &MEEt) #HWTWw
%,

X<4 270k ESONY DL 7 Ly pEIZ
FRLTWA,

ZZT, BIKTRLA ANC OB & 1 B2
D, B~ A4 72T /A XV RV —=FN5D
EEAEHEDSPICATLTWADIX, HIHAY—
B 6 DEIKE <A 7 THRE, HIHRIAREEID
LhDERIETB-DTHb,

ZZTRANEFELTCFTA VI VTF—T L a—
FIFE LG SRS » AW CHEEERETo 72,
ZDEEDBRETA 7 uky HIMESEE 6 FUIRT,
HERUR RS, BT v AT IR
TETWBLIEDVTD5E, FICHERBEERES X2
DINT —BEFPRKEWDISEISFHIE OB EIZE L
<, WMRI#E,P o720 XA —N—F =)V T12.2
[dB] IR TETHBY, BET NV ITY X LOEHE
BEICHTAEMESHERTE 1,

PC & DSP
1]
|
=
=
Onw
——
f——
Noise ‘
generator Amp.
IMic. Amp.
el oM Control sound
speaker /'J —\
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Noise source E:i;?{)phone 2 mm

HHE FEREEOHEX

Fig. 5 Schematic diagram of the experimental setup

2. 3 WHHT MIHBITBESER

CITRERY 7 VDT 74T /A X3y ba—
VOEBRIZNT, ZOHE—ERKE L TZAKDIEF 5
JMZEBTIF4T /4 Ray ba— VY AT A
DEFZEWE TS, EREBLZE 7HIITRT,
2. 3. 1 Filtered-X LMS EIZ Xk A7HHEER

CZZTIEH2ERDY 7 NHOTHIIERETICEFNR
FNOF 7 MZxF LTI Filtered-X LMS i
AL CHEET o720 ZORBOREEHRITAL
DEXHTk b,

Frrrl
wy;(n+1) = w;(n) —ue,(n)r,(n—1i) 1)

F¥ A2
wy(n+1) = wy(n) —ue,(n)r,(n—17) (19

20 | \i it without control

— with control

0 63 125 188 250 313 375 438 500
Freq [Hz]

E6R 77 rBEORKBIIR

Fig. 6 Noise reduction effect of fan
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Fig. 7 Schematic diagram of the experimental setup
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MEAf7aRxy 1 OMPHEFEEIHIC, RE
<A 70k y2ORNEFEEIBIITRT,
INEDHEEA L TIEHI100 [Hz] 2 5300 [Hz]
DM THEFICBEWVRFENENFEONT V505, BE&E
BRI S Tdh 5480 [Hz] O p5H DERBEI R A
WBEAERWZEWSD D, X, HEHE 2T, +—
N—=F =)V CL3[dB] LMERTETBLTITL
AEFHRED R, 480 [Hz] fHE T, HIMETE D
DIANVFIERL TS, X, Bhb2ETRHE
WHELBEZ 2 DOFFEAE —H FNEFNICA
DL THEEEREITo720%, ZOBEDERICEE
BIZL o TkHlIEar L D b A VFHHERL, VR
FAPREEE o2, TS 7 FHOHEEDOTF
B L) —HOBREEISMUEORMRICELET R
ZTAETHLLEEZLNS,
2. 3. 2 AEE MEFX LMS EORE

MEFX LMS 7V 1) X 512 & o CHEIGE FIR
T AN EERT LGS, RNONIBITEERALE
BRKXME, #IE7 4 VI IZBIT5BAARE
BHAKXLE (K, L, M3F&FHERALIDEET)
EIREBIELRY, TANIDY vy TESPRKEVE
RV 7)) VT EEBEK E L O SEREE AL
MIEWICHEE L 2 B, 2 TARFETIX, RITRT
BEEHRFELIRET 5,
CZTYVRATFAIANEL=2, 2REELRBK=
2, BEA /ORI BEM=2D ANC VX7 A
WCHEET S, ROEDET 4 VI BRBOESHTUIR
RKDOLH % b,

Fx il
wy(n+D=w,;;(n) —ule,mn,(n—12>
+ ez(") Noi )} 13
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=
w2
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Fig. 8 Noise redution effect of fan with Filtered-X
LMS method (mic.1)
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FHLEIZE B,
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Laser-type Precision Turbidimeter

: Y-

(BR)HAFASRE )
oot
Hiroyuki Chifuku
O H O E

Mami Nakamachi
KoOEF B
Hideki Mizusawa

EROBERTTIX, 0LIENMETETH LS, KEEREL -V —EES (Ka71449-9)
i, 01U TOBEZ2REL CTHEINRTHE, CagA¥F—® ik, BEOFERKETH 5HHT
L —H—ICTRIEL, 1mé oK OREHBOBHND»HLEBEZRET b,

REBIL, KEKIZBALLZZY) T MARY VT AL 2EFREEDOTELHREE L, 1996
FI0FIEEETCREINIZAKED 2 ) T N ARY) V7 AGEMRFEHICEEGTHDDTH 5,

A laser-type turbidimeter “Picolyzer” can stably measure the turbidity of 0.1
degree or below, while the lowest limit of detection of the conventional one is 0.1.
The Picolyzer determines turbidity by detecting minute particles, which cause
turbidity, with laser and totaling the projected area of the minute particles in one
milliliter. The new device meets the requirement of the Provisional Guideline for
Protection against Cryptosporidium in Drinking Water issued by the Health and
Welfare Ministry in October 1996, after a group of people developed symptoms of

diarrhea caused by the waterborne protozoa migrated into tap water.
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Sample outlet

|

T

Light collector

1 Scattered light
Turbidity output

Microprocessor

%‘g\ Transmitted light

Sample cell

Sample inlet

21 Y a5 A -8 H A
Fig. 1 Metering principle of Picolyzer

BIR CasaF—{#

Table 1 Picolyzer specification

Measuring method

Laser transmission and scattering method

Measuring range

0.0001~2degree (mg/¢ Kaolin) or 0.0001~2NTU
Measuring accuracy: full scale £5%

Measuring time

6 sec/¢ min./10 min.

Measuring unit

degree (mg/¢ Kaolin) /NTU

Sample flow rate 50m¢ /min
Sample pressure 300 kPa or lower
Power consumpion 156VA

Sample temperature 0~40TC

Wetted parts

quartz glass, PTFE

Output

RS232C, 4~20mA, Alarm reray output

Power supply

AC90~260V, 50/60Hz

Ambient temperature

0~40TC

Ambient humidity

95% Relative humidity or lower (Never let it reach the dew point)
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Intellectual Property Activities of Shinko Pantec.

e

Izumi Nishioka
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[

19804 DK ENC BT 5 71787 > b BUOR (FFRFREESSLECR) ~OBRBIIMIS L, HEIZBW
THAAE, FIFEORER LT BN L 2EHEOWES, HRCTITbh T2, ZOREIL,
LA BT AWM EFESOREEZRANTH L LI, FROELEZDNIZV,

With the increasing importance of the pro-patent policy (i.e., a policy of strength-

ening patent rights) that was adopted in US in 1980’s, Japanese patent related laws
have recently been amended one after another, aiming at strengthening the patent
right protection in Japan. Taking this opportunity, we would like to introduce our

intellectual property protection activities and our future policy thereon.
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3 | GOLDEP, GOLDEP WHITE 48
4 | Advanced Water Treatment System 23
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FiEsRIcE X2 52 LT, [HEk] & [
IZED, EHEERLHMOLAIIETS T 5 L2 HRF
T&5, L2dZFOHEMIE, FiFEom REL S
FHZENTEEDTH S,

X502, BfiE a0 — S UICBETAICEL, %4
b, e ftics Ao A5 LML 5E
EZ2oND, FIRO LI, 7 o7 i3IS
N5 L EmMELT 2EHICHDHOT, HifdEHFD
Wb TIAR Y AT EEPIFE LV, L72A > T,
FGAX LV ADEIIBWTYH, WHELRDDIE/ 71D
PEFLLTBLOPIVWESE R B,

2L, EEERETLHDE, SN EREFTR
B$AZEIZEATAY y PAMERETAHIZLTY,
fmensd ZEAEMFELL V] 2 9N
ETAIETHA,

L72soC, B ChR#ETH /oL, E¥
Y L THRATEETA ) ooy, Kotvhik
BERFOILD, SHREEE LD,

BB IhhiELRT ETE, RBEOKREBICHK
DI ENHER DR, T4 L ADWERELNH S
bOILFHFCHREL, MEOIRBIZRODHIES T,
MONERIZE SN Z E BN, a7 4 5 =12
LY b EE5EZBLRELT, HELL2WIDIXESE
gL L THABET LI ENEUTHAI,
2. 2 (iifE & % FEARIH DOIEFHHIE DIRET

Tu8F v MU A M2 T, AR EEDTEH
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DI EHEEIEIIRE CBETL L) 1%k ->TK
b, BELINMBEROER - BUS - iGH 2 1RE
TEIEPREEL->TL B, BB EME T EA W
T, HEIEHTHVTWARERTH S, L
2o T, BF MM EARICHT (RN A
YRV TATEREDLER, BB, B L wEHEH
FEARDSENG,
EFEFIITET D MED 2 M ORI B iE B~
DAYy T4 T7T2B/mOLICE, SFIFRE D7
O L7-HMMEDORHE I LTI Y EVEHE L %
B5E07%, AUNYOHMAHEILEET L, 20
Bahs, B, YHoRHICET 2 HEREOY
B RETHRTH B,

t 3 U

HAEIZBWT, BEIZTT37 Y MO KT,
EEEPETTTH L, O LI ED R 7 —
TIZBWT, BN EEFEOBICES o0
EEMBF OB L DBED, YRFHEEINL,
BIKEICBWTIE, 7a857 2 MEoOITXBX%
RETBEOHTETWS LDERIHL, Lo L
WG, HEE EEORERILESED L v AIde¥
EENCHLD ANDRETHA D, EIZMBEES
IEHIEHAEL, HHT AL TH D,
AIFIZBWT, Y2 BIF 55 L Ve EEE)
DM EBRREMANL, SHROBEE R, BE
BHiUL, MOHEICEL T, JNOBEH» S0/
BLinwEEZ Tnh,

TERR K BT THIE] & (W] 0 ooERE2HD [HE] v EBEEHAVTYS,

R FEAT RS A ER

B B

ER
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TECHNICAL NOTE

PCBMLEFEHICDODWLWT

£ AN X
I@Bi%#% BMICRETEELIZCWwWT L,
FHEEDIB NI LS, FIZbF YRR VT
/% % EDBRIEER ORI R U EATHRAZ O B
g, FLT Y H—KRVBEERE LIRS TE L,
ILFREFTETEBIROL ) 2EELZ LTHD,
EROBPREEMNBIC & o THED FREND 5,

PCBix 7 0B ALZEWE LR L &L ) I
FAIZLE S THBICERTH o225, Btk LTo
PCBHIZEFNAAMPHBHEL 25 2 L HL
75‘ WhotT&l, /2, PCBOBEZOHLEEST
HNMBIZE - TiL, #144+FL v LRIESEOFESELR
VD (2755 —PCB) "5 & HHLHIT
Lo T&7,

BIERIZHEL L2 PCB I, MAEHIZEYATH
THREROEYESFIZE D, RARLEIW ORI iBME
ERENTETWEY, PCBIIMMIC X BEHT A
EEIFFICRETHBLIZA wWZ 2, —HAERW
WCERIND LR PSR, %Fﬂjéﬂ&wo —A,
HERIZRIT TR LT, ob%WE L EEH

= Cly

Clx

51 PCB O{bEHEER
Fig. 1 Chemical formula of PCBs.

N # B X

At B FEARER
SRR SR
E1EfFER

TEEE

CER L CHTEr O BT LERICR 2B
LIRS SN TVRBYED—DT, VbW 5N IIBEL
WEIMEITEINTWEY, fEoT, T LR
EADUBE LT 57-012% PCB 2 EE/LT5 2
ENBIND

HARTI 4 £/ SBRET, #EY, BAEANE
N2 PCB OMEFMICHET L EMERR T RE
L, B OWEMEEDTELY, ZTHIZRB L
T19984F 6 H1TH ICBERIESRIE & N, MEtEHli%
HEOTELHMIMEZ D L)1 Ch o7,

1. PCB LIBR T DFESE

PCB LBEIZIIER & D k4 O FEDPHEINT
WBYAS, BHREEEIC X o TIZBIR O EE 2 -8
ZwnhodbdHb, 2T, BROBEMNKMEEES
o TR SNZDDERR L, 209 HH
HCHRTE B EFMENHME, (1) ~(7)
DEMTH 5,

(1) BRBeEE®

PCB #1450 CULEDIRECHREEL, KEEH X,
WALKTR, RICHEST D BRBEIC X ) 349 2L
KFE (HCl) F A, #HFE (C) FRAEFEY —F
(NaOH) FIZE D HRITH, 1 FF LD LY
BEIERY T ER SR WE ) ICREEE L S5 U
BETAOMBIIEE T HLENRD 5,

(2) AbZdl i o

PCB%Z IV AFNVAIFY v (DMI) kw9
7o b REHEFICHEL, 210 CEEDORE T
WY —% (NaOH) & e RIn 3 ¥ CHIE
(NaCl) ot LTPCB»oEZEY =LK
ET 5. KBNITRT L) FEF VYT 22—
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WV (PHBP) #¢¥7z=— )V (BP) "5 T 5, -

. Cly OHQ
@—@+NaOH+H+———> @-—@ +NaCl
Clx  pcB HOm pHBP
+NaCl+H.0
BP

(8) BRET VH ) &BSIRTED

t-BuOK (U A7TVIZFY R [T hEFT 70
- Ve OEBIE]) %, 200~250 COLBTT
PCB & s &+, #HikAr U wa (KC) &L T
PCBAhbiaEr NS5, KIBRICRENB X
AT FaF T ET o = — VEPERT 5, EH 2
A MBI,

CH
cl Cl+CHa—(:3—Z)K ZEEHOH+KCI
PCB CHs
HO OBu+KCl
n0{OO)-ou+kai

Hydroxy hiphenyls

(4) flfEoKRILPIEFREY

Pd #flfE & L T180~210 COSEMHETKREN R %
4G L, PCBOIERZIWALKET A & LTHiEES
BLHETHL, BIEEDOPCB% (3) OFET
ML X5 LT 55EE0RLEEE LTHEIN,
FISRICRT I 72 =— ) (BP) DI,
TJrz vy rzuandHd s (PCH) REY 70~k
v (BCH) ZREPEHRT 5,

Pd/C (Catarlizer) @ @
A/ natarmer +HCl1
Cl Cl+H. Solvent (Paraphinoids) "

BP
PCH .
BCH
(5) 7nH)pmhigtsfE (BCD) %Y
PCB I2# Y — % (NaOH), FMHEH U v A

(KOH) o7 vh beaWwrximz, RERAE
(REHRALKES L CHVEND) & HWT300~
350 CHH L TRIBER, V7oV EEIE LI
ST AHIHETH L, IBRICRT LI, ¥7x

=—J) (BP) Y7 x=— ViFEMA (BPs) &
By %o

\ \'f'(~ H* do'nor Catalizer (Hydrocarbon)
/o Alk\ah\ne 300~350C
Clx [x+y=10] Cly I
O+ +NaCl+H(C
BP BPs x

(6) &BF MU aE

£BF P vak PCBE2ZREEEY, PCBDH
FZx Al (NaCl) & LCHEESEL HETH S,
MDLEE IR TRBTLETE L L, BILK
IBTHBDTTAFTF Y VEOZRERI VDD
BYTH L,

HRICHRD L DUBERZFE->TBY, Hiir
DOREWDFEICENT L, MBI R MDA
TEWI EDS, YUHiEZ OFEICHE SN
ZBRA L,

IR AR L7220, RIBHEAEIC Cl 2B L
¥7xz=—= )+ b+ 7s (BP-Na) 24 L CTHRIE
THEE (BN A)VE, SUINVEIBICLAE
BER (SR B)VErH 5,

Metallic Na

@—@+2(m+n)Na—>

m Cl nCl m Na nNa
PCB PB-Na

+(m+n)NaCl

OO
ppopr | T (mFn)NaOH
Bp-+ax

@—@+(m+n)Na —> BPs+(m+n)NaCl
nCl

m Cl PCB

Radical reaction

e RISHB

(7) BEEFKERILE?

KIFEER A (IREE3T4C, EJ22.1MPa) HE
Wb B BEROELLTHRWIREE R,
Wz BLBEPTEEERL, IhE@8ERKEV),
CMICPCB LR L A BRI ETHIRT 5, RS
X, 400~650 C,. FEF125 MPa &\ ) &b THr b
n, BWMEFIFIKERBEYAICHHEENS, PCB
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DEHESIEBR L R LOTT VI BAEHRNLT
HHEE T2OPERTH L, FEIZT ) — v 2E

WD DD, FISEUEISESE CESRESS
Wz, AT SR SRR ETH S,

(8) SRHMRERST -+ B SR

RAY )= RLY I —VEML, BAEREIC X
DBEEREEZITY . PCB DEERIEL oz
£Z5 (APTF) THEMICX Y HHIEE, Ly
L, B0 0 5 BEPMEZAE TR WSV E
MTHALOIZH LTI EMEE,L»L 2 E, )
BT, FECRCEREREICRS T TREL
THMREELDIZIZEEL DO DH 5,
N O

BN TIIRE L5, PCB OfbLFE4 LI ED
LNTWAHL, HERTHARE 6 AOBEREIIEIC &
D, L2 SBEIBOLR, WHAEBOKRE
PCB i %%0.5 ppm PUF 12 7% ALIZHF B EEEY
D/EVRHBINLEZ L Lo,
CHICHIETES LHIC, #HECY Ty 7id
PCB 2 AT ATOuRR &, 2 hbHBEKE
IS5 SO AR fAEHE, BUIEEKRTRICE
B BEEKESET A TOv AL A DY HI
(SP 7ot R) #BHE LI, REMOKHE FL
DHLERDEBY ThHbH,

- SFTERFVE (20 ppb) LTI T 5,

10 BOEEE T CUHETE S,

OB RE DS B AR vy (100 ppm T90 T,

10 %180 C),

- BILEIDTH S D TEREMIZY A XV VED

TRERBASTR A,

- B T TIERESRBREOEELNDH 5,

- BETRELZEBICLTWEDT, PCBRES

FHC W TS T E B,

- BEKIZ AR AL K D ORISR T & 281

ELL, BIEREWIIIZIEAEERS 2,

AREAMT L BES OFMRE BE &S\ E AR
RWMEL, Bl 2T ATHL, 5%, B
FFoe T v 7%y, BEZOFMELS (X4 F
G4 V) T, BHOEEEBERIMZ ONEFE
Thhb,

(LB TREEE R TRETBSIFE A X <,
BB RITTHE DR I/NEI W LT
HBHT DD, SHILFEEIC L BB AIATD
nNTwbntBbns,

[&&3E]

1) JIE, HEBEAN  AREFEILEYIC L 5 EkEE
DWEHEFEREHE, PCBICETAEE LI 5 —,
F—<iE@E 1, (1996)

2 ) Deborah Cadbury: X A{b$ 5 EEK, (1998) £+t
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4) PCBIEAZENBHEERNEMTERS : PCB A
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