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In addition to the well-known CoBall-Mill, we now introduce the Jacobson
Mill. Pulverizing system by the Jacobson Mill uses the impact force of the
breaking plates and the shearing force caused by particles themselves in
the wake of the breaking plates.

The Jacobson Mill i5 easy to clean and has wide application to various
materials. It has been operated in the field of fine chemical manufacture,
such as powder coating and special resin, and the food industry.
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A High-purity Hydrogen and Oxygen Generator (HHOG) (2)
—applications of HHOG to hydrogen utilizing fields—
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A High-purity Hydrogen and Oxygen Generator (HHOG), which directly electrolyzes deionized
water and generates high-purity hydrogen and oxygen gases, has been developed. The HHOG
can be applied to a wide range of gas volume requirements, using a unit type for small-scale
needs and a system type for large-scale needs. The HHOG is superior in gas purity, safety and
maintenance to an alkaline water electrolyzer or a storage system like a cylinder. It is most
suited for the on-site gas generation system of a nuclear power plant, a thermal power plant,
a semiconductor manufacturing process and so on.
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Table 1 Impurities in hydrogen or

g2

¥ 25 LB HHOG %
Table 2 Specific features of system type HHOG

oxygen gas
Type HHOG-10 HHOG —20 HHOG —50

H: o Gas Hydrogen 10N nf/hr 20N ni/hr 50N mi/hr
Gas purity % | =299.99994 =99.94 volume Oxygen 5 Nmi/hr 10N id/hr 95N it /hr
N. ppm 0.50 <2.0 Electrochemical unit number 8 16 40
CnHm Ppm <00]. <001
Co ppm <0.01 0.07 Electrolyzed D1 water 0.01m /hr 0.02md/hr 0.05m /hr
CO. ppm 0.09 0.66 . % %
Ar ppm <001 0.02 Electric power 400V XT2KW | 400V X 144KW | 400V X 360KW
0: ppm 0.05 - Area” 10m X 6 m 10m X12m 10m X 25m
H. ppm - 573.7

Symbol < means lowest limit of detection.

HHOG unit Pressurizing unit
Hz/H.0
separation 2 After  Buffer

tank

ryer

DI
water

* Total area for demineralizer, HHOG and pressurizing units.

Portable deionizer

HHOG unit

Deionized water
storage tank

/ Ha gas

DI water Cooler Polishing
storage demineralizer
tank

0:/H0 O,
separation dryer
tank

BIR Y257 4BHHOG D79 —v— |
Fig. 1 Flow diagram of system type HHOG.

Compressor After Buffer
cooler tank
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bOTH5B, FIA4¥—id. HROBHEITIH LTRSS
A BEFHHERTFAA, Ervdas—v-—THELH
W,

HEM¥ER, 207 ) —BREEEFEHVON S, 44
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buffer tank

02 gas

H: / Hz0 separator buffer tank

02 gas compressor
B2E v 27 LB HHOG
Fig. 2 System type HHOG.
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Table 3 Comparison of system type HHOG with alkaline water electrolyzer

System type HHOG Alkaline water electrolyzer
Gas purity 99.9999% 99.8%~99.9%
Gas purity Possibility of . o
contamination of gas None Alkaline contamination
Current density 0.7A/ctf 0.2~0.4A/crf
Control in gas volume 0 ~100% 20~100%
Control of pressure difference between -
electrodes 0~ 2kg/af 0 kg/cnf
P0551b111ty of None High
. material corrosion
Maintenance " :
Other No Concentration of alkaline
ne electrolyte must be controlled.
Wastewater treatment Not necessary Necessary

OG O H 2T HATH ZFEBE D,

2) EBR®HE
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YoRPFETHmICT v Fo— ik B, ERHBOZ(IC X
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LA AT RRTS 12 D B 15 ETE RN LB TS W,

5) A V5 F R

TR KERE. TN ) IREEOEEPNETH B,
Fo, MEBREAT VA Y KILOT, HREEMEERa S
# 5 A REE S E V. HHOG B#ftKkEMHL TV A 725,
BEEH, BRI AE T, 258 L RISk EEm ]
RETH B,

6) BEMRALERE

TR ) IKEBERZ, BRIECR 7 55— 5 OBER DML
B PSETH 5, HHOG 3. ¥ 2 7 A2 D 5FEK
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RFLETETENERS,

Reactor

!

Turbine  Generator

Coolant
> [Seawater]

Pump

FIR BRI OBERKX

Fig. 3 Boiling water reactor.
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environment
stress
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Fig. 4 Causes of SCC (stress corrosion cracking).
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Grade) HORT M SCC 25 v v 2MBHAR s 1z,
BHE. ENOHZBOBRTHF TR, HFIHR T v L A8
RIS TV 5,
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ISHEROHRERE LT, BHERCEENmERKP R 7
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WimEEEZE (HSW : Heat Sink Welding) 2RI N T
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kb, BN RIS & ERIS R & & 2 S AR
# L1 EHE (THSI : Induction Heating Stress Im-
provement) WERHINTWV S,
3) REER

= 2008

= 100, & Igsce projection | |

g %0 o Peach Bottom 3 | ]
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E © Fitzpatrick

g 20 4 Dresden 2
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Feedwater hydrogen concentration
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Fig. 5 Effect of hydrogen injection in BWR plant.*

[ppm]
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iR AR S . BFFKOBEBRRBEE I
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g oRSEENLC BRI TV E Y,

—F. EFEolsiEERichhrb 59, HizhoFE TR
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Power Research Institute) &PBE#EE H&tbic X vKkFEE
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400mVvs. SHE (ZE#E/KFEE# : Standard Hydrogen
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s RO S N,
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JR T I3 BTN T DK B 1E . HRBRDL4T,
L5E L o RIS EE R s R B R E E LW, R
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TWb, Ll HFAREH T, BRLED A v 5 F
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Foa IR B E & - T 5,
3. 2 MEKBEFIF
3.2 1 HBE

IMAEARIEF4 (PWR : Pressurised Water Reactor)
DA AEE6Eic/Rd. PWR BFE 0 SEBEE Y H
TIRBRERTRERESE Ty — v EET 2IREDN, &
SIFEEBEN L TERICHBEEShTVE, 1IRREB. 1R
GEIZK (#9300 °C. 160 kg/ct) ZFHY A4 7 VTHERL.
TN THA L BERCRERNES, 2 KRG &KX

R DIKFEE AR DOES)
Examples of hydrogen injection in BWR plants
in the world

BWR plant Hydrogen supply system

Dresden 2 -
Peach Bottom 3 -
Pilgrim 1994~ alkaline water electrolyzer
Fitzpatrich -
Oyster Creek -
Hatch 1 -
Millestone -
Duan-Arnold -
Nine Mile Point 1

U.S.A

Oskarshamn 2 -

Ringhals 1 -
Sweden Forsmark -

Barseback 1991~ alkaline water electrolyzer
Japan | Fugen 1985~ alkaline water electrolyzer
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Reactor

Autoclave

!

= Coolant
[Seawater]
Pump
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system

H; injection
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Fig. 6 Pressurized water reactor.
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Membrane Filtration for Drinking Water
Experiment for Kobe City Water Works

(B BRbREE
H

Akihiro Tohji
[T =N

Hironobu Nishio

The Kobe City Water Works constructed an experimental plant for membrane filtration and
has been operating the plant since April 1993 to realize unmanned automatic at small-scale
water purification plants. Four kinds of ultrafiltration and two kinds of microfiltration
processes were tested for respective characteristics including treatability at this plant. All these
membrane filters proved the feasibility of almost 1009% removal of suspended solid and

long-term safety through autmatic control.
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WEE, KEKBEOKEED S, EEFKLEEEA T
BEERPEMOMERNICH B, F oy Bk TGS .
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This paper describes the details of the test.
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B2, MF-2%:BH3) Oft 4 R5licTla—FHKk% K
HE U, BR5OMEBYERE % FE S 5,

UF- 1% TR _M#+iro— 2 (CDA)*' . UF—
2HRTRRYVZ—=F V97 + VE (PES: 199346 A ~
12A). £y 727 )o="1r Y LE (PAN : 19934128 ~19
9UFE4 H). SHEfE v o — xJE (CTA*? : 19944 4 A~)
O 3IFEE, MF— 1% TlRE£Y 7oL v (PP), MF—
2% TIRES Iy VBEEHV,

ARERIHE L 7oKz, (EEHKBERUK TS 2 /5H 1L5RH
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Fig. 1 Schematic flow diagram.
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Table 1 Membrane specifications

UF-1 MF—1 MF —2
Type of membrane Ultrafiltration (UF) | Microfiltration (MF) | Microfiltration (MF)
Material Organic Organic Inorganic
cellulose diacetate polypropylene ceramic
Molecular weight cutoff 150 000 -

Pore size

0.2¢m

Internal pressure type
Type of module proessure yp

External pressure type

Hollow fiber type

Hollow fiber membrane

Rotating flat-sheet membrane

Total membrane surface area 5nf 2of 1.17nf
UF-2
Type of membrane Ultrafiltration (UF)
. Organic Organic Organic
Material polyethersulfone polyacrylonitrile cellulose triacetate
Molecular weight cutoff 10 000 13 000 150 000

Internal pressure type
Type of module P P

External pressure type

Internal pressure type

Hollow fiber type

Hollow fiber type

Hollow fiber type

Total membrane surface area 5nf

5 of 5 of

B E 1 ZARA UT REE B B 2 BRI MF EERE E E 3 [HxFER ME BEEE
(UF—1, 2) (MF—1) (MF—2)

Photo.1 Ultrafiltration equipment
(UF—1, 2) (hollow fiber
membrane).

ARlUKIE, SEERE 2,58 & LLEWERTH B0
AL E LCid, UFE, MF L biclEoFR#EE H &
Lik7v 74y — (HEZ :08m) OAT, BEXHD
HEARITOE OV, L Ly KEKIGFUKEBENS S 85 &0
UK~ v 7 B AN, EARKD v H B
BB EEE BEM (0.01mg/L) 2B LB K53,
ok, BEAKEEN4EEEZ 28804, EARKD
KB 2K B 70, K< v 7 v 2Rk 5 B THI
RN AT L E LTV S,

B 2RICK I OB AT,

AHEREE I, BRI & b HBERIC X 2 ERE A#
HR GRARKGREHE) &L, UF-1%, UF—2%

Photo.2 Microfiltration equipment
(MF—1) (hollow fiber
membrane).

Photo.1 Microfiltration equipment
(MF —2) (rotating flat-
sheet membrane).

YiBgkE Sk, UF—1 (CDA). UF— 2 % (PES,
CTA) o8&, WHREH (EEAERREREREE LTS
mg/L) FESFEBKFRGEF %K T0sec [l UF—2 %
(PAN) 086, HHRER (EHAERBEREZEE LTS
mg/L) @K FREEH = T0sec & 1 Rl T 7 —
27 58T E#K120sec B, MF— 1% (PP) DA,
HHEZER (600 kPa) 12 & % i FE 225 BE 73 % #9770 sec [bi
MF—2% (€7 3> 7) OBE, 77 vtk LEEEH
GESRIRRIERER & LT 1 ng/L) E1EEKFR UL
D Pt % %960 sec [811T - 72

EEH T, RRT & b EERFEOEER KT, UF—
1%, UF— 2%, MF— 2 R84, BIEHE 15200 kPa

B7ozx7o-5A84F8 MF— 1%, MF— 2%l 428 1OELAESA MF—- 1 2084, #EE /151100 kPa i
AEFRE U, ELEE T, BATEOES AV TERL 7,
8 MW Ty o B Vol. 39 No. 1 (19959
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Table 2 Operating system

UF—-1

UF—-2

Material

Cellulose diacetate

Polyethersulfone | Polyacrylonitrile | Cellulose triacetate

System of filtration

Cross-flow

constant-flow filtration

System of physical cleaning

Back washin

MF—1 MF -2
Material Polypropylene Ceramic
Dead-end Dead-end

System of filtration

constant-flow filtration

constant-flow filtration

System of physical cleaning

Air back washing

Brushing + back washing

2. EBRER
2. 1 EFREKERER

19934F 6 H26H 7> 519944F 8 H31H F TORRF| Dk
HKEBRERIC DLW TR B,

2. 1.1 UF-1%

F2RICUF— 1% (CDA) ORHEELBIEENORHE
b, B 3RIcEIROREHEETRT,

R %144 of /nf/d. PIEREESE %120 min i< 1
\l& Liciias TTday DL EREEHNERETH D, O
BRI O SEIEEE ) &, 28kPa T » 12,

BWERKE1.92 nd/nf/d & LIBE, PSR 40
min 2 1 B30 min 2 1 [MOEHETEBRET> 4, T
DFER. Ei O BAEERE Y 72 h OB A BKE
3. VEHEEHEE 240 minic 18] & L A2E40563 o/ d T
Hotzo —H 30minic 1A E LIBEMHH 4 f£D252.6

m/mTdH -1, Fho, PEEEHE 240 min 2 1A & L
12556, 35 day Bk, BAERE 155200 kPa iiEL 12 DI
LT 30minic 1EE LA, 140 day 5B T 5 -
7o

o, REMEZ24 m/nd/d LEME B 1GE.
BEAHE Z15minic 1B E LAEBARTBWLW TS, 50
day FEIE THRIEF /145200 kPa (23 L 72, 4512100 kPa %
A B EBREEHREEIC AL, G T200kPa ic &
THE#EL T,

A EFEME U f AR O EBRGE M 0T, KB E R H
AIRET & - 1B H .44 nf/nt/d DA DTl 113(¥
96.7 % FERHKL92 i/ d/d DIFE DK RIER
883K TH » 1,

DT EMS, RE/KICUF— 1% (CDA) %24 3
B, HEFRKIZ1.44 of /of /d. YBEBEH T %120 min

21 A9 28 OB ST day Pl E o BRI %R EE
T, poRINEG6.T%OEEEF L LK
720
2.1. 2 UF-2%
25 4 Bz PES, PAN, CTA AR LB A0HK L
FHE o EE A%, E5RICOEREOEHELERT,
PESIcBHL Tid. HEREE0.72 o /ni/d. YIERELIRSR
BA30minic 1B & Lo, 30day O R ZE Eix

6 - v T T 250
CC : Chemical cleaning =
= T , — <1200 &
A o : °
= P il 1150 %
E o3t ; g
£ ol \/y { 1100 =
1+ . ,,’l ,4 £q H
el cc “cc el fge et | €
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Jul. "93 Jan. 94 Aug. 'Y
Days
F2R WHREEEES (UF—1)
Fig. 2 Flux and operating pressure (UF—1).
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Fig. 3 Recovery ratio (UF—1).

WHERET H » 1o T DEERIAM H D T [E[UNH 1385.5 %
ThH, WHEHERIEEIE, 66.TkPa T - 72,

PAN icBHL T3, BREREE1.44 i /of/d. YIRS
B A5 min i 1 [\ E LA, 57 day O R %R EE
EDTFIRETH - 1o T D EEHAR T 0 FHEEIE 1577.9
BTHO, FHRIEETI 2. 88kPa T& - 12, ¥HEH
PEA30minic 1 [\ & L, [EIEAE9 %L ELE L8
EHMZEEIRT 5 3R TH - 12,

CTAIBHL Tld. BZERKZ2.88 nf /oi/d. YIERBEE
FEZA30 min 12 1 ML 72354, 108 day O EHARZE s A
AIRETdH » fo & DEIERIARIh D SEHEIE $88.9 % T
bbb, FEEEFEIIE. 41kPa THh - 72,

AFE A L7 PES. PAN (3. 4¥EI5r 7B £510 000,
13000&/NEVWETH B, TOLDICHEDTED/PE L
UF B2 KB @ A L 72356, [BIERI0 %Ll T %iﬂ
275 &L AN FREOKEZ W UF K (B2 CTA) ¢

F‘I\
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= / =
Aﬂ%\ USSR IS
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Fig. 4 Flux and operating pressure (UF—2).
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Flux Operating pressure =
=1 fu it o
:\: 4; J C.C : Chemical cleaning 150 %’
= 3 { 3
< 2’“’\/ PR . 00 S
= ¢C /‘l ,’J ~ w_/\:, B
i/ ee Jec o &
0! - L {’"T’/ |\"t rl,.""'./;i {"-”‘I | I 1 ©
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Jul. 93 Jan. '94 Jun. %4
Days
BOR WREBEESH MF—1)
Fig. 6 Flux and operating pressure (MF—1).
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; : =
T o4 P . ) ®
= prlo Mo B C.C :Chemical cleaning 4150 2
5] L/ ] [ ro 3]
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Fig. 8 Flux and operating pressure (MF—2).
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BhdbDEEZLOLND,
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BORCMF— 1% (PP) ORKEEEIEHENORBE
b, 87 RicEEORAEERT,

BERKAE2.4 md/nt/d. YIPEHEEHUE 430 min i 1[4
E LA, 0day D ERIIMREHESAETH - 12,
C OEE IR O SE BN R (394.3 B TH » 7o BIEE
TN FELEAREE: 5 kPa T& . 90day BB ICERIEF S
2100kPa o L 7o, T OEERHFRIT OB IEE S F
54.5kPa T& - 72,

BEMR %144 o/ nf/d. PERBEER SR %50 min i 1 [5]
& LB E, 187 day OEMMIEEERSAEETH - 12,
C ORI O REINEIZ93.6 Y TH - 7o BIEL
JHEEERFER 10 kPa TH 0, 187 day BB ICERIEE S
2100 kPa iZ# L7z, & OEEIAR O P EHE 771435
kPa T& - 72,

100, T T T T T T T T T
g R N —-=-
SO-HT‘MJ VVVVV ' {} .
|

60F
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40r
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Fig. 5 Recovery ratio (UF—2).
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Fig. 7 Recovery ratio (MF—1).
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Fig. 9 Recovery ratio (MF—2).

BEHHEA2.4 ol /nt/d E1.44 nd/nd/d &% KT 3 &
HEWRK24 o /nf/d DFE. 0day TERIEL S M
100 kPa (T3 L fcDixt LT RERKL.44 of /nf/d D5
%187 day T&H - 120

WE->T. REKICMF— 1% (PP) ##HT 5584,
FERAA1.44 i /nf/d, PPERBEEHHE %50 min i 1 [B] &
T 5 & T187 day DRIPBMIREEELNAIRETH B,
2.1 4 MF-2%

FESRICMF—2% (£33 y7) OHRKEEBIEEHOD
BHEE, FEIBRBINEOBEHELERT,

FEMHZ0.72 o /nf /d PIEEVEESEE %30 min i 1 [4]
L7, 170 day DL L LEEENSAIRETH » 1o LA L,
Z OEFL A R OSSP EITER 1354.8 %6 & LD ERE S 5
foo F oy EEHBRIEETI362kPa TH - 12,

2. 1. b KREF|oEixtbE

B0 BRI DB RIS 72 0 OB AEKE &

BEE AR OBRERY,
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Table 3 Optimum operating conditions

UF-1 UF—2 MF-1 | MF—2
Material CDA | PES | PAN | CTA | PP |Ceramic
Filtration type Cross-flow filtration Dead-end filtration
Flux (i /wt/d) | 1.44 0.72 1.44 2.88 1.44 0.72
Physical cleaning . | 190 30 30 30 50 30
Operating day (days) | >77 >30 >59 108 187 175
Water temperature (degrees) | 19.4 16.4 6.1 21.4 9.5 20.0
Recovery ratio (%) 96.7 85.5 77.9 88.7 93.6 54.8
%ﬁj%@b) 6£%55@§T@${jﬂ§ﬁ%%t v O)*ﬁﬁﬂﬁ . CDA PIIES PAN TCTA PP 'CERAMIC
HikEIz, UF— 2% (CTA) #2909 nf/nf, MF-1 = e e
% (PP) #3280 nf/nf, UF— 1% (CDA) #5252.6 of/mf.  E 60 Py 1
MF—2% (£33 7) 878 nf/nf, UF— 2% (PAN) g e
#4723 nt/nf. UF— 2% (PES) #553.2 mi/nf £ 0 B S an N ]
Mtio—2% (UF— 1 % : CDA, UF— 2% : CTA) & pvd .

@ UF BT WS 5 M iz, LI R - |
£ro, AMOME S KRMMPOPHRERL Y, F | AT e
%2 DK, UF— 2% (CTA) #52.46 of/nf/d. U . ;*'m " + - :

F— 1% (CDA) #1.86 m’/nf/d. MF— 1% (PP) #'1.81 Overating time [dard]

m/m/d. UF— 2% (PAN) #1.26 m/ni/d. UF—2 %
(PES) #30.83 m/ni/d. MF—2% (&3 3 5 7)) »0.77
m/uf/d TH - 12,

88 3 RIC BRI O EIREEer S O] B 18 BB B R e 1 %
NN

INEDHEERELTIE, UF—2% (CTA) »2.88
/rt/d EBOHESB LN,

OB ERDOA v 5 — it L TR, MF— 1 %
(PP) #8187TH LRI TH » 720

EUCRIZBEL Tk, UF— 1% (CDA) #96.7 % & &\
BEICRTH - 720

PlEo &b, HERKMBICKAAZER T A, *
DOEERYERE GRE. BEICE, Sz B BERAEKER)
#EMT 5L, UFKTIRIUF-2% (CTA) $£/13UF-
1% (CDA). MFETIa MF— 1% (PP) %2#¥E4T 25D
BHFEFLWEWZ B,
2. 2 FEMEOBREMREE

84 RICAEBHIM S OJF/K R UERFEO K ABKD
KBITRERERT

JRKE I 3R KB .51 . B IMEO.8E, X2, 58 it
LT BRI bEABKOBE . FUKKEOEE) I
BIEOIELTFTH D, 1ZIF100 B DOBRENTRET S -
126

FUKDO R I HAE16 . SIME 1 B Pl 6 Eiokt
LT, BAEKOBERERAE, PHNLETLELT
W, REABEKDOBRERIIE6.7~83.3%TdH - 1o

JE K D SRR (35 A M2.08 mg/L. 5/IME0.020 mg/L, F

FI0R FEEEARKESEELEROK
Fig. 10 Net water production per unit surface
area of membrane.

H1E0.16 mg/L izt LT, EABKOBEE L5 K0.022 ng/
LTHh o1z, BEAEKOEKDREEDEEMEIZ. HAK0.005
mg/L. £%/N0.001 ng/LTH . KREABKOBREERIZ6.9
~99.4%Tdh -7,

kD= v # v IBE 3R AME0.128 mg/L. H/M#EO0.003
mg/L, EHE0.021 mg/L it LT BEABKD < v 4
v OBEEOFHEIR. &A0.007mg/L. &/1MN.003 mg/L T
b, BEABEKDERERIL66.7~85.7 % TH - 1,

FAKOB~< v A vBEA Y 9 AHBERIZEKEL6.5 ng/L.
B/IME1.0 mg/L LAF. EHME3.3 mg/L iz LT, K A
Ko~ H VBN Y v ANBROEEMIE. BKT.8 g
/L. /M 9mg/LThHb. RIEABKOBRERIIA24~
63.6 6 TdH -1,

KD+ Yty v ERREEDRE 3R KME35.1 v g
/L. H/ME19.5 1 g /L. FIE25.4 ¢ g /LI LT, &
EAEKD N Y~ 2y v EREEREOVESER. &K
226 1 g/L. /N1 A4 ug/LThy, REABKOBRE
iF, I~ THBEFKLDEFELS B o7z, THIFER
B OBRECERNT 260TH 2 EEL 505,

JEK O — M B 13 A E8008 /ml . B/ MiE 6 8/ ml, P
HE160fE/mlTdh 0. FKRO KGR F iZ &K MHE24 000 MP
N/100 ml, #//M#E33 MPN/100 ml, @2 900 MPN /100
mlTH - 1o RABEKDO—BRME IS, HRAL2E/nlTH D,
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Table 4 Result of contaminant removal
Filtrated water
Raw _ s _ _
water | UF 1 UF-2 MF-1 | MF-2
CDA PES PAN CTA PP Ceramic
‘maximum | 55 | <01 | <01 | <01 | <01 | <0.1 <0.1
{ minimum 0.8 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Turbidity  (degree) | average 2.5 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
' maximum | 16 4 4 3 3 4 3
{ minimum 1 1 1 1 1 1 1
Color (Pt Co unit) | average 6 2 2 1 2 2 1
maximum 0.128 0.053 0.052 0.004 0.019 0.053 0.008
Total i minimum 0.003 | <0.001 | <C0.001 | <C0.001 0.002 | <0.001 | <0.001
manganese (ng/L) | average 0.021 0.005 0.005 0.003 0.007 0.004 0.002
maximum 2.08 0.010 0.022 0.004 0.002 0.010 0.017
Total i minimum 0.021 | <0.001 | <C0.001 | <C0.001| <C0.001 | <C0.001| <C0.001
iron (ng1.) | average 0.16 0.003 0.005 0.002 0.001 0.003 0.001
' maximum | 165 7.8 7.4 19 3.4 7.5 3.1
Permanganate ! minimum | <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
value (ng /L) | average 3.3 1.9 1.8 1.2 1.9 1.8 1.5
maximum | 35.1 28.0 25.4 23.0 - 28.4 34.9
{ minimum 19.5 14.3 19.4 22.2 — 18.0 18.2
THMFP (ug/ /L) | average 25.4 22.2 22.0 22.6 - 21.4 23.8
maximum | 24000 1 0 0 1 1 1
E coli group i minimum 33 0 0 0 0 0 0
(MPN,“100ml) | average 2900 0 0 0 0 0 0
maximum 800 800 7 2 1 12 4
General bacteria ! minimum 6 6 0 0 0 0 0
(colonies,/ml) i average 160 160 0 0 0 1 0
A BKDORBREEE X, RALMPN/100nITH » 7o &
N SEAEKD S OREIE, FKFROHERVSFRTH 5 &
EZ0N5B, BPAHEKOBRERIE, —HHEETII.4~100 100
%THb, RBEFIZI00%TH - 7, %
B1Eic, & (CDA. PES, CTA, PP, ¥53v7) § :
DEEE, BEE, By VBH Y Y LAHEBE, SRU<Y g
Wy OREMEETRT, c
N >
CNEO, BMHE (Al JED ROBOHEE MF. 2 o
UF) Tl IhoBRmBEoORERBICAREIZD S = .
NEh ot BB, WTFROREMH LT & BEBRS IS 20, rbidity
WTI3100 B OBREDFIRET S 5 5, WM S DR £ » P
KT dH - 720 O—CpA PEs CrM CTA PP oV
3. 3 ERxHaVE Material

2@k RS 2 &, BRAMEOE~DOER
IC& D EE ORI D IR TYELG O A TIIRIEE
BRI ERRE T, REOHRIEONIL LB &M
Hbo TOBESITIRERIC L BEEEITV., ORI
ezl €3,

Kinbtip e EiET 2850, ERYER. BEMEORE (R
W) o, RSN BERVEBEOESEEH LI
HHEE 510,

812Ric UF— 1 % (CDA) ORFHAITB T 2%
B OB B2 R I 3 5 RIS IR TREEOBEIK
FicEEn 2R PIHEHBOERA . $13KIc MF— 1
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Thermophilic Methane Fermentation of Liquefied Wastes

B BapiR=E
LS

Shinichi Nonaka

moom O ¥
Kouhei Masuda

A solid waste treatment system is being developed through fermentation after solubilization.
Solid wastes are first solubilized physically and chemically and then fermented, recovering energy
as methane gas. As a part of the system, a thermophilic UASB method has been studied.

If such a method becomes feasible, a highly efficient reactor can be developed since thermophilic

methane fermentation offers higher treatability than mesophilic fermentation.

An experiment

of forming thermophilic granules as a first step of the study proved that thermophilic granules
can be formed by the use of methophilic granules as seed granules.
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Table 1 Composition of synthetic Table 2 Experimental conditions
wastewater
Run 1 Run 2 Run 3 Run 4
S Content .
ubstance g/ 0 Acclimation | Effect of TOC| Effect of Performance
loading on interruption of| of
Acetic acid 5 000 Purpose granular wastewater |thermophilic
sludge feeding and |fermentation
Organic Methanol 1 000 growing reactor
material Glucose 1 000 heating
. 1~6 weeks | 7~15 weeks |16~18 weeks | 19~22 weeks
Peptone 1000 Experimental g/q/g9 22/10~24/12 | 25/12/°92 16/1~9/2
) NH.C ¢ 100mg,/ £as N perio ~21/10 ~15/1/°93
Nutrient
KH. PO, 20ng,/ L as P TOC-VSS 0.11~0.3
F 0.5 loading 0.02~0.2 0.15~0.4 0.21~0.72 0.83~2.91
¢ : (kg kg * d) 0.19~0.42
Ddécro— Co 0.05 Temperature 55 55 12 — 55 55
nutrient ;
Ni 0.05 pH (—) 75 75 75 75
Yeast extract 50
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Fig. 6 Experimental results at No.1 reactor.
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Fig. 7 Experimental results at No.2 reactor.
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Table 3 VSS concentration in UASB reactor
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0 20,000 20,000 20,000
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Surface Reforming of Stainless Steel by

L XD

Wet-Acid Treatment (Part3) &mﬂjﬁﬁ%%z%{qﬁi

—application to hot DI water and ozonized DI water —

Akiko Miyake
£ & B E

Tatsuhiko Isagawa

Application of stainless steel has been studied for the wafer cleaning process using hot DI
(deionized) water and ozonized DI water. In hot DI water, GEPW was superior to both EP and
GEP. In comparison with heat-resistant resins, the amount of released metal ions decreased in
the order HT-PVC>PVDF >GEPW >PPS >PEEK and that from GEPW did not exceed the serious

level for contamination of the Si wafer.

The amount of released TOC and anions from

GEPW was not significant. These results indicate that GEPW was one of the most suitable
materials for hot DI water. In ozonized DI water, stainless steel was superior to heat-resistant
resins, and GEP showed excellent stability in stainless steels. The Fe-oxide film on GEP would

be durable in ozonized DI water.
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SOIRREEOFEMEXSIAHRITY = v MEERORBE LA
fThhTwd, ZOHT, BEMKD 2V Y EINE
fkick agdEbEHs TV 5,

TRAEHK I ERICH~NBB PR E L EDREIE D,
v IRINEBHIK . BIESKE S HEBD I 3 8kE
PRBE OV, L L, ERORIEM <13, SR T TOK
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Table 1 Effects of contaminants on device properties'’
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Fig. 1 Various impurity levels in Si.
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Fig. 2 Process of semiconductor manufacture.
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Fig. 3 Wafer cleaning process by wet cleaning.
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Table 2 Release test in DI water at 353 K

Elements

Analysis technique

Metal ions : Fe, Cr, Ni, Mn, Mo, Cu, Al,

Zn, Sn, Pb, Mg, Na

Inductively coupled plasma-mass
spectrometry

Anions F, Ci lon chromatography
TOC Wet persulfate oxidation at high
temperature and pressure
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(Poly-ether-ether-ketone), PPS (Polyphenylene sulphide)
HT-PVC PVDF PEEK PPS IZOWVWTKRET L7, RAWHE R 7 v v 2E§i# 13, SUS316

B|AR ESKICET 5B A+ v OB
Fig. 4 Release of metal ions in DI water at 353K.
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Fig. 5 Release of anions in DI water at 353K.
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Table 3 Physical properties of stainless steel and
heat-resistant resins

Thermal deformation

temperature (K) Linear expansion

Material coefficient, (10~%/K)
4.6kgf/cf 18.6kgf/cif

SUS - - 16

HT-PVC 394 369372 7

PVDF 493 371 12

PEEK - 425 5

PPS 488 386 5
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£ 4 £ 700 KicBF 3Fe-Cr-Ni-Mn-Mo-O% D B2 Lz E
Table 4 Thermodynamic calculation of Fe-Cr-Ni-Mn-Mo-O system at 700 K

Oxidation reaction AG (kdJ/mol) Po: (atm)”
1) Mn + 1/20—~MnO ~333.5 1.7Xx10"®
2) 2/3Cr + 1/20 - 1/3 Cr.0; —-317.5 4.1%X10°%
3) 1/4Fe + 1/2Cr + 1/20, — 1/4FeCr.0, —305.1 2.9%10°%
4) 3/4Mn + 1/20, — 1/4Mn;0, —986.0 2.1X10°%
5) 1/4Ni + 1/2Cr + 1/20, — 1/4NiCr,0, —282.0 8.3X10°¥
6) Fe + Cr.0. + 1/20, — FeCr,0. —968.0 1.0X10"%
7Y 2/3Mn + 1/20, - 1/3Mn.0; —259.1 2.1%X10°%
8) 1/4Mn + 1/2Fe + 1/20. — 1/4MnFe:0. —247.6 1.1x10°
9) 1/4Mn + 1/4Mo + 1/20, - 1/4MnMoO, —234.0 1.5x10°®
10) 1/2Mo + 1/20 — 1/2Mo0, —929.6 5.3x10°%*
1) Fe + 1/20., — FeO —995.5 2.3x10°
12) 3/4Fe + 1/20, - 1/4Fe;0. —290.7 1.2x107%
13) 1/3MnO + 2/3Fe + 1/20, — 1/3MnFe;0. —219.0 2.0X10°®
149) 2/3Fe + 1/20; - 1/3Fe;0; —211.9 2.4X10°®
15) 1/4Ni + 1/2Fe + 1/20, — 1/4NiFe;0. —207.6 1.1x10~
16) 8FeO + 1/20, — Fe,0, —206.3 1.6x107
10 MnO + 2FeO + 1/20. — MnFe.0, —206.2 1.7x10°™
18 1/2Mn + 1/20. — 1/2MnO, —196.0 5.6X107%
190 1/2Ni + FeO + 1/20. — 1/2NiFe;0. —189.7 4.9%107
200 1/3Mo + 1/20, — 1/3MoO; —188.8 3.6x107*
21)  3/4Ni + 1/2FesOs + 1/20, — 3/4NiFe.0, ~181.4 8.4x107%
22) Ni + Cr.0; + 1/20. — NiCr.O, -175.3 6.7x1077
23) Ni + 1/20. — NiO —175.2 7.29%10°
24)  3MnO + 1/20. — Mn:O, —143.5 3.8x10°2
25)  2Fe;0. + 1/20, — 3Fe,0, —141.6 7.1x1072
26) MoO. + 1/20; — MoO, —107.2 9.9x10™"
270 3/2MnO + Fe;0, + 1/20. — 3/2MnFe,0, —103.0 4.2x107
28)  2FeCr.0. + 1/20, - Fe.0; + 2Cr.0; —99.7 1.3%x107
29)  2MnFe;0. + 1/20; — Mn:0s + 2Fe.O; —67.6 8.2x107"
300 2Mn;Os + 1/20, = 3Mn.0;: —44.4 2.4x1077
3) Mn.0; + 1/20. - 2MnO. —6.5 0.11
32) NiCr:0. — NiO + Cr.0; 0.18
33) NiF8204 i NIO -+ FGZOB 195
*) Oxygen partial pressure at equilibrium
S .
log Pos £ Concentration [at %] ﬂa&
0t . 100
2/ N\ |
K o '
-10F || |z
5;‘ || FE e
g a
SISVFCr0 N Fe0, 'O |
gk = [FeO] g Concentration [at %] Valence |
= = vl
Fe¥, Fe¥'
—4r |2 l N | or- {
= Cr20; | ' Fe ‘
—sop = Fet . | !
= . 0 < \ Fe“
z cro ¢ !‘/{/m ! e
| | : |
By thermodynamic calculation GEP by XPS GEPW by XPS
78 GEP BXU GEPW OB{LRERE
Fig. 7 Oxide film structure of GEP and GEPW.
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Fig. 8 XPS spectra of Ni, Mn and Mo on
outermost surface of GEPW.
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£ Ozomized DI water
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Fig. 9 Apparatus for experiments with ozonized DI water.
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T2y BS54 v DiERE DM

Characteristic of Power Consumption for FILTER-DRYER

B BB
¥ o
Hitoshi Hirai

FITER-DRYER can be provided good performance that is, each process of filtration, washing
and drying of filter cake in a single closed vessel. So agitator of FITER-DRYER has individual .
characteristic of power consumption in each process. Recently we have researched for this
technology by operating the tast facility, and have got some results about relationship between

rotating shaft torque and filter cake conditions.

power consumption for FILTER-DRYER.
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Computer Simulation of Turbulent Flow in a Stirred Tank

(a study for improved accuracy)

&)

&mﬂﬂ%ﬂif‘ﬁm #®1 Ebui

Kazutaka Takata

The fluid flow in a stirred tank with a 4-bladed pitched paddle impeller has bheen simulated by
Computational Fluid Dynamics (CFD). The main purpose is to compare the results obtained -
from lst-order and 3rd-order approximations for convective terms of governing equations. The
results show that the velocity and turbulent energy obtained from the 3rd-order approximation
well agree with the measured values, compared with those from the lst-order one, and that the
deviation of velocity and turbulent energy from the measured values are 10 % and 30 %,
respectively.

The computation conducted in this work shows that the turbulent energy is stillunderestimated.
Furthermore, a new type of numerical procerdure, for moving-boundary problems, has been
applied to simulate the fluid flow in a stirred tank with baffles. An impeller has been defined
as a moving body, and computational results are shown for some rotational positions of the

impeller relative to the baffles.
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Fig. 1 Model used for simulation (4 -bladed pitched
paddle impeller with 4 -plate-baffles).
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A Remote Monitoring System with Personal Computers
— application of the “PC LOGGER" —
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Tetsuya Matono
mo oM B &
Takashi Hirooka

In water supply and sewagetreatment systems, small-scale facilities such as pump stations are
often located apart in each area. It is necessary to transmit warning signals and measured data
to the monitoring center by using the telephone circuit ete. to control these facilities efficiently.
We have developed the “PC LOGGER” supervisory unit for water treatment facilities which is
composed of hardware such as general-purpose personalcomputers and various transmission
equipment and a software package for monitoring. The unit is already on sale. Because general-
purpose hardware components and software are used, a low-cost and highly expandable system

can be achieved.

In this pape, remote monitoring for a water supply system using the “PC LOGGER” supervisory

unit is introduced as an actual example.
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