i) > T TR
" 19994ERE-Vol.43-No. 1

142

SHINKO PANTEC
ENGINEERING REPORTS

=] R CONTENTS
1 <#@mE>
2  SEDECGEUEMHORE)C KD PCB 54 sMLE  SED process — Solvent extraction and decomposition of contami-
nated electric devices —
10  S-TE PROCESS®/ A RDEE{LSRAEHE: - Full-Scale Demonstration of S-TE PROCESS® in  Sewage
Treatment Plant
16 BEFKBIOIVIZFUITHER Engineering Studies on SuperCritical Water Oxidation
23 EHKEEEU YA SIUEORRE (F01) The development of recycling salts from concentrated landfill
leachate.
31 DEECEINES - KRGS AT LD Economical feasibility study on distributed load leveling system
and hydrogen fueling station
50 IREEESBSEBOBOMIECREFIIREIDS  Effect of vibration on rejection characteristic of membrane in
&® Vibratory Shear Enhanced Processing
59 4L BEABICEDEKPOETEE, &%, YA Removal Treatment of High Concentration Fe and Mn in Well
ik ' Water by Treatment of Biology and Membrane.
66 EABTOCRIIBIFBZIZVEDRE Removal of Humic Substances by Membrane Filtration Process
74  Graver tOEKEHSEBDEN Graver's Deep Bed Condensate Polisher
78 EKEBICBITBEIBEBEBOEEREN Application of the Membrane Filtration to Water-Works
82 DTEVa—ILYATAILLDRHKNBESEEEN Leachate Treatment with DT module system
88 HRTFYCRREASK(FIVAUBITK) EEEB O Application of the Active Water (Alkaline Reducing Water)
n Production System for Particle Cleaning
93 AESTIEBOBRSERENAN—IEOS  Introduction of package lifting method for securing effective
D—FER LT TEOBEN space of existing foundation in multicell construction of cooling.
: tower
Q9  EBIMTE [TJILV—] EEEUIEHFLWLWE—IVEE A New Beer Yeast Tank with a Low-shear Impeller, FULLZONF
85> .
106 FaxFoO—)U (EPS) O FUPILUY A )L Material Recycle Technology of Expanded Polystyrene (EPS)
' ity
114 EEE/UVAMBICIDHANE High Voltage Pulse Gas Treatmeni
119 <Oz bOvRvEUVTEBRUOZOEEMO  Introduction of the. magnetron sputtering equipment and applica-
B ‘ : tion examples
126 OSRSAZvomEY T TRBORENT Glass-Lined Sampling Device
129 BEMFEYI—0OBN Eco Analytical Laboratory

133

" TECHNICAL ‘NOTE




N
()3
‘)ﬁmﬂl
il
V

EERW-LEIL I = LKBEOHEE

ACHEE KR E R TR 0R
B 4 £ =

Yoshimasa Watanabe

FAIIRET—AN—HH200) v PVOKEKEFoTDE, FORTERAKIZ2Y v bk
INTWDB, 200U v FNVOKEKDEERIZIOMBETH S, RRRPKRTIE, KEKTRTE 4
VUBAL - EERERE R LS ES K BEBIC L ) KERELL) ELTWE, P LDKET
LEELETLONEDERNESHH—HT, BLTHTo7 [KERCETLIEROERMAE] 12
LnL, RO %25y R MVOKERATHS, 2y VDY bR M VIZ200HEE
HOT, V)V EDEVWKTHD, BRI EKEKEZER T % 2 2EAIGENET T, 5%
54 EROKEKBENDESLR, DWITIIKEDPHAKESE 25D L TRRES VDT TidR v, &
wn Bl & U CIETEEE, BTV FAFEOKREZMHE) RENT L ETHA SN TV, KEDOEMEK
B ZOEME &) FITIEDTNEDTH S ) 9o KEVFRMAZELR SISILEMETH 5, FnLSL
Wy PR MVERoDPVWLRREEN TH L, KELEEYZEETIELELIEIZZTWENT
H5H o

EKEBAMRE L v & — 3B OB E BIg L T, EAREURGHELRBESICE
D, FRIEE,ISANEET [BERREGKFEMEARIE] 2 7T 00T — <O TIZEML T
Wb [ERIEREREAN] &1k, RBIEHRLT, 1) IhawHEEwEREEExAEL, 2)
WMEHERRDO/NEIT, 3) LV BWERELZRS, SOESHLHA-TEBKENTHE, T7—vD—
OH [RABEOHTHF~OBHBMOER] TH YIMPBE L Tnb, MERHEEITKEL RS
B, BOEREEOHEZ R TALEND B, 4IRS LT — A7 FEY FEOYHEEED
SHEALE ZOEBERBE T 7o) Y VB L ZORIBE, V542 - F A D OBERREE,
JEDORTIER:, S2HE L Tw5b, T, BEEISKEVEKISE, FEAKEDLLT HEE?H Y,
B - REOATIERL 7IVEREDERERRS, ~ v T EOBEES, BEFOHMELE
WELRETED, WERPHMILTREBARAN (N4 7)Y FIEMEY A5 4] OBELLET
H5bo

KEKDBEHTH S [1EE, BE, K] 05HNEKEZ, BEROVBIILLEEZOKET
DEHRL 2T SR WRIKROKE (FaFIo<h) &, FRFROHIBOERIZEIL
THBFERSRE L TOLKE (Y ENVIZ< L) »oEZXDLE, 20T FrarrvIizvak
LTOKE, 21X ENI =L E LTOXRKEDERTH L, ZH)IFTHRL, KEICEoT
BOKRYOIIBELKEOBETH S, YENI 2T AKETIZEKRESE* KEEER(LT 5 &
DiE, BELKEORBIIN U TEKERESEILL, LELZLIEIKEREE2SIELTTHE
MBEZFEALTRY MR MICEITRWERZKEKREZHREL T, FRO=Z XS BRELE
ZBEDNDATH 5D Bo

Vol. 43 No. 1 (1999/9) W S Ty v R



SED % (Ambam*E) (TS
PCB ;5 £ax D AT

SED process — Solvent extraction and decomposition
of contaminated electric devices —

(FOWEFER S04 2 BIRE
N [’}

Yoshio Kon sh

I 22 = 3
Nobuyuk1 Matsuo
JII F %
Takao Kawai

”ﬂ%

i

PCB B4 3 BAMBFH 2T TR, BREERBROCZONAEMOEEN S,
SRS Y 7 7 TR, VEBERHE R X B PCB ik as O geiiafy (SED #:) %ML, i5
Pl (SP k) &b, [HEREROBmELEAM 2 BR%E L 72,
EJETSS VN TEBEITY, DAROMHEILE (REOFKRF IR 1g/100 cm® LT, A EE
1Zxf LT0.01l mg/kg AF) 2773 2L 2MRAL, RE3HIGHEZOHEMFME T2 25
Thb,

Shinko Pantec has established a solvent extraction and decomposition (SED) process,
and developed the PCB removing technology of PCB contaminated electric devices using
both SED process and SP process, a chemical treatment process for the dechlorination
of PCB contaminated oil. The experiment has been carried out using actual plant, and
we have confirmed that the result satisfied the Japanese standard; PCB concentration
on the surface of material is lower than 0.1 £g/100 cm’, and that of on the shredded
metal is lower than 0.01 mg/kg. This has been submitted and evaluated from the
committee of the Ministry of International Trade and Industry in March.
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Table 1 Specifications of Samples
Weight Dimension[cm]
Sample Number (kg) Width X Length X Height
50~100 P
(kVA) 4 #1350 80X 55%90
Transformer | (A9, 5 550 100X 60X 90
250~400 p
(kVA) 3 #1300 15090100
Capacitor 2.1uF 2 40 34X14 %37
B 2R R
Table 2 Specification of the first washing equipment
Dimension
Width X Length X Height | Treatment capacity
[m]
10[ton/batch]
Transformer 2.3X2.4X2.6 10~15[ /batch] v .
- 600[kg/batch]
Capacitor 2.1X1.6X1.0 15[ /batch]
726

5.4 #By>T)LT

AT L, R eTH T v
T L7z, BB L UERMBRIIHE DY &, +o
AaTH#EB L HEEE, 37 7R i
B74NVa, TIVIHE) ZFRZNEMRIE T
1T272,

REOY ) v rEIL, $EH200g, BRI
M20~25cmX15~20cm DM 3 v L 4 M (AT
FER2 000 cm?®, EE200g), HFEHHS0g, 7
IR0 g TH D,

5.5 M
(1) 4 PCB 4#7

4 PCB O 43#11E, BEER 6> TIT- 72,
(2) 2755 —PCB, ¥4 4% VHEDOHH

AR OB 2 AT, AUBEIZX 251 FF
VR EORERERYOREEHER L,

SRS PICEE TR, 1 4% VHEE
T2 TS T,

5. 6 KR 5T
(1) BsHsE
PR RO —Bl %88 3RIIIRT,
T AEEITWEEF0.782 /100 cm* D % &

EE 1 F7rRAFHENE

Photo.1 Photograph showing the
appearance of transformer
vessels

Ny Ra T OhE
Photograph  showing  the
appearance of transformer
carcases

FE H 2
Photo.

(3]

THolzhd, —RBEEIZELN0.05¢g/100cm®ET =& 3 j/ﬁ‘*/*ﬂ-ﬂgﬁ
xS Photo.3 Photograph showing the
—° external appearance of
a7 AL g/100 cm’ DT EE AT X capacitor
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Table 3 The result of experiment
Samol Residual PCB concentration
mple
P Before washing |After first washing | After second washing
Vessel
[1g/100cm?] 782 000 0.05
Cugr 1000m] 414000 0.11 0.007
Transformer Copper
[me/ke] 13800 0.011 0.003
Cme 427000 0.86
e/ o] 1 190 000 0.04
Capacitor | Almngm foll 271 000 82.4 €0.001
ARl 136 000 712 1.09

FA4R YA+ XT U (£PCDDs+4 PCDFs) kU275 PCB ik &
Table 4 The analytical results of Dioxins

S 1 PCDD+PCDF Coplanar PCB
ample
P Before washing | After first washing | Before washing | After first washing
Vessel
ng-TEGA0em?] 27 €0.0023 300 0.0021
Transformer C
(g TEQ/e] 2.7 €0.00048 47 0.00012
Paper
[ng-TEQ/g] 84 0.021 1400 0.12
Vessel
[ng-TEQ/100cm?] 24 0.05 1400 0.036
Capacitor | uminum, foil 4.7 0.21 57 1.9
Plastic film
]
104 104 < -
@® PCDD+PCDF @® PCDD+PCDF AA
- A Coplanar PCB & B A Coplanar PCB A
— A
ok N : B s P
g 20 ﬁ = 102 . ° .
80 r g
= AA ¢ ° = i
g Ir g
g = f
CRt s ® P
ERSUE S i 5 T A
g i :;3 102 o
1074} a = o e
f— 10*4»-
1 16’2 ‘ i J 162 ‘ 164 I 165 i : 162 1(1)4 : 166
Residual PCB |mg/kg] Residual PCB [ 2 g/100 cm?]
E3IX ?%%éjPCB‘?)}%E‘&7‘4#%“/‘/1@\&0‘37"5'J’PCB FAR HRHEPCBRELYVAAFLyEENaTITF
REOBMR (AN, 88, 7V IHE, ) PCBiREDMIR (Fis, RSN
Fig. 3 The relationship between residual Dioxins and Fig. 4 The relationship between residual Dioxins
residual PCB in Oil, on Copper wire, Aluminum and residual PCB on the surface of Vessel,
foil and Paper and electromagnetic steel plate
Vol. 43 No. 1 (1999./9) L E PAD A E 7




PEHIZ £ 00.04 £g/100 e’ & THRE T & 72,

NT v AEMEMRIE, 0414g/100 cm’ DT E =
M—REEH 1213011 1g/100 em® & %2 0, k%
H212030.007 £g/100 cm® & %2 o 72,

N5 v AR PEEAT13.8 g/ kg B O EE T
HolzNt, —RKEEHZIZIZ0.01l mg/kg 2, FLT
— R PEER1120.003 mg/kg & 7o 77,

hT v AR, TEERET427 g/ kg M TH o
7278, —REEHI2130.86 mg/kg (2T L7z,

TV I EIEPEEREI2TL g/ kg M TH o 72D8, —
RiEEH#I21382.4 mg/kg &, % LT REHEHRIZ
(20.001 mg/kg LFIZIET L7z,

Hidgk 7 4 L 23 EEERTL36 g/kg BT A o 7205,
—REEHICIETT2 mg/kg £ D, TRIEERIC
1£1.09 mg/kg F THHET X7,

AR D & 912, MR OHERR 7 1 L 4 7% E O

% 5 &R PCB G4l LI BERAE R

Table 5 The dechlorination test result of PCB contaminated oil

BrlrE, HAROUMEEEZ T/ THREMES N,
TR, ARBRTII—REEE TR0, —
RGEETHIHHBETH 72, LeLEYS, &
WiIFEIE PCB V&R, #dtidwos, BRED

RO HES I KET 5,

PEo T, RBLRHEZEYOE R AR E % EIRY

AHZEIZLY, RHEHHMOEMEITTETH S,

(2) BRoOFy A+ X VEBL U275+ — PCB
IHTRER
—RGEFHBEDIATF L VEBI TS —

PCB i £ 4B ARIIRT, /2, PCBEE L

OMBFIZEE 3, ARNIRT L9112, MEAIVERFIZL -

TERAL, BOHBEEZRTIEND, ¥4 -5

HBXUa 79+ — PCBIRABEEIZ L - TRERIRW

B LRI E, LD PCBAL IRsWEA

OERIH U EPHERTE T,

6. PCB HfExER
10 ppm~10 % i &£ © PCB 5 4 i

fEih e v CEECLE % 4T o 74

.7) TN o
No. | PCB conc. | Ve | Hetn e aflt)éfgcﬁog‘;b“ %10%;351 ‘«"%ff%fi%szﬁﬁ&c:, 100
1 10ppm 540 10 N.D ppm TiX 1 Feff, 1 % Tid40%, 10
2 10ppm 490 10 N.D % TIL 3 BRI 12 5% PCB 21220
3 10ppm 500 10 N.D ug/kg U FERos, Lnd, 54
4 10ppm 520 10 N.D TF U8, 3755 —PCB b%Ee
5 10ppm 520 10 N.D WS D2 LA -7z,
6 10ppm 500 10 N.D 7. RIgE=42YY 7T
7 100ppm 485 60 N.D SRIEBRPITo - THBEROEE T
8 100ppm 485 60 N.D PECEERBRRADY 7)) v 7 &4T
9 1% 150 40 N.D W, £PCB, #¥144+X V8, a7
10 1% 150 40 N.D T+ — PCBOM a AT o 7245 REE T
1 10% 100 120 N.D RICTLOTRT,
19 10% 100 180 N.D EPCBAb - b EVWEZAHIETE

P REAR—ATH o 2T
25ug/Nm* LT TH ), (FsEsiikit

Detection limit: 0.02mg/kg

%6 &k AEMEBZMOS A A FD v (£ PCDDs+4 PCDFs) MU 75 PCB 73 ##s &
Table 6 Analytical result of Dioxins in treated oil

It PCDD+PCDF Coplanar PCB
ems [pg-TEQ/g] [pg-TEQ/g]
Sample Before After Bofore After
10ppm N.D N.D 1.5X10° ' N.D
100ppm N.D N.D 12x10° N.D
PCB concentration
1% 5.8X10° N.D 1.1X10° N.D
10% 33X10° ] N.D 2.3%X10° N.D
Detection limit: 5pg-TEQ/g
8 < T o HiR Vol. 43 No. 1 (1999./9)
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Table 7 PCB and Dioxins Assessment of work area

Sampling place [tems Result

Total PCB [ug/Nm®] 1.9

Washing equipment PCDD+PCDF [pg-TEQ/Nm®] 3.0
Coplanar PCB [ng-TEQ/Nm®] 0.026

- Total PCB [1g/Nm’] 1.7

Exhaust gas exit PCDD+PCDF [pg-TEQ/Nm®] 1.6
Coplanar PCB [ng-TEQ/Nm’] 0.0017

Total PCB [ug/Nm'] 2 B

Sample storage PCDD+PCDF [pg-TEQ/Nm?] 8.5
Coplanar PCB [ng-TEQ/Nm?] 0.049

Total PCB [1g/Nm’] 0.8

Treated material storage PCDD+PCDF [pg-TEQ/Nm?] 14
Coplanar PCB [ng-TEQ/Nm?*] 0.0078

0.1 mg/Nm® X D132 v ili 2R L7z,

FAFFL VHITL - L b EWEDS.5 pg-TEQ/
Nm* T -7z,

275+ — PCB130.049 ng-TEQ/Nm* L FT& -
725
8. WMRDF D
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Full-Scale Demonstration of S-TE PROCESS®
in Sewage Treatment Plant
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FELIIINT T, REHBRERAEEFR 702 A TH5 S-TE PROCESS® oA ik T
WiBEKx 7oA ay P AT — VEGERBROME R TG L Twb, KM TIE, 1998FE4 AL 91iro
Tw5%, S-TE PROCESS® OFEHAME 7 A MMEE FH 72 FRFB RO #EHEAE R 028 % k3
%o BRI S 2 HREX R4 I LIFCw &, F4EI0H LB, BETAAHERESEN
WL B R T TV b, MEAKEIZOWTIE, BOD, SS 25—k 7% F KO MK FEEE LT
TV, T-NOBRIEELTI % LAEELFARETH -2,

We previously reported a pilot-scale demonstration of a novel zero-discharge
activated process (S-TE PROCESS®) in a petrochemical wastewater treatment plant. In
this paper, we describe operational results of its full-scale facility (50kg-DS/d
capacity) in a sewage treatment plant. The facility has been operated without
generating excess sludge for four months, whose operation is still going on. Effluent
BOD and SS were each less than 20mg/L. Efficiency of T-N removal (79 %) was
comparable with that in the year 1997. Therefore, the process is useful not only for
industrial wastewater treatment but also for sewage treatment.

Key Words :
o P M W Thermophilic bacteria
# K OH R Excess Sludge Q‘ .
uJ & 1t Solubilization

WO R Activated Sludge Process
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Fig. 1 Flow diagram of S-TE PROCESS®
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Table 1 Specification of the components in the S-TE PROCESS¥

Item Specification

Screen Bar Screen (Pitch 5mm)
Aeration tank
Mechanical aerator
Clarifier

Thickener

Sludge strage tank
Heat exchanger
S-TE reactor
Boiler

6.6m*X3mP

4m¥X4m*X4mP (50 m?)
Spiral type (2m?)
1.5m?’X5m" (7m?)

Oxidation ditch, 4.2m*X3m® (400 m?®)
mechanical surface aerator with a horizontal-axis rotor

Screw pressing thickener with stainless steel screen, Pitch 5 mm, 1-3m?%h

Oil boiler, 100 kg/h, 53900 kcal/h
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Before RUN1 RUN 2 RUN 3
Date Year 1997 6/23-10/6 10/7-11/16 11/17-99/2/5
Qs/Qw (—) 0 1 2 3
% of the sludge decomposed (%) 0 33 66 100
MLSS (mg/L) 2760 (Average) 2000 3000 3000
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Table 3 Mass balance of SS
Before RUN1 RUN 2 RUN 3
o - (’95-97) (6/23-10/6) | (10/7-11/16) | (11/17-2/5)
(D Operating period (d) 1095 105 41 81
@ Influent rate (m*/d) 293 260 234
@ Influent SS conc. {(mg/L) 125 159 172
@ Influent SS (kg-DS/d} =@x@/1000 37.8 36.6 41.3 40.2
(® MLSS conc. in A-tank (mg/L) Start: 3000 1700 1700 2900
End: 2500 1700 2900 3500
® Accumulated SSin A-tank (kg-DS/d) —0.5 0 11.7 3.0
=A4®/Dx400/1 000
@ Effluent SS conc. (mg/L) 6 4.9 6.1 8.0
Effluent SS (kg-DS/d)=@x®/1000 .3 1.4 1.6 1.9
® Sludge withdrawn (kg-DS/d) 3 144 3.7 0
Excess Sludge generated (kg-DS/d)=®+© 8 14.4 15.4 3.0
@ Inlet SS of S-TE reactor (kg-DS/d) 27.3 40.9 82.7
(@ Estimated amount of sludge generated (kg-DS/d)* 24.2 27.3 26.5
@ Circulating ratio (Qs/Qw)=01D/@ 1.1 1.5 3.1
Sludge decomposed (kg-DS/d)=0@—@ 9.8 11.9 23.5
@ % of sludge decomposed (% )=14/12X 100 40.5 43.6 88.7
*SS-sludge yield (=0.66) is caluculated from the data of past three years.
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fmim e I IREE O KR CH W E % B0 3 2 8 R kEE{t (SuperCritical Water Oxida-
tion : SCWO) 25HWVELEEDTnD, FA4FFL 0D &) M BEaEEYWE TX 2 Ek
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A great amount of interest has been shown in Super Critical Water Oxidation:
SCWQO, by which hazardous chemical compounds like dioxins can be destructed
almost completely in a very short time. Many studies with small-scale equipment have
been done, however, little information on engineering for practical SCWO plant
construction has been gathered. This paper describes engineering considerations and
configuration of Shinko Pantec’s pilot plant which is under design and construction.
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Fig. 1 Example of small batch type reactor

Pressure control valve

l Gas
Pressure gauge @

2 © 6

"l_

High-pressure pump W

7. 2

Electric heater

Feed and oxidizer [H20:]

52 N e ABR R E D B
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Table 1 Analytical results of digested sludge

EE 1

BEFKEEILIZ X 5 T KRBEROTHE
Photo.1 Municipal sludge destruction by SCWO

DEBTIXFIZEER Y TOWAMNS L OFRO%L
EMAR A EORBIZERPEI N, TR DFHR
DR & IS EBOLEMIIK X LB, 5 2
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2. 2 Chematur Engineering #1(Z 5 | % B%
HIRUANZ S, SCWO 13k 4 R B, FRIEYIL
HICEMTHD, EWTHoa—av Sl BiF 55
Mt 5% TdH %4 Chematur Engineering #H I3 FESF
ATy VI M RERSE, TIVEETHER
5 OB DT IEEREIT> 72, T OEEWIE TOC &
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ppm Tho72, COLIICEHBEOEZ T EUE
W& SCWO TS 72012, W% BB IZEAT
L5 ETTVEZTONHEIRESE D HEPIS
N7z, WERIEZEAT B ARIRBRICERZEI N TV

parameter pH COD SS Na* Ca® Mg?** NH; Cr
Value 5.7 45 500 31 800 74 1531 T 396 56
* All values are shown in ppm except pH.
2R IEBEOSHHER
Table 2 Effluent quality treated by SCWO
parameter pH TOC Na* Ca*™" Mg** NH: Cl-
Value 6.8 223 124 224 0 756 31

% All values are shown in ppm except pH.
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Fig. 3 Changes of physical properties of water
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3.2.2 WHEHIZ Table 4 Assumed conditions for model simulation
D — AT EEDFE A1 000 kg/hr TH 5 TSS (%) 10

728, WE R OMIRRES)1X100 kg/hr 1272 % TVS (% of TSS) 80

ZOGE VB R BEFRIT165 kg/hr, HHEIK (S [Feed] Compositions C (wt%) 53
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iﬂ/_‘\ ,"“ O — 7_ N
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FHEEIIS20 kg/hr & 2o 72, [SCWO | Operating temperature (C) 600
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Nitric acid concentration {wt%) 68

RO DIZHEEE (D L IIRHERE) 2 1EAT A3
Wb, ZOF - ATHEELIEAT BLEIEL
EThHE, FOEAEER21kg/hr LB IR,

® Quench water

J Nitric acid

Heat exchanger
@ Feed @ [ R l
1 eactor }——————
fadal !

D Heat @ Oxygen
é eater

Feed pump

Boiler feed
Gas

@ % :L 2 Separator
@ Recoverable heat

Valve
@ Steam E Effluent

Air cooler
Note : Each number corresponds to the number in the table 5.
FAM Totbzx7o-—
Fig. 4 Simplified process flow for model case
B5E MR
Table 5 Simulation results
Number ©) @ ® o) ® ® @
Parameter Heater |Recoverable heat| Feed Oxygen | Quench water | Nitric acid | Steam
(kd/hr) | (kd/hr) | (kg/hr) | (kg/hr) | (kg/hr) | (kg/hr) | (kg/hr)
1) Pre-heat up 6.5 % 10° 0 1000 0 0 0 0
2) Oxidation without HNO; 0 1.4%10° 1000 165 210 0 520
3) Oxidation with HNO; 0 1.5%10° 1000 165 235 21 550
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REKBIER Y S M4 7 LEHORRE (201)

The development of recycling salts from
concentrated landfill leachate.

(BORTFERZEERSS 2 AR
o
Hiroshi Nakai
#r

I S
Toshio Shinkai

BT iR K 02 B AL EEE 2 S S n D BRI o —2 L LT, BRKICE TN
LI BR LU TEIEE LCHNETA2HENEZ0N5, ZORAEOBRMIE, BEDY YA
IV, FRREREMSEIEATABRO - X G oMY X7 A DERTREICT A DD &
W L TR A E F N T B,
AT, BEICRAERRIRO -0 O EEERYERL TBYY, ZoOELHIZ, EFEELR
TELERZHBL TW2DT, REIZTZEOBMEEZRBNT 5,

Recycling salts for industrial use is one of the solutions for high salinity concentrate
generated from RO membrance treatment of landfill leachate. The concept of recycling
resources coincides with recent social demands and is expected by society to be
accomplished.

Basic experimental test, previously reported, has proved to be effective for refining
salts. Based on the experiments, we fabricated the demonstration facilities and we have
started the test of refining the salts with it. This paper reports the outline of the
demonstration facilities and the results of pre-testing.

Key Words :
57 Hb R OHY K Landfill leachate
#HR & K Reverse osmosis
=3 Hi 7K Concentrate
614 #H Salts
¥A A FT UV Dioxins
e A % ik E Total organic carbon
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Leachate Weight ; 9000 kg/day

Salt concentration ; 1w %
L Reverse osmosis J Treated water Weight ; 8 400 kg/day
Concentrate Weight ; 600 kg/day
Salt concentration ; 15w %
Refiner } Condensate Weight ; 510 kg/day
Refined salts Weight ; 90 kg/day

- Salt concentration ; 100 w %
BAR EAEEOWEIGL

Fig. 4 Material balance for the demonstration facilities
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Fig. 5 Operation sample
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Table 1 Overall coefficient of heat transfer Unit ; (Kecal/ m*hr C)
Evaporation and drying process Cool
: - Heating process ooling process
Sefré)srlbllizlﬁ%at Evaporation
54 50 57 58
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Table 2 Heat-up time with combination of drum and scraper rotation Unit ; Time
Scraper

None 0.9 rpm 1.7 rpm 2.6 rpm 3.4 rpm

1.2 rpm 15 107 157 207 15" 10”7 15" 107 15" 107

2.3 rpm 15" 10”7 15 0 15" 107 15 107 15" 107

Drum , " , " , ” , ” , ”
3.5rpm 15" 20 15" 10 15 0 147 50 147 50

4.6 rpm 15" 107 15 0 15 0 147 507 14~ 507

B 3Fk FHALLIIBITL FTAREET /IR S L — S — Ol & A5 EEOBLER

Table 3 Daistilled water with combination of drum and scraper rotation Unit ; kg/hr
Scraper
None 0.9 rpm 1.7 rpm 2.6 rpm 3.4 rpm
1.2 rpm 54.1 54.0 54.0 4.1 54.1
Drum 2.3rpm 54.0 54.0 54.0 54.1 54.0
3.5rpm 54.1 54.0 54.1 54.1 54.1
4.6 rpm 54.1 54.1 54.0 54.1 54.1

——-A--- Moisture content —@— Distilled water

70 %
s E}
v @
0 10 2 30 40 50 60 70 80 90 100 110
Time [min]
87 ARIRZHOGKR L AREOBR
Fig. 7 Relationship between time and Moisture content, distilled water on evaporation process
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Fig. 9 Relationship between purging time of N. gas
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Table 4 Estimated time of operation Unit ; hr
Evaporation . ... .
and drying Heating Decomposition Cooling Total time
process process process
process
150 kg 3.4 2.0 1.2 7.7
Concentrated water
600 kg 11.7 2.0 1.7 17.3
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Economical feasibility study on distributed load leveling j x
system and hydrogen fueling station (3%) PRECBISRERES 1 Fges
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BHFEBRII V2S5 OFRIEKR, =7 - 30 F 433 T AT LADERE - TEE
WML Twa, ZLTENRFERETE - £L&F - RETIRRELBELZELTVS, FIZEED
ZVHOURMIIBVWTRRELBENFTEORENBE TH D, TOROIIKEBRMOHEIER A
BTFL, BEHIXAMEL LD, BHAWTTFEILTEIER IR TS, BHAM TR EICIE

(A. KR MEDOLENMRE L V) REWERITNZ TEZANVF—, “BALRZEOHELINEH & vio
ERLD L, MIKRENE, (CABRBOMBRELFRT L2027 ) — v T A VF - HEED
MREIED SN TW5E, TRHDORRIZBV TIHRBO AMABBRE & L COKESTERT ST
By KELINF—BADLDIZEZA Y TFALNT 7 F v — 0¥ L 22 MERASHETH 2, K
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DWTEHE L 720 7 BAHRE 19984 B P E BB B i D EH % 1 TiTo 7 T4k
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The spread of computer and air-conditioning usage has increased the electricity
demand. There is big difference between the electricity demand in the summer and
winter and that in the spring and autumn. The difference of electricity demand in the
hot summer’s day is very big. This difference causes the operation time drop of
generation plants and the rising of electricity cost. So it is necessary to level the load
to generation plants. The load leveling is significant to save energy and reduce the
carbon dioxide exhaust. The vehicles powered by clean energy is developed in order to
solve the global warming and fossil fuel drain. The hydrogen is positioned as an
ultimate fuel in these development. It is necessary to provide society with infrastructure
for hydrogen and decrease the hydrogen cost in order to introduce the hydrogen

Q ’ energy. The economical feasibility study of load leveling system and hydrogen fueling
station which consist of water electrolyzer and fuel cell using the proton exchange
membranes is shown in this report. This study was done in the research commissioned
by Chubu Electric Power Company in 1998.

Key Words :
BHAMFENLS 2T 4 Electrical load leveling system
KFE I AN F — Hydrogen Energy
iAo E BUK RS E Water electrolyzer using the proton exchange
membrane
v/ S = S A Fuel cell
PAELE it B B B Fuel cell vehicle
KEMBAT -2 a v Hydrogen fueling station
= O i Economical feasibility study
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T A TIREBROBINFREMUT L72BRICREIES
IZEDkEED, L TBL, BREOEEHE
DE— IR LK EEI LT, BRI
HT 5%,

2. KRIxNVWFX—-2HW/I-EHEFTHE

1> 27 I

2.1 ENa@EmFREIEL XF LOEKRLH
BHAEMFELS 25 ADORAELSE 1 RITR

o KEMEBEBDOKFERERNEZRD L ) ITREL

72

IKFEDOREHIRAEI BT D B RS

3050 kcal/Nm®=3 547 Wh/Nm’®
FEREE 55 %
6IFHIKEML, SFEHBET S,
BREVEMOFEERI1000kW H7- ) OKEREE
DIRFEFRERINIAD L H IR D

KkFEHAERED= (1000<10°WX3h) =
(0.55X3547 Wh/Nm®x6 h)=256 Nm’/h (3)

14 %DO&#E R T, BREEMDOIEEREII1000 kW
H7:0292Nm’/h &5, BETH2HBREEBOSRE
BEEH2400kW L4 5 &, KEMEBDOKESR
A BEJIETO0 Nm®/ h, EEFRFAFE X350 Nm®/ h
LB, TS TRERE 2134 000 Nm®, FE
FHFE 122000 Nm® & %2 5,

Table 1 Specifications of distributed load leveling system

HHOG Hydrogen generation rate Nm?®/h 700
Oxygen generation rate Nm®/h 350
Operation time — 23:00~5:00 (6 hours/day)

Storage tank | Hydrogen storage volume Nm? 4000
Oxygen storage volume Nm?® 2000

Fuel cell Output kW 2400
Operation time — 13:00~16:00 (3 hours/day)
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R E BK B RS E & LB L CHEITRE W,
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SR ERE ALY AT A TE T AR
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HHIENEREIND, FREEROAKERT S
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WERSI NG, BERESS T EBEERKEREEIL
BT (ERS0 T- B E RO AT A 72 )
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LEOHEHNH D, FoKEMEE L BHERE
— AL L 7o SRR R A R AT RIS R B, O
NHDZ L6 SR ORFETHECIXERE ST
YRR E 2 I ) FF 7., SEE RT3,

(3) BEMREALY B ERIKEREE
49 M) T TCHREBIL NI T RBEAF
VEEAE LTHAT S, EiiRE)T000 CH
EOSRKEREREETDH L, HEBTIIER
B, EROSEDE, BhibiEh & iEE S
WA TWE, BREBKRES R EIZIDEELR
FmELIEDSHER T E 5 L ) I hUiE, BFRKE
fEpgeE L L CHifFc& 5,

# 2K PHEROSH

Table 2 Fuel cell categories

2.3 BREHY

PREL MK E L BE A EXLFMIC RS ST
BRAERESELRBEEETH L, FHTLERY
DREFIZL T, BIRIIRT L2 VEER, &
BRFRIER, BEARERER, BEABSTEMYRILS
WZHETED, BEMEFU0~60% &L, F
YA MRE, I-VoAl—Ya fHELTLE
LTWwaIZens, ALANF-5EIEFHV, T/
KREXBESIEDLLE L LLBEE L TRERY R,
A=), ARF AL EPNFEHTE, Ao
ANF-DOFAREICR D, S5ICBREERIIRE
By, SRBIYMOHEHEIBO TLiRnwT &,
FEEIBICHEERZHH L TR W OREE /NS
Wi ERE EOVHBREMES Y v, EERT
HLENR EOMEDED B,

EFCERI B AN TGS A T A IE IR
BCESINL Z L LBy /7 b TH B
CENEREIND, FLBAFBEL -7 HEOARRE
THZEDOMRTIER L, AEICEEREEZBIGT S
ZENERIND, ERES FEBERREIERIC
WXEHEE (BhoBAEREYS72) OREED) A
B <, 100 CULT ORIR TEENT 2 S 0SS 5 .
F-HERBEONEH L L CRKES T REHER
REFE2HEE SN TS, ZLTHBE X — 5 —
RIS IR B BB A B9E T 5 & HiRI%E
LT3, ZHOFEHEICEKRS ST EHE TR
BEMSFERING &, REAEOREIZ X ) EEK
T ERERBEEBOMES T 25 LSRR
TWb, INHODI L H 545 OFRFN M T IR
RE oy FERERBAIER AW D P72,

Phosphoric acid type

Molten carbonate type

Solid oxide type

Polymer electrolyte type

Electrolyte

Charge carrier in
electrolyte

Operation temperature
Fuel

Features

Power generation efficiency

Cell materials

Phosphoric acid
H{

200 C
Hydrogen
Hydrocarbon-reformed gas
Close to commercialization

40~45 %

Carbon

Carbonate Yttria-stabilized zirconia | Proton exchange membrane
COs* (Ci H*
600~700 C 1000 C 80 C
Hydrogen, Carbon oxide | Hydrogen, Carbon oxide Hydrogen
Hydrocarbon Hydrocarbon Hydrocarbon-reformed gas

Hydrocarbon-reformed gas

High efficiency, Wide use
of fuels, Possibility of in-
ternal reforming

45~60 %

Nickel, Stainless steel

Hydrocarbon-reformed gas

High efficiency, Wide use
of fuels, Possibility of in-
ternal reforming

50~60 %

Ceramics

High efficiency
Used for electrical vehicles

~60 %

Carbon
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2.4 EASSTERERKEREE
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Fo LSS TERERKEREBLHAGDYE
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LTI Nm*/ h BIEEOKERERDOD 5
RS TEREEZ o2 KEREE (DT
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Generator] &IER) Z@mfb L, FEMATE, 1k
2T, BEIFEICHAL TE 000
(1) KEHOFEHE

HHOG 2B 5 HAFEDOFEHA % 8 9 FIIR
3, FARES TEMREBIIFEIRIIRITHEED A

Catalyst 4H*+4e” ‘>
. Cathoder

Proton exchange .
membrane 4H

IR A AFEOFEE
Fig. 9 Principle of gas generation
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Deionized water and deionized water

Electrode plate 44

] il

Electrical R : T e
power supplier

>
Electrode plate — —

Mixture of hydrogen and
deionized water mist

Proton exchange membrane

ENE BHELVOHEE
Fig.11 Structure of electrochemical cell
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DI SR AR 0 B Ak AT E A w5 T R R
OWENEA EN TS, #MiKEERES T EHE
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WICHERER > BET S, MKERRIE- T,

BRSO SIND,
bt 2H.0—~4H +0:+4e (4)
B 4H +4e—2H. (5)

BRIV EEBANIIEAET 5, BREANISEL /270
N ERESTEBEETZBE LT, B
TETFEFHET D, TLTKRFEIIRD, FREL
TROXUNE- T, KIIKFELBRRICELR WS

nb, ' @

2H.0—2H.+ 0O, (6)

Kz BRI HEBLIVIEENBRIIRT L)
WCEBR, HeRSREEmEICES L oERES
FEBERE, MER, TATy Mo INT
Wb, BEtBR O BB IZMAK L T AR — b
ERFE LMK E BT 5R—- FPRIT LT 5,
TRBEBHOBEBAUIIAKTE LMK I X b2

CF=CF:+nCF,=CF;
’ TFE

0

CF,

CF—CF;{ m

|

0

CF»

<—— Bolt and nut |

CF,

>Gasket SO.F

10X FEhEsFEBEE
(79vFERAF K
) O

Fig.10 Structure of proton
exchange mem-
brane (Perfluoro-
sulfonic acid poly-
mer membrane)
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‘—! Heat exchanger Pump

Exhaust to airI

Exhaust to air
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P Control panel

Electrolysis tank

0,

v
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X
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v
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Electrolysis module

Hydrogen gas
separation tank

— Make-up water
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Fig.12 Flow diagram of HHOG

TLR—-PDRITENTVS, KEFREEIZHE
TREZERESSFEREBEOROFEIRE S,
ZORER, BURNIRLEEORRE LIV OLE
BT, ThooifmarEgsnc, EMT
Va— VMR ENG,

(2) HHOG O T7a—¥A 7575 A

KEEEE NP 4kg/em* % 2 2 5 &R
HHOG O 7ua—% 4777 5 %F12KIRT,
BRI HHOG I3 EMRE 2 — NV, B » 7,
IKFEAAGHES 0, Brilige, &gy, v bo—
WAL LERIN TS, BREEY 22— VI
BIEY » 7P OMAKPICRESINTWS, #ikix
TERR Y T2 L o CTEMEY 2 — VOGBS
ENb, MAKIIERES 2 —NVICBWTERIH
bHo BT - NVOBRIIKETASESY 0
WCHERESN WD, KFIZET T AHIKIZK
FHAGEESY v 7 THEESN G, BEEILERSY
YOTHIKEGEEINS,

RS SN B MAKD I BRSREN S,
B OMAKITERED 2 — VOBHIMFHINLS,
FAKITTERAR > T2 L > TR SN S, HHOG i
FASHRIZ 2 o TV T, AHFAOMAKD R IZ R W,
BIES 7 POMAKREIXERETY 2 —VOFH

2.

Lo TERAT S, BACHBIZL > T DOBRILE
DB, EERIE L 2MKEEICEEESNS,

A A RS HHOG (B {41 S5 T
bo BESY VU, KETAGEES v 0, B,
REFIF AT 54 FRATF VL A TEIER
NTHH, INoONMEITEMBEIES OB
B INTV5E, TOWFELEIZL->TAF L
AMEED S DEBETDEEI D% ShTn
Bo A URWIRIZ L > TOKREIE—FEIZ
R 5,

BIAEY 2 — VOBGBRBIENIER Y > 7 DIE
NERUTH D, KEMEBEROENZELEIC
—FBIROZ LI L > THEMIZIZEMRS » 7D
HEF TKhE, BREOREEN2HOH 2 LA
BRTH5,

KRFEFEETIHA 4 kg/ em? LT OARFE A HHOG
TIEBREY 2 — VT KRZEHICEZBEEI NS, #
LCEBEY 2 — VO RBME O ENI B =5
5y (TFBKFWEES » ) 2T 5,

5 KF-BEOFEAE
FERES % FHv T HHOG 2 & ) F8H: S 872Kk,

BLUBKEL BB OEEMN Y — 7 BRI
AT B 720121E, —BERNICRE T A R IR T A4
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L5HDTH 5, 200kg/cm?T2800 Nm® % 7/ T \Z1kWh OBHIPLETH 5,
5,150 kg/cm*Tld~ > # v %, 200 kg/ cm® WACEER ICBI L CHMARETH 5,
TikZ7asne) 77y MEAERMEE LCHERH 3 #TIE
T5, BEYL, GIEZEM, WK% SO T 2EMITKE,
(2) wieAs A BRELEMEET A2 HETH 5, AHEERIT 1E
KEFEITF WV IKFEEISTKEDN DY, KFEHD Nm* FEF T, AR IEIFNUEOEOABE
FHOZOOREFHEOBFNFE L L D%+ )V FEICE L TWh, TOFFEIZIIRD X)) RF] S

7 WETHALBESIAY100~1 000F ) v R V/ H,
AN LA 7 WETI0O~30F T ) v ML/ HD
T P EEINTWS, —253 C F ToOmK
I AKFE %G ﬂt&ﬁﬂi&%&wtb A —
WA MEBHERERTT b, BLOEM%
BHOPRBEUER IO OOELETH L, B
35 % DWALFIR T I Nm® OKEZRILT S 720

VKE, DL DEISTRE LR, KAEET DD,
DIKFNLF VI KEDTS %, /5T IKFED25 %D HiEtRE & EEEHMECHZ 6N S,
HATRA LTV A, WALKEIIR 2 & Pl : (mr%szzzmv} Iz, BFRIEHOZEEHN ' @

INTKFEIN8 W% EL D, KEXWLL 2HE, B,

TN 5 28T N OEIREE IO TR, Tl CBHIRAAICEL T 5,

EIET 2O ERB A2 ES 5, {bkEE2Z L2 LERK T FEREDD 5%, ERTIddE L 7B
DEFHETHEFNV I/ NTERIZ L Y BB, I, ERERD R,

B 3% KREFXEBEHREDIK
Table 3 Comparison of filling up density of hydrogen

Atom/cm® | Weight percent
(x10%) (%)

Gaseous hydrogen (Normal state) 5.4Xx107° 100
Liquified hydrogen (20K) 4.9 100

Metal hydride (MgH) 6.6 7.6
Metal hydride (Mg:NiH,) 5.6 3.6
Metal hydride (LaNi;Hs) 6.2 1.4
Metal hydride (TiFeH.s) 5.7 1.8
Gaseous hydrogen in high-pressure cylinder (15MPa) 0.8 1.2

Note: The weight of high-pressure cylinder is included.
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Fig.14 Distributed hydrogen fueling station having

the functions of load leveling and electrical Fig.15  Distributed hydrogen fueling station
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Fig.18 Operational schedule of distributed hydrogen fueling station
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Table 4 Factors of economical feasibility study for HHOG

Electrolysis module| Other equipments

Depreciation time Year 10 156

Rate of interest % 6 6

Rate of fixed property tax % 0.75 0.75
Rate of repairs % 1.8 1.8
Rate of salary % 0.3 0.3
Total of other rates % 2 2
Electricity cost in the night-time | Yen/kWh 3

Electricity cost in the day-time | Yen/kWh 10

Rate of operation per year % 80

bR N ANTERR M O E R

Table 5 Factors of economical feasibility study for storage tank

( , Depreciation time Year 156

A Rate of interest % 6
Rate of fixed property tax % 0.75
Rate of repairs % 1.8
Rate of salary % 0.3
Total of other rates % 2
Rate of operation per year % 80

6 R MEELORBMEEm IR

Table 6 Factors of economical feasibility study for fuel cell

Cell module | Other equipments

Depreciation time Year 10 15

Rate of interest % 6 6

Rate of fixed property tax % 0.75 0.75
Rate of repairs % 1.8 1.8
Rate of salary % 0.3 0.3
Total of other rates % 2 2

Rate of operation per year % 80
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1
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Table 8 Economical feasibility of distributed hydrogen fueling station having the functions of load leveling
and generation of electricity (for load leveling)

Proportional division rate

Capital cost

Cost of system

Cost of electricity

to operation hours (X100 million yen) (X1000 yen/kW) (Yen/kWh)
HHOG 6/21 0.69
Storage tank 9/24 0.38
Fuel cell 3/24 0.45 63 22
Total - 1.52
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Table 9 Economical feasibility of distributed hydrogen fueling
station having the functions of load leveling and
generation of electricity (for hydrogen fueling)

Proportional division rate| Capital cost | Cost of hydrogen
to operation hours (X100 million yen) | (Yen/Nm?)
HHOG 15/21 1.71
Storage tank 15/24 0.63 69
Fuel cell - -
Total — —
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Tablel0 Economical feasibility of distributed hydrogen fueling station

Capital cost Cost of hydrogen
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Effect of vibration on rejection characteristic of membrane
in Vibratory Shear Enhanced Processing

(BOBFFERSEEREE 3 B 78E
# B W #®
Katsuyoshi Tanid
uusuyosh Tanidy

H
Kazutaka Takata

IREYIUIR B B OIREN AR O ML AR~ KT 2B % NaCl KBz ¥ > Ve LTHE L,
ZOFER, BeRESEL EMIERPERT LI EDVTh ol TOAHZALE, BERADRRE
MEFL, BEERENE R LICLD, 2O EBMEICEM T 5 729012820 CaSO,
B O TTRENC L Z2REREAND A7 =) ¥ ZRIERIRIZOWTHRE 21T > 72, ZORR, #RE)
2 L THERBREASHIET I 508 LT, RERE S EEBREIXIT LA LKRTEY, #
3 HERME X TIRAEZAT ) Z LAVT &2, TAUIIRENIC X D) NaCl R & [F Ak B 0 i BE 23
BTY 5720, CaSO. DA HRFRELUT THRIFTE LI LIZL 5,

Effect of vibration generated by Vibratory Shear Enhanced Processing on rejection
characteristic of membrane was investigated using NaCl solution as a sample. The
result shows that NaCl rejection was increased with vibration. The mechanism of
increase of NaCl rejection is that concentration at membrane surface decreases and
thickness of concentration boundary layer becomes thin by vibration of membrane. In
order to apply this characteristics to an actual industrial application, effect of
vibration on prevention of scaling to the surface of a membrane was investigated using
saturated CaSO; solution. The result shows that permeate flux decreased rapidly by a
cross-flow filtration without vibration. Compared with cross-flow filtration, pemeate
flux keeps high value and the solution could be concentrated to about 3 times
concentration with vibration. This result is caused by a possibility of operation under
limit deposited concentration of CaSO. because concentration at membrane surface
decreases in the same mechanism as NaCl rejection by vibration.

Key Words :
i 5 e Membrane separation
i )] Vibration
A B # O Shear rate
Mok 5 % Rejection characteristic
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Table 1 Results of calculation of shear rate

Amplitude at the rim of | Frequency Average Maximum Minimum
the membrane module shear rate | shear rate | shear rate

[mm] [Hz] [s7'] [s™'] [s7]

6.35 57.711 21200 28 600 11 200

12.70 58.43 42 800 57 800 22700

19.05 58.69 64 800 87600 34 300

25.4 58.84 86 800 117400 46 000

Cross flow 0.1m/s 210 — —
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Material Backi Memb cl Temperature Pressure q
ri mbrane Class

ateria acking e [c] [MPa] P
Sps* PS/PE** 90 % NaCl rejection™** 40 (60) 3 (5) 2~11

SPS: Sulfonated Polysulfone

B I3IXR FRMNEME
Table 3 Test conditions

**PS/PE: Polysulfone/Polyester

***Catalogue Specifications

Amplitude at the rim of] Pressure NaCl Temperature | Flow rate
the membrane module Concentration
[mm] [MPa] [%] [TC] [L/min]
0 0.35 0.2 20 3.5
6.35 0.69 04
12.70 1.03 0.6
19.05 1.38 0.8
25.40 1.0
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Removal Treatment of High Concentration Fe and Mn in
Well Water by Treatment of Biology and Membrane.
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High concentration Fe and Mn included in well water were removed by using the
biological treatment and the membrane filtration method. As a result, it was confirmed
that high concentration Fe was stably removed by the biological treatment. And, high
concentration Mn could be removed under low flow velocity and long contact time.

The method of removing high concentration Fe and Mn which the biological
treatment was used is gentle to the earth and suitable as the drinking water. Various
examinations are being executed about the membrane filtration now, and the result will
be reported to the next time.

Key Words :
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®1 &k FEAKE
Table 1 Quality of raw water
Sample name Unit Sample-1 Sample-2 Average
Temperature T 22.5 22.4 22.5
Turbidity ppm 33.8 14.7 24.3
Color - 150 60 105.0
pH - 6.8 6.6 6.7
Conductivity uS/cm 183 200 191.5
M-Alkalinity mg/1 as CaCOs 60.6 99.5 60.1
P-Alkalinity mg/1 as CaCOs 0 0 0
Total hardness mg/1 as CaCOs 61.6 61.4 61.5
Ca hardness mg/l as CaCOs 27.8 29.8 28.8
Ma hardness mg/1 as CaCO; 33.8 31.6 32.7
COD Mn mg/1 0.5 1.0 0.8
Free carbonic acid mg/1 18.9 29.7 24.3
Chloride ion mg/1 3.02 3.52 3.3
Sulfuric acid ion mg/1 22.9 23.5 23.2
Nitrate ion mg/1 <0.1 <0.1 <0.1
Phosphate ion mg/1 <0.1 <0.1 <0.1
Silica mg/1 63 66.1 64.6
Ammonium ion mg/1 0.02 0.16 0.09
Iron mg/1 8.2 6.56 7.4
Manganese mg/1 1.13 1.04 1.1
TOC mg/1 <0.5 <0.5 <0.5
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Removal of Humic Substances by Membrane Filtration Process

GRIBMBARE
O
Tadashi Fujii

JrimERF ﬁff?/{iﬁﬁ
N n

Rulin Bian

FEINBRRAROBESBEBOERICETE, EABRTOLAIBIT S 7 I VEOBRERFEIZOW
TORE T, REOERESMREREY 7 I VEOBRRICKELEELRIZTI VST, H
TR UFBEO7ORA70-587T1E, BHLELDIZEPICKRERGFHAXE2LO2T7IVE LR
BRETEY, F0I3L A LIS E SNTICREIISHERT 5, BB LS MF, UF, NFEA8
T, RA»SD7 I VEGTFOSEEEENPKE, BESINAT7 I VHEHDPBRRHEKISEE XS R
Bz, BEOEESBIEE S, 7 I VEOREEIEOONE, £72, BEICILTIVE
OEMEOm ERRIE, BEE0 % U EDO NFEABTROKREWI EDPHLNE ko2,

This paper dealt with the experimental results concerning the removal of humic
substances in Chitose River water by membrane filtration processes. The phenomenon
of concentration polarization influences the removal of humic substances.
Ultrafiltration (UF) operated under the cross-flow mode can remove only humic
substances with a molecular size larger than the membrane pore size. In the cross-flow
UF process, the removed humic substances were accumulated on the membrane surface.
The vibration action increased the removal efficiency of humic substances in the
microfiltration, UF and nanofiltration process. Strong shear produced by the vibration
diffused away the humic substances from the membrane surface to the bulk water,
therefore the accumulation of humic substances on/ near the membrane surface, i.e.
formation of concentration polarization boundary layer, is prohibited.

Key Words :
f % ] Membrane filtration
® B o O m Concentration polarization
7 3 v K Humic substances
7 0 A 7 0 — Cross-flow
Ik Bl Vibration
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Fig. 3 Concentration polarization model: effect of shear rate
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Graver’s Deep Bed Condensate Polisher
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Taira Yamamoto
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Takeshi Suwa

FEAICEM SN LEKRIREE2 7 T TRTERT 5L, pHRABHTH L7V E=T7 D
EHEZERBRL, BERAMPERILT 2RIMEZHELIEVIREL 2 5A, EHICBITAHEE LT
FIPITL) =2 edD R Y IF—2 3 Y NORIEHED,

DR, L#iL Graver Water System Inc. @ SepraEight® BIE Ktk & % EIN T3 9o
THAT DI LIl olz, REEIINF A BB E 7 =4 V3 BBR O EZE L FIHT 2 558
PR L 3R1C, BAEIRRE A T 2 EsRA L, JUAI Y I A= 3 v E01I% LT ICHER
L, 727 ERICER SN EELIEDHEZIT) T LD MRERTH 5,

When operated in ammonia cycle, conventional deep bed condensate polishers for
power plants can reduce ammonia consumption, allowing longer regeneration cycle of
resins. But they need measures for cross contamination to avoid sodium leakage.

The SepraEight® licensed from Graver Water System Inc., U.S.A., serves the function.
The unit can reduce cross contamination to below 0.1% with the separation mechanism
of cation and anion exchange resins according to difference of specific gravity, and a
resin interface detector installed on a transfer line.

Key Words :
TyEZTEH Ammonia cycle
"ok R Condensate polishing
18K BiMe & E Deep bed condensate polisher
FrITLAY =2 Sodium leakage
FOm oM OH Resin interface detector
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Application of the Membrane Filtration to Water-Works

(BR) BT RS 1 efr = B
ool AT |
Yasuyuki Nishikawa ‘

KBS BERIEMGERICL ZHBEHORS S, BEOBEAR=2M, 2T ARY
VusxtkE LTENEORHREYE LTV,
LHHoE~EEE (SP-MEMCOR) ZFNb0EEMMIIZ, £EEABHFNTH NV IEHBEEIH
vy, FEAROEELEEN R, MEFOMERREE HNE BEEEH S AT 212X h B IZb7:
DREDPOREIEET A LN TELEDL DR EELFE LTV A, ‘
COUHEEREENESFKIGICUHOBES BRESA S, 19984 5 H & ) BE) % FiG% 1 45 Y ‘
MU b7z TERIGEREZ M L, EREBEICBWTEE L ERENSTELI L 2R TE 1,

Membrane filtration, in general, has effective features such as easy operation and ‘
maintenance, compact space for purification facilities compared with conventional ‘
methods and as removal measure of Cryptosporidium in raw water.

In addition to these features, our system (SP-MEMCOR) has the significant
advantages described below.

1. Dead-end operation saves pump energy

2. Filtrate quality is independent of changing quality in the raw water. ‘

3. Air pulse backwash and automatic membrane monitoring guarantee safe and steady

operation for a long priod.

The system delivered in May 1998 to purification facility in Gunma has been

operating successfully for more than a year. 1

Key Words :
fEE % p2] membrane filtration L ’
E' sl H RN dead-end operation
7YY T RARY T A Cryptosporidium
¥ AN E

BKIRE A BB NGB IC L D HEREEORS
&, EBOEAR-2MEOFHEOM, 72U T
AR) VT AEE L TCOERTHDLI D,
KDL A BFN DL LE KUY AT L L
TEHIZER LIFDH TV 5,

COUHERARESE KRS ICLUHOES A E
(SP-MEMCOR) »#RE &, 199845 L h &£
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. B E 1 EAEXEE
FIZOWTHET 5, Photo.1 Membrane unit (SP-MEMCOR)
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Leachate Treatment with DT module system

(BR)FEMTERSE 1 HA =
Mooo® o —
Kazuya Uematsu

VAR, —REBEEYREAGE OB LEL E R, TIORELER L0, BEH%BO
BEHNK &M T D HER—ILL T b, ERYMO% ) 75 R OB EHZ KT, B
HIK ERO RS HZE HAKIE, COD/BOD IENE L, BEEE L L &4, »o8s Rt
WEE &7, AW FEEO AT, MELEVWKEL 2> TE TV,

DT €Y 2— VY AT A, BEKYEREREFE CLET L LDOT, AL ImEE 1+
YOBREREL D, FARKEAOUEKEGDLBEISHERD,

KUY AT hiE, FAYVTIETTIIE L OEEND AHHS, ENTIXINAFEE L ) oRMIZh:%
FEAET A P ERTC, EHE L ST E G REBEHHA BRREED RS [ 7)) — 28—
7 - 2] ORI IR S, 19994 4 H X 1 Eix 2 FG LIS E R S L Cn b,

With serious shortage of final disposal site, the recent trend is incineration of
waste for reduction of volume followed bay landfill of the fly ash. The leachate from
such landfill site is hardly treated with the system mainly of biological treatment due
to the high content of inorganic salts and high refractory matter, having high COD

| /BOD ratio, compared to the leachate from conventional landfill site, containing high
organic matter.

The DT module system, treating leachate direct with RO membrane, can remove
organic matters and inorganic ions at the same time to produce high quality water
as tap water.

The system developed by a German company has been applied to many places in L J
Germany. After a long demonstration test in Japan from 1996, the first unit was
delivered to a final disposal site, Clean Park Kinu, in Shimozuma City in Ibaraki
Pref. and has been operating successfully since April 1999.

Key Words :
B ook e B leachate treatment
HiREREAE (RO) reverse 0smosis
+ 774V — (NF) nanofilter
DT 3 o2 — W DT module
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Table 1 Water Analysis

FHEKESLERE X 1 B HT0.1~04 Parameter Units Leachate | Permeate | Rejection
mS/em L #EF LR LA, 2BET (%)
. TS, pH ~ 7.2 7.2 -
E0.05 mS{cm DT&, 2IZ—ET%H BOD, mg/1 65 | ND B
E LTz, COD Mn meg/1 60.8 1.1 98.2
EEKE L REME ) B KE SS mg/1 24 ND —
L7-BBEAAThn, EEEIZOWNT T-N mg;l 9.7 | ND -
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Application of the Active Water (Alkaline Reducing Water)
Production System for Particle Cleaning

(R HEAMAREE
Vi % 5 =
Masanori Sugisawa
(BR) BT ERES 3 T eE
xRN R B

Tatsuhiko Isagawa

S/ 7 7 FEF IR OVEE LRI T 2 85K (T L ) BIoK) ok - 5 A7 A
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LR TFOBREIZHNENH L, ZOT VA RTKEFEH LB EEIC X0 BER, HKOBEL
R BLEREER R ORI SN, AEBEIREEHORBIZOEMTES2b0ELEZHN D, C

The active water (alkaline reducing water) production system has been developed to
supply water stable in quality and quantity for rinse processes of the electronics
industry. The active water, ultra purewater dissolved with hydrogen gas and alkalized
with ammonia is effective in removal of particle when used with ultrasonic energy etc.
This system also offers simplified manufacturing system and reduced consumption of
utilities and resultant wastewater. For that reason we believe alkaline reducing water
can contribute to reduce environmental impact.

Key Words :
(4 HE 7K Active (Advanced) water L ‘
Py JC Reduction
RO OB Environmental impact
(G A S R < Particle removal
A=A Y < 3 Ultrasonic rinsing
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1. #eEKEFRE

—HEBERIL T L I N T nDs, BFEETF
R IC BV THEH ST SRR & 13,
K(HONZH A B L VEH(WFn$50mg/ L L
T)ERBERSEER(BEREA) 24 H L OBE KL
EOYEBH T ANF -2 EH S ¢k ERT 2
Z ENLN,
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Cleaning efficiency Cleaning solution Temperature
Organic matter SPM H2S0; : Hy02=4:1 150°C

DHF HF=05% Room temperature
Particle APM NH4OH : Hz0; : H20 90°C

SC-1 =005~1:1:5

DHF HF=05% Room temperature
Metal HPM HCl: H207 : H:O=1:1:6 90°C

SC-2

DHF HF=05% Room temperature

1 RCA ptig
Fig. 1 RCA Cleaning
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90 kA S &

Vol. 43 No. 1 (1999.79)

——$




Point of use

Ultra pure water Gas dissolving equipment Mixer

Circulation tank r——@—» UF

——>[ Hz gas generator

[ NH;4OH dilution equipment ]

FAR TS ) BITKEERE T O —

Fig. 4 Flow diagram of Alkaline reducing water production system
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Point of use

P

F5 Reverse return is{o>1— 25K £ o | EISS
Fig. 5 Piping system of reverse return method at
point of use
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Fig. 6 Piping system of one way method at point
of use
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Photo.1 Alkaline reducing water production system
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Introduction of package lifting method for securing effective space
of existing foundation in multicell construction of cooling tower

(ROEERTIFSR
B Z
Yasuhiko Sakai
B HF W A
Taiji Sakai

HFE, GHEOREHFILEOBIF S o TR T W5, 19984 (2 B 3R # X JE 41 18] 47 12
2800 m’/h MEGEE 2 EHTHL LTHA L,

COWHEEHRTHEIZBT 2 —FER LT LEORRE, SR EEEHE D ICEHFLELIT
BRI ETHD, T72, BRERV\BAANERL 2 ELOFEDTDH Y, KBUZLOBMELBNT

o
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Renewal works of cooling towers have been increasing in number in recent years,
and Shinko Pantec delivered a 2800 m’/ h steel cooling tower for a certain company in
the Kanto area as renewal works in 1998.

The feature of the package lifting method in these renewal works of the cooling
towers is to enable the renewal works during a short period of periodic repairs, and
many other advantages such as the reuse of the existing foundations are insured. This
paper presents the outline of the above.

—®H A £ 7 Package lifting

W A % Cooling tower

W ok M On-ground assembly
m h i\ A Lifting device
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Table 1 Specification and weight of cooling tower

Type 4XSA-6F5B3-42G45
Water flow rate m®/h | 700X4=2 800
Inlet temperature Tl 45.0
Outlet temperature T 30.0
Wet bulb temperature Tl 26.0
Length m| 24.630
Width m | 10.802
Height m| 10.384
Number of units 4
Operating weight ton | 119.33/4units
Dry weight ton | 70.40/4units
Lifted weight ton | 32.10/2units
Load limit for crane ton | 36.90/2units
2 & % 1&8/trv  4ftds
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Fig. 1 Schematic View of Cooling Tower
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Chain block for adjustment

Wire rope No.6. 32 ¢

H340x250x 9 x 14
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Fig. 3 Lifting method
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Table2 scope of on-ground assembly
and lifting weight.

Scope of assembly (32100 kg)

Cooling tower basin 3000
Frame work 9000
Fan deck 4500
Handrail 300
Piping 2000
Casing 500
Louver 1000
Speed reducer 500
Electric motor 800
Lifting device 9000
Lifting hock 1500
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Fig. 4 Lifting device
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T E 1 #HEETHEREA

Photo.1 Foundation bed for on-ground assembly

4 ru—SrL—ViZkB5HY T (1EHE)
Photo. 4 Lifting by crawler crane (First)

BE R 2 #HIMEIETE
Photo.2 On-ground assembly completed
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Photo.5 Lifting by crawler crane (First)

EE 3 mhirA BEE 6 s0-57L—Y2kaRmh T (2M@E)
Photo.3 Lifting device Photo.6 Lifting by crawler crane (Second)
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A New Beer Yeast Tank with a Low-shear Impeller, FULLZONE
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Beer yeast is recovered from fermentation tanks and used more than several times.
Recovered yeast is stored as thick slurry in yeast tanks, where it is cooled down to a
given control temperature to protect the yeast from any degeneration. Encountered
difficulties are as follows. Thick yeast slurry is a Bingham fluid of which uniform
mixing is not easy. In addition, the yeast cells are so shear-sensitive as to be damaged
by mechanical agitation at ordinary impeller speed.

A wide-bladed impeller, FULLZONE, was tested to improve yeast tank mixing, and
modified through bench-scale to commercial-scale tests and through numerical
simulations by CFD. Finally, new yeast tanks were designed and built into an actual
beer production process. Its continuous operation for 15 months has confirmed the

Vol. 48 No. 1 (1999./9) MR S T v IR

9



following improvements and the satisfaction of sanitary requirements. Dead cell counts

detected no increase in cell damages in the new yeast tanks. Temperature distribution

in the new yeast tanks was uniform. No serious variation in the yeast cell concentra-

tion was detected of the slurry supplied from the new yeast tanks to fermentation

tanks. Slurry cooling became faster and yeast temperature was more controllable.

Impeller power was reduced to less than a quarter of existing yeast tanks.

Y- VEERS v

Introduction

Recent efforts seeking for stable and
favourable beer fermentation have found that
yeast handling is an essential factor to con-
trol beer fermentation and beer quality. After
fermentation, yeast cells are settled in the
fermentation tank, removed from it, and
collected into a yeast tank as thick slurry.
The yeast tank cools down the yeast to a
given cold temperature without serious delay,
and controls the storage temperature pre-
cisely. If not, the yeast degenerates and
causes autolysis. Then, the yeast tank hope-
fully supplies the yeast slurry of a constant
cell concentration to fermentation tanks,
because it makes control of yeast charge
amount precise and makes beer fermentation
control stable.

Existing yeast tanks employ ordinary im-
pellers, such as side-entering propellers or
top-entering pitched blade turbines, for me-
chanical agitation. Other existing yeast tanks
employ gas lift. However, two observations in
this study suggest that these existing tanks
might be unsatisfactory. One observation is
that thick yeast slurry is a Bingham fluid
with a high yield stress, 10 to 30 Pa. This
means that the uniform mixing of yeast

slurry 1s not easy for the ordinary impellers

Beer yeast tank
Mixing

Bingham fluid
CFD

Low-shear impeller

and gas lift. The other observation is tha
yeast cells are damaged by the shear stres:s
caused by impeller rotation at ordinary
speed. Therefore, medium- and high-speec
impellers are not suitable. In addition, stric
requirements for cleaning and sanitary o
yeast tanks do not allow the use of such gas
spargers with several nozzles or many holes
that gas lift might be able to bring improvec
mixing to Bingham fluid.

In chemical processes there are severa
impellers applicable to Bingham fluid mixing
such as helical ribbons, their likes, doubls
motion mixers, horizontal-shaft mixers
However, many of them do not meet th
cleaning and sanitary requirements. In thes:
years, wide-bladed and large-sized impeller:
are successfully applied for mixing in th
wide range of viscosity, by chemical indus
in Japan. One of these impellers

Fullzone of Shinko Pantec, was taken up t«

tries

improve the yeast tank mixing by Asah
breweries.
1. Requirements of yeast tank
There are five requirements which a nev
yeast tank system has to fulfil in yeas
handling.
(1) Recovered yeast is cooled down withou
serious delay. While it is stored, the yeas
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slurry temperature is controlled within a
given accuracy.

(2) The shear stress caused by
rotation does not damage the yeast cells to
increase dead cells or reduce fermentation
activity.

impeller

(3) The impeller can mix the yeast slurry so
that the discharge from the yeast tank has
an almost constant cell concentration from
the full level to empty of tank content.

(4) The impeller and tank inside are thor-
oughly cleaned by ordinary CIP instru-
ments.

(5) The new yeast tank system is free from
microbial contamination.

The first three put some limits on impel-
ler speed and impeller size, and the last
two restrict impeller structure.

Fig.l shows a design example of a new
yeast tank equipped with a modified Fullzone
impeller. The tank has a conical bottom and
no baffle plates. The conical bottom comes
from easy drainage and from fitting of dim-
ple jacket. Viscous non-Newtonian flow char-

T
4.

BIR 7V rREEERLEFLVERSY V7
Fig. 1 A new yeast tank with Fullzone impeller.

acteristics of yeast slurry allow good mixing
without baffles. Additionally, tank cleaning
by CIP becomes much easier without baffles.
Larger impeller diameter is effective to lower
impeller speed or shorten mixing period on
the use for yeast slurry of higher concentra-
tion.

2. Flow characteristics and numerical
simulations

Fig.2 shows the data of impeller torque vs.
impeller speed, measured in a 5.0m® yeast
tank with a Fullzone impeller. The measured
torque is almost constant in the lower speed
range under 10rpm. This is a typical feature
of Bingham fluid. The yield stress of this
yeast slurry is estimated about 20Pa from
the constant torque value. Over 10rpm the
impeller torque increases with the increase in
impeller speed. This means that the flow
condition changes from laminar flow to
transition flow. When an enough size of
impeller is applied, the transition of flow
brings the fluidization of all the yeast slurry
in the tank.

In Fig.2 there are several torque curves for
Newtonian fluids different from each other in
viscosity. The points where the torque curve
of yeast slurry crosses with these curves tell
that the apparent viscosity of yeast slurry
changes from 2 to 40 Pa.s, depending on

250 7 y > >
gT“ / 05:? ‘1’”’%
o S/ ; 4
/ /
/ o
E 150 S
El / /
S 100 // // v /
y S yd
/ e
/ ~ - s -
s/ P P
= . ' |

0 5 10 15 20
Impeller speed [rpm}
BN BEAI)-TOEMIVS
Fig. 2 Torque measured of yeast slurry.
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impeller speed, i.e. shear rate. Thus a rela-
tion between shear stress and shear rate for
the yeast slurry was derived from the torque
data. This relation characterises the viscosity
of yeast slurry and makes it possible to
simulate the flow in yeast tanks numerically
by computational fluid dynamics. It should be
noted here that it is difficult to measure the
same relation by rotational viscometers. The
present authors tried it, but results were
erroneously low viscosity values.

Numerical simulations were done by using
a general CFD code and an engineering work
station, to solve the flow in two yeast tanks,
one for a new tank design utilising a modi-
fied Fullzone impeller, and the other for an
existing tank design using 2-bladed pitched-
blade turbines at two stages. The simulation
results are shown in Figs.3 and 4. Fig.3
indicates flow patterns by velocity vector

(T

/\

N

I Ly

——— i e ]

c st =

S [P s
Nmee T T

Fullzone, 10 rpm

PBT, 60 rpm

EIM SmPEEREY VDRI IaL—a rTHEDS
NieTa—y—

Fig. 3 Flow patterns given by numerical simula-
tions of 5m® yeast tanks.

plots in vertical and horizontal sections
Fullzone can move all the slurry in the tan
at 10rpm, by vertically and horizontall
circulating flow. The pitched blade turbine
can hardly move the whole slurry, even s
60rpm. Stagnant regions exist by the tan
wall, between the two impellers, and near th
bottom. Fig.4 shows contour maps of shea
rate distribution in horizontal sections, unde
the same conditions as in Fig.3. The pitche
blade turbines give the maximum shear rat
of 1557 near the impeller tips. Fullzone re
duces the maximum shear rate to 1/3 of th
pitched blade turbines. The shear rate distr:
butions together with the velocity vector plot
suggest that something like a slipping surfac
is formed around the impeller, its diameter i
almost same as the impeller diamete:
Probably, this phenomenon makes yeast tan
mixing difficult and requires large impeller
for good mixing.

‘Thus, the numerical simulations of yeas
tanks have predicted the followings: existin
yeast tanks would not have enough mixin
functions to handle the yeast slurry properly
Fullzone could improve mixing of yeast slurr

as well as decrease the shear stress cause

12571

BAR BN E E— &40 T TOMRHEE S

Fig. 4 Shear rate contours under the same condi-

tions as Fig.3.
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Fig. 5 Temperature differences in a 4m® yeast tank.
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Fig. 6 Cell concentration in 5m® yeast tank dis-
charge.

by impeller rotation.
3. Operation results
3. 1 Uniformity of Tank Content

Fig.5 shows a mixing test result. The yeast
slurry was settled for 24 hours in a 4.0m®
yeast tank without cooling. This caused
temperature differences in the tank. Then it
was mixed by a Fullzone impeller with its
diameter, 60% of tank diameter, and rotated
at 20rpm. The upper and lower jackets shown
in Fig.5 were cooled while the impeller was
rotated. The temperature differences de-
creased within 0.4C in 1.5 hours. A similar
test was tried at lrpm. Temperature difference

about 1C remained after 16 hours.

Fig.6 shows another mixing tests by using
5.0m® yeast tanks with Fullzone impellers. The
tanks were filled with yeast slurry and mixed
Then,
discharged at every three hours so as to
make the tanks empty for 24 hours. Meanwhile
the impellers were rotated intermittently for

for a while. the tank content was

temperature control and mixing, and stopped
to prevent yeast cell damage. The changes in
yeast cell concentration were monitored of
the discharged slurries. Fig.6 indicates that
the concentration fluctuation for each tank is
from 1.7 to 3.5%. The concentration fluctua-
tions measured for the yeast tanks with
pitched blade turbines were 8 to 15%, not
shown in Fig.6.

Thus the new design can improve the uni-
formity of temperature in yeast tanks as well
as it decreases cell concentration fluctuation
on yeast supply.

3. 2 Effects of Shear Stress on Yeast

After 12 hours of mixing, damages to yeast
cells were inspected by an electron micro-
scope. Typical results are shown in Fig.7 by
photos. A yeast cell is broken and two cells
have their surfaces cracked by the impeller

Vol. 43 No. 1 (1999/9)
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\A2,
Pitched blade turbines
87 L2 HERE SN -BEBREOEE (50001%)

Fig. 7 Yeast cell photos after 12 hour mixing
(X5000)

Fullzone

shear of the pitched blade turbines. No dam-
age is observed in the photo of yeast cells
agitated by Fullzone.

Effects of shear stress on yeast can be
evaluated by leakage of substance from yeast
cells, i.e. comparing the rate of pH change or
of protein concentration change in centri-
fuged supernatant of yeast slurry agitated by
those impellers. Fig.8 shows an example of
these comparisons. The rate of pH change is
decreased to a half by Fullzone as compared
with the pitched blade turbines. The similar
tendency was observed about the rate of
protein concentration change. These results
together with the shear rate distributions in
Fig.4 suggest that even Fullzone impellers
might give the yeast cells some damage at
the impeller tips unless impeller speed and
mixing period are carefully restricted. This
thought led to an idea that Fullzone should
be modified to lower impeller speed and
shorten mixing period, i.e. to lessen yeast cell
damages, by larger impeller diameter such as
shown in Figs.l and 3. Added tests have
shown that the rate of pH change can be still
decreased by this modification.

Another test to quantify yeast cell damages
in yeast tanks is dead cell count. The test
results are shown in Fig.9, which compares
the viable yeast cell percentage on the yeast
slurry arrival to yeast tanks, with that after

5.45-

5401 X

pH

5.35 —O— PBT 58 rpm
—O— Fullzone 20 rpm

5.300__ ' | 1 ) i
0 2 4 6 8 10 12

Time  [hr]
B8 WHIZLHEEXT) —0pH DAL
Fig. 8 Change in slurry pH by mixing.

All  the
equipped with Fullzone

two days storage in yeast tanks.
tanks used were
impellers, different from each other in diame
ter. The decrease in the yeast cell viability is
negligibly small or not observed. The larges
impeller tends to bring less decrease in the
yeast cell viability. The tank YT-7, having its
impeller diameter such as shown in Fig.3
resulted in no decrease in the yeast cel
viability.
3. 3 Cooling

Yeast tanks are cooled by a cooling me
dium flowing in jackets. Fig.3 suggests that 1
might be difficult for the existing tank desig:
to cool the yeast slurry uniformly. If the
yeast slurry is stagnant by the tank wall
cooling must be very slow at tank core al
though it might be faster near the jacke
surface. There are no data available to con
firm this suggestion. However, it was experi
enced that the temperature increase of the
cooling medium between jacket inlet anc
outlet was so small in cooling operation bs
pitched blade turbines that moisture in the
air was widely frozen on the outside surface:
of jacket. When Fullzone was tested, ther:
was almost no frost on the jacket outsid
surfaces, i.e. jacket heat transfer becams
much faster. Some estimations show tha
heat transfer coefficient increases more thai

twice.
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3. 4 Impeller power
Fullzone’s impeller power is easily calcu-

lated from the torque data in Fig.2. It is as

follows; 0.07kW at 5rpm, 0.14kW at 10rpm,
and 0.37kW at 18rpm, for 5kL yeast slurry.

The pitched blade turbines shown in Fig.3

require 2.3kW at 60rpm for the same amount

of yeast slurry.

3. 5 Sanitariness
The yeast tanks with Fullzone impellers

were operated in an actual beer production
process for 15 months. Meanwhile samples of
yeast slurry were taken from the yeast
charge lines to fermentation tanks and were
inspected to confirm that there was no mi-
crobial contamination. The drain after CIP
operations of the yeast tanks was also in-
spected periodically. No contamination was
found. Thus, the new yeast tank design is
verified to have enough sanitariness required
for the beer production.

Conclusion
A new yeast tank design, modifying Fullzone

as a low-shear impeller, was applied to an

actual beer production process, and was

found to be effective in the following im-

provements:

(1) Temperature distribution was more uni-
form in the new yeast tanks.

(2) No serious variation in the yeast cell
concentration was detected of the slurry
supplid from the new yeast tanks to fer-
mentation tanks.

(3) Dead cell counts detected no increase in
the new yeast tanks.

(4) Slurry cooling became faster and yeast
temperature was more controllable.

(5) Impeller power was reduced to less than

100

(%)
4%

Cell viability

801

[ Before storage
After storage

70

EOX

YT- YT YT-
Bay 702 HERE LCROWEERFED
Pl

Yeast cell viability before and after 2-days
storage.

Fig. 9

a quarter of the existing yeast tanks.

Faster cooling or more uniform mixing
requires higher speed of impeller rotation
however, this can cause increase in yeast cel
damages. When cooling is too slow, or stor
age temperature fluctuates too largely, the
yeast degenerates. When yeast supply concen
tration fluctuates too largely, easy control o:
yeast charge amount is lost. There must be
the best decision of impeller speed in cooling
storage temperature control, and attaining
uniformity of cell concentration in yeas
slurry supply to fermentation tanks, so tha
the yeast can maintain its best fermentatior
ability and the beer fermentation becomes
most controllable. It is reasonable to thinl
that this decision will be influenced by the
difference in biological properties of various
species of yeast. Future works are expectec
to explain how the decision should be made.
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Material Recycle Technology of Expanded
Polystyrene (EPS)

pyxzrv= 7')/7’f‘[§
&7 T
Teruo Imanaka

HEHENC BT, 19T0ERICHTH T INEBEE LTOTIAF v 7 )AL I VB0 —XT y
TENZ D BHY, BEBEOMBELREIZLY), BREINDICEEL o7, £EIAHD, 1990
EPERRATCOREMENOFEBENT T Y L/, BVEICBVWTLTIRAF v 7 )47 VHEE
EHESMICEELRRELRoTW5,

KBTI, AEENTVEERE2HVWTREAFO— (EPS) O 7Y T7NY A 7 VHfiz
HMAT5hH, EPSiE, 79AF v 7ORTHEEHL DLV T A7 NVIZEHYEENTELBDD—D2T
bbb, Tz, TIAF V7 IVHA I NVOBBEOLIP TR TITNVITAZVHFET Lk
EbNTWEA, ESPOUYHA I VHEZFDIZLEALD, EHEFETTTFIYTNVITFAL 2N
ENTWb, oT, T7I9RF v 7DV A I NEEZLIZHIZD, EPSOTT) TV
A INEBEL LD,

In Japan, plastic recycle appeared close-up as urban refuse disposal in the 1970s, but
it was not settled because of economical problem. After 1990, plastic recycle has became
a social problem with an upsurge of a critical mind for international environmental
issue, again.

Material recycle technology of EPS (Expanded Polystyrene) is shown using published
materials in this paper. EPS has been recycled from old in comparison with other
plastics. And, the main method of EPS recycle is material recycle recieved better
appreciation as one of ideal methods. Therefore, EPS recycle system is a good guide to
the study of overall plastic recycle systems.

<TUTNIFA TN Material recycle

X K B #H Natual solvent
o9 = & Volumeric reduction
I 7 & N EXEVA

1

A
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PMN%UI%»V%»7&V—%)&@@7?
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AFy 7 & QRBBIZHHEENTHWBETTHY, HAFRIBEENTHE, L Lk, LALEDS,
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REMND ﬁ%@ﬂ#ﬁbn&wﬂ*ﬁ#ﬁw o gRTw, $hbbaRER LR T, v )Y
EHRHAMLTOVWTSSIAFy 7%, LREOTT R AT MZESTIERADAY Y F2FoTwns, &
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—— Site of release of used EPS

L Solvent dissolution of EPS J

Exclusive recycle plant
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Fig. 4 EPS recycle flow by use of petroleum solvent
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Table 1 A kind and characteristics of natural solvent for volumeric reduction

Method SONY STYRO JAPAN
Name . _ d-limonene STYRO SOLVE
(citrus fruits-vegetable 0il/ORANGE OIL) (Ester-vegetable oil)
Manufacture Yasuhara Chemical Co., Ltd. International Form Solution INC.
Number of volumeric reduction 1/25 1/50~1/100
Flush temperature 48 C 95 C over

Others

Specific gravity (20 C)0.844

Viscosity (25 C) 0.98¢cp

Boiling point 175~179 C

Solubility Insoluble for water
Soluble for IPA

FDA qualified product

Molecular structure

CHas
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Fig. 6 Solubility capacity of d-limonene
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Hot oil 7 outlet
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=7 EXEVA O#EX
Fig. 7 Structure of EXEVA

5 2 & EXEVA O HHET— 5 HV
Table 2 EXEVA’s test data of impurity distillation
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FESELTWS, ZORRIIW2PEZ LN
A%, B EPS OEECTEN, BHEISEERIER DR
VAFLYDRALREPHEESNS, V=—FHEZ
ONEBOM EEBIRL, d-UER IO EMRIRET
Bifed s HEEAMERTHLEHREONTVS,
5. UtA 7ILOBEM%E
BEEIZOVWTAEENTWAETF—FiklgL AL
|V, 22T, BIBROKRBHEH Y12
VTSIV MBS, MEaX POREZEEDR
FEDD EIH LD,
EBLTEN, Wi 2ton/H, EiE 3 A
DEETS Y EEZ D,
1) FEYE
CCTREBICRRBARITL: 1 OETHREIN
TWaB 7 v, BI#tE 2B THAE TS Y MET
WETHIAMRRENEE TS, 2ton ?d EPS A

[x10¢]
35 a
____________________ W | Volumeric
X reduction
v — . _A ) d-limonene

Weight average molecular weight of polystyreme {Mw]

10- Volumeric
reduction
5k by heating
0 10 20 30 40 50 60
Heating time [minute]
E8 s L 55 FEET?

Fig. 8 Lowering of molecular weight by heating time

Feed Discharge Operating Data
Product Rate | Polymer | Viscocity | Rate |Solvent/Monomer | Viscocity | Press. | Temp.
kg/m*/h % Pa's | kg/m’/h % Pa-s Torr | Deg.
PVA 175 38 0.25 67 1.0 44 264 220
EPOXY RESIN 90 25 15 23 1.1 5000 10 230
EPOXY RESIN 75 98.9 3500 74 0.005 3500 S 240
AS 400 49 500 206 4.8 3000 503 260
AS 110 99.8 2500 110 0.01 1000 5 235
FLUOROPLASTICS 150 60 30 90 0.8 3100 6 92
SILICONE RESIN 150 97.3 300 146 0.43 300 0.5 190
MMA 150 99 3500 149 0.07 600 30 235
PS 150 97.2 2500 146 0.015 350 1 160
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High Voltage Pulse Gas Treatment

(BOWIERMFEEE 2 BiRE
/J\ ‘%‘ IE ?@

Masahiro Ogura

EEE/CIVAREBLIEIZ, VYV, STUYINERRBICERBESELIEIICLY, G OSE,
BEZITIOTLVRERIL 7O XA THE, BBE/SIVAREEXREBELEBRARAZ INN—%lAED
WV ATFLCEY, RVATVTe FEFETADRE TV, 92 %DOSRENE LT,

High Voltage Pulse Treatment is a new advanced oxidation process which promotes

the oxidation of the organic compounds and disinfection by means of ozone and

radicals.

The removal ratio of formaldehyde (HCHO) from atomospheric pressure gas stream
is 92 %, using the combination of High Voltage Pulse Treatment and wet scrubber.

v M

EREAERILEY

¥ 2N X

EBEENSVA EEHBEH/NSVWERLANVY %
EEORMERL, A4 v FEEIC L ) BERICHRE
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INEHELAEBEE VAKLEEEZ, KEIC
INEETEFVY, TVAN, HERESRREC
WIS RYAMEH S AT L WO ADEETDH
D, B CREELE IV AREDE KM EE
WZDOWTHBIEAN L —F, BEESVARE

High voltage pulse
Discharge

Ozone

Volatile organic compounds

12 VOC, NOx 2 EDEEME % &L HEN R ML
LEHRETDH 5,

WA, WEELZFAL-ERYSHE LT VOCHR
HAFEHEINTWS, VOC (FEREEBRILEW)
FHIERERE L NV CTOMEE LTHYEENTEY
K TREERRADD & 128k LWRERH AT
nTwb, BKTo VOCHEHERMOESEE X
HALFEA F 3 ¥ M X BFEMRBEOE & FES
K[IEEME I X A REEEOHHITH 5,2
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Fig. 1 Schematic illustration of high voltage pulse treatment system for gas.
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CO —— CO.
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2 FNVLT VT e FOKRELBIZBIT B SER

Fig. 2 Reaction pathway for discharge treatment
of HCHO.
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Fig. 3 Flow diagram of water-air mixture treatment of HCHO
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Fig. 4 Flow diagram of discharge and scrubber treatment of HCHO
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Introduction of the magnetron sputtering equipment
and application examples

(B FRFE RIS RIRE

BE A 5
Tomoharu Maeseto
= JII oF

Mamoru Miyagawa

Fr-REREFME LT 7R IO YR80 Y U FIZEBL, OV 7D MLAT TRKREL
WDDCRITADMNOAVANY SV IEBTEA L, REBOEEL LT, 3EHEOY—F v D
FEEL D AR, A4 Y E—AIX TV ITMBEOZODOKRBOAF Y E—LV—A (Max 40
keV, Max 50mA, 44 v E—ABHEHEE 100cm?), ZTvEa—% V7 MILAFRL—T3
VHIESEITONG, B L L CTERES TERLEEL~NOEEBEI—T 1 V7, F5A54
VT EAD SO —F 4 YT EBANLI,

The DC magnetron sputtering equipment has been introduced as a new surface
treatment technology from Tomsk polytechnical university which is located near
Novosibirsk (central area of Russia). Features of this magnetron sputtering equipment
are 3 kinds of targets available simultanously, the large ion beam source (Max 40keV,
Max 50 mA, beam crossing area 100 cm®) for the ion beam mixing treatment, computer
control soft for operation and so on. Noble metals coating on the solid polymer
electrolyte and SiO, coating on the glass lining layer are introduced as application
examples.

£ @ o H Surface treatment
BEI—T1 7 Thin film coating
A ba RNy ¥ 7 Magnetron sputtering
AFE—LIFIVT Ion beam mixing

b % (3 Adhesion
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Glass-Lined Sampling Device
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DT HIERRDLENTVE, TOLIRERIIGZONETFASA =V TE#Y Y TY) v T

FE (Fild) 2HENT 5,

With the rapid progress of the multi-grade production system in industry, more

severe quality control in production process using Glass-Lined vessels has been
required. For this purpose it is necessary for the process liquid to be sampled and

analyzed safely and timely.

To satisfy these customers’ needs we have newly developed Glass-Lined Sampling

Device.

¥ A b &

HEN O REDOT T v g, =V k—v%E
B L TR & o TRAH T &) B 2 E%
Ko TWwAHAELH L, T0L ) REEE, &k
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HKBOREMENKETFE L2V, FALEAML
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PrEEDH S,

TIRAGAZ Y TEY V7 v FEBIIEND
FEREDLVIZETFRETH->TH, BELZ LT
BIECEoC, VEERREIV VYTV T TES,
¥/, HEOEE ) ANVICRYMNIT2EETH BT
D, BRI IATA =V FERICDRETE S,

Sampling

1. >y 5
HEEOEER
BT TEE(ER
H1)ORFRTRIZRT,
1) Bwid&Ed . Bl
RO B XA D
BEN-HFA, BLO
M7y {tBiETH s,
2) BEEME : ERN
VTEBEIZEY, &
HRICRESI N R
FIESH»SHEED
WDy 7) v TH
HEETH 5,

BER 1 FUr) s rEE
Photo.1 Sampling device
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3) Bl vV A- VORI RETHY, 1FE
ZEHMEMTCOREVHRFTE S,
4) BEREME  HEHNDSIIESD 2 WIZEZERETH- T
bRy, RS BREFOERZMETE 5,
5) BN - WIROWIMHEIHEITERTDH D,
B OUEEI T TH 5,
2. HBEBED LUBRME
V7)) FEBEOBEREYE 1KIIRT,
TIRTA =y FERGIEERE T T VTR
N —BTHBENT VA, FIATA =V 75

! Check valve

AL

-

;

Fitting for vacuum supply,
cleaning and gass blow
[W/valve]

Sampling liquid holder

o]

ﬁ—{ Sampling hole| [W/valve]

[350]

F';_L . Valve
{L—_I— = Orifice
1 |
0
[ T H
g g
s s

Glass-Lined dip pipe

JI_

/FI
| ! J
‘)‘ [$19]
e L9271

&1 FrT) O TEBOEE
Fig. 1 Construction of the sampling device
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HIBOED LT 75 ¥ VERIZIZ SV THHUY A1)
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DHHEBI %o
3. EBGEHMItRH L HEESTE
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FRENDREDT T AT A = 7 ESERICEH
TEHDIDEEZ D,

5 [ EHIEE 2 RICARTIRETEZ BiF LT\ 5
A, F 7V avARE LT, 100 mm ROTOREE
DIARETH D, HBEEET A4 X1Z1000Lt 20 5
8000Lt TH Y, YT/, ANix80A b LI
100AD2EETH S, 2B, HEDEIE, —hbd
ETOF AL REBTH 5,

B E 2 F9RA5A4 = TREFIEDKHSE
Photo.2 The tip of the Glass-Lined suction tube
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Table 1 Specifications of the sampling device

BIKR FIATA = FEEE|EOEETE
Table 2 Standard dimensions of the Glass-Lined
suction tubes

Design press. F.V.~1MPa Dia. Flange size Length (mm)
Design temp. —20~1807C 50A JIS10K 80 1400
Sample volume Approx. 100ml
1400
80A JISI0K100 1800
2500

Time START 2 sec.

4 sec.
(DSample liquid : Aceton
®@Density : 0.79
(®Suction pressure : 100 torr

@®Diameter of orifice : ¢ 2

B XK 3 Y7l (BH) OW5IIRRT
Photo.3 The sample (solvent) sucked into sight glass
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TEL 0794 - 36 - 2510
FAX 079 -36-2578
E-mail t.enomoto@pantec. co.jp
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Eco Analytical Laboratory

REMTL 5 —
% oM %
Naomi Mizuka
H H B ¥
Akiko Tanaka
yal H # F

Noriko Ishi(/i\a

So far, our environmental analysis, mainly water quality analysis, has been done at
one section of The Environmental Systems Div. to support their R&D and business
related to the environment.

This time, with the extension of Technical Research Center, Eco Analytical
Laboratory was established in this Center to provide further rapid and precise analysis
for accelerating our technicel development and to meet the socially increasing needs of
endocrin disruptors’ analyses including dioxins and coplanar-PCB.

Key Words :

E OB 45
a0 B %
mE KRNV E L

¥ Zh E

REMESED O L) ICFEK EL2EDLSTH, 4
M4 5 =— XS, BELSHHAM =&
kKEnse-TE,

I THHOLAGHIL, KEEY Y A A IZE
T BKEGHEEE LT, BIEEEREELRN T
TW/2ds, ERUNDOKRZR T A, BEEROGH, #
DABEAFEIZBI# T 2 FEBR TSR 1L, THUERE 2
TIT ) 2 L WEAMEGHTICHE > Tz,

DI OEMBF AT oM % I, HRST 24
FAEL, S ArEili o h) b & daE TIERE 2k R ot
21T LB, REHEHNERDBE NS4+
VH, MBEARNVECVHEESEOH - - X225
NDOHOBEMEEE LT [BREMIEry—] %
AL L7z,

WA i3 LA B geAr C B (BER%AH) 4 B, B
7R, MVEICIHA ARG R G L STE S,

Environmental analysis
Analytical instrument
Endocrine disruptor

HAE IR 000 m* T, BRI AUALEL R o ff B 38 5
FILBHEFLEEN 20, HIENRERZLIZ
XEH, SHICHLEE L EIERICTE LTS,

F oY OBEFM D S OSBRIBADIHEYED %
WX BEH, Rot EiIFS+5#E L,

ANBIZ, BB EBRETOSHME % i,
TA XX Y EEOMEBACEYE OB ERNE % Wik
L, 20B&%TAY— b L7,

LYy —DELGHEEE EEHE1RIRL,
RICEBOWNBIZOWTHENT S,

1. EREDHT
1.1 £B8OSH

SRBEOSAIIEL, BTRERERT, FEES
7T A HHGNHEE (LU, ICP-AES), i
BT T AEEGHER (LLF, ICP-MS) % &0
GIEEEZHCT, ZRFNOEBORM AL
THEVGT, HIEEIT->Tn5,
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Table 1 Main Analytical Instruments

Measured Substances

(2) SEIKO-INSTRUMENTS SAST7500
SEIKO-INSTRUMENTS SPS1500VR
SEIKO-INSTRUMENTS SPQ8000

1) BRAN+LUEBBE Autoanalyzer Il
2) YOKOGAWA-ANALYTICAL HP58%0

YOKOGAWA-ANALYTICAL HP58%0

) Micromass AutoSpec-Ultima

MITSUBISHI-CHEMICAL TOX-10%

Instruments Manufacturers, Models
1] AAS (1) SHIMADZU 6600F
ICP-AES
ICP-MS
IC (Ion Chromatography) (1) DIONEX 200isp
(2) DIONEX DX-120
(3) YOKOGAWA-ANALYTICAL
5 | Auto Analyzer (
(2) BRAN+LUEBBE TRAACS8000
6 | GC-ECD (1) SHIMADZU GC-14B
GC-FID (
GC-FPD (3)
7| GC-MS (1) SHIMADZU QP-1100
(2) SHIMADZU QP-5000 P&T
(3) SHIMADZU QP-5000 HS
HRGC-HRMS (High Resolution Type) | (4
HPLC SHIMADZU LC-10
TOC-analyzer (Total Organic Carbon) | (1) SHIMADZU TOC-5000
(2) SHIMADZU TOC-5000A
(3) TOKICO TOC-1000
10| TOD-meter (Total Oxygen Demand) | YUASA-IONEX
11| TOX-analyzer (Total Organic Halogen)
12| T-N-analyzer (Total Nitrogen) MITSUBISHI-CHEMICAL TN-05

Metals in waste water
Trace metals

Metals in municipal water
Ultratrace metals

Anions

Cations

Micro anions

Ionized silica

Ammonium, Phosphate
Trihalomethane

Volatile fatty acids
DMSO

Agricultural chemicals
VOC
VvOC

Dioxins

¢“ o

Agricultural chemicals

TOC in waste water
TOC in municipal water
TOC in pure water

TOD in waste water
Organic halogen compounds

Total nitrogen

AAS:Atomic Absorption Spectrometer
ICP:Inductively Coupled Plasma

AES:Atomic Emission Spectrometer
GC:Gas Chromatograph

MS:Mass Spectrometer
ECD:Electoron Capture Detector

FID:Flame Ionization Detector FPD:Flame Photometric Detector HPLC:High Performance Liquid chromatograph

1. 1.1 FEFBotness
RIETHEOWEN BN E (, BEROX T+
VANBESTHE LV FENH LA, BMILED
EVHWBIEN R DO TRIEGHIZTE v,
BEFALDOFEIKRINL T, {bFREH LT L — A
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1. 1. 2 ICP-AES#:
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1. 1. 3 ICP-MS#:
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FEEBEILFI, A yr2ux b5 78—}
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Photo.1 Analytical instruments
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TEL 078-992-6517
FAX 078-992- 6536
E-mail n.miduka@pantec. co.jp

BET ey ¥ —

TEL 078-992-6517
FAX 078-992 - 6536
E-mail a.tanaka@pantec. co.jp
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TEL 078-992-6517
FAX 078-992-6536
E-mail n.ishida@pantec. co.jp
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TECHNICAL NOTE

[HERMORREEET O+ ADKE ]

Design for the culture process of
fungi using urethane foam carriers

A

H I L & T A MEROEE LR ERN,
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FETIE, BEA 1 mm T OMRF2 58 cm 1253
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1. FBRZEEE O IDEE

R R EEDT-OIZIE, BIEKORE, HEE
FEALFT RS L UM RS M L Ui 7 O £ R,
VT s — T B ENEEE 25, BEW
K@ 702 EREREE 7O X OB R HEER

1

Specific Metabolic z -
Consumption rate
Specific process z —

Oz uptake rate
] ]
]

Spec. growth rate

Spec. production rate

Process variable : X

I50 conc.

Specific rate : q

= a

— DO 02 - Spec. Oz uptake rate
Metabolite conc. — P Enviro. =z — Spec. production rate
Microorganism conc. — X process u — Spec. growth rate
Substrate conc. — S v — Spec. substrate
pH, Temperature — pll, T Spec. Consumption rate

Operational variable : u
Amount of substrate, Amount of broth
Amount of UFC, Air flow rate

FIR REESOEAOBEKRN
Fig. 1 Schematic diagram o
cultivation process
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Turburent-circulation flow Stugging flow

(m/s]

ransition
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Ue

Uniform

bubbling flow
| i I |

09 ) 04 06

ebp  [-]

2 FBRIZBIT Akall Bl T Uc ke, , DS
Fig. 2 Effects of Ue and g,, on kia in FBR

Stagnant zone

kraf Ug,0,0,0] Bubble column

Fluidized bed bioreactor

[ W.lo, o ]

[ebp }—{ ] a=kralUs,ebp,0,01/ kza[Us,0,0,0]

(2] £ = kralUs, bp, X0}/ kral Us, £bp,0,0)
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Y
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F£IM kanitE7o-Fr-+t
Fig. 3 Flow chart of the calculation of kia
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@ Fluidized bed bioreactor. @ Gas flow meter.

® Humidifier. @ Sterilized water. ® HCI strage bottle.
® Antifoam strage bottle. @ Drain pipe.

Sampling pipe @ Perforated plate

FAM RBBEFBIBOT7O-FA4YT I
Fig. 4 Schematic flow diagram of the FBR using
urethan foam carriers
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