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Elimination of Excess Sludge Disposal with Thermophilic Bacteria
in Activated Sludge System

Development of High Rate Anaerobic Treatment System

Systematization of PABIO MOVER (Moving bed aerobic biofilm
treatment process for high loading)

Studies on the Heating-up Waterworks Sludge to Enbhance
Dewatering Speed of PED

Appliqation of PANBIC-G System to Waste beer

Oil Refinery Wastewater Treatment with Multistage Fluidized-Bed

- Activated Carbon Adsorption Equipment

':'_‘D‘ri'nking Water treatment using membrane separation technology

Lakgeéséé!éfcommercia! water electrolyzer “HHOG®” on-site system

“for, generating high-purity hydrogen and oxygen gases

High Rate Sedimentation Unit [Super Thickener]

Open air cleaning apparatus for clean room

The GMP/VaIidation of Conical Dryer Blender

A pilot_' Reactor system for versatile mixing tests
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The Pressurized Electroosmotic Dehydrator “SUPER FILTRON™ is an innovative
dehydrator, applying the phenomena of electrophoresis and electroosmosis.

The prize of the Minister of Inlernational Trade and Industry was awarded in June
1992 for its more effective dehydration that the conventional mechanical dehydrators
could not achieve.

The first SUPER FILTRON for water works was put into operation by Hanshin Water

Supply Authorily. The recent order for a large scale waler purificalion plant in
Kanagawa Pref. (over one ‘million m’,“d) is expected to prompt future orders.
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Elimination of Excess Sludge Disposal with

Thermophilic Bacteria in Activated Sludge System (mﬁﬁﬁ’“%%;ﬁs &
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A recent study on the thermophilic bacteria revealed that it can solubilize biological sludge.
Based on the study, a method has been established to significantly reduce the generation of
excess sludge in activated sludge system with the thermophilic bacteria in an experimental unit.
The unit is mainly composed of three tanks for aeration, settling and sludge solubilization. The
excess sludge was solubilized with thermophilic bacteria in the solubilization tank and returned
to the aeration tank. When all solubilized sludge was returned to the reactor, excess sludge was
not sufficiently reduced. The sludge concentration in the aeration tank showed a tendency to
increase until sludge disposal was conducted. Increasing the solubilized sludge by three times
could get rid of the need of sludge disposal. Although the counts of active bacteria in the
activated sludge was on a slight descending trend, the BOD concentrations remained low. The
COD concentrations in the treated water showed an upward trend. The calculated running cost of
the system is about one third or one half compared to the dewatering and landfill processes in
the conventional activated sludge system. ‘
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Tablel List of low sludge yield process

. Extended Biological
conventional aeration film
BOD Loading rate [kg-BOD-m™:d™']| 0.3~0.8 0.09~0.2 5
Sludge Yield (kg-SS-kg-BOD™] 04~06 0.3~0.4 0.25~0.3
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SRBERBEERZHE L CEE SN BEGREES T
BEL, 2LTC, WEbBERyBRE RS L TERILT
LT LT, KRERPEEL 2WEEHFR O LA
PERISNDEZ LD, RICFOFEEEHHT 5,
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Aeration tank

Qo, Xo Qo-Qw, Xe Qo, Xo Qo, Xe
V, X V, X
Aeration tank Return sludge
Solubilized sludge Excess
Qs, Xse sludge
Excess sludge Qs, Xs
Return sludge Qw, Xw
Sludge solubilization tank
(a) Conventional process (b) Zero-discharge process
£ 1E BROLECEEGET A

Fig. 1 Zero-discharge activated sludge process
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Excess sludge Exhaust

Treated sludge
Air

Heater

F2E

THIER B LA
Fig. 2 Sludge solubilization tank

T EE[% ] =(1 —TEfk#%E O VSS /I % 1LEi o VSS)
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V(dX/dt)=Ys- Q- A4S+ - Xo

—{(QO_Qw)Xe+Qw 'le (D

]

Vo BRSAEERE (1]
X  BRENHREE [mg-1]
Yo : JiA BOD iZxtd 5 AP OFRINE [—]
A4S : %= BOD & [mg-[Y]
Xo : ATGRIEE [mg- 1]
X, : LEKERIEE [mg-17']
Xy : BEFEREE [(mg 1)
Qo : WAKE [1-d7]
Qu : FEIFRG HE (I-d7'] THD,
Xo=0, Xe=0& L, EERELRET S &, (NEX
RDEIIRD,

Qu=Yo Q- 4S/Xu (2)
AiETIE,
V(dX/dt)=Ys - Qo - AS+Qo - Xo+ Qs * Xee

+Y; ° Qs{ (1—1/100)X§_Xse}_(Q0 * X2+Qs * Xs) (3)

T,
Y. WA LIETRICA T B AT OERIEE [—]
X {HFRWEE~ORATERIEE [mg 1]
X : (5RATHALED S O BB REE [mg- 1]
Qs : FRERTHELE [1-d']
I HRTEEICBT 5 EREE (%] THbH,
Xo=0, Xe=0& L, EEREZHETS L,
BRERRDE Ik B,

-
—

Waste water

Settling tank

Aeration

tank i
Treated
water

Return sludge

Excess sludge

Solubilized
sludge

Sludge solubilization tank
E3IRE EBEIU-—
Fig. 3 Experimental flow
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THETH D,
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U778 =3B 2B IR BB 2ION T AR v —
Tr—Ary—wHWiz, 20T E—I2FERY BN
WHERE L. ERIREEE6S C, B EE300rpm, #H5 =04
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82 & HRUBLEOFHRT HREE (NLEEK)
Table2 Operating conditions on sludge solubilization
tank (Artificial wastewater)

Run No. 1 2 3 4

Sludge disposal on conventional process  Qu [L-d™']| 1.8 — — —

Sludge disposal on zero-discharge process @' [Ld™]| — 1.1 0.4 0

Solubilized sludge Q [L-d™]] ¢ 1.8 3.6 5.4

Q/Qu =] o 1 2 3

2. 2 ZRBEFREELLEVESBEIOEX
2. 2.1 EBEE

FIMICEBREBOMELYRT . BAMITANBREW!
oM hEREIE 2 & L, HIRTEbEI 2 1.
STHWET TG ARM D y— 77— 2 ¥ =% v,

2. 2.2 F K

FkE LTk, PGY NLBEH & b5 L HEH REA
BEK % v,

ATEBEIZTRYRT Ny Va—R BRI XA=1 :
1.5:025 L, IEDBEICABRL CHVw:, ZELL
B AT A0, HRT2ERMBIHVEC LD, FEK
BOD#E% 1200mg- ' £ B LTBODAERAWEH
0.6kg-m 2 -dMIRE L. T/, LFELEEKITER
BoOFEMAL (BOD=1500mg-[*), BODHZHEAM%
#0.7kg m 2 dHIZRREL,

2. 2. 3 EBHE

E2RICALEKRE AW ERIIBT 2FHRTEBLED
HIRS REGZ R,

RUN-1 CidiERTE {UE L HHET, REFGRY R4~
513k  fERBIORZHIE B IR & L, MLSS %52 000 mg- [
B I IIEREREF] &RV,

RUN-2~4 TIZRRFRTHREE Q/Quw (LLT, Q/Quw
E¥5H) B IBEBICERE L, FHMERLIYD, ¥%=03,
I=20%, S=40 % DEIELNI20, REHROFEA
LiwRELTHE, ORXNLD Q/Qu=29,%bZ LD
5, RUNA T Q/Qu=3 I2&REL, £RBERDOF] Xk
X2l fThhaWEE {To7, $72, RUN-2, 3 T
Q/QuEFNFNL, 2IFRELZ. ZOFEHTIERENF
ROERFREN D, FIRE2HHL T, BSAER
MLSS %2000 mg- [ \2¥EFF L7z, HiRWHBALE X, HRT
1H, BERESCT, MERLIERLLL2VED
HHEH 300 rpm, BRE0.4 vvm THESE L7,

LTk w2 EBiE, 2R¥fT>7:, RUN-1
TRAERFBRY 5 23K FEEWHFRE 1T, MLSS 2
2500mg- I WA E L/, RUN2 TR FHERLD
Q/ Q=3 1ZFREL, REFROFIZIKREIEE{ATDR N
BT 72, HIRTE L OBRIESEMFERIEDOEBY &
L7

SOL

40

i

[%]

(O : Sewage works sludge
B : Chemical industrial sludge

VSS solubilization
S
T

| 1 | 1
2 3 4

HRT [d]

=1
—
151

% 4 HRT & VSS WE LRDOBFR
Fig. 4 Relationship between HRT and VSS solubilization

50+
QO : Sewage works sludge

40— B : Chemical industrial sludge
S
30
I
3
g
=
g

[ | | | L |
0 1 2 3 4 5

HRT  {d]

) HRT & VM BZEROER
Fig. 5 Relationship between HRT and VM removal

2. 2. 4 ST

WEKBED4HTE, TRBRBREICE L, 2B, 2FK
fRpFE (TOC) &, BEHIERT®R TOC-500 (2 & s L
770

3. EBRER

3. 1 FEMEMENIC S ZREEROTEL
4IRS X ) KREHREWHELL S E
® HRT & VSS iF bR OB4R, 5 532 HRT & VM kk
EROBBZEERT . E4RD S, HiROMBEICEFRR L
HRT 1 HELET40 % Bl ED VSS TTEILRAIE S 7248,
HRT # 12K TR A L0 %HIBRETETT A Z & AF
bhb, ThETOERT, REHRIIGFHREMADHH
SELAWESTOBRSMIZLD20~25 %D HE{LT 52
EHbhroTWwahZ EH,S, HRT 12 O &4 Tk, B
FhlikE A T B IS A wash-out SN 7z729,
TSR AEADET L o2 bDEHBEIND, ZOF
Bry, HRITBED HRT 121 HTH4T, #40 %D
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L ®:!
Qs/Qw A :2
3000+
T
L
ol L
£
2000
[97]
[97]
e} L
=
1 000+

|
100

|
0 50

Days
%6 MLSS #HZ 1t (ATEEK)
Fig. 6 Time course of MLSS
(Artificial wastewater)
4000
3000k
- L
kS
2000
7]
§ L (O : Conventional
- B Qs/Qw=3
1000
p—1L 1 1 1 1
0 50 100
Days

% 7B MLSS&HZE L ({b2ITIEEEK)
Fig. 7 Time course of MLSS
(Chemical industrial wastewater)

7001~
(O : Conventional
—, 600 .
) ® !
- Qs/Qw A :2
500 . ]

400

300

200

Accumulated sludge disposal

100

0 1000 2000 3000
Accumulated removed BOD  [g]

% 8@ MBEEEBOD LHRIHRGhEOHE
(NTBEK)

Fig. 8 Relationship accumulated removed BOD
and accumulated sludge disposal
(Artificial wastewater)

700

O : Conventional
M Qs/Qw=3

[g]

Accumulated sludge disposal

0 1000 2000 3000
Accumulated removed BOD [g]

£9 HERRZE BOD LREERS KB OBR
(L#T58EK)

Fig. 9 Relationship accumulated removed BOD and
accumulated sludge disposal
(Chemical industrial wastewater)

0.3
Conventional
’_]—\ I vps v
- O : Artificial wastewater
= 02 B : Chemical industrial
£ wastewater
-
[
B0
=1 L
=
2
=]
k<5
=
g 01
&
Na)
[}
gL

0 I 7 3
Qs/Qw  [-]

E10 Qs/Qw & BT OHETRICE DO LR
Fig. 10 Relationship between Qs/Qw and observed
sludge yield

LR PEONDE D bhol, $72, E5EP»H
VM B (ERIEE) dHBROMEEIZEMGEL  HRT 1
HUEDZEHT0~25% L %52 b holz,

3. 2 RFFBEFSERLEVEEFEETOEX

3. 2.1 JLEMAE

F6, TRIIMLSS OEHZELE T, NLEHETH
WZEEBTE, B&FIIBWTREAR0B R0 258
ZAED2000mg- 1 &R Y, FOHREE LB TRET
Hol, ILFIHEKEHOZERIIBLTL BEMED
2500 mg- [ 'R CEELEGELNWRETH 572, Q/Qu
2T A—% L LI GE&ORERE BOD & HEFHRT K
EOBEEES, IBIITRT, ZOFERTIKEICITALIK
FOSSEEATVD2D, Q/Quw=3DEHTLETD
HEPRONED, RKEHEREE G IHP R TRYESR
VU THo7, T/, 8, IEDT T 7DMEFHI AL
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F 3K MHAE (B :mg-l)
Table3 Quality of treated water [unit: mg-l™"]

Artificial wastewater Chemical industrial
wastewater

Items

Raw Run-1 | Run-2 | Run-3 | Run4 Raw Run-1 | Run-2
BOD:; 1250 <5 <5 <5 <5 1300 <5 <5
SS 20 21.1 20.3 20.6 22.5 35 30.1 39.8
S-TOC 480 18.3 20.8 20.1 22.9 930 41.2 55.8
T-N 80 70 72 75 70 110 95 87
T-P 4.5 2.3 2.0 1.9 2.5 3.8 2.8 3.3

FoFERERELFERLCBY, B0, F8, IHLY

RO7z AT OFHRERE & Q/Quw DBIREZRL TV 2,
{2 TH PTG YR L T VG RE RGN TR T0.22, (LT
BB TO.25TH o 72h, Q/QuiE KRELTAHILIIL
TRIELR IR R b7z, SROERTIE 2 BEOBEKE

B4k BRERELSEME
Table4 Operating conditions and cost for running
cost estimation

FAV D, Q/Qu=3, TabbHEINLHREFRED
IREEATVALAET A2 LX), BEKROFEEIZERE Inf.BOD [mg- 1] 200
< (ﬁ(ﬁ:ﬁ?ﬁ%’—ﬁfﬁﬁw)“ibibfﬁn W20, REHERNEL Sludge yield [kg-SS'kg'BOD”] 0.5
FHELWnWT Y ANERIN, o
OB AT O—Fl A8 3 |ITR T, ALBK BOD Sludge solubilization tank
ZBEK DR R WIS BRIFCOppm LT TH - Temp. [ T ] 65
7o BREEREATHEILTAIEIZL > THREER (Run-l) Aeration  [vvm] 0.1
¢ X S-TOC, SSIZETOWMAERD b /zht, T-P,
TN IEE A ERETh 72, KEIIBVLTE, THIEL A 3
RERBROS L, EWHSREO L DI COD & LTA Steam [Yen-t'] 2500
FEAHICHE T A REED D 2 728, WHUKE S TEAL Electricity [Yen-kwh ] 15
LzbnbEZOLNS, . .
3. 2. 2 MEM Chemicals [Yen-kg™'] 1000
KEOEEE ML, HRUBIMEOHNEE > HFFT 5 Industrial water ~ [Yen-m™] 30
PODIANE — LREBIIITH 5o Sludge disposal [Yen-m™] 15000
FEARIRTRBEEERSKMEICEDONT, HAKLEZD

OEEERER A A L, REFBREEZ2%, Q/Qu=3
L LB, BRTBE~OREHRMEEEIZIS m™ &
%o BRI OMAIRE 2 KRS 5 720 Ot E
&, T B E LGRS T RE R AT AR Y

%%, THIRTTEALAE A & O N LR OB K 02 BT
EABSETAIEICLY, BICRENL 7O A LB L

AWTT0~80 %EEINT 2 b0 e T 5, ZORHTIE, ZEibhd,
KEUBES R BRT AOHLHTH#RES MO o0 & T O

BB Y LTH054 kg mP OBREPLET, THIIEEIC
THEWIAN - m kb, BRENLHIAT - m™ &(F
IEF%T, 51, THELHBEREBEE TERLT 5700
OBEIMBERENIZHIEH - mP*Ths, IS EARET A
L, BEESEBINIAN m RS, —F, EREBD
HEFEREZ AL TIRHT 2354, BREAERIZ100g—
DS m3&%d, 82%&GKE;r—FELTHRETSE, &
HWEIE556g m? Ry, FAMEEREIHSH m>&
b, TR, BAKICETZEER, BHEYMET AL
BRAEEEEIMNI6MH m2 e, REICLALE
ERB R EREOS ~KITHIRTE 5,

FNERTIED B D5, BROMEEIZEGBR < KEERA
S L WIENBR 7O ANERT A EEHLICL
720 B, (EBELBICBVWTERE NIRRT NNA Ty bT A
L (BEHEAR 45m?) RERTTH L,

EFED FHPTEEN S F/NTEFIZE L 775
RHROFMGE T Lo, BN, ReliEd, g
EENES, rORBEHICENRERE VD JEIIRDLD,
INLDEHETRTHET LI LEEFHTERWVY K
EIAEAEICETORELRTOIOO, MHFEED LK
AT, BRLGSBEORKBLEIBICEMTE 5720, 5
B—KE kB SO A L LTS BROBENPFINS,
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ER 1 Moy b7 X MNEERESR
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Development of High Rate Anaerobic Treatment System

() B R EE

m | na &
Masahiro Kaji
(] ® Z

Akihiko Sumi

BREEARBEIZOVWTIZFOELANF —EPFHEi S A, BREL EHEROIEKR, SHE/ERA
LEFEREIThN TV, AR T, U VEEBKT AV TITo 2F B O SRR E B O EIEERE
BV THENT L, EBIIRE L THECERINLTBY, KEELETHT AR T 58 L 2%,
A THAARL MBK RS, BHRZ)F A2V END, BERIZRIREL TE Y EE I EEE K
EVnizw, TEEIROTNNIEZoTwE, TRNHOEREIZLY, EEERE L TKRKERI V87 b
LI RETH 5, FEEREETIZ, COD., FHEEMI2kg/m*d F TOFRGTRIFLBELE

Various R&D works on anaerobic treatment are widely conducted with high appreciation of its
energy saving characteristic. This paper describes the test results of a new anaerobic treatment
unit, using brewery wastewater. The highly efficient unit, composed of a reactor and a separa-
tor, is designed for high organic loading. Gas is separated from wastewater at the upper section
of the reactor, while biomass is separated from treated water in the separation tank for recycle.
The separation tank is minimized owing to high settling velocity of granular biomass. These
features can improve the overall performance of the unit. The test shows favorable results at 32

kg/m*-d COD¢, loading.
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Tablel Comparison of new system and conventional system

New system

Fixed bed

Structure

Total volume © A O
Volumetric loading rate ) A O
Consentration of microbe O A O
Allowable influent SS concentration O © A
Startup O PaN O
Others Media required
Biogas
A
Reaction zone
Separation zone
Effluent
Influent

®

Reactor
tank

ML M SIS R TRIBICAED & W E X878 L Wi
RMMEEBLZHREL, 1Ty P AT — LV TOETRER
Bifolz, KT, H¥EOEE - HERU/Sf Oy b7
AP DOEBERIIOWTEET 5, B, BIRIZZHFK
OB IRT,

1. RERUEE
1.1 VRTLIER

FHEIE, FIRNIRTED JSHE L SEED 2R Y
FAZWEY T THEEND,
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Separation
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Fig. 1 Concept of new system
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Table2 Volume and area of new system

New system UASB
Conditions | Volume of granular sludge 1 1
Overflow rate in separator m/h 10 1
Height of separator 0.5 1 (Reactor total)
Volume Reactor - 1 3 (includes GSS)
Separation tank 0.05
Total 1.05 3
% 35 100
Area Reactor 0.33 1
Separation tank 0.1 0 (GSS in the Reactor)
Total 0.43* 1
% 43 100
* Pump & Meintenance space not included.
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WTiE, BoLmE b7 THEDMICEEZRITTHY,
CIRMTTARETHETY 7o — VIE LIRS
OFEEMEE S I, R EEE S HEE 2> TWh,

I a— VIS HE kRS EES R, ThERYTT
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Table3 Conditions and operation results (average in each condition)

Run-1 Run- 2 Run- 3 Run-14 Run-5
2-1 2-2 4-1 4-2
Conditions
COD¢, volumetric loading rate
Target value kg/m’/d 12 16 16 20 25 25 32
Average (actual) kg/m®/d 11 15 16 19 20 24 33
Hydraulic retention time h 4.5 3 3 2.4 1.9 1.9 1.5
Linear velocity of water
Reactor m/h 4.2 5.6 10 6 6 7 7
Separation tank m/h 7.5 10 10 12.5 15.6 15.6 20
Results
COD, Influent mg/L 2530 1940 1940 1890 2030 1940 2220
Effluent mg/L 337 484 428 412 ol4 470 922
Removal efficiency % 78.7 74.7 77.9 78.2 73.9 75.7 76.3
S-COD;, Influent mg/L 1680 1560 1830 1610 2 000
Effluent mg/L 239 253 325 266 313
Removal efficiency % 85.6 83.6 81.2 83.3 84.3
BOD Influent mg/L 1640 1220 1150 1030 1100 1100 1260
Effluent mg/L 133 178 89 141 93 81 111
Removal efficiency % 91.4 85.5 92.4 86 95.3 91.4 90.5
SS Influent mg/L 313 290 174 228 236 210 280
Effluent mg/L 194 271 156 196 310 236 317

EHOBEHAMNIL, JEK COD, #E#*#2000mg/L,
BOD & #1500mg/L & LTEHELZIDTH B, ER
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BT S ALE KA & LT 7298, Run-4-2 L 0 4 BEAE B
THZEFE L,

- JIGHEN T 5 = 2 — )b

BTy Y77 A (16A R—VHR) L0
L7 ZANVEETHBIZImABZWL0.5m B X ZKE
L7
2) BOD, SS, VSS

JIS-K-0102 TR L Y LT, 7T =a—
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Hach #t DR -2 00028 5 545t & F v, 3 &620 nm (2
BUIFBBCEFI L D HIE L7,

4) B

HAZO2 7T 78 EMRERE) X YHlEL,
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2. 3 EBER
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2. 3. 1 E¥kFvat

1) CODe
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5 4 X2 COD., BEEOREBELE R T,

JEK COD, #FE131300~3000mg/L O#FETESR L
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TWh, ZHUIH L THREK COD., iBEIXFEKRDEEIC
L THEMEELTBY, 1F13300~600 mg/L o &b
WY, FHTId480mg/L &> Twb, /2, BREFE
i, BRT0~90 %OFHICE S FoTnd,

RiZ, OB COD., BREEMN & B BFH L) O
EBOBBRERT, 2o F—% 1oL, BWekER
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COD, & (kg/m®-d)
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Tix <, ZEE0~0%DHANICH S, FEEED
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Run-3 (5 20kg/m®-d) LLR& s JFK<HLEK
EhoTWh,

AEEOHEMBN 2 EEIKEIL, SSICALTWwRIERD
WY TH5H,

- KO SS ANERICEREE T, £@RMEKE LD
WZHE 2B,
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Fig. 13 Distribution of Granule concentration
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e % SS & L TEKZE COD,, M2.8%2E L, FHAD
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L7 %, CODg Ba%732kg/m*d (Run5) (231F 5 EK SS
L ALBEIK SS DEEEIIFEY T3Tmg/LCHY, T
a2 = VRRRIZOWTHEEN VI L n, HENL
A SS B EFHM SSEIXRANITENT VAL TS
LDEHRSLNG, SSIFHIZOWTIRESHE S SHITHME % 5
THEICL T FETH S,
2. 3. 4 UCHPWE ERFZE (LV) oH

Run- 2 (B#16kg COD¢./m?-d) OHEIZBWT, &’
ARETYELEICABYBREEOYELHS HHTHR

LV #5.6m/h 2510 m/h {2 B, FOEEIOWTHAE
L7
1) SSoEH

BOCAED 6D J T = o — Vi hiddghn L7243, W KF
OSSN, LVEROEE I hro/z, REET
ESS RSB CRIFICAM SN TWA L EL DR,
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COD., BERITFHE T4 %H HTT.9% L BEF DM
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BrBIITT0, SBREIREEZMZTACEITHS,
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NAay bFAMNEEY AV TETFRRE 1TV,
WREIET,
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7 MEEEBRLZOOTHY, Tl v TVRBEDTO
BERBVIEFEIZLMTH L EVIHIFEREFED,

=P =B R 2T 5 X ) i oS ERE 2§
R TEL I I, TRICBAETIE RV,
[&Ex#]

1) &K, Vol. 23, No. 1 (1997), p. 66.
2) MR - M S 7Y 7 Hi#k, Vol. 39, No. 2(1996), p.56

m#EE K (BR) Wapxz k& % E

HLHRE

(R) RaHEE

TEL 078-992 - 6532
FAX 078 -992 - 6503
E-mail m. kaji@pantec. co. jp

TEL 078 -992 - 6532
FAX 078 -992 - 6503
E-mail a. sumi@pantec. co. jp

Vol. 41 No. 1 (1997/9)

WER S T 7

17




MENRXSAFHFSEEYENE 7O X
PABIO MOVER DS
Systematization of PABIO MOVER

(BRORAMARE
I I

(Moving bed aerobic biofilm treatment process for high loading) -
Jun Kawashima
H ¥
Kohei Masuda
(B B5 AT
& & &

Susumu Hasegawa

CDEELRMA I L MERAE BT AR 7 0+ 2 PABIO MOVER (/XY 4 A4 —iN—) o,
Ffrafii e BAY & L 72 AR R OVEBEK & W7 LB RER % 1T o 72, BRI 2 B3R 0 HMKO fi B
2K BMEBETRO LA, SELMAWREERD, EMOBEATITEIHER SN, ALY
BB S EMERES NIz, B, BE, K- 2OV BRI X AMERERICL Y, B 5B o T¥EEK
DM HN S T ATH S I EDHEINT,

PABIO MOVER, that is moving bed aerobic biofilm treatment process for high load waste
water, was experimented to estimate its technical matter and tested using some kinds of the
practical waste waters. It is special feature for this process using the unique shape carrier
elements. It was confirmed that increasing of oxigen transfer rate by moving the carrier
elements, high capacity of the carrier element to hold microorganisms, and habitat segregation
of micloorganisms. And it was evidenced that high load waste water treatment is possible by
these results. It has been confirmed that PABIO MOVER is very effective process for
treatment of various kinds of industrial waste waters by tested beer, food, and paper mill

waste waters.

B oKk m B Waste water treatment
il B N Moving bed
H Y] i Biofilm

HEGIRED BOD BREM 2K 1 kg/m/d BETH 2 0
WAL, 2385 BOD AR 3 ~ 6 kg/m’/d LIS B
LENTBY, LVERMLEDPTERTH S,

FANE
BE 70 APLRIHE ) AR OMARA~OGR, LK
HAUBEOLDORNT v 7547 B, BRI xt

LT, MAMLASMOERIE T > TE T3, AT
BEAKIZxT L C oI & LT, PEREHHBRESH
ERTELY, L) mAmRElTEEREME LT, EE
ROBAEIZEY R & BRI L7z, BERAOEY R E
ASNTETn D, INHDEEREYBE L, ERED

L2L, EAYRECORAVDH D, BOETENTL E
TS L TREDOREY P REL, HELICEET 2
720, HEORFET )R, EYREOMEL Vo - HE)E
20, BIREAESAERIZ R HEGEDH Y, AR~
MR RAREE 720, OB LRI LEE 5,
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CD LS BEEREYEEORSEFREL, LY EEMN
LPRSTIRE 2 AT S, BEXAEICTHE L1275 AF v 7 3HE
T HENEERICRE S5, BRI PABIO MOVER
(REF b —N—) Thb, SOTOERIFAME, B
SUBOLEELICOBEREINSL 7O ATH LA, AiEi
MBI X 2 EEYRE O L2 IZDOWT, FOMEL
FEHBEBLO 12 OI4T o 1R OB RE 2 HET 5,
B, AUt AR IHEEL, vy —-0
KALDNES #t & El O 4% T % SINTEF ic L ) BA%
ENLDOTHD,

1. PABIO MOVER OHIE
1.1 7O0€X

% 1 HIZPABIO MOVER D8t &M% RT, VT 7% —
WICEEER)ZF LV BoBEREITEL, THLH)0B
RUITL DIEEEZH L RE, BEESE5, HEOTENIZ,
MPVEB LY DI KRELRIADFIIRHTHHIL LD
DEERN T A 72— —T% <, ZRHAD/X1 712 ¢ 4mm
DFN T4 ARSERFLHEEER VG, VT 75—-0
A, HEOZiEy—7 (5L5W) B%ESh, HEORE
R CREIZZoTwS, V=7 TFRHICIEBRAE P RE S
n, BAEZIETAEEE 2 -oTnE, V72 ¥ —id@E
QMLILEE L, BMIZEREKRBIIRE-7-EYHEES
s, BN RLBEITZALIICTRENTVES,

BHE 1 alZ PABIO MOVER WL N A AR RT
EEI0mm, 53 7mm O TCHEIZTFOH b A3
HY, FBIZIENER T4 D8 T Wb, AL
FIEANHROBE ISR S, BEO 7 ¢ 2 I3E4ERL
DHEIZ L HEHEIEO LRIBET o T b, HEIIKE
DNhTHPICEND, PERETITOREEIEEE 2> T
Wi, HEHEMINELEE SN TWS,

BE 1 bR FEHOIBA L AYEOTE L7 HBEO L
2R, EMEORRES LTI, EEIIEERS

a. REAHEKE

a. New carrier elements

b. REHIEE (F) LEPREMNEHEE ()
b. New carrier elements (right) and biofilm
formed carrier elements (left)

E R 1 PABIO MOVER #4k
Photo.1 PABIO MOVER biofilm carrier elements

Waste water

J

PABIO MOVER
-biofilm
carrier element

|

i

O

><)__O

Lo
+=O
+HO

Bt
.
}

<o
<o

Aeration system

e R —

% 1 @ PABIO MOVER #4&[X
Fig. 1 Notional figure of PABIO MOVER

Treatment water
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Hwd, W HMOBEKE, BREUZEITEZ»T 255
Ty =BT D, BEARRICK D ERICESDH B, 1~
4 BBEECEYEORSEE 5. ANTERKEBW-%E
BT, AYESER ST LD S F T2 3 A o7,
BEE1biZl5~27 A%DORETH S, ) - ‘
EH 22 PABIO MOVER O#EAE %Rt KRS = e e
M e 5 L7284 F1250~150 mm ¥ v FT ¢ 4 mm O F —vn e ——
U7 4 ADRTTHLEHELEETH 5, BEEFRRmITIL,
HWiiZ ¢ 5mm ORFFIT SN L —FAMFnTEBY, &
SEFETFAZEIZEY, BRENOTISRHNTES
HiEicoTwa, FRLEIZBVWTIE, 2HBRATE5
I Ty KEICBIREBESNTED, I, HBR o
WHEOBEZL, V775 —KSIHET A EwERE - A
THHMT, BBZEL LoHEAEPREI NS, B B 2 PABIO MOVER #&%
1.2 MIEuO-— Photo.2 Aerator of PABIO MOVER
% 2 [MIZPABIO MOVER 2 L7: 70t 2B ERT,
B, A2 —rEERLZEKRE 2 ) —-XDY)
T oy — CHERT%, MRS L) ERSEEEITD VAT A
Thb, '
B, BEXRFOEEY % bRk %, 22 ) X0

% 1 %& PABIO MOVER &5
Tablel Result examples of PABIO MOVER

Flow Result Removal
Plant Kind of industry Volumetric loading Influent rate Note
m®/d —Effuluent %
1475 mgBOD:/¢ Fat remover
MEIRIET S ¢ R| Dairies 90 2.3 kgBOD«/m*/d 96. 4
—- 53 +PABIO MOVER
60 mgBOD./¢
%"KOP%%US Paper products | 3120 5.4kgBOD:/m°/d . 91.6
NORSKE 9175 mgCODecr/¢ Anaerobic reactor
POTATO Potato products | 400 15 kgCODer/m*/d 99. 2
INDUSTRIER — 74 +PABIO MOVER

o ple @ —— St I Kione

e ! '
DEIC I
O R T TN
/K PRSI, SN
Example @ oLt el
..... PR
o ! ITE
B | AN >
Example ® AS w#
S bk
%2 VASE ! Q —© >

Fig. 2 Process examples
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VT Yy — T, KA EELBICE D ERSHL,
BILEELUEKESBE 70 ATH S,

BI®ix, Miti%, PABIO MOVER 1 B CMLHE, ZD#
EWHRETUES AN, 7))y FARTHY, FheEh
MEREICL ) BIREND,

1. 3 PABIO MOVER D&

PABIO MOVER i3, XOBEIZL D, HAMLED ]
BBEZoTW5S,

OEYELEO—BRBEEE LT, EXFRIAETDHY,
BEREHIETH L,

O LIBAERRIC L Y, FRHREENL L, BENOE
EEMERORENTETH S,

OEEOB L B, RENC LY, HEOBET VIR,
HHEDPRETH L, T2, BREBDEL, BK - BEE -
WA OEMENE LT 5,

O4 ROV T 28 —DOT Ly IR TH Y, B
HRIBOEADTETH 5,

1. 4 PABIO MOVER OE#&

PABIO MOVER &, TE¥Bke LTid, #& - 7517,
B, ALFETEREKIIOVWTOEENH B, I—1T v INT
O TERERMHEEROFZE 1 RIZRT,

2. EIIHAER

KLa O b, MIEEhE, SEMHRE X I =X 5 0OFY
EIZOWTEIAREZ 1T 72,

2. 1 KLaflE

KLa &1, BBERBEBREOZ LT, ZOBEIEHVIZ
CBRREBORAVBVEVOIBRBIIZABETH S,

2. 1. 1 KLallsgfi:

EIRIZKLallsEE B 7u—3— F&RT, ¢600
mm, 534000mm OEBEE H\7/z, 747 2—H%—
12 PABIO MOVER O#EAEZHEMK L T, EEABXIT
XL XL BEYECSAmm D) 74 A%RAIT-%
4 7L, ke L CHirZRIBORETA AT T4 TD
FA T a—H=%Fni, BEOTEEREKE, BREL
LT, KLa D& L% B L7,

k% ¥ 7 TAEAICHETEE S b)Y L% ER L ER
FEWERAEL, RISHISEK, DO (BHEBE) 020608
KEFBL, DO DA ZESEMIEEE L 72,

BEBERE (KLa) 0&E X, XX #MEH L7,

OAR=dc/dt=KLa(Cs—C) (1)
2T, OAR : BREBEHEE

KLa : B:F#EBEHRE (1/hr)
C R OBEFHEERE (mg/l)
Cs s BRAOKEE & # 58 L Tk O BRI AL R
FiEE (mg/l)
t . B2 (hr)
Cs IZXRA2IZTHER L,

Cs(#) = Cw(#)-((1.033+0.14/1.033) +
0t/21):1/2 at t C

2T, Cw(t): t CZBIT KPP OBANBGTFEREZBE
(mg/¢ )
h AR (m)
Ot cHOT RAOEBEFESE (%) 21% T
B

(1) XzH\/HLT,

2. 31og(Cs—C) = KLa-t+const. (2)
(2) 75

KLa = (1/t,—¢t,)-(2.3log Cs—C,/Cs—C,) &5,

F/2, tCTEELZKLa (t) %, R AL T
0 CIZBITAHEICHEL T, A#EHEL L,

KLa(20) = 1. 024 2. KLa(2)

F)O mesurement point |

LReactor J
[ ¢ 600 x 4000 Hmm]

} Water tank l
[1m]

’W&ter pump I

I g e

%3 KLa flEEE 70— — b
Fig. 3 Flow sheet of KLa mesure-
ment equipment
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Fig. 4 Comparison of KLa

RNT— 132 TKLa (t) bk, 20CICBEL 7
KLa (20) THRL7,

2.1, 2 WERHR

FA4Xa 2K LV30m/hr @, FE4Eb 2224 LV 53
m/hr i85 KLa O b8 % R4, £4K12 PABIO
MOVER # 4 774 72— =D NPT A A7 54 Ta—
P =L CHvwKLa #/7 L, 7, PABIO
MOVER ¥ 4 7574 72— — 2B TlL, #HEOKHE
Kewm 758, KLat®w < e 2 lHEARD SNz, —
B, TARZ T4 7 2a—HF—12BnTiE, HEOFEESY
BT A KLa KT 3 2EMPED L, Mirh&ia
L0 & RELTIBOFVEEOREE, HEHIMEEL N, B
FERANEP AT HERIE SN, §ik, ROZ0M
WHE LR LY, PABIO MOVER # 4 754 7 2 —
Y=l Tid, HEOFEIZL Y, #EEL LICHKLT
1.2~1.35RED KLa w EANEDO S/, 7, BOD
BHEMH 4 ~bkg/m¥/d & L7244, 20 CizBiT % KLa
(20) = 30 (1/hr) DLERELRBESNEDS, ZOH%
FoHEDs AR TE A,
2. 2 E&TEER
2. 2.1 FEBREE KU
BERIICEBMET R, 40¢ Ok hRTHYg Y,
200 2HEOQBEFILE L U7z, FEEE 5 W% HvCEsmic

E R 3 BmkEAREE

Photo.3 Test equipment for organic load removal

[%)

Removal rate
B
=

I Lo
P=3
T T T 1 T T T T 1T

) 20 40 6.0
BOD volumetric loading [kg-BOD/m¢/d]

£5 B & BREROBR
Fig. 5 Relation of BOD-loading and removal rate

0.5~6kg/m*/d @ BOD BREEM % 1), BERL OB/EG
BRIz, BAKIZIE, RYRT MY, FIva— R, @R
THI L B AT KT B, A\EULEEKIZ DT BOD &
A 1T > 720

2. 2. 2 HEBREER

FORICAM L REROMBRERT, BOD &M A 4.0
kg/m’/d TI2.2 % D BIF 2 BrEHEHH 5, BOD AHEE
6.0 kg/m®/d Tix70.8 % DFER & 72 - 72,

2. 3 HEENBEEMEDORTE

FEORIRTFEWRBOUE 70— 12k Y, HkAH
YR OBEZIT> 72,

BLIRIZCOFETHERINE L SSOEREZHEL
ToAEREZIRT , TRTOMEIZB T SS HEERT O 548
HRoEREL, FEHEOEELSSEEbE-ESL HEL
72PEDS, 1ZIFI00 % THDHZ b h, TOFEICE
DHEATE SSOERDIEMICHETE S 2 EPMATE,

BOD AR & #70.5 XU 6.0 kg/m*/d DEM4AF 35 SS &
DWTHET AL, 0.5kg/m*/d THE1HYS-) 1 mg
BEOL DD, 6.0kg/m’/d T5.9~7.5mg &, BROH
REEDIZ, HBEIKRELL RIS bhol, F77,
FERL KO SN EREBRER, 0.3~0.42g/gS-CODer
rem. TH 5,

CDORFFIIBEOTEER SS OFMIC, FEEICFER LB
HAh 5, £ CHMEEE LT, NEINIITI0%TH
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L

52¢, HMBEOMWAEERIS~18mg/ME, FELRL
OEFEERIST.Tmg DEPIFEAELWZ ER L, SSA°
& LIIBERRRL, AR LOBEKERLELTICE
JTH, PR IEHER SSESRSEETELLEZ LN,
REEE LTHATE S,
2. 4 BELEYEMABEENOEER VU ARRREMEE
TR (RREVERUAEY) EAEAY GRS Mg
W) OWREEER CERBBREGEIC OV TR T2 72,
2. 4.1 EBGE
BIRIEBREE7O—-2RT, HiEE, OBEDOIT 2
5 —NOIREETH 2 MRS +HHADR (R4 + 84
W), OBEBOADFS (FEEDOR), OB EH KT &L
THEL EEHABEOR (NEEWDAL) OMEELT
EHHRORZENENHRL, ChHEBALTEREN
DFROEMZ L HDERFHBERE, ARYIRIERE L,
PRSI R AAIRRE S TR L 2k, BREFIEL T
BHBRFEOEACERAT . AR B Z B LR #
L, BEBTAEHEYE (CODer) OREBHWARE LT,

IhHDER LY, PABIO MOVER T, &M F
AW LS80 (BREARY) KL, EHHERER
LZOAMKRERITINEEYORAEDLRIZL Y, SEH
WMBHPATHON T WL Z EPHEE I N,

2. b TEMSEEIERIC & BEMEOLES
A CHRET 21T o 721G 5 B & U° PABIO MOVER %

Dry the carrier elements (approximately 100 pieces)
(70 C, at least 24 hours)

y

Soak in 0.5 % laboratory detergent
(Over night)

Wash by ultrasonic processor
(20kHz, 250W, over 15minutes)
Rince well in warm water

2. 4 2 WREIEHEAR . [Carrier element] [Biomass]
5B 8 RN IPIRIGEDRERE R Z R T, BRL) OBHE

HEEL R, FEEYICHEL HEEROH BTN L

Dbhotz, =7, Thi SSEREY/Y C#HET 2 L4 [Soakin 1.5 % hydrochloric acid

WEEY) OMENTERE X, BEEYOHD, 5L (Over night)

VWO 2ETH LI Lbh oz, Thi, HEEHDH

25, R LRS- ) I ST\ 5 SS AR 1= [Shake and wash wel jr———————

WeHThHbd, COFRLY, EPYoEHEL LT, # 4

BAYOFIPMFEED LD BN EPHEBEINT, Dry Dry

2. 4. 3 FRYEBEEZEENCER

FORN, FHEAY, FE4EY, BEHEROGEYERE:
HBEDO LB %R, 5L L EEBRIZ 1kg D SSHT1
H¥4720) #n#FNn18kg, 1.5kg @ CODer % 2ET 5 Bk
NTIRITAZEOBEYRERE TH - 7295, FiEEWwIL
6.5kg LA BOBRERNIEZE L TW5E I EPRRAIN,

# 2 & HEME SSERMERR

(70 C, at least 24 hours) (105 C, over night)

|Weigh the carrier elements] Meigh the dried biomass|

E 6 H HANEEYEOBE
Fig. 6 Methodology for the analysis of biomass on
the carrier element

Table2 Test results of mesurement of biomass weight on carrier elements

Number of Dry weight of adhered biomass| Dry weight of Dry weight of | Yield
BOD volumetric carrier elements |and carrier elements carrier elements biomass
loading g mg
pieces g mg/piece mg/piece %

0.5 71 11.1614 11.1543 77.9 100.63
Reactor No. 1 157.1 1.097

0.5 108 17.0232 17.0013 76.2 100.31
Reactor No. 2 157.4 0.705

2.0 102 16.3017 16.1277 278.1 100.63
Reactor No. 1 158.1 2.726

2.0 119 18.8302 18.7561 141.4 100.35
Reactor No. 2 157.6 1.188

6.0 97 15.9744 15.2638 732.3 100.13
Reactor No. 1 157.3 7.549

6.0 126 20.2662 19.5456 747 4 100.13
Reactor No. 2 155.1 5.931
New carrier element
(after washing) 157.7
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Fig. 7 Flow sheet of test equipment for oxigen comsumption activity and organic matter removal activity

100, 0.02
%0 6 kg-BOD/me/d

80

20r

T T
£ <
S~ [92]
i w2
g §0.015—
E S
o 60 g
< -
R 5 oot
& 40 g
3 %
g 30r g
S 2 0.005F
g %
2 o
& &

10+

6 kg-BOD/m?/d

d Sludge Fluid

Fluid Flu
+Sludge

fper volume]

PABIO : 6 kg-BOD/nr/d
: 1kg-BOD/m¢/d

8r AS

Removal rate [kg-CODcr rem./kgSS/d]

Fluid [PABIO] Sludge [PABIO]

®9E ARUBRELED LR

Fig. 9 Comparison of removal rate of organic matter
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sludge

W, RS SSIC OV TEEMBEE Y 1TV, WM
%477,
BEAICERHROBMESTE S /RYT, SSO70 v
WRIREE DD S ADWT W AIKEETH 5, &KIZ, ik
PH & FHAREOMBEVERLEYHE 2o Tna,
EH 5|2 PABIO MOVER $#&# (F#E4Y) OEM
BEEYRYT, FICEEMEOH L WIRE & BERERE T &
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=8 R 3 A 0 e s
Fig. 8 Result of mesurement of oxigen
consumption rate

DHRETH L, ZNEOHYD, BREEERDOBREIC
BTwasEEISND,

B H 6 {2 PABIO MOVER 244 SS (f#54Y) @
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Studies on the Heating-up Waterworks Sludge
to Enhance Dewatering Speed of PED

(3)EO 3%

i 3 A |
Shiro Kondo
1k Ll 3

Shigeru Sano
By BB E &
Goro Kondo

BRRERAEE M LS5 720, 2T v VMREOHELIEL 72, ZORKE, HEAITT, 16T
RURTOEART » V%40 CIAMRL THAT 52 10k ), FEROMERKER OB EBA S
Lb, L3I~15EDLBEER LABOLNS, $7, BRRECETHHRENRIE, H10~50 %0
ERATTEE T - 72,

The effects of heating-up waterworks sludge to enhance dewatering speed of pressurized
electro-osmotic dehydrator (PED) have been studied. The method of conventional filter press
Q. ' using pressure alone and pressurized electro-osmotic dewatering were both proved to provide
the increased filtration speed (1.3~1.5 times) when the sludges (7 C, 16 C and 22 C)
generated from the water purification plant was heated up to 40 C and then dehydrated. It
was also revealed that the power consumption required for electro-osmotic dewatering could be
decreased by approx. 10~50 %.

Key Words :
A 7 v Y Omia the Heating-up Waterworks Sludge
R RE R OK Pressurized Electro-osmotic Dewatering
¥ AN ZE F72, AR, FYI-FrE&I oA Tr-Fi3, BX
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Fig. 1 Construciton of Pressurized Electro-osmotic
dehydrator (PED)
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Photo.1 Experimental unit (600°)
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Fig. 2 Experimental facilities

A-sludge B-sludge C-sludge
Sludge temp. () 7 16 22
Sludge concentration SS (mg/1) 57 200 62100 45500
pH 6.8 6.9 7.0
Electrical conductivity (#S/cm at 25T) 560 650 550
Particle size distribution (%)
- Silt content : 5 ~75um 60 54 40
+ Clay content : b um or less 40 46 60
Ignition loss (%8SS) 20.4 19.0 21.7
Silica content (Si0s) (%S8) 40.9 40.1 39.3
Alumina content (Al Os) (%SS) 22.2 20.9 211
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Table 2 Experimental results

Moisture content of cake:60 %
Test No. Sludge Voltage Amount
temp. of Time (T) Filtration Power
sludge required speed consumption
() (Volt) (kg-DS) (min) (kg-DS/m? - h) (kWh/kg-DS)
A -sludge 1 7 0 4.46 51 2.50 0
2 20 0 4.62 50 2.64 0
3 30 0 4.98 49 2.90 0
4 40 0 5.40 41 3.76 0
5 7 40 4.46 35 3.64 0.10
6 20 40 4.62 33 4.00 0.06
7 30 40 4.98 31 4.59 0.06
8 40 40 5.40 29 5.32 0.05
g ' 9 7 100 4.46 27 4.72 0.32
10 20 100 4.62 27 4.89 0.31
11 30 100 4.98 24 5.93 0.29
12 40 100 5.40 23 6.71 0.25
B -sludge 13 16 0 4.37 42 2.97 0
14 30 0 4.49 41 3.13 0
15 40 0 4.88 36 3.87 0
16 16 40 4.37 33 3.78 0.06
17 30 40 4.49 31 4.14 0.05
18 40 40 4.88 28 498 0.05
19 16 100 437 27 4.62 0.24
20 30 100 4.49 25 5.13 0.24
21 40 100 488 23 6.06 0.22
C -sludge 22 22 0 4.10 53 2.16 0
23 30 0 411 48 2.38 0
24 40 0 4.54 46 2.76 0
25 22 40 4.10 39 2.89 0.16
A 1 26 30 40 4.11 37 3.12 0.16
27 40 40 4.54 34 3.76 0.16
28 22 100 4.10 31 3.65 0.36
29 30 100 4.11 30 -3.83 0.35
30 40 100 4.54 28 4.48 0.30

- The filtration and compression for all experiments (No.1 ~30) is 490kPa.

+ The time required for filtration, compression, miscellaneous time is as shown below ;

< g
Filtration time Compression time Mise. time
10 min (T—13) min 3 min
Energization time
(T—13) min

The miscellaneous time includes cake separation time, filter plate movement time, etc.

- The filtration speed was calculated as follows;
Amount of sludge (kg-DS)

Filtration speed =
Time required (h) X Filtration area (2.1 m?)

- The power consumption is electric energy required for electro-osmotic dewatering, but does not include the electric energy

required for machine operation.

Vol. 41 No. 1 (1997/9)
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Table3 Comparison of filtration speed

A -sludge B -sludge
Voltage Voltage
(Volt) (Volt)
0 40 100 [ 0 40 100
Sludge temp. Sludge temp.
(T) ()
7 16

100 146 189 100 127 156

(nomal temp.) (nomal temp.)

20 106 160 196 30 105 139 173 6.00
30 116 184 237 40 130 168 204 ' L
40 15 | 213 | 268 — — == gzso ‘,/;,////
:‘? | I—I/-
= 4.00r
C -sludge @ F
=
Voltage % 3.00+-
(Volt) 0 o | 100 5 I
’ = 2.00~ PR
Sludge temp. g - A-sludge
g r —#—:B-sludge
() < 100 —=—:C-sludge
22 r
(nomal temp.) 100 134 169 PR P S SR R Y 1
0 10 20 30 40 50 :
30 110 144 177 .
Sludge temp. [*C]
40 128 174 207
%3 ATy VREERT v VITARDOME
Fig. 3 Relation between Sludge temp.
and Amount of sludge
A-sludge B-sludge C-sludge
60 60 60
= S0 = 90 = 5 \\.
£ [ £ I £ I
401 40| '\\ 10
3| O N ——
5 30r ‘\‘\‘\. s e, 5 30 .
g | l——l\'\. g | -\.\. g |
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Fig. 4 Relation between Sludge temp. and Time required
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Fig. 5 Relation between Sludge temp. and Ratio of filtration speed
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Table4 Comparison of power consumption

A -sludge B -sludge
Voltage Voltage
(Volt) (Volt)
40 100 T S— 40 100
Sludge temp. Sludge temp.
() ()
7 16
(nomal temp.) 100 820 (nomal temp.) 100 400
20 60 310 30 83 400
30 60 290 40 83 367
40 50 250 — — —
C -sludge
Voltage
Volt
L (Vo) 40 100
Sludge temp.
(C)
22
i (nomal temp.) 100 225
30 100 219
40 100 188
A-sludge B-sludge C-sludge
50 _ 0, __ 500
. —e—: 40 Volt L - —e— 1 40 Volt
5 100+ —a— : 100 Volt § 400 L———A\‘ & 400r —a— 100 Volt
z - 2 300+ Z =
z 30 *N\\ g 0 . 40 Volt z 30
© r ° T —a— ;100 Volt - i
g 200 S onl : 200 e
S L 2 L a L
) ks B
o 100 '\'__.\. o 100 L Y o 1001 —eo—=
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0 10 20 30 40 50 0 10 30 40 50 0 10 20 30 40 50

Sludge temp.  [C]

Sludge temp. [C]

Sludge temp. [C]
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Fig. 6 Relation between Sludge temp. and Ratio of power consumption
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Table5 Comparison of theory and test results of heating effect in pressurized dewatering
Sludge Caluculated value
temp. Test results
(T) 1/u /o V7
A -sludge 7 100 100 100 100
20 142 100 142 106
30 178 100 178 116
40 218 101 219 150
B -sludge 16 100 100 100 100
30 139 100 139 105
40 169 101 170 130
C -sludge 22 100 100 100 100
30 120 100 120 110
40 146 101 147 128
A-sludge B-sludge C-sludge
2507 2507 250
L A C L
200 200F 200F-
C 2 u
—  150F £ L1s0F L 150F
2 A 2 f s g
& w0F S loof = 100F
r ——: 1/ L ——:1/u [ ——:1/p
sob -—~—:1/p 500 ——:1/p S0k —w—:1/p
F —o— 1/ up t —o— 1/ H —o— 1/ up
L —eo— : Test results L —e— : Test results - —e— : Test results
R S IR I S R I T SN SR SR S TN ISR N WU N R N
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
Sludge temp.  [C] Sludge temp. [C] Sludge temp. [C]
57 IR EERAE R & FHEMEO ML
Fig. 7 Relation between Sludge temp. and Caluculated value
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Table 6 Comparison of theory and test results of
heating effect in electro-osmotic dewatering
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Sludge Caluculated value Test results L —— D
temp. 200; e g / ‘
. r —O— D&/ u
(C) | Vn b ¢ D ¢fp | 40V 100V T C —e— : Test results 40 Volt
— 150 —a— : Test results 100 Voit
A -sludge 7 100 100 100 100 100 100 L
.8
20 | 142 | 94 | 89 | 119 | 110 | 104 & o
30 178 90 87 139 126 126 50:—
40 218 86 90 169 146 142 . 1 L L4
0 10 20 30 40 50
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Table7 Results of running cost accounting . .
Sludge temp. [C]
PED with
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eating unit 2501 1
L —v—
F1500 mmX70 CHX 2|91 500 mmX 54 CHX2 200 —0— ¢
C —— :D-¢/u
— C —e— : Test results 40 Volt
— 150k —a— : Test results 100 Volt
The cost of operation b 10 r
g r
Th £ £
e cost -o parts for 19 10 -
consumption 50 r
E
The cost of equipment 69 61 A WY SR ER T N R
0 10 20 30 40 50
Sludge temp.  [C]
The cost of construction 14 15
%8 HRREBIKEERAG R L ST EEO LR
100 96 Fig. 8 Relation between Sludge temp. and
Caluculated value
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PANBIC-GL XA T LDEINE — JLALIEADEH

Application of PANBIC-G System to Waste beer

UASAB AU SRR LB R B,

=

Takeshi Miyamoto
= o
Kensaku Yoshida

PANBIC-G ¥ A7 A & [ E — VLB HIZM A L 72 ERE D W TR

Y B RERTIZ, D 2K EOEFREAN TH H17.4kgBOD/m’ 235 T BOD 596 % & i
OTHWEEHER L7z, T2, BRAFEIIBVTY 75 2 2 — WHROWEANOTREAD %, 7Fma—
WEHRDE)T 75 —NTEERFSN T D T L R L7,

The PANBIC-G, a UASB system, has been delivered to a brewery for treatment of waste beer.
The system achieved the removal ratio of 96 % at volumetric loading rate of 17.4 kg BOD/m?d,
twice as high as the conventional rate. Stable retention of granule sludge in the reactor is con-
firmed even at high loading rates, minimizng the flow of granule into treated water.
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DI L TG Y AT MMIFEM TS, BREHRE
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Fig. 1 Scheme of PANBIC-G reactor
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W& B hmimEdE & 5T A,

GV 77 & — I3 TR EMLERE /121 000 kgBOD/d
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TR SN, BERALFEKIZEEER DTGB TR R\ A
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OBELE LTHRENDG, KA F—TERELLAF— 41T
IHosFE: LCHSFIH SN S,
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PANBIC-G Desulfurizing
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tank feed pump
Recycle pump
) Treated ¢ ‘
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tank

T2 WMEIO—-V-—-}

Fig. 2 Schematic diagram of the wastewater treatment

% A

Tablel Design conditions

Influent

Dilution

Waste beer Dilution water

waste beer

Treated water

Flow rate (m%/d)

10 40

50

50

BOD (mg/1)

100 000 —

20000

<1000

B2 &R AR

Table2 Specification for the plant

Item

Specification

PANBIC-G reactor

2 600 mm"“X3 500 mm"X5 800 mm®*

Seal tank

400 ¢ mm X900 mm"

Conditioning tank

1000 mm*X2 600 mm"X1 500 mm"

Waste beer feed pump

0.42 m*/hX10 mAqXx0.4 kw

Recycle pump

12m*/h X 10 mAqX1.5kw

NaOH pump 0.5 L/minX 10FX 0.2 kw
i Agitator 0.4 kw
5 H 1 PANBIC—GY 27 ADLE
Photo.1 Outside view of PANBIC-G system
10 UE A A E Vol. 41 No. 1 (1997/9)




# 3R BEMGIHE
Table3 Water quality of Beer

Item a b c d

pH 4.5 4.3 3.7 3.7
BOD:; 90 900 80 300 84 600 83 300
T—-N 699 442 157 179
T—-P 202 132 62 68.4

% 4 & PANBIC—GY 77 ¥ —-0iiae
Table4 Operating performance of PANBIC-G reactor

Manufacturing
[tem Wast beer process
wastewater

Reactor
temperature 3%.5°C 36.0°C
Reactor pH 7.2 —
BOD load 17.4 kg/m’d 6.9 kg/m’d
BOD Influent 14 500 mg/1 1860 mg/l

Effluent 630 mg/1 167 mg/1
BOD removal 95.6 % 91.0 %
Gas production 400 Nm®/d —

$5 & BOD, CODc¢ #MZUTHSERDIZIRTEE, U
DIEED % D20, o, b DFEKBIC IR (B,
) Y) OFMmEERLL,
3. 2 ALIPAMAE
BARICGY 77 ¥ —oEMEE, & 3RICHERT—
YERRT, VT 78— HREAKIEE X CODer 20 000 mg/1
BGRB8, MPUKE U CEERREE K MLER 3 i LB K
REHL, U778 —PIREITE 235 CREICHARM L 72,
REHKEBAIZB W T, AWMAMIL17.4kgBOD/m'd
(24 kg CODe,/m’d) FREEIC TR S N, ALFEK CODe i3
940~1190 mg/1, MLHE/K BOD 13442~642 mg/1 & ka4
0 BOD 1000 mg/l LT O BIFRKEDV MR E N, £
72 CODer B3 2894 ~95 %, BOD K306 % & o T 5
WEAHERE S L7z,
SRS THE SN TV A RBHSE S NPT v
B TOREAMNLI0~12 kg CODe/md, B4 DS H M 7 BE
HTORMAN 8 ~10kg CODer/md & B L TH 2 514
FofhTHs, TAEARIOIRINDS RS TR
ERELB L CHIEFIIEVENTH S,
BARNCFKBKE E TAKEBOBEBRE RS, VA%
HeldFGEAKEE SCHBLTBY, EiRlm? %720
FIS0Nm® DH AR S Uiz, AL CO,20~30 %,

= 60
- 50t | ¢ Waste beer L1
3 30l mm ...‘-IIIIIIIIII..-.
s 201 aman”
;'_T%_ ?, .000?0000000’0700007000070"‘700”f”“70
70 5 10 15 20 25 30 35 40
Operation time  [days]
T W -
\57: 15F ‘..0 ‘.oooooo
24, svee *
= 10 .000.00"”“'°..
s | oo’
= e
% It 1 1 1 1 1 i I—
o0 5 10 15 20 25 30 35 40
Operation time ~ [days]
16 000 -
_ 00 ‘.‘...’........‘."..0000000oo.‘..,,,,‘.,
S 12000¢
& + Influent
—  8000r = Effluent
8 4000r
[sa]
0 al a
5 10 15 20 25 30 35 40
Operation time  [days]
s 100, t,“‘.‘,oo..o,....‘,‘-ocooogo‘,.,‘..ooo."
— 90r
g
2 80F
L
P (3
2 y . . . < ‘ . . ,
80— 15 15 20 2 30 3 40
Operation lime  [days)
£ 3 AT — 5

Fig. 3 Start-up operation data

500

400 .
300 . .
200, M

100 . .

Gas production {Nmt/d]

Waste beer flow rate  [mt/d]

B4R FAKEKEE T ABEREOMG
Fig. 4 Relationship between flow ratio and gas
production

3.3 U7U74—-RER

V775 —RNICBT A9 =2 — ViGROWIHEE X,
0.023 kgSS/kg % COD: THh o 720 T T CHREY TH
£ 8T 50.005~0.03 kgSS/kg k3= CODer & — 3 %
ETHY, PHEINTAEEWIBIFICS S = 2 — ViERIC
HLEINTWE EHRE NS,

Br7: CODcr 4720 D75 = 2 — ViR &

(kgSS/kg BxZ: CODer)

UT 5~ REHRT T = - WERATR Y T 22— VER

H.S#1000 ppm (v/v) THY, BEFTAGFOCH. OEH CODc: fpF:#
FI2T70~80 % TH - 72,
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Table5 Comparison of operating cost

Item PANBIC-G process Activated sludge process
Electoric power
consumptl%n 14 F/kWH 40 kWH/d 560 M/d 1800 kWH/d 25200 M/d
NaOH (25%) 14 M/kg 210 kg/d 2920 H/d — —
Steam 3M/kg 640 kg/d 1920 M/4 — —
Conversion of 3 M/kg 4300 kg/d —12900 F3/d — —
Desulfurizin I
agent g 500 M/kg 1.62kg/d 810 M/d —
Dewatered cake _ -
disgosal 50 M/kg-DS 260 kg-DS/d 13000 M/d
Total —6670 H/d 38200 M/d

BRETKEBRKEF OMEKAD 5 = 2 — ViEROFHE
i$ 2~ 3kegSS/d, 7T =2 — LiGRRENHE 225 keSS/d
Tholze —MMIZUASB Y 72 % —i&, Bk SS &
ERENE N T2 5 —NHROEERTFPEE L Vb
WA, KR TIIEK SSIEESMR N &b H Y, Wiy
FZa— VHRESHEEREDLI) BRETHY, VT s —
WIZY T 22— VIHBRPLERFENT VS 2 & 2 HER
7z
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Oil Refinery Wastewater Treatment with Multistage
Fluidized-Bed Activated Carbon Adsorption Equipment

(3R) BfrERatmi s 3 3%
A F

Tsutomu Kinoshita
x  H bl
Michiaki Nagata

ZRMBIR G RBEERE [V F7 2 b 2] 3KERB OB, 19934F o B 5E B 45 DLk,
HEHELDIEHELDO TS, YUF T2 D ARGEROEERATEE RSB I8 LT, EHRYN
BEN RV, R LIZLEKEAIMEOND, & - RFIPBEH THLIEOREL L > T b,

AT, wVFT77 NADKRE L LI, AMBEEIPKORBIER L-EM%, BEONSLE

BRRPOENT 5,

With strengthening water quality regulations, multi-stage fluidized-bed activated carbon
adsorption equipment, Multi-ACTS, has been attracting much attention from various fields since
the start of the sale in 1993. The advantage of the equipment includes low consumption of
activated carbon, stable quality of treated water, and easy maintenance compared to the conven-

tional system of fixed bed type.

This paper reports an example of most suitable application to oil refinery wastewater and its
advantages in view of system components and operating results.
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Fig. 1 Process flow diagram of Multi-ACTS for petroleum refinery waste water

B1 R INVFT77FRAEEERROLE

Table 1 Comparison between Multi-ACTS and fixed bed type

{Condition of case study)

~

Flow rate of wastewater : F =1200m*/d
COD concentration of waste water (inlet of adsorber) : Co,= 54 mg/l
COD concentration of treated water : Co= 20mg/l
{Results of case study>
Multi-ACTS Fixed bed type
[Adsorber]
Specification 2000 dia X5 stages 3 200 dia X4 000 sh
Xone column Xthree column
[Activated carbon]
Amount of holding [ton] 4.5 30
Amount of consumption [kg/d] 130 350
BOWEMR LV ASUERIZ L W iTbh s, OMBLEDIEME R A RS 5720, WAEEEIRE C,
EHEROBRE, LEHAKEHNAT ) —RICL TEH POTEVEROF RS @,
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PRk, BEEORE 7T v v 7RELTHHVLR NAR=ZADD v b LA EEIZL Y, BRghEI
%o vy,
INHDTRIE, §_XTCTUr565 47— LfAED OEEROBAGR L AT 5 LI - T, FKROKE
SHTHEWIATbNS, PEE L THMEKROKE % HFTE B,
1.2 IVFT7I FZXDOFIR OEMROFAREIEL END 2D, Sy T aR
NYNVFT I P AORSRERRSIL, FHERO D OWE PR EETE 5,
BHETHIECELIENTELHEILD L, BERRE @IELEXTH Y, WEREFKEVOT, EfEsa
B/ AOBEIRERN EFCE o TR WEHRZKE 87 MIR D EREEREEHIRTE 5,
M9 2 eNEL b, ZRIIHLT, wVFT7 2 MR, ORBRATHLDOT, FADTOHEEHWEIC & 2 18K
BRETERIDEERDOKT L72EEROAZ TR LI E T I, BERRD LD lBf A ETH 5,
LTw 7o, EEROFAGEIE L, HtRoSHE OEBEY — 7 AL DB IND 2, EEEHE)
FRBTAHIENTED, HHTH b,
YNFT I RAR, EOMICOEESOREEALTE GROBME, VFT 7 PAOINLDOREREENL
N, FLbDE LTROEIFETORE, TRREANE L > T 5,
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Table 2 Design condition of petroleum refinery waste water

Flow rate of waste water: F=1200m®’/d

Quality Raw waste water Treated water
PH 6~8 6~8

SS (mg/1) 50 15

COD (mg/1) 90 20

0Oil & grease (mg/1) 300 1
Phenols (mg/1) 20 1

B3 X Kooy boEFHLEKE

Table 3 Design treatedwater quality of each unit

PH SS COD 0il Phenols
(mg/1) (mg/1) (mg/1) (mg/1)
Raw waste water
6~8 50 90 300 20
CPI separator
6~8 15 90 10 20
Coagulation & floatation
6~8 15 54 5 20
Multi-ACTS
6~8 15 20 1 1
Treated water
F 4Kk CNFTFIPAOTERRAE Raw waste water
Table 4 Specification of main equipment for Multi-ACTS unit
Item Specification Unit I CPI separator
Multistage 2000 dia X5 stages 1
fluidized-bed adsorber CS/Epoxy lining
l Coagulation & floatation
Carbon storage tank 2000 diax2 000 SH 1
CS/Epoxy lining
| Multi-ACTS I
Spent carbon storage tank 2000 diax2 000 SH 1
CS/Epoxy lining
Treated water
Carbon measuring tank 500 dia X700 SH 1 FIE WMEIO-—-OTOYIFAT
304 SS VAN
Fig. 2 Block diagram of treat-
ment flow
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Table 5 Operation data of Multi-ACTS at test-run

[Operation data-1]

Design condition Operation data
Coagulation & floatation Treated Coagulation & floatation Treated
treated water water treated water water
PH 6~8 6~8 6.6 6.5
SS (mg/1) 15 15 9 6
COD (mg/1) 54 20 28.3 5.7
BOD (mg/1) 28.2 < 5.0
0il & grease (mg/1) 5 1 4 <1
Phenols (mg/1) 20 1 2.8 < 0.5
[Operation data-2]
Design condition Operation data
Coagulation & floatation Treated Coagulation & floatation Treated
treated water water treated water water
PH 6~8 6~8 6.6 6.9
SS (mg/1) 15 15 6 <5
COD (mg/1) 54 20 31.5 5.9
BOD (mg/1) 33.3 < 5.0
0il & grease (mg/1) 5 1 < 2 <1 ]
Phenols (mg/1) 20 1 0.9 < 0.5

BEE 1 wVFT7r N REENE
Photo. 1 Outside view of Multi-
ACTS unit

OKEE LTI, FEEEMEENE L, BRENTEF LR
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HETFHOLLRWI e RIZEVERESH, SEO7T—
PERAE SN,
2. 3 EfEits
SREMICBITETVFT 7 b ARSO T ERBOM4E
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R T
3. EEHERR
3.1 HEKk, WIBKOMIR
FEREFIZBIT AN F T 7 D ANOFRAEK (BEM
JEF EAFK) RUOMBEKDOKED—B % &5 RIZRT,
2 FOKOKEVEHEMEL D bENZ LD 5HY, WBAD
ER 2 YLFTs AREEIE KELHEE L b REMELHE L, RIFLLEIFTHOATY
Photo. 2 Outside view of Multi-ACTS Adsorber AT EDPHERIN,
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Table 6 Properties of activated carbon

Item Specification
Particle size  average [mm] 0.55
Upper 0.71 mm [%] <10.0
Under 0.35mm [%] < 5.0
Bulk dencity [g/cm’] 0.49
Specific surface aera [m*/g] 1150

lodine adsorptive capacity [mg/g] 1050
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Drinking water treatment using membrane separation technology

RABBE SRS KEEORBAN

*&9?
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N H
Hideo Matsui
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Hironobu Nishio

199148 & 0 3 4R, EA4E, EVAREERLRY () AEHK 7T ABSICL ) TMAC 2156 |
WEBENTZA, LD EBRSE L, YHOBEABEBNGALES 7L L CERTRTH 2E%
FERA L 72,

HRIES B IE, BAERICL ZHFEHORS K, RBOBAR—ALEOHFRAWELS, kD
BERILET 5 BB EDIBKV AT AL LTSHRERL TV LD EbNE, T/, E, 2197
NARY T APFEAKIRA UBSEDS AT L2E6ADH Y, BEABIZZOMEL LTOETD 5
ZEMREDLENT VB,

KT, BHoRESEEM (SP- MEMCOR) WA Y, EH7I 0 M LTOHEB, 29 7 kR
R T ADBERBICOWTHENS,

A national reserch project “Membrane Aqua Century 21 (MAC21)” was carried out for three
years from 1991 by The Water Purification Process Association at the initiative of The Ministry of
Health and Welfare.

SHINKO PANTEC participated in this project with its membrane filtration system. The system
proved in a demonstration plant the efficiency over the conventional coagulation/sedimentation/
filtration system for the advantages as easy maintenance or unmanned operation, smallspace
requirement, etc. It also confirmed the effectiveness as a preventive measure for disease caused by
pathogenic protozoa as Cryptosporidium possibly mixed in drinking water. For these reasons, the
system is expected to replace the existing system.

This paper introduces the SHINKO PANTEC membrane filtration system (SP-MEMCOR), the
results of pilot plant, and the removal of Cryptosporidium.

Key Words :

B ) i
YT RARY I A

membrane filtration
Cryptosporidium
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% 2 Membrane Aqua Century 21 project
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EOMREN LRSI ROE) TH 5D,
OYARES A
OV <
OV $: v
@Ry 7
(FA*1mYm¥ H, 450 m¥/ HLU EOBEEE)
GFEY - (FEE, 1. 288)

%®2 SP-MEMCOR (180~360 m*/H)

O KAl

@Dar 7L vH—

OL |

Ol R O EBR A%

OWHTHAREIETmE S D) 7 ATEAE

@FK - AWK ERTERT, @ER, Tt
PEIZIGUT, ROBEBREMA S,

Q@7OtRAEZ Y — (GEBHEREE)

QESFEALEE (G4ER, PHRBEH)

DL EE (B - U H UM E NSO EALERE

KO A1)

2RI KE 180~360m*/ H (MHE 1m*/m¥ )
DEABEEZ RS, ZDF A FFa =y MIFEKES T,
BEY 22— (12~24%F), BEABEFSIL TS,
B~ EEIIE 1.6 m, X 25m, £X36~42mTH5b,
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1.2 BBED 21— IERSH
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FIMFETHY, BEY 2 — VIZFEER 15m? (M10C #
BV a-NWIEKD) THE, FOMOHRIIRDE B
NTHs,

%1% BiEdH (SP-MEMCOR)
Table1l Standard specifications (SP-MEMCOR)

Type of membrane Microfiltration (MF)

Material Organic (polypropylene)

Pore size 0.2¢m

Type of module External pressure type

hollow fiber membrane

Membrane surface area 15m* per module

Dead end constant flow
filtration

System of filtration

System of physical

. Air back washing
cleaning

)

Fig. 2 SP-MEMCOR (180~360 m®/d)
Feed port
) Center tube
Filtrate port /
(¢) i S
N

%3 JREy a—VAER (M10C)
Fig. 3 A cross section of a MEMCOR M 10 C module

Fibers

M * 3 Shinko Pantec-MEMCOR, MEMCOR iZ Memtec Limited &%=

* 4 BAEAE, HAREL) ORSEKE: mY/mY/H

50 i E VAV SV S E Vol. 41 No. 1 (1997,/9)
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fibre wall

Aild up of

contaminants
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being blown off
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Nomal operation Back wash operation

Sweep operation

Raw water
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1
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%4 Ik (FANy 7o+ v da) #F
Fig. 4 Back wash operation
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Table2 The analysis results of water quality (A Village)
Raw water Filtrated water Standard
Parameter water
Max. | Min. | Ave. | Max. | Min. | Ave. quality
Turbidity (unit)| 1 0.1 0.38 | <0.1 {<0.1 [<0.1 | <2
Color (—)] 6 3 4.3 4 1 1.6 | &
Permanganate value (mg/L)| 4 1.2 2.6 2.7 1 1.5 | Q10
Euo, 50 mm cell (—)| 0.128/ 0.057| 0.09 | 0.1 0.014) 0.05 | —
Total manganese (mg/L)| 0.009] 0.001} 0.004] 0.006| 0.001| 0.004] <0.05
Total iron (mg/L)| 0.068 0.011 0.028) 0.003| 0.001| 0.002| <0.3
Aluminium (mg/L)| 0.05| 0.01 | 0.02| 0.05| 0.01 | 0.03 | <0.2
THMFP (mg/L)| 60 |21.8 [42.1 [47.1 |14.7 |29.6 | —
General Bacteria  (N/mL)| 1100 | 14 139 |37 0 16.5 | <100 - | ,
E coli group (MPN/100 mL)| 7900 | 9 871 0 0 0 No detection
B3k KHESKER (BH)
Table3 The analysis results of water quality (B town)
Raw water Filtrated water Contact Filtrated water| Standard
Parameter water
Max.| Min. | Ave. | Max.| Min. | Ave. | Max. | Min. | Ave. quality
Turbidity (unit)| 0.9 0.5 0.44 0 0 0 0.1 0 0.01 ¢
Color (—)| 2 1 1 1 1 1 1 1 1 <5
Permanganate value (mg/L)| 1.6 | <1 a Qa a a 1.1 1 1.05 | €10
Exs, 50 mm cell (—)| 0.066| 0.011| 0.03 | 0.001| 0.014| 0.05 0.342 | 0.003 | 0.037| —
Total manganese (mg/L)| 0.087| 0.063| 0.062| 0.092| 0.034| 0.06 0.031| 0.001| 0.009 | <0.05
Total iron (mg/L)| 0.096| 0.084 0.028| 0.02 | 0.001| 0.004| 0.003| 0.001| 0.002| <0.3
Aluminium (mg/L)| 0.83 | 0.3 047 | 0.21 | 0.03 | 0.08 0.13 0.01 0.05 | €0.2
THMFP (mg/L)|30.8 |[<5 15.6 [34.8 |<5 9.1 17.9 5.1 10.3 —
General Bacteria (N/mL)| 110 27 10.8 9 0 1.7 — — — <100
| E coli group (MPN/100mL)|130 {33  [25.6 | 0 0 0 — — — |No detection
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Table4 The analysis results of water quality (MAC 21)

Fig. 9 Flux (MAC?21)
P Raw |Filtrated | Removal
arameter .
200 water| water ratio
g C.C : Chemical cleaning Turbidity (unit) [13.6 | 0.0 100 %
2 1501 .
=] ’ Color (unit) |12 3 73.1 %
f-‘é g 1008 /” /f/ Permanganate value (mg/L)| 6.7 2.6 61.7 %
%%; 50F JCAC J ce cC / Ew, 50 mm cell (—)| 0.150| 0.120 19.8 %
= 0 L L i ! L, X ; Ammonia nitrogen (mg/L)| 0.23 0.17 25.1 %
0 50 100 150 200 250 300 350 400 450
[93/1/18) (7/20]  [9/8] [94/1/5]  [3/8) Total manganese (mg/L)| 0.049| 0.017 64.4 %
[Day] Total iron (mg/L)| 0.79 | 0.01 98.7 %
?_10 liZ(]) 2%1’5}?:7‘] (N}I)AC 21) - Aluminum (mg/L)| 0.69 0.04 94.9 %
ig. (rl\ir:énsln)l rane pressure difference THMFP (mg/L)| 0.00] 0.0% 3.7 %
5% MEMCOREIZEBYTNITEZ YT FARY I ADOKREH
Table5 The removal of Giardia and Cryptosporidium by MEMCOR membrane
Th . E coli
e source of Temperature | Turbidity H TOC rou Kind cyst/L | removal
watersupply () (NTU) | P* |(mg/L) (cfug/lf)()fnL) oocyst/L | (Log)
U.S. A .
California 13 34 19| 26 13 _ Glardia | 2.8E+4 ) 6.4
(Lake Elsman) Criptosporidium | 7.4E+4 > 6.9
U.S.A ..
Giardia 7T.9E+4 > 6.9
?giff”r‘eservoir) 15 07 |78 13 9 Criptosporidium | 1.3E+4 | > 6.1
France Giardia 1.3E+4 > 7.0
(Seine River) 18 o4 1821 30 1700 | Criptosporidium | 2.38+4 | 5 6.3
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| EHEKE - BENED-HOFH 1M
KEHEAKERERE THHOG"]

Large-scale commercial water electrolyzer “HHOG®” on-site system »
for generating high-purity hydrogen and oxygen gases (HOBFCRISE S

= % W ¥
Akiko Miyake

/I kT Ok
Hiroko Kobayashi
= - S

i Teruyuki Morioka

KEVRGFKERREE L L TR SN 94 MIEMEKSE - BREHEAEXE “HHOG (High Purity
Hydrogen Oxygen Generator)” O#RIZDOWT, BEHEREUEEOE » 57 L {EH L7, HHOG @
BRAORRIZ, BEREZANETICHARTELRDSB TN THL, TNEZWRIC L ZEEETTERE
BEOKEA A MBEDA S Z X8R, KERUVBREDOENERY S HIZ000b L T EMEKELIES
L ) NOBMERH Lz, T72, KEMTRONELL GUKELMEITET B0, EREAIE UL
3N OBEAREBA L, THETICHRELZRER HHOG RU2 Y 7Ly H—% L TEEKE
RBEESEDIEPTELPE/EEE HHOG OREME L ZO@EH Y A7 202 Lo TR L7z,

Features of a large-scale commercial water electrolyzer, HHOG (High Purity Hydrogen Oxygen
Generator), which was developed as an on-site system for generating high-purity hydrogen and
oxygen, are reviewed in details in the view of its principle and electrolysis cell structure. One of
the most important features of HHOG is to electrolyze deionized water without addition of any
electrolytes into the water. The mechanism of proton migration in a solid polymer electrolyte
membrane and the reason why high-purity hydrogen and oxygen gases are generated in spite of
permeation of H: and O: through the membrane are described. In order to decrease the dewpoint
of the generated gases which contain saturated water vapor, three systems for dehumidification
are mentioned. In this paper, two series of HHOG for low-pressure system and for middle/
high-pressure system which dose not require any compressors are summarized and their applica-

tions are also mentioned.

Key Words -

K F# Hydrogen
i3 E Oxygen
= e ;-3 High-Purity
X A % Water electrolysis
[ RV Deionized water
wEOWm E & Electrolyzer
FIREN= e A Solid polymer electrolyte membrane
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Fig.1 Principle of water electrolysis using a solid polymer electrolyte.
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Table 1 Analysis of generated hydrogen gas (unit: ppm)

0. | N. | CO cozcmHnlpggy

HHOG 0.93 | 0.17 | <0.1| <0.01| <0.01|99.9999

Cylinder Gas | <0.1 1 0.1 ] <0.1] <0.1/99.9999

Note: Analysis method for HHOG gas

Impurity Lowesfi;ifitfctable Analysis method
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Chromatograph
Mass

N. 0.003 ppm Spectroscopy
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High Rate Sedimentation Unit [Super Thickener |
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Yoshizumi Matsui
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SUPER THICKENER is a high-rate coagulation/sedimentation unit, improving treating
capacity by 5-20 times that of the conventional unit.

Its advantages includes high surface loading rate due to uniform upflow, superior treated
water quality, the high strength discharged sludge because of integral construction of
sedimentation and thickening tanks. These advantages minimize installation space and increase

treating capacity. This paper introduces the outline of the thickener together with its

operating data with a pilot unit.
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Fig. 1 Schematic diagram of “Super Thickener”
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Photo.1 High Rate Sedimentation Unit
“Super Thickener”
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Table1l Standard specification of “Super Thickner”
Type diameter Height Flow 3volume
A (mm) | Hl (mm) (m®*/hr)

SPT- 15 1500 5100 8 - 17
SPT - 19 1900 5150 14 - 28
SPT - 29 2900 5200 28 - 66
SPT - 38 3800 5300 65 - 113
SPT - 50 5000 5350 110 - 196
SPT - 60 6 000 5450 170 - 280
SPT- 170 7000 5550 230 - 380
SPT - 80 8000 5550 300 - 500
SPT - 90 9000 5650 380 - 635
SPT - 100 10 000 5750 470 - 785
SPT - 110 11 000 5850 570 - 950
SPT - 120 12 000 5850 680 - 1130

@O ERELEMIC X D &R

@B BT FRFIRINE S & &R
QEMELERTEEETH D,

EBAEN T, Ah7 0y 7 R MNEFAENIZ L -
THEEINS, BELBBESEEDZOI2IX, Elhod
WHEELR ERARTH LI EHFHBHTH Y, LERMETIET

BT AR T, BREZTREL AEMEREY
W LEI D5,

ML= —7 2 MEIZ X D ERNOKTTENEE, RO,
MEVEERNTIC L 2RO 2y — V7 v THHRRIC KT

Vol. 41 No. 1 (1997/9)

kT VANV S S E - 65




Neutralizer

Coagulant :

@ Polymer

~0

Reaction tank

tank

Raw water pit

2 [R=2¥=ysF—] 7T~}
Fig. 2 Flow sheet of “Super Thickener” Pilot Plant
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Table 2 outline specification

Item Specification

Flow volume 5-30 m®/hr
Rate of surface loading 3.3-20m®/m’ - hr
Height of sedimention tank 5000 mm
Inner diameter of sedimention tank | 1400 mm
Number of distributor lateral 6 pipe

- Bl EIREBREEN SV

BEEEIES TH D,
2. /N4 0Oy FEE

ATy MRIZE DEBEKTOERERFRIZESS,
2.1 N4y bE

Fo2Risfay bSO -V — NERT,
RE2IRIZIA=IS=2 v 79— 51 ay s OBEEARE
R,
2. 2 XBER

1) BB 1

BER T EIE TAE A B AU TEHEK OB LB LEE /< 1

66 LF T RAR

PET

Vol. 41 No. 1 (1997./9)




B3R Aoy MERMI
Table3 Example 1 of pilot test
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Table4 Example 2 of pilot test

Raw water Back washing water of sand filter
¢ SS av. 200 mg/L

Plant super Thickener (Pilot Plant)

Coagulant Al: (S04 )s - 18H. 0 600 mg/L

pH control NaOH

Coagglant aid 1 ~ 2.4mg/L
(anion)

Rate surface 5 ~ 13m®/m’ - hr
loading

Treated water SS 3 ~ 22mg/L (av. 10 mg/L)

oy EERG 1 A 3RIRT,
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Process water

Raw water SS av. 15 mg/L

Coagulant Al, (S0 )s - 18 H. O 150 mg/L
pH control NaOH
Coagulant aid

(anion) 0.5 mg/L 2.0mg/L
Max rate 6.6 m*/m*® - hr 10 m*/m® - hr

surface loading

SS<10(2~8)|8S<10(3~7)

Treated water

mg/L mg/L
SS 2000 ~ 2500 | SS 1500 ~ 1600
Blanket me/L me/L.
Floc Al (OH); 47.7~52.8% dry SS
. Fe (OH); 8.0~10.2% dry SS
composition Others  37.0 ~ 44.1 % dry SS
L T U
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Open air cleaning apparatus for clean room
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Kazushige Hinokiyama
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Shinko Pantec Co., Ltd. has recently delivered several open air cleaning apparatuses for the

clean room, and they are being operated now.

Gas and particulate matter were conventionally removed by a combination of chemical filters
and HEPA filters in case of the clean room, which posed a problem because of low removal
efficiency and short life of the filters. These new apparatuses make an epoch in solving these
two problems. This paper presents an outline of the apparatuses.
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Contamination by particulate matter
Chemical contamination by gas
Image force

Collision efficiency

Inertial parameter

Coulomb force

Inertial force

H5b,

I =Y N—ATIE, #IANTANT— (LEF) 12
LEMANK RO H AR ADOEE & HEPA 7 1 V¥ —
2L ULPASIZ L 2R FIKYHDOHEEN T LN T W B DS,
BREHEIVEL, 714NV —F@PHEWEOMEINH 5,

LI ERS, WANKFOH ARFEGEYE &K
FIRWBEOERERILE 74 VY —DESHGILZEHE L
BRI L AR R E A HERB L O TEDR
Wl xBNT 5,
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Clean room

Open air

Packed tower Recycle pump

B1H BMANRLEEM7O—2 -}

Fig. 1 Flow sheet of equipment for the open air treatment

Outlet air

\Air conditioning unit

NN N !

Open air

%

Drain

Packed tower \

582 WASNGRBER7O—2— b

Fig. 2 Flow sheet of the open air treatment

Recycle pump
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Ded

Cooling water
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53 EHEFTEM O Hy, &

ig. 3 Hy; value of tower packings

FIEE(Z & 2 A AR FRYE DR E
71 = V= ADFEFERTERFIIROEB) TH A,

[ &R~ ]
Vesks

— 7Tt X
— 1 —F AT 4
—R

E b i

— HTF R

—AbEEL B N A —HER, B, TObANR

(HF, SO:% &)
ThAYBA A
—(7rEz7, —HE, B, AR

7ivhRY)
&k (FhY
—A, BEFEF)—VIAL, A, ToEx

125 % (B) g N
Y (P) ket — MR, 7405, TOLRFA

AHE
(R = —%, — Mk, 7409, (EER
IAFNERLEE)

SO DOYWEFINT A0, RIS L 2 {LEERIT e
SRR OREREBICOVWTIEL RS,
.1 HXO{EERIN

ALK, MEREIREEM L, WP EDILER
TIZE DLEYATET, ERhhLBRESNEBE 2L
BRI E VS

KL OWEAIL, =AM H5000~12000 kg/m*-h, #
ok iE, WEFE10000~30 000 kg/m*+h 2 6 F L E ik

100
70
| L=13000kg/mh
50
z
2
= 3
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R=A
Q
a. 20'
2
; :\'\‘Q’
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3
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i
q 1 | 1 L 1
v 2000 3000 5000 000
Gas quantity G5 [kg/m+h]
w4 EHTTEM OIE IR
Fig. 4 Pressure drop of tower packings
F; 1R FHEFTEMOMFE
Tablel Characteristics of tower packings
: Surface area Free volume
Packing (m®/m®) %
Super pack 6P 390 95
Heilex 200 100 93
Heilex 300 75 95
2" Raschig ring 93 74
3" Raschig ring 62 74
1" Tellerette 185 81.6
2" Tellerette 102 88.6
L " Netring 164 86
Polytron A 88 92
Polytron B 100 91.1
Intalox saddle 256 71.5
HobMb,
@& A AENOMRZRIE (1) Xoiiih TH 5,
Y,
Z = Hy,- In<t (1)
2
Z RS (m)
Hoe : BOHHAIE S (m)

70 ik AV S )
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Y,  AOERGBOTARE (BWHE)
Y, HOZERBOTARE (ENFE)
Hy, Bk, STEMOBHEICL W ERL, ZoEANS
WITEM A TE, ThE BV THRENS S EAOR
ELHOBENISCEHNTE S,
1.2 RFRMEDOKRE
FF KRBT 571213 van der waals 1, 7 —
arh, 4 A=JAN, BEHENH LN, FTEEDOY
&, EEDDVERE LD, EHEEIL, SEERTEHED
EEIHRESE, HIVIIEERESROEEE A HEE
2TV, ZRFORTERETLLDTH b,
WeEshEiL (2) ROEW NS A—y —TKREND,

— sz'pP'Vi
v = 182Dy (2)

v BT A -

dp HTFE

op HITEE

Vi (BEYIHTARTOEE

D, :BEEYWOEEZEIIZ/ AVOBEDHVILIE
ZERRHP AR T 254, HFosuEEE (3) K
TEEhb,

2.

W a d—"R;/Q (3)
W, : RFOHHEEE
Vo BAaRE
R BEEIRE

(2) RO (3) A2 6, HFNHEHEENIKEL,
ERFEINENFERAP VR TF 2 IHBHETELI LR
5o
2. 7oexXmnT7o-—

2 1EICIANRLEERED 70— %2RT, HESLTIE

CERYBRETHAILENTE, Z0OEBO7O-%F2H
WRT, ARIZ 7 7 VIC X W FEEEAEA SN S, 22T,
NRBEOFEHF ZERO 70—k, #ik, HBWViE, Rk
EEOHKRFIZEFELTWVBT7IVAY (Na, K) &1bER
ZRISL, {bae LTkhiCBES NS, —F, JH5H
DEHRITERFZEICL hEIBICKRESNS,

HAAKIGHAK T, FTEEEREAMEEEIL TEAS
n5,

Hk&IZ6mY/h ThY, hkEHBKkE L THNA
Ehb, THEOHETRESTIHRADFRA » M, #l
ARAOCTEMOBEETH S, 5 3R EZETEMO NHi—
KETD Hyp 16, BARNENEERBRUE 1 RICELED
REERT,

FE3IXMNS, FRAMEG=9000kg/m* h D%E, Hy
12027 m~0.7mOEIZEAEL, ZDEI/hSIZEH
BN LVWIEREKRT S, FA4RNEG=T000kg/m* -h
nEE, EHEEE 8 mmH:.0/m~200 mmH.0/m DM
Kb, H1E,LS, TEMORAEHIE, 62m’/ m'~
390 m¥/m®, ZERAZRIZT4 % ~95 %ORIICHEL T3, &K
MHEAKE WTEHEM I Hye AN S, BRBEFKE S
L DIEETIBEINEVEWIEEED B,

WAL LT, SHEFTEM ZHARALZTIEOMERE
WA 2RISR T o SLEEH X500 m*/min, AL NHa
W= 5ppm, M NH: #E=0.1ppm, FCHEEE=
2150 pmm —35E, #EiFKE=1210£/min —FED %ML T,
FEE S LENBEROLE%1To72, B 2ROEEDLS,
FHEES X12990mm~180mm, EHIBEIE50mm
H,0~397 mmH:0 ®fichhH, A—s8—s%y 7 6P Hk
LHRENT CRTVBIEDS, TOFTREM EREL,
4. BEEEDMLE

BEBONER*E b BISRT, mETEM, LY
FEMHIERDBEY TH 5,

4, 1 EEETEH
RANTE

THWE THLBEHISEY, 77 Y THEXEY AR, T 18000 m*/h
BEETH ARDE R FRYEZREL, GFE LI AESFX BASNSPIERE (vg/m®) WEERE (ug/m’)
ERBZERRMETHEDREE SRS ENT, 7V —> 8O0« 100 1
V= LITER SRS, Cl: 50 25
3. KEENOHE NOx 20 15
BRI, BEETEM EAARALTHETEEN A N 50 5
8 2% SHFTHEONLRE
Table2 Performance of packed towers
Gas Tower Water Inlet Outlet % Packing | Pressure
Packing quantity | diameter | quantity | concentration | concentration | p,. o6 height drop
(m*/min)| (mm¢) | (1 /min) {ppm) (ppm) (m) {mm) |(mmH:0)
Supar pack 6P 0.21 990 50
Heilex 200 0.36 1700 75
1" Tellerette 0.31 1460 176
500 2150 1210 5 0.1 4.71
1 44" Raschig ring Flooding
I-Ball 0.29 1370 66
L " Netring 0.40 1890 397
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Fig. 5 Operation apparatus

B3R FETRAORERME

Table3 Removal efficiency of noxious gases

Mist separator

Spray pipe

Packing

Casing

/Em support

Name plate

Manhole
OQverflow

Pump suction

Radder

Stage

5 5 & HERFOREME

Table5 Removal efficiency of salt particle in the open

air
Inlet Outlet Removal
Gas Run concentration|concentration| efficiency
g/m’) (pg/m?) (%) Inlet Outlet Removal
1 140 2.0 98.6 Run concentration concentration efficiency
SOx (mg/m?) (mg/m?) (%)
2 220 2.5 98.9
1 0.0872 0.00665 924
1 4.0 0.5 87.5
Cl: 2 0.1323 0.00886 93.3
2 3.5 0.7 80.0
| 18.0 25 86.1 3 0.0785 0.00679 91.4
NOx
9 75 15 80.0 4 0.225 0.00923 95.9
1 3.5 0.8 77.1 5 0.1130 0.00805 92.9
NHs
2 8.0 0.9 88..8
VRIS 700 £/min
AR BRSO BEKE MK (Na*=0.12mg/f, K-=0.1mg/?
Tabled Removal efficiency of dust ’ ’ e
asCaCO;)
Dust (>0.52m) Rk E MAX. 6 m%h
Run Inlet Outlet Removal (FiksDONa*, K& UNR B NH, 28K IZ AR
concentration concentration efficiency
( pieces/ft") (pieces/ft*) %). LT, SOx, Cl,, NO« & DRSPS EE)
1 1558 % 10° 282 % 10° 81.9 HEAoK it pH6 ~ 8
2 1632%10* 223 % 10° 86.3 Na.SO, 10 mg/ﬂ
N i NaCl 2mg/?
3 1225% 10 150 % 10¢ 87.8 NaNOQ; 0.2mg/ ¢
2 0 2
1 1429%10° 248 % 10° 826 _ (NH).SO. 10me/
EHE%k 100mmH:0
72 UE A A 5 F Vol. 41 No. 1 (1997./9)



B6R FERTOEREDLE »
Table6 Comparison with conventional process

New process Conventional process
. Air conditioning
Flow sheet Open air - Air conditioning | ey gir —— unit
Packed tower Filter unit
Performance of Removal Removal
Gas and dust concentration Inlet Outlet efficiency Inlet Qutlet efficiency
in the open air (%) (%)
SO« (ug/m?) 180 2.3 98.7 180 18 90.0
Cl: (ug/m*) 3.8 0.6 84.2 3.8 3.5 7.9
NOx (ug/m’} 12.8 2.0 84.4 12.8 5.1 60.2
NH; (zg/m?) 5.8 0.8 86.2 5.8 5.0 13.8
Dust {pieces/ft’) 1.5X10° 2.3%10° 84.7
salt Particle (zg/m®) 127 7.9 93.8
Running cost (yen/year) 2000 000 15 000 000
4, 2 EEMLH AR, S, 05 um U EDFEEHEERORERIL
FeEE BEF VSP—175 (0) 15 81.9%~878%&7m>TWh,
1750 ¢ mm X5 800 *mm EEHRLS, HHEMTFICOVTIX, SAP ORI
BB|Rr 7 700 £/minX15 m X 3.7V I& . 0.0785mg/m*~0.225mg/m® (2B W THRFEHILL %~
SCS143 95.9% TH b,
TT 300 m*/ min X130 mmHOX 118 1 & Bk A S, EREIEME Lo TV BAHEN ZDREMLEL
SS400%4 WBRINLERIEONL, BB, HRPOERKE S
TRIRECE PVC# HFL0 BREERESNL D t DER S iz,
4. 3 FIREETERMME 6. MR TOEX &EDER
KN FRPH# 7= = ARANKF OFEN A LEROIRE T
HORE PVCH# TAEDNWT, KTOLREGEREDIEZSRE 6 RIIRT,
ok 2 Ry 7oL BORMND, REBEZRETHILICLD, SOy, Cl,
FoIEA PVCH NOx, NHs, BERFUCUHER FOREZNRICEN, O
fEHE (FL—F27) FRP# R, 7 - Y- LOEEELEEIA MUCHFSTH S
IAPMENL—F— PVCH ENTEBHFEZ LD,
IAMENSV—F—-F (FV—F>r27) FRPE T 7T v
IR UREF SS400%4 5%, REBRBEFUMGAALZTOELAERETAILIZL
5. MR DD THEFEAE (, 2o, HERFREREORML ) —
HELL LBHIZI6EI0ANSHBM L TWEA, 20 Y- LOFEIRERD, Z—H—%0 6 TIHFREN

WHE R CHRET A MEREHE 3~ RISKT,
Ry P OARLERIL, WMASEE=18000m*/ h, TEEK
it =700 £/min R UFKE=4m¥/h TH -7,
BIXKDS, TADOBREEZEIT SO98.6~98.9%, Ch
80.0~87.5%, NOx80.0~ 861%7)7(U‘NH3771 88.8 % 7»*
FEagoy 1’1719

D=—~KIIBEZTEDLLDEMET A,
[&EFX@]
1) SkidilE fb: R—s%—2
£, TUT) pp. 5-12,
1997
2) LI . AW T ABEESERIC X DHES R ALY,
95(9), pp.77-83 WHE AT ¥EHRIFE, 1995

Y= lv—L4, EEMHM - HEL

xkfhlﬂl RET 54,

PPM,

B L fn W TEEEHER
(IT#81) KEHFBEE
zix

TEL 078-232-8133
FAX 078-232 - 8066
E-mail k. hinokiyama@pantec. co.
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The GMP/Validation of Conical Dryer Blender

() s8R
3 H [ F
Hirotoshi Handa

TZANWRNIAXRBHEOFEREL L TEERER P LLBEVGETIERAVWZLZw TS, R

BT GMPHIED I = AN K7 4 Y OHFEEEN

DXBEEFERBNT 5,

L, GMP AT RGN F—2 3 ilx L ToH#

The Conical Dryer Blender is used for a vacuum dryer in the field of pharmaceutical. This
paper shows the characteristic of Conical Dryer Blender with the specifications of GMP. We
explain some examples of the validation, it is indispensable to GMP.

Key Words :.
IZANKTAY
C D B
G M P

Ny F = a v

PAD &

19944E ® GMP E4 D IEAFTH I, 19964 4 X E
L GMP IS BT AN 7= 3 sl S ESE S
FDFFM M & o fz, A OBET BRUCHE, 185,
R, BAMUEEELME O AICBWTHEE(IMHE

Conical Dryer Blender
CDB

GMP

Validation

BWi=72nwtTsY, GMPIIHs Lotk El A% < B
RKENTWS,
AKIETRNATHIZANEST AT, & L TE#EEK
FAEPEEORE SO ADORERERTECHERISAT
BYH, GMP 0@ %2 258007 vy,

Automatic expansion chute

[charge

Vessel

Jry seal

Vacuum outlet

Manhole

Proximity switch

L Stainless cover

\ . ot 10 a=ANMFIF4YOHER
Aut tic expansion chute s . .
Outlet [d?sémfgel P Fig. 1 SBTZEE?FUC of the Conical Dryer
4 U VA AV 5 - Vol. 41 No. 1 (1997/9)



TZHNFTL Y OHEFBATHELE LIS, BHED

GMP /N F—2a ry~OBRHBAAO—F 2B LT

<o

1. AZANLKS A YDEBN
TZANEFIAL XL, E1TRRTEHIC, F7va—

VRIOAEBRYEHEXEL I ETATYERBEE, IEH,

SOMBEGENFRETLIIEICLVATHICETNAE

RESERBETHEICERICIILDTELIEBETDH

A,

AZANFILAFYOERE LTI

1) RS S L ARBHEEETE LAV, K
FAWBET A LR TANNLREREYITH)ZENT
x5,

2) BIERFNRLHRL, M8y b TS5V MRS DRT —
WF TN F—2a Y OFUNESTH b,

3) YT NEBEEDIOERAOERGEIER TV,

4) RS, EEECENL S IRTAZ Y TORL
WTEL,

5) MEBABICHEKLT, BFEBAR-APLE,
Y= AHORENEFETE B,

71) —

Dry seal

E0EEMS, GMPHICHSE LTELAEZEREL VR
%o
2. GMPE#OIZHIKZA1 Y
GMP DIk s atEEL L T,
OREWBEHIL 2 VEE,
T, BEMIL Ty FAR=ZH 5 BN EE NS
1, ZEHI L WiE,
@kiE L v Vi,
OAvFF v ALRTWHEE,
@BEOFIN, 4V, BEOREEO L WEERSE
EARWEE,
ARDHNS,
2.1 aLRI(BR)OLEVEE
IZANFIAXYRIEOMBEC S FATA=Y T AT
VVAFI Y NATFOAEOTWEM L HWAEZ EAHE
0T, BEIZLI2ary 32T B85 TH L,
—HITTATAZ VIR ERIBRLIOAT ¥ L AR,
BEDMAE, wEECENRTEBY, yO0R3 vy I(KE
HR) DR L THLEHTH 5,
F2EICEIE Y — VEOREK FRT, ¥ — VBRI,

Filter

1:.
I

| i i
{ 1
| ] |
Vacuum outlet . — )

/ |

Type [A] : The vessel revolves / The vacuum tube fixes.

(A) & 5E 7 X

Dry seal

l}ﬂ

Vacuum tube

s

Vacuum outlet :

Type [B] : The vessel and the vacuum tube revolve together

(B) ey /5K

E2E WIIEY - VHRER
Fig. 2 Vacuum side assembly
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1 | GMPIGE
ble 1 Application of GMP

GMPHREX
Grade A Grade B
. GL & A& SUS304 L, 316 L+GL SS400+GL
"R R /) =ErER—=N /=K rEk—N
SRR R SUS#, "ZF7o(H SUSE, NAFo4/H
T AEAE L EP-3, EP-5 #400EE &, #3208 &
S SUS 304 SS 400
SANEMLE HINBEY YV £
EHRIE T BT L%z (R#ifET)
SUS 3045 tE
BB S /35— L MLL &
SUS304#320E& v Y ¥
ANVER, 2527 SUS 304 S5400 S25C
LA SUS 304 SS 400

BT K54 —n: €539 2 /PTFE ¥S4y—N:+%5 34 /PTFE
|| R ﬁﬁﬁ@%&%@--~ﬁ MR OGS - - - &
Dl - B2 My EOEERE- - - F MO EEEE - - - F
I HRE ROV g, 7)) — ABO A ~N— 2 kRS
) | D AIAR (FREKRDAERET)
SR MEE HESS i 4%

EBh7 2 b fElh7 & b

I bra—-7F A
-t aF R ﬁﬁmmg A AT

HEELEE R L

—NWEERLBEE LRI A AN =AY — b F R
L Lb\ o ERDTF Vil ¥ U FRTHLNTI/SY

BADRG, T4 40y — W HRTIEFTENC
mcﬁot AF— Am@%ﬁkﬂm " EBEDOF LN D

S5 TRTHEAY, EPEER RIS At Dhﬁﬂfu -
DoEDITYY IORENIEAEL L, BEEHELR
HRTWE | EDIRE & ﬂ%ﬁ(%zbnéo(%mﬁ
ﬂﬂ;‘:%j"'np)
HDTTLHF74/—w¢£W#b%ﬂfWWE%
m&ﬁfkh BB THELE T 5 Ml O R D Bk
dﬁETau«—nt&%Lmuénﬁﬁﬁiwa
WHED Do/ LTH T AN —%ALTHBDT
FURAT B AR, iffmrﬁﬁ%#%ﬁh
WA 7D BEEAAEN S RITTEER IR R, B
WAEELREDOWYIRIZHISTE 2,

2 i

TIZANFTAX—ORIIE, FAEZREL,
HER T 5 WG |FAFT O Tn B,

B RS OIS D WD DI F v P X

ZEFEY

—AWL R CHEEP LR T WIS E Lo TWd, T2k
EEHEZIHWN I LA TE 2, (M HRTE7 4
FEA I 4L AT HE)

3 Relt

FZX T Y AR R E 2B v — VAR, HERTIY 4
BB T M TAI &AL, 22y FELTIDY
THILD, Y- VEBORBRNPESLTH S,

2. 4 {EEIRIBM .
ATFVVABMIZSFASAZ 2L LA E%E /N7
S5, BEHIERT Y L ATEETZ%4®ICIES%
AL ERL, HEDOESFUEZECLTYS,
T, BB AT LARAN-THEIZLICLY,
AANVORM, BEDFEEZ LR LTWVS,
NLDEFEERFENLIZGMPAIEDI=AN S (¥
DHEEFEIRICE LD B,
3. NUF—2 3 FIEER
3.1 EEICKHShBNUF—- 3
W) F—a i THZTEITHD S Hige
MBI EA T ARMAE N IICAEET A S L 2SI
L&?é&&%i TRTIE] LEFESND, Bz
L, KEL/AHERERET L0012, F2OWEESm, T
i, Kﬁﬂmgﬂﬁ*MLL.%waﬁwtfémm%ﬂ‘
FONIHEE L X LT A2 & TH B,
Refi (BEER) ICEDREN BN F—v a3 vidkE T
TDQR, 1Q, 0Q, PQ MR T 20Dtk %5,
DQ : P2 YT
IQ : #EfHEE M
0Q : WIREFD AT E
P Q : BB TN
N T =23 YERER R O E R ER
QI IZTA—ADHEEE % BhS, BIEREEA — 7|2
BwTidFho &?57@LZ%&DMK&U&&&
T — 8 T B LEND B,
3.2 A—Hhr5ON)F—- 7 FiE

T —¥H L

RS Ty o R
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T 2®/ N)F—LarTBROLOORBENE
Table 2 Documents for validation

" = X =7~ LEEHE
DQ BROBRENZOVTGMP //3) 7 — v 3 o | HEELHE (BRELME), BEREE, LT
BabSBET 5 HEE BT E
) RBAMERARE 0 BN ICEBEATwa 2 L | RBRGE, MHEEAT, MELSE, TURS

TIREET B

&

¥y T7bv—var

SHAERE L IRHER R L OMRE AT L, il
THNIHET S

bLE Y 74—, REERE

JWALEHRERY IFHL, BRMEObL L

0Q RT3 R EEREE
PQ RESHET AR RETAI L2, ¥R ESL

FrL I FRAMILNIRIET S

® 3 xR UtoEEsSL-—F
Table 3 Grade of Cleaning

yL—F G 5
A BEROHILE L b1, MIBITHHEKTRET 5 b0k
okt Ve e B
B, BEOHIHETLES L - KT 2,
B BERUMILEE I, PHEAZBCCEY 7, ARV, 7
S e 7R ETEBEBEREL, TOUTHIRKITART Y B
DEV,
pammage | WIRUALECSHRIENL 205, B0, THOTL—F BRI
oo THLRBEOBESET) bOEV I, K74 RTU=TFA b
D ERICESRUEICHER KRS, BLY, RERIERLRES O
R BREE (T3, BOR) 2 EKINDDEV, KT F7O=TTAE

£ 4 ® BRHARKEEFzvZ)Ab
Table 4 Check list of field test

CDBHREEFzv 7Y A b

HBEEAH £ A B~ % B H #EEFS:
BEHSB: MFG.NO:
% At .
o = . HoE & # S
NO| B EENE () MEEDE & - BHES
1 [ EBE | FiRGDE E MR EBES

RAIEB MR A > TV 54 | IHIASHERTEEIZH 2

2 | 4 fR|E-sRERERTVWAY H#RFER
FEMIBI I TV EH B #iER
HEOEESGNLRIE®A Y A | THE

3z @y # &

EHRO EE U RITEE ) A Kl ()
417 k= WAL -T2 5H FHEFERR
sle @ ® FEE - RERHA LG, HHRRREHE NS
DR & % £ 1 & R QAR K

6 | A& & M @|AENHIE VD B

719 A ETAESAARY N B #LERR
O %&£l ON Tz a]

J 3 b = . J
8 249 F Ox¥y—-vH ”
OF# > FLER g

9 |HZEFRMBAEJ-YFRb HMEEEERE S
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5 & GMP @A

le 5 Supplied example for GMP

®| GL10CDB SUS15CDB GL 16 CDB
= W EE&E oB=0.6 E#Edm 0B=0.5 EHEm 0B=0.46
H E 73| 5 Torr~1.9 kg/cm® 0.1 Torr~1.5kg/em® | 5 Torr~1.8kg/cm’
MR E|130°C 125 C 50 C
o o= | eG 3 d2G4 G 3
%A - - 20— Y4 S — v — A
BEtEN| F.V.~1.9kg/cm’ F.V.~1.9kg/cm’ F.V.~1.8kg/cm’
EMRE| 130 C 130 C 170 °C
EHEME| SUS 304 L+GL SUS3I6 L SUS 304 L+GL
EBRHME| NAFOA C—276 SUS3I6 L NAFO4 C—22
(#2400 v ¥ 5 ¥) (EP-5) (#3207 ¥ +%)
BZElES| 4.5 l%/cm’ F.V.~2kg/cm’ 4.5 kg/cm?®
Siam| 154 0-130C 0
EHME! SUS 304 SUS 304 SUS 304
A o B 377 1| e P 20X 5y #240 v ¥+
B ¥ SUS 304 SUS 304 SUS 304
£t L #2400 vy #2250 V¥ ¥ #2240 VY F >
A1y —| SUS 304 SUS 304 SUS 304
B X A AR Jtm AN $EE ) HK
P RS A Y= Fo4y—n Fo4v—n
Bif;, 79 AI—V g, BEBRAND YL R, ¥ A9 —N
50 mm 0 mm S0 mm
SUS 304 7 /3— SUS 304 #7/5— SUS 304 #1783~
2 W | EEHRE IS SEHNE
B g0 vy #9507 &% #240 ¥+ Y
RAGEEBAE SEMLEZIEEE
et | A v—%
LM
Vacuum tube ¢ 250 Handhole
Control panel
Cover Reducer
L
/
) (]
h . VL
| ] _ / 12>
3] HIZ==xIR \ DA
- 0 1] 3
- Vacuum 'é e ‘ { -1
3 outlet = 4
. | 4+ =
( { "
\\ 3150
|
\ 250 A outlet
Specification -
Model :GL6CDB Variator : Inverter
Total capacities :160 Lt Motor 1 1.5kW, 4P, 50/60 Hz, 200/220 V, d2G4,
Max. working Capacities : 60 Lt Vacuum tube : Size 65A Material Hastelloy C-276
Design Press. :Tank F.V.~1.9kg/cm’ Filter : Material PET
) Jacket 4.5 kg/em® Heating :Inlet PT3/4B _ Outlet PT1B
Design Temp. : Tank 130°C/Jacket 130C Accessories : Thermometer, Control panel
Rotation range : 3~32rpm Weight : 1600 kg
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A pilot Reactor system for versatile mixing tests

EHES : FV/16 kg/cm?,
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A pilot reactor system for versatile mixing'test has been constructed in our HARIMA
PLANT’s test center.

The system consists of SUS316 60 Lt. reactor (design press. FV/16kg/cm?, design temp. 250
C) and two feed tanks, two condensers and other facilities. Reactor data can be taken of
impeller torque, impeller speed, pressure and temperature. Optimum specification of reactor will
be decided as a result of grasping the agitating state during reaction and the reaction product
by carring out the pilot test in SHINKO PANTEC.
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Fig.1 Flow sheet of the experimental equipment
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ible1 Specifications of 60Lt. Reactor

ITEM VESSEL JACKET
‘ull Cap. 130 Lt. Approx. 38 1t.
ner dia. 400 mm 500 mm
Jesign press. FV/16kg/cm® Skg/cm’
Jesign temp. 250 C 250 C
. Pressure vessel Pressure vessel
‘ODE Class 1 Class 1
faterial SUS 316 SS 400

EREE

TR

hoto.l The experimental equipment
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Table 2 Specifications of Agitator

ITEM SPEC.
VARIABLE SPEED REDUCER

REDUCER| Motor spec. :
Explosion proof type (d2G4), outdoor use
2. 2kw, 4P, 60Hz, 220V

2° DOUBLE MECH. SEAL
-Seal material
VESSEL SIDE:
Carbon vs WC Solid
ATMOSPHERE SIDE:
Carbon vs SUS 316 CM coat
*O-ring
FPM
‘Sealant
Mech. oil
-Lublication
SUS press. cylinder

OPTIONAL IMP.
(FULLZONE®, LOGBORN® etc.)

OPTIONAL BAFFLE

TORQUE DETECTOR (Explosin proof type)
0~10kg-m or 10~100 kg-m
TACHOMETER

SEAL

IMPEL-
LER

BUFFLE

OTHERS

B3R IERSFOM4K

Table3 Specifications of Facilities
No. ITEM

SPEC.

- SUS 316

- CAP. 40L:t.

* W/JACKET
(HOT OIL)

+ W/ AGITATOR (100W
MOTOR)

- SUS 316

- CAP. 40Lt.

+N: GAS BLOW
(<6kg/ cm?)

 BRAT TRANS
. ANS.
g | PARTIAL %ggA(:)FOgITéKED
CONDENSER | " A5t MN-19L.¢.
(W/RASCHIG RINGS)

- SUS 316 .
- HEAT TRANS. AREA:
0.5m’

1 FEED TANK

2 | HOPPER

4 | CONDENSER

1 - SUS 316
- CAP. 30 Lt.

5 RECEIVE TANK

o

MY TV 7 HER
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Table 4 Specifications of Fluid.
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