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Lower Temperature Treatment of High
PCB Contaminated Oil by SP process
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The reaction temperature of PCBs in transformer oil was decreased from 120-180°C to 90°C by
improving the reaction method. PCBs were easily dechlorinated to less than 0.5mg/kg within 60
minutes at a reaction temperature of 90°C when PCBs concentration was 20weight%. Furthermore,
PCBs and dioxins concentration in treated oil, wastewater, solid waste, exhaust gas and work
environment atmosphere were less than the standard criteria by means of the scale up examination.
This process has advantages such as lower deterioration of dechlorinated oil, decrease of chemical
consumption and polymer formation.
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Table 1 Analytical condition of GC-ECD

Instrument Hewlett Packard 6 890
Column HP-5 (15mX0.53 mm, 1.5 um)
Carrier Gas He (6 ml/min)
Makeup Gas N: (60 ml/min)

Purge Gas He (6 ml/min)
Injection Mode Splitless

Injector Temp 250 C

Detector Temp 320 C

PCBs Contaminated Oil )

| 1PA)

Tank

Reactor

BRI B O

Schematic diagram of experiment
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Fig. 1
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L wt% Th o7z KIBREDETFIE-CES

AL

82 F% SEPORE PCBiEE (KC-1000)
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PCBs concentration (mg/kg)
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Retention time (min)
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Fig. 2 The variation of PCBs concentration in treated oil

as a function of retention time
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No Initial PCBs Reaction temp |PCBs concentration
1 %) [C] [mg/kg] O /
1 10 170 <0.1 S 1o /
2 10 150 ” 5
3 10 130 2 ‘é /
4 10 110 ” S
5 10 9 2 5 /
= /
(=]
2 L O
5 3 O
-
%3 K RUSHTOREPCBIIE (KC-300) g o 0O
Table 3 PCBs concentration in treated oil (KC-300) < L e
No Initial PCBs Reaction temp |PCBs concentration O
' [%] [C] [mg/kg] | | |
1 20 90 <01 0 90 120 150 180
2 15 %0 ” Reaction temp (°C)
3 10 170 v ey -
i BIE EAMANE L REOME
4 10 90 g Fig. 3 Relation between amount of polymer formation
5 1 50 s and reaction temperature
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The decomposition of dioxins in polluted solids

(BR) BEFEM K B =2
B R *
Dai Kojima
AN S |
Tetsuo Kobayashi
£ m -
Kenichi Ushikoshi

DAL RAE AN LR K O MR ER (RO ) M CRILE hA B K EEIE s L, %k
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ZhH, FAFTF L VEOGMRFRITN %L EOENIREIE LN, RESEIIREL b ¥ 4
F X VBOGRREICEETEL I LR ETF LT,

We have proposed an application of the heating reduced decomposition process for treatment of the
dioxins in dried salts recovered from landfill leachate concentrate with using an reverse osmosis
membrane process (RO-process).

In this paper, the heating reduced decomposition conditions for dioxins in coagulation/sedimentation
sludge from a leachate treatment process and soil polluted by like fly ash has been investigated. Based
on these experiments, this process decomposed 99 % or more of dioxins in these polluted solid under

the condition of decomposition temperature range from 450 to 550 C.

Key Words °

Gt &L BT R
Hoo% L
I # 5& oC 53 1
YA & F T HIR

Coagulation/sedimentation sludge
Polluted soil
Heating reduced decomposition process

Decomposition of dioxins
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3) AARZEMER C30L
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DXNs 2 & 410~20 pg-TEQ/L B2 EH A &% 4

L, FEEIRIC DXNs % /44 L 380 pg-TEQ/g
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Fig. 1 The Drawing of The Heating Reduced Decomposition Test Equipment
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IMEETTH R TAED 1 B4 58 2 BICR T, EIRIR
A FH e B EIZH100~150 g TR S E7:1%, FiRsH,
RO ENER, BILOBIE (=7 —-FEA),
RICHELAE (N M AEA) & AT EMEERE % /-
- EMERMRERSYE, 50 CEFTREESE Y
PR B L DI M L7, BME TR I EREN

3. EBRER

3. 1 BREILBBIRED 2GR
FESRILBS I D ST RFERIZ DV TR 2 RICHRES

& Mt D DXNs IREE L HEH 2 (&%) BE

%1 xR EER®OSHE
Table 1 Analytical data of components in sludge and soil

T, ZREFEALGYSBILERR S e, EE Items coagulation sludge soil
WET OB & WAL L, BB IR REH Ca [mgkgl| 431000 1400
HABRI L LBEERZERAT (BREERE2 %L Mg ilmgkgl| 12200 14 300
T) T, BERRY DO DXNs % BI0/HET 2 TR Na  i[mg/kel| 257000 1700
TH5b, K | [mg/kg] 55500 19400
REBRTIE, DXNs DRTHMIEEOMZ L LT Mn  [mg/kg] 806 7000
SIREOKE, BLUY, MREMOREL Tne Fe mehell 31700 02 100
WBE LT, Thbb, BELBERIOVTIE, SRS it I Bt
; q q - i [m
SHRERIE £ 350 T, 450 C, 550 TIo o\ CARAL - s el e w00
o, — o 4 " <) o
ETEj:*i{’%l?TIF—Hj, 72, HEEITDOWTIZ400 C, ol megkel| 204000 170
550 OC b: D \/\ VC%E%%I*%@ & 2: Lﬁ\ﬁg‘ﬂ%‘: FEﬁ 78 % T-N [mg/kg] 1 070 500
nEN LR, 48ME L, BEEI VSRS SiO, [mg/kg] 10 100 269 000 (as Si)
PEHAZDOWTIE, ERETAMER (1YY r— TOC [mgke] 314 9000
DOKKEPC 5 ARELE, FiKE n— ANFH 2R Ignition loss [%] 4.37 6.0
ZHBSE, TANSZ2HEL /-, BRTHRITEES Moisture contenté [%]1 6.0 17.4
7 b IREL, e ELL TaT IR L 72,
Preheating Heating oxidation Heating reduction Cooling
process process process process
<+ >« >« —>
350~550
)
) <4— >
2
5 air purged
=%
g
F
N purged
50 >
. < = >
t1 t2
Time [h]
2 RIIAR
Fig. 2 Decomposition Process
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%9, DXNs X% 1 4% 3 (PCDDs+
PCDFs) & 2799 — PCBs D&EHEE TR L7,
BRAL - BIULA MBI & 1M E L, PRRELE
LS ELHER, SREED EA &3 DXNs 5 f#
I EH L, 350 CTT80.3%, 450 CTTI7.8 % D%
fEZRE 0, 550 C T1399.999 % O &\ 43 fif 3
(0.003pg-TEQ/g) #1556 MN 7z, HEH A DXNs %
DI PTHADVHE ENE T L 2FER L7225, 3H¥
D05 %UATHEHR T A E D 0.04~0.4 ng-
TEQ/Nm® & A - 72,
3.2 BHRIBOSBER
FEIRITFETIBEOGBRERIZONT, 5HREM
RO DXNs iIRE L HET A (&%) BES
RN, TESBTERTSBIAEOA L L CHER
J & RIS 2 AL SR 2RE R, 400 CO S RIBSE
T 1 R O 53 R R Tl 004 %, S fREERE %
AWM &5 & EFRIZ ER L, 98.7 %S L7,
550 Co¥ e, SRR IC22b 5 FITIZHE L <

B 2R BELERBRIOYA 4% VESER
Table 2 Analytical data of dioxins in sludge

99.3 % (47~49 pg-TEQ/g) L EHWHEEIES R
7o HEAAH D DXNs bABEFED 2 BT Tt
JEIZ 3 121.8 ng-TEQ/Nm® & /NRIBEEIIF D HEH R 3
BT EBRNETH o 72, T OEITEEREAEEIZ
L BHET A ETOMET, GRS B R OHE
AREEHE IR NMEE 2 5,

PLEX Y, I e RSB BTG e % 135
% EOREIEY H DXNs O3 E LA TH
52 ENHFET & 72,

3.3 14 4x2  HBRKEESTRICONT

B ARICEEIRBRTE R & 1R % O BREIL BT e
? DXNs [EEREOEIRE SO 16 (55
450 C) &R$, DREELEE T O DXNs i P
CDDs, PCDFs & b IZ—f(DO 5 FETId % Bk
EPIEENGREIEOLNTVWEZ L LY, B
FA IR R ~RIE R LRSI X 5 B K55
PHELTWEZ ERBEESN, ZOMHEmIZa TS
7 —PCBs THEMTHY, T/, HIBEOHEHER

Decomposition condition Dioxins in solid Dioxins in gas
Heating Heating Decomposed Decorrnaz(())smon
Temperature oxidation reduction Raw sludge sludge Discharged gas
process (t) | process (t)
(€] h] [h] (pg-TEQ/g] | [pg-TEQ/g] (%] [ng-TEQ/Nm’]
casel 350 1 1 380 74 80.5 0.04
case2 450 1 1 380 8.5 97.8 0.33
case3 550 1 1 380 0.0031 99.999 0.38
B3R FRMETOS A4 XD SR
Table 3 Analytical data of dioxins in soil
Decomposition condition Dioxins in solid Dioxins in gas
Decomposition
Heating Heating Decomposed ratio
Temperature oxidation reduction Raw soil soil Discharged gas
process (t) | process (t.)
[C] [h] [h] [pg-TEQ/g] | [pe-TEQ/g] (%] [ng-TEQ/Nm’|
casel 400 — 1 6 800 410 94.0 —
case2 400 — 4 6 800 88 98.7 1.83
cased 550 — 1 6 800 49 99.3 —
cased 550 — 4 6 800 47 99.3 1.81
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Table 4 Analytical data of Dioxins homologous series in sludge

It Raw sludge Decomposed sludge | Decomposition ratio
cms
[pg/gl [pg/g] [%]
T4CDDs 2 900 47 98.3
P5CDDs 3 200 28 99.1
H6CDDs 4 200 20 995
PCDDs H7CDDs 2400 9.5 99.6
08CDD 2 400 57 99.8
15 000 110 99.3
Total FCDDs (175 pg-TEQ/g) (2.98 pg-TEQ/g) (98.3)
T4CDFs 2 800 160 94.3
P5CDFs 2700 86 96.8
H6CDFs 2200 30 98.6
PCDFs H7CDFs 2100 7.1 99.6
O8CDFs 1400 14 99.9
11 000 290 98.5
Total PCDFs (190 pg-TEQ/g) (4.40 pg-TEQ/g) (97.7)
26 000 400 98.5
Total PCDDs+PCDFs (365 pg-TEQ/g) (7.38 pg-TEQ/g) (98.0)
TeCBs 153 304 80.1
PeCBs 99 11 88.9
HxCBs 38 24 93.7
290 438 84.9
Costanar PCE Total non-ortho (10.3 pg-TEQ/g) (1.12 pg-TEQ/g) (90.0)
opranar FLBs PeCBs 186 432 76.8
HxCBs 119 8.2 93.1
HpCBs 52 1 98.1
357 52.4 85.3
Total mono-ortho (0.1 pe-TEQ/g) (0.023 pg-TEQ/g) (99.999)
647 96.2 85.1
Total Coplanar PCBs (10.4 pg-TEQ/g) (1.14 pg-TEQ/g) (89.0)
. 26 600 496 98.1
Total dioxins (375 pg-TEQ/g) (8.52 pg-TEQ/g) (97.8)

Decompsition temperature : 450 C
Heating oxidated process : 1 hour

Heating reduced process : 1 hour

b RIEETH - 72,

;SR N O
ANEUINBOR TR 1 X BT & T

DEFIRY H DXNs O 3R EEBE,» S XD Z &

EWRTHIENTET,

1) BELBGIRE L "t DXNs OMBE T
IREFPE IS R T RIRE & SRR OB E L R
BT L7-AER, WE DXNs &M 0 E W IZ X
DB OENDFRD SIS, BERZFHEAT,
450~550 TT97.8~99.999 % (FENUEHRE) oFn»

SRR, GRREEDIEETH H 2 L AR
SNz,

2) SR IARICBIT A DXNs DHEN A ~ORITIZ
05~ 2 %UT &K, HEA R EEITHES A HH]
LT &5 2 EDHER ST,

3) MERICHHRIC X B DXNs D4 f#ix PCDDs &
PCDFs, 2777+ —PCBs &£ &, EiEFE{tWiEL
BWSBHENE LN, BERICISA R ES
LTWABIZENRESINT,

L ClE, FEAMBGRITFREE I L 5 ELRER

10 kT A R s E

Vol. 45 No. 1 (2001,8)

’J“




ZATE D, RO BETEERIESAM & ff2, DXNs
o EORBEGRMERN R E LT, b—FIVAET X
7 L O E HIE LAFZEREICHUD A TW 5,

%P, BHIZF 2 — ¥ ¥ F VKA D Hagenmaier
BELD, KUBER»SHE SN HERSLEE, B
LU, =Yy, +3Erh o DXNs OhNEGE TRk
(IN= =AY =) 12X B RN O R R
HDOF#HEZIT T D, 5L OFEREEM & LT
M SEHSREMTED L BNEER T AT
THb,

[&E 3 #k]

1) AR —H o Mgl S 7y 2 8, Vold3, No.l
(1999), p.82

2) HBEHZEIA @ BRER % F 722 HKLHE, 4520
e EEHER RS RAmCE, (1999), p.329

3) TEUBIEZII7D | B HKERME KD O O T3 RN
OB, HELEHMTERTRERSR LE,
(1999), p.332

4) MRS M Ty 283, Voldd, Nol
(2000), p.46

z2 B x B EERL
BRBEAER
BEEYIKEREE

TEL 078 -992 - 6532
FAX 078 - 992 - 6503
E-mail d.kojima@pantec.co.jp

Vol. 45 No. 1 (2001,/8)

K VA A S 5 E | 11




A OEER D BB ORI

Introduction of New Rotary Membrane
Separation System

(F0) 8 2 DR FERAZ &0 45 4 AR R %
# H w %

Katsuyoshi Tanida

oo #
Yoshiya Kuide
B —

Kazutaka Takata

PR BERT L, TERDDTEEFEM L WL THET AV Y —, NEBRBESEONEEET L0, &
FEFLTEMNTHE TSI EANEHIN TS, L2LEDYS, BESBICIITREBTEZET &
HLBESBE T 7Y TV BEND L7120, ST ADORTHLICEES DS VEHR
DRI HEAPRETH S 2 L, BHHAPHISHIR SN TS, £ 2 TR BRI O 8 H 55 Ok
KeHBE LT, BTN SHES LR L8 Ly RS EREEYHE L, SoHiLw
WEE, S CEEAARE b S-S TR EOBRICE AN L0252 CGRESMEL 7 7
7 S OEERRB ST TABIKMA /NS TAHIENTEL 20, HEBTK, FEETHO®
VEDSTTRECTH 5, F/z, B LAEMRMICHERRO NNy 7V EHAT LI LICE D, RHKE
TOBRBDOANBFZZERIC LU TEHE CL L O ICELR Y BE SHERmEARRELT KE L
Twh, REBEXFHTLILICED, BAHEL EORIENEIEL % 5 - OES 87 1+ A0
BEALRIERD 7 0 2 70— Ji A TIEH 2SN EE % W iR R RN 2 ENOBEPS R E 2 5,

Membrane separation technology is expected to apply to various industrial separation processes, because
it has great advantage such as energy saving and small footprint for the equipment compared with
another separation technologies. However, the original problems in membrane separation technology
such as the concentration polarization and the fouling, which cause the decrease of permeate flux is
still making difficult to separate the solutions which include a fairly amount of suspended solid.
Therefore, Shinko Pantec has newly developed the rotary membrane separation machine, which can
promote permeate flux by reducing and/or preventing the problems, for the purpose of expanding
applicable fields of membrane separation technology. It is possible to operate with high permeate flux
and high concentration using this machine, because it decreases the influences of the concentration
polarization and the fouling by generating shear rate and centrifugal force in the solution near the
membrane surface by rotating membrane disks at high speed. And functional baffles are installed
between laminated membrane disks both to prevent the stagnation of solutions between membrane disks
and to generate the turbulence. Using this system, it is possible to make separation process simple by
reducing pre-treatment, and to apply where the conventional cross-flow system is difficult to use.

ik
®
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Photo 1 Photograph of rotary membrane separation system
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Fig. 1 Schematic diagrams of rotary membrane separation system
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Chemical Processing
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+ Latex concentration

- Colloidal silica concentration
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+ Process water treatment

- Water recovery from waste water
+ Paint concentration

- Paint recovery from waste water
- Oil concentration in water

- BOD and COD reduction
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- All kinds of mineral concentration
+ Water purification

- Sludge concentration
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Paint and Pigment
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Decomposition of sewage sludge by
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thermophilic aerobic bacteria

Susumu Hasegawa
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An application of S-TE PROCESS to municipal sewage sludge treatment has been studied in a
full-scale facility in cooperation with Japan Sewage Works Agency. S-TE reactor (5 m®) was installed
to an oxidation ditch (OD) system with the capacity of 400 m® in Sawatari Sewage Treatment Center
of Nakanojo Town. In an optimum operating condition, the amount of excess sludge from OD tank
was reduced by 80 %, and the total utility cost by 30 %. The effluent quality was slightly deteriorated
especially in winter, but both T-BOD and SS concentrations were less than 20 mg/L. The test plant is
now operated as an actual plant in the Center.
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Effluent

Sewage
Acratién ta nk . Settling tank
Concentrator
;‘_mﬂm”,. F2E EFETIbTu—
BEE 1 EE7yrbaesm Fig. 2 Flow diagram of pilot test plant
Photo 1 Outside view of pilot test plant
£ 1% EIETT v PEmAAE
Table 1 Specification of the components in the full-scale plant
Item Specification

Aeration tank Oxidation ditch, 4 200 mm" X 3 000 mm®, 400 m®

Aerator Mechanical surface aerator with a horizontal-axis rotor

Settling tank 6 600 mm* X 3 000 mm®

Concentrator Screw press type with stainless steel screen, 1-3 m%h

S-TE reactor 1500 mm* X3 500 mm"

Aerator of S-TE reactor Turborator (aspirating aerator)

Boiler Oil boiler, 100 kg/h, 53 000 kcal/h
® 2R ELETI > MEESEMG GEM)
Table 2 Operating conditions

RUNI1 RUN2 RUN4
RUN No. RUN3
RUNI-1 | RUNI-2 | RUN1-3 | RUN2-1 | RUN2-2 | RUN2-3 RUN4-1
. . '98.6/25 | '98.10/6 |'98.11/17 | '99.6/24 | '99.9/20 |'99/12/16 | '00.2/15 | '00.3/31 | '00.9/5
Operating period
—10/5 | —11/16 |—'99.6/23) —9/19 | —12/15 |—'00.2/14] —3/30 |—'01.3/31|—'01.3/31
Operating days 102 41 218 87 86 59 44 365 207
Influent flow rate  (m%d) 250~270
MLSS concentration 2000~
3 000~4 000
(mg/L)| 3000
Concentration of the sludge
1.5 15 15 3 6 4 - 4 4
To be treated (%)
Circulating ratio* (=) 1 2 3 4 4 4 — 3 3
HRT of S-TE reactor (d) 4.5 3 15 1.5 15 1.5 - 3 3
Sludge decomposition (%) 33 66 100 100 0 80 80
. Effect of circulating ratio | Effect of injected sludge con- Optimum
Object Control .
on sludge decomposition centration on energy saving operation

*(Injected SS to S-TE reactor)/(influent SS)
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G EE 2RITRT,

RUNITIZ S-TE #~DHRIGIRZE (S-TE & A5
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L L7 %8B, RUN2TOHREREIX, RUNIO
RN S, TEERZE 3 TIIHROTEEHBANER S
Girolzlzd, JERERY 4 L L TERER L7,

RUN3TIE, $IKEBICHERBRELLZ T2V
BEOWMEAKER X OREFRE 2T AH720,
STEM B A EILL, L LTOTF—7 %I
g7,

RUN4Tid, RUN1, 207F—=% XY, Yk ¥—
DHEFNERDOBMELDOBRFELE0 % TH 5 L HIKr L,
WA SS 120k LT20 % niEiR%E5kE, sy >~
7 MLSS I % — MR T 2 B OEIF L 1 F

3 xR ERER
Table 3 Performance of S-TE operation

Mr@BLTBI R/, B, RUNMIZBWT, ¥
BERORICHT T, EEO—HUE, EEICLLE
BRIk 72 &0 & ) HERI0 H A2 S-TE 18 o0 & #ix )5 &
WL L2253 o 72720, F O % Ry 7220004F
9OH S5 HUED T —% % RUN4-1& L THATIZHE L
77
2.4 oM EAHM

K, WIEAKDY S NiL, 1 HORAKELE)
EELI-aVRYy MY TINEL, FOMBORK
¥ 7, STEWBZEDY V FVIEARy b
TE L7,

3. FAERBER

3.1 RRBEBENR

xf EGEE IR (RUN3) OFEREARE (K
o> SS HINER) &, FHFA SS 26.1kg-DS/d 12
xt L26.8kg-DS/d T, WA SS L) DFEREAE
BT 1 THol, INED, By ¥ —DFERE
ARIIHASS BICIZIFFLVWERZL, HREE
LREODENEBI ko7,
FEIRICERUNBOEGRREBEEZ T L5,
RUNI-1TiE, WA SS EMYS (FBREEREL)
BV L CHERBEILESR L ER L2, 20
e, LY 7 MLSS BE % —EIZRD /20—
HHERERNCE ER L BEDSH o 72 BRIITH
45 % DFHERSHE S iz,
RUNL-2TiE, K% » 27 MLSS iEE % ERT 5
729, FHRORNFIEIRE L PIE L2, FOHER,
BRERERRIZ1I4 (A SSEDOHIABEOFHRZ

RUNI1

RUN2 RUN4

RUN No.

RUN3

RUNI1-1 |RUNI1-2 | RUN1-3 | RUN2-1 | RUN2-2 | RUN2-3 RUN4-1
290 260 237 312 260 250 247 262 249
241-488 | 237-328 | 205-284 | 244-624 | 231-450 | 213-281 | 201-309 | 189-607 | 195-607
MLSS concentration 1826 2231 3520 3406 3811 4743 3921 3563 3561

(mg/L) 1220 1550 2480 2 560 3300 4130 3430 3050 3561
—2125 | —2810 | —4680 | —4050 | —4540 | —5167 | —4890 | —4 070 | —3920

Influent flow rate (m%d)

Concentration of the sludge| 2.0 1.3 1.7 3.2 59 4.1 45 4.6
To be treated (%)10.71—4.6/09—15{04—3.0|14—4.8|33—88|3.1—556 B 25—65|28-65
Circulating ratio* () 1.0 1.4 2.9 3.6 55 49 - 2.4 2.3
HRT of S-TE reactor (d) 43 1.9 1.5 1.7 14 12 - 2.6 2.8
Sludge decomposition (%) | 43 62 72 70 77 77 0 74 79
Effect of circulating ratio | Effect of injected sludge con- Optimum
Object Control
on sludge decomposition | centration on energy saving Operation
Upper : average Lower : range
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Excess activated sludge decomposition
test using the supercritical water oxidation
(SCWO) demonstration test plant

Hiroshi Nakai
%

Hideo Nishida

e B

Kazumaru Saeki

BERFKEEL (SCWO) FEIEEBR T T » M & T, TR TIRAT 5 LRVEIE D5 fFLE
EBREATo 720 WMHEL]L m'h, WHEES23~25 MPa, FUSZRAERIES00~620 T, DE&MEIZBWT
99.9 % LA Fo> TOC B & 22 L CER L, EE0 BN TH L L 2R L2,

CORRE D LI, SCWO Hfirx FAMEE I C#EH L 7o A0RERERET L2 5,
HAFAOTa A LB L THEALY) 20D LED LN,

Decomposition test of excess activated sludge generated in wastewater treatment process was held
using the supercritical water oxidation (SCWO) demonstration test plant.

The decomposition rate of TOC was over 99.9 %, where flow rate was 1.1 m*h, reaction pressure
was 23-25 MPa, and reaction temperature was 500-620 C

Based on above results, it was confirmed that continuous decomposition operation of SCWO was
realistic. And the feasibility study on this results concluded that the wastewater treatment process using
SCWO was competitive with other existing processes.
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Supercritical water oxidation
Demonstration test plant
Municipal sewage sludge
Destruction test
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THESN D,

2. 2 HAIEEE & REREMH

EBIIHEHT AHEREIZLIELZ)H 5m’ TH
%o GRS, TARLE & B EARTFERT £
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Z

C.
Liquid %pk‘ase

=

' \Critical point

i
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Pressure

Gas

374 [C]
Temperature
%1 K DIKREH

Fig. 1 Phase diagram of water
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HIRIZF LB L - RRRMEER T, B1RILFE
ROTLESHEEZRT,

HIRD SS IEF1E3.0 % ~4.8 BDOFHIZH - 7255,
FHIAB) R T KL OBIERMF e, BB% A4
Ui BRIIETOBEEATHIZSA ML —FT
HATICERE L7,

EBRFMHEEE2RITRT,

2.3 KEREREER
2. 3.1 {HiR&MBHE

BH 22, MERiOFER LK ZRT, Aid

FEEBROPAIE & L - RRIBRHERTH S, P

B 1R FREBEEROTERSHE
Table 1 Ultimate analysis of sludge

LB R DM AR L, FET A2 EEDO-HH
BLTWS, Avmld B & 2 FEMBEL T, &
L TWEEBEZ LS/ 0T, T2IER
Thhb,
FIRITFRDB L CWBEKOKE SRR Z R T,
ARITRT EBY TOC Bmid, 99.9 % UL E5fE L
TWh, LHLEDS, TYEZT AT v LBk
- 72,
2. 3.2 BERSHRIE:
B I3IIIERY L BEFKBILSMRT 2550 K
BRETRYT, BERSO—FHITVo2AT VEZT
S o/ztk, BEFVRACEITERILGBEINS,

® 2R FEBREH
Element Composition w.t.% Table 2 Test conditions

S8 45 Feed rate 1.1m%h
C 41.10 Reaction pressure 23 MPa
H 5.47 P
o 924.00 Max. temp. of reactor 580 T~620 C
N 781 Excess Oxygen feed ratio to

5%~15 %
S 0.65 stoichiometric amount 6~15%
(l:JI %g% Residence time in reactor Approx. 60 sec.

Ales, Si0. & etc. 17.93

B3R REBREGRLLEEOSHAER
Table 3 Composition of sludge and effluent

Species Feed Effluent De:a(;znp(%zt)non

COD-Cr mg/L 52500 22 99.96
COD-Mn mg/L — 0.7 —
TOC mg/L 18 450 1.0 99.99
T-N mg/L 3515 2 080 40.83
T-P mg/L 619 12 98.06
pH 6.5 6.8 -

Untreated sludge
F B 2 #FERMGRS L LK

Effluent right after treatment Effluent after settling

Photo 2 Sludge and effluent
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ANERTEBY, RBMEZIT-> TWBIZH hh
HbHF, b— MIADDREEEE %600 CLULE
RO LN TE LR Dol ZDOT VEZT L
WEREBL-bDLMEESNS,

PSR E H3600 ‘CLUT D& TRBERS % 5
WES 5 HE, BCON (RE/E2E) kEEB L
UIHHBRIEATE R 0B 5%, o OEBRTIIES
DITRELE P> 1-DT, EARIEREFT,

RUNI (3 S 85 5% o I FE A5 FLER B9 V510 T T
TRERERERL, ZORENEN620 CO5EiER
% RUN2 127”7,

RUN3 i, 7V E= 7 A% E&HAEAC IPA 20
2T CNEBIOCE < U Lerm 4 L | 7
BlaRT, TOHFETIZ600 CLULT ORISEEERE T
#9985 WIEEDERIN T DBRENTERTH > 77,
THERTE AR, MERISHEIICEREL ) b2

BRALKICTH DB R EAT 5 5TET, RUNG ICEE
FERERT, BRULDBERS*5HERELT
Wa, DG, BREICIZ 7B TR - Tw
B 720 BT DGRFIIEL o TV B, JLEK
HMOT7 BT LA 323 mg/ll 720, (HRE
DEFRIT9.9 B ESEE N,

2. 3. 3 MLEOKF O ERREE S

RIZ, WIEH OBEREEWIIAERETH 7
D5, SFRERICE D) UEBEOM, REEA LD Y
LEOQOEMIESL V) I TH o7z,

pCH3COOH + uO2

CmNoHnOr + qO2 ——— yN2 + mCO2 + xH20

sNH3 + tO2

F3IE SCWO IZBIT 5 SRR
Fig. 3 Simplified reaction pathways in SCWO

)

Flow rate
Pressure

Reactor temperature
w
(=4
[=2

Sludge conc.

Excess O, ratio 10 %

Approx. 4%
1.1 m3/h
23 MPa

400 . :
0 50 100 150 200 250 300
Length of reactor (m)
FAR HRSREBRIING D FUSEHRE 7O T 7 4 L
Fig. 4 Reactor temp. profile in sludge decomposition
B4R BEESOSRERRER
Table 4 Decomposition results of nitrogen compound
RUNI1 RUN2 RUN3 RUN4
Method Low reaction temp. High reaction temp. C/N ratio HNO; injection
(C/N=Approx. 4) | (C/N=Approx. 4) | (C/N=Approx. 10)| (C/N=Approx. 4)
Max. reaction temp. C Approx. 510 Approx. 620 Approx. 600 Approx. 600
Feed (T-N) mg/L 2950 2730 1789 2950
Effluent (T-N) mg/L 2489 1602 280 82
Decomposition rate (%) 15.63 41.32 84.35 97.22
30 GE TR AE & it Vol. 45 No. 1 (2001,8)




2.3.4 HE # 2

B 5 RICKIE A HERR DS HMBHET A &R,
TERALIKEEENSEMRTH D, NOx, SOxEnH
EHAIBD NG o7z, BEEIFEOHEY 213,
NOx, SOx, WEBIVFA +F> o EHEEWE
NOX R AT LT D AR KBEICLEE OHEH A
WKIRINHDbDPEFENT, BEV A MBER L 2
BrLnwZ erngnrs,

3. HBEEFKERILERNIEY X5 LD

gDt

HIRWME 70— ©, BEFKBILLES 27
HDOWIIEF L LT, BMEIHR & BKBERIE 2
bih, I TIIREFARAEOREE, RLAMEE2
SN 5 BMEHGRE LHET ALEIC DV THRNRS,
F5XD LRICHED MR TALEDB & OV
JeBEHVLEL 70 & 2 7R §, WISTHIRMLE B X O
HALEE A ICABRUE 7o X & LT, TEICHEE
FIKBRIL D AT LB AR A G EOME 70— %
iz 7z,
HERFKERIL S A 7 4 % 15 R4 R AL 3248 (O BR
T5HE, BAFOTRUEEREOW, B,
BEAMLER 35 & OVBERIILER  (HE7 A ALER 3 X OBk AL
HEEL) FTOEORMBIREIZL B,
BHEED OSBRI, BIAR LS ON =X

[Incineration Process]

Aeration Facilities

1“*““]

EREEBIEANER S BN, SV Fax 2 ER
ThHE, TNHELTLIBVWAHELEVWZT, &
FRFKBRALTF R AR D12, MLBRK % A Py g
T HHENREENTH LM EV, 728 2134
MR TH B Y02 2 (PABIO DENI) #%
HMAE DL TUHET 5 HHOM, TARUIES DML
B ALBEE T IC R D 5 13 T AKULER S, K2
BETDHHENDD, ZOBE, FEAEHNIOH mYH
DEEFO T AMBERREICS T3 THAE TS &, 8
FRFKERIL S AT LD S REENE T VEZ Y LM
RAK2000ppm EARET 5 L, BEROEEAIIH
10 %EMT AIT@BE L v, THIZFEKDOEELH
IROXEHMEEZ ZRT B L, ZOHICRININS 5,

B 5 &R FHTROEGGHHER
Table 5 Composition of gas phase effluent

Compound Exhaust gas
CO: vol% 83.3
0O vol % 14.2
N; vol% 24
CcO mg/L 10
SOx mg/L <01
NOx mg/L <0.1

Exhaust Need of exhaust gas treatment

Sludge
Thickening

Anaerobic
Digestion

Activated
Sludge

Dewateﬂng———[ IncinerationH Ashes ] Landfill

[SCWO]

Aeration Facilities JL

Sludge

Thickening

Activated
Sludge

%5 SCWO 7Ot A %A RAZTKME Y O —

Fig. 5 Flow Diagram of wastewater processing with SCWO

Inorganic

Need of water treatment

Decomposition rate>99.99%
No need of exhaust gas treatment

Landfill or re-use
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New Model of Glasslined Impeller “TWINSTIR”
(Patent and Trademark Applications Pending)

UL EMH GL 7 v —7
B 3

B

Takahiko Naka}mura
wm m B W
Hiroyuki Tokuoka

W, BEGSG - 7747 IANVGETR, SRBOBEETCOEBEROME, HEEOH L
REPEEINTVD, SHOEDERITSR BXLKAERDF — NV EMBRBR I D 2 HEIEAER
[YA4 25 —] %L, BRIBELAZZHIRBRZRA L TV 5, BEERIIA —/SIVER
BBEDIA~2FETHY, 3BDPBEIZBNTHRETNRTH 5,

More agitation performance and improved cleanability are recently required to multi-purpose chemical
reactors for multi-grade products in pharmaceutical and fine-chemical markets. A new model of
glasslined impeller “TWINSTIR” has been developed to replace the conventional model, i.e. the three
retreat blade impeller made of round pipes. TWINSTIR is made of flat plate and formed into two
retreat blades. TWINSTIR has 1.4-2 times higher mixing performance than conventional impeller and
can agitate the content at a small volume such as 3 %.

TIGATA = TERREE Glasslined mixing impeller
4L B W OE W Small volume agitation
phin % T Cleanability
F AN E BRO LD CEHPOBELTETEY, kD

72X 4 =y (U GL &E) BN A - N"VEHBRR TR IR, =X 2HEY A Z
WHE L LCE, A—"VEKBREBR, y-EVR, LPEEELRoTE, '

TN =V R EFDL, DI BTNV — VR - S RELSBEENDRITICL ) —DOUGHET
ZOEN RS, HEREROBAMERE, TEEPLEERE (FHER) FTIRTO
KRN, BRALRUS 2% & OREA ARIEEEE, 72, BRICB W TEIR B WA T RE

TR EORBETT I AHER L CHRIMICE WY =Y, AV IVAREOLOER
LT3, . BERE Y ¥ 7V CRENES

— 77, ARHREEERIE CIRAER D & & — NV ER c IV Y IBEORRE L B D SEEA R VT
HEBRPEHRESNTEY, GLIBITOES S, Ka B (7ua—XFs47) ORPEHD F1T0
A b7 &% BT GL BBEHREAE 060 % L b A '

ZEOTWA, LRI DY, LRIV E2WHET S

A Z ORPRERHEIC BT 2 -2 —-X CLEHEMBER [V 2y -] 2L, BT
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- BEDA D
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Reducer

Seal Unit

Manhole

Glasslined New Impeller TWINSTIR ?
BIE VA YRY — %% L
Fig. 1 TWINSTIR set into a vessel
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TR ERFNEZE LEHREANNVEEFES
PRAEREICKITTHE 2 -l L 72,

B RICEBRICER LR SBOHEBET

DREGEBRRBRELRT, HHEANNVLEFION
TV ANRNBY R GE, FRAEL L UERETE
FELREMEIEONLNI EPHTE R, &
VAR & % o 2B A BV TIITER S N TEERTT
DING Y APEL Z VBEARRE (Fy FANR=X)
PREL, TEEEICEES v, 81 RUS O}
FEOHEBRIIBWTHREAERLIToER, &D
RAWEESEE LTV AHERE /513 CMH &0
15RERETH D, EHREEIIIEITD bd=0.25
ThBHIEDPHFE LV,
2. VAL 24u2—DiEHREE
2.1 BREHMH

VA VRS —DREMEREIERDOTAEHEAER T
HEFT—NNVEMBEER ML EREEE ~
8 IZRY ., EERTIX0.001~0.5Pa s & THRUkEE
= AL S¥H/DATL.25, 0.32, 0.205MICTHAED
HEIRWB L7, VA Y AY —CTlREKEBIIBN
TRADBREDIFENR L, LArd T — V=M%
BEICHNRBEEEN LA~ 2BEERE W, BIC

3-retreat blade
impeller

3-retreat blade
impeller

TWINSTIR

?.
i
Start

8sec |4

12sec

16sec !

F1Fka BEANNVBIVESIORAEBMRICRITT
8, u=05Pas
Table 1 a) Effect of the d/D and b/d on mixing time
. (4 = 0.5Pa-s)
Impeller
d/D=0.32 d/D=0.50 d/D=0.55
b/d=1.40 b/d=0.25 b/d=0.14
TRTARTE
1.25 80 sec 50 sec 50 sec
H/D|0.32 30 sec 80 sec 80 sec
0.20] over 300 sec 40 sec over 300 sec

F1%XD)

HANVBIURBIOREERIIRITY
B2 1 =0.001Pa-s

Table 1 b) Effect of the d/D and b/d on mixing time
(z = 0.001Pa-s)
Impeller
d/D=0.32 d/D=0.50 d/D=0.55
b/d=1.40 b/d=0.25 b/d=0.14
TN
1.25 10 sec 8 sec 12 sec
H/D|0.32 8 sec 4 sec 12 sec
0.20 7 sec 5 sec 7 sec
TWINSTIR Sretreat blade TWINSTIR

impeller

125ec: VI“IE}E

20sec :
B E 1 RERADIE EH 2 ReEAOhE
© = 0.001Pa-s : u=0.032Pa-s
Pv=0.1 kW/m® Pv=0.1 kW/m®
H/D=1.25 H/D=1.25

Photo I Comparison in mixing.

Photo 2 Comparison in mixing.

e

RAERRBOD B

¢ =1012Pa's

Pv=0.1 kW/m®
H/D=125

Photo 3 Comparison in mixing.
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3-retreat blade
impeller

TWINSTIR

FE H 4 REAEEBOHE
# = 05Pa-s
Pv=0.5kW/m®
H/D=1.25

Photo 4 Comparison in mixing.

3-retreat blade

impeller TWINSTIR

Start

2sec

4sec

bsec

8sec

10sec

E B 7 ReEBOILK
# = 0.001Pa-s
Pv=0.1 kW/m®
H/D=0.20

Photo 7 Comparison in mixing.

3-retreat blade

impeller TWINSTIR

2sec

4sec

bsec

EEBE S5 RBefBOHE
¢ =0.001Pa-s
Pv=0.1 kW/m®
H/D=0.32

Photo 5 Comparison in mixing,

3-retreat blade

impeller TWINSTIR

B E 8 REKBOLER
= 0.5Pa-s
Pv=0.4 kW/m’
H/D=0.20

Photo 8 Comparison in mixing.

3-retreat blade

impeller TWINSTIR

360sec

E XK 6 REBADIE
1 =05Pa-s
Pv=0.25 kW/m®
H/D=0.32

Photo 6 Comparison in mixing,
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Resource recovery technology for food waste
—Energy recovery by methane fermentation—

(%)% 2 RSB SE 8045 5 Bf e
HE & A
Kenji Katsura

FAnBER OS], I, Bt ARBEFEH RN 5 (AR EREHO AR
SEONRAEIZBIS B B (B A 2 )0k) | 75200148 5 B 12 BHOKEE 12 & 0 AT S 7, Y
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HAL, $TEMEERMIGL 720 AWMTE, REHOBELZMAT L ELbIZ, A ¥ VBB O

BRI 725 B OBREIZ OV TE R L7z,

In May of this year, Ministry of Agriculture, Forestry and Fisheries enforced a “Food Waste Reduction
and Recycling Promotion Law” that obligates food-related businesses to work on recycling and
reduction of food waste. In order to meet needs of our customers, we have introduced methane
fermentation technology from Biotechnology Nordhausen GmbH of Germany, and started to sale the
system based on the technology. In this paper, the features of the technology are shown. Finally, the
subject of the future spread of methane fermentation technology is considered.

Key Words :
9
B oW BEE Y Food waste
AHEEMEZEY Organic waste
Ay VO B Methane fermentation
& OFE \ O Resource recovery
I A OV F — [ YR Energy recovery
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Table 1 Amount of generation and treatment process of food waste in Japan (1996)

Treatment method

Amount of
Items generation Incineration Resource recovery
(1000 tiy) and landfill | Fertilizer | Fodder Others Total
Municipal waste 16 000 15950 50 — — 50
(99.7%) (0.3 %) (0.3 %)
Industrial 6 000 5980 20 — — 20
Domestic 10 000 9970 30 — — 30
. 1770 470 1040 120 1630
Industrial waste 3400 (52 %) (14 %) (31 %) (3%) (48 %)
lusi Totzflld " 9400 7750 490 1040 120 1650
(exc usive of domestic (83 %) (5 %) (11 %) (1%) (17 %)
municipal waste)

Food waste

‘ﬁ Methane gas Ele(;lt;;ilty’

Domestic waste =g
Organic
waste

Pruning waste ¥

Pretreatment —0[

Methane Subsequent
fermentation treatment

Livestock manure

’ |

Unsuitable matter
for fermentation

BIE X Uy EEEMOIET
Fig. 1 Concept of methane fermentation technology

|

Treated water
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2. 3.2 JigROWME BLE TSNS RET AEEREY T IEL T,
E2FROFDS, —fFl L LT Nentzelsrode 77 ~ WA EER, A7) — VELERIFRICTEREFNSE

N OB % KISRT o B, Eo— )  BEEEE)) - BETEH, O
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Table 2 List of track record

Treatment capacity Volume of methane

Starti dat
(t/d) fermentation tank (m’) e cate

Name of plant Type of organic waste

Industrial waste
Groden (Germany) Livestock manure 70 2X3 000 1995
Pruning waste

Industrial waste
Municipal waste
Livestock manure

Vietlubbe (Germany) 70 1000 1995

Pruning waste

Industrial waste
Singen (Germany) Municipal waste 100 2X800 1997
Pruning waste

Industrial waste
Nentzelsrode (Germany) Municipal waste 60 1400 1998
Pruning waste

Organic waste Organic liquid

‘ waste

Methane Gas engine
gas Electricity,
Heat
Tearing
equipment Desulfurizing
@ © equipment
Metal € .
Magnetic @ i; N Gas holder
separator ‘ > o v
& \ e
Plastic bag<- Screening Sanitation Hydrolysis =~ Methane
and container separator tank tank fermentation Storage tank
tank Treated
} v l: ¥ water
Dehydrator Wastewater treatment
equipment
shredder compost
Composting
Diluting water equipment

E2 Nentzelsrode 77 > + OALEE 7 11—
Fig. 2 Flow sheet of Nentzelsrode biogas plant
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Whole view of methane fermentation tank
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Table 3 Specification of equipment

Name of o .

. Specification
equipment
Shredder Pulper (4.5m°)

Screening | Drum screen with opening
separator | size of 80 mm
Methane | g ool tank with horizontal

fermentation | itation (1400 m’)

tank &

Gas holder | Membrane type (200 m®)
Energy Gas engine (250 kW)
recovery

Dehydrator | Screw press

B4R Ay UREBAEICBI LR

Table 4 Treatment capacity in methane fermentation tank

Items Unit Data
VTS decomposition rate % 72.5
CODcr decomposition rate % 70.1

Methane gas production rate Nm®/d 1764

Methane gas production rate

3
per removed CODcr Nm'/kg 0.32
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Inactivation of Cryptosporidium in Recycle
Water from Purification Plant

B ERBEL 7V =T
i} £
Takuya Nishi

HRGHK LB BN TORERN 2 2 ) 7 s OREL Y A F L OEBLIZINGT, A@iligeEdEk
LT BEFFBTE70—-X NI AT LAADZ ) 7 N OFEEEIG 2R, BEHE, ks, B
KEDP SR IND T A MEEAHFR L, RBWIHRICRY ZFL Y M L—F— (7)) 7 DEL
k) TNz, B, B, BKEITo7, BEK, BEER, BAKAWH, BAkr—%, AfH%
L BHERPO ML —F—DEEE, BEHRS—FEE, M8 BHEKIFIEEINS Z LR
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NENDRFEFRM & A0, FNx e MOBEIOFEIFEM T X 258 %E b b BRigR
BRE TRl 24T - T %,

To develop practical system for inactivation of Cryptosporidium, a study was made on its surviving
rate in the closed system of water purification plants where rinse water is recycled. Together with the
sludge settled in a sedimentation basin, a polystyrene tracer, artificial particles for Cryptosporidium,
was added to a test unit composed of a mixing tank, sedimentation tube and dehydrator.
Measurement of the tracer rate in the supernatant, concentrated sludge, dehydrator filtrate and filter
cloth washing wastewater found that the concentrated sludge was the highest. About 18 % of the
injected tracer was returned to the receiving well.

Cryptosporidium in the sludge and recycle water was inactivated with heating, UV, electricity and
drying methods to find their optimum inactivating conditions. The performance is being evaluated using

} ). cultured cells to check the infectivity to human being.

JUTRAR) T A Criptosporidium
e ok o Waste water from water purification plant
RYAFL 8N —H— Polystyrene tracer
T AN ZE RELT, QLS HERYEEIEREAEL, (2

EKERMAFZEL & — 1%, 19974 ~2001F0H  WFLfERR O/NEYL - BELB & BB 0L LK
AEFETRKEICBIT HEKFEMOEFH L BRI h, QOEEENLYEV [ERREKEN] OB%
DEBR = HMHEEIIC ACT2] [ERESKEMERE %2HEL, 7200ME7/V— 70T E2TT-
ffe] 2 FEML T b, REFZRIE, FEREKET & TWwb, B, ZONDESHERINV—TD [
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T PEENCHREE ICRET 297 EBHTEX S X
5, 140X 10°@Ewsi L 72,

RYAFL VBN —H—
Photo 4 Polystyrene tracer

EE 4

Polystyrene tracer Criptosporidium
um 50 = 05 42 ~ b5
Size — 1.07 1.06
mV —19 —25
(pH) (7.0) (6.5)
£ 2R EREE
Table 2 Experimental apparatus
Material Size
Thickener PVC ¢ 400 mm X2 500 mm, 250 L
Dehydrator SS Filtration area; 1.04 m’ ;
|
Filter cloth PP 1 000 cm*cm® - min E
Supernatant
Tracer
Y
Sludge
—> Cake
—> Dehydrator > Filtrate
— L————> Detergent drain
Mixing tank Thickener
BN EEEKE7O-—
Fig. 1 Flow diagram of test plant
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Receiving well
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WD EBEEND S LHETT 5, DAPI/PI 4

Returned water
17.940
117.940
Coagulation .
Sedimentation 106.146 > > Thickener 106.126 >—> Dehydrator
+ 99.882
6.244
Cake
Gravity filter
0.118

Treated water

B2l HWABIIBUIBE )T NARY VY LOEE

Fig. 2 Existence of Cryptosporidium in water Purification plant
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E E 5 DAPIRBICLZ2 1) T 2Ky UL
Photo 5 Cryptosporidium with DAPI stain

EH 6 PIFREIIELZZYTFARY UYL
Photo 6 Cryptosporidium with PI stain

B B 7 SYTOSHMIZLA 7)) T AR UL
Photo 7 Cryptosporidium with SYTO-59 stain
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BREUVE{EEEZFERL
HFKBEIR > 2 57 L

Wastewater recovery system with
low-pressure UV oxidation

ERYERHE2 7V —T
% & B H
Masanori Sugisawa
BRBMIE L 7NV — 7
frooo% B OB
Masataka Ano

TOC #* 1 mg/L F2E DR A RIIK % BT 2546, ERPSMEHAINTWAEE UV B LE
ETE, #IK1m® 4720 1.1 kWh OBREENPLETH 72, —KH, M0y MEBX[HH L TR
’ JE UV BRALEE I BRRLKE 2 3N L 728 A 17 o 7245 5%, BRSTE ) %2 0.55 kWh & 50 %HIR T %
ZEWTET,
T/, B DGR AT AXRATAZLICE ) 1 HE720825kWh DEIFHIKTE 72,
TOZLIFISO 400 BIIAE L ANF—DERICEMT AIDTH 5,
F7o, RBAR—-ZAB50 %IZHIHT A L TE 7,

The conventional high-pressure UV oxidation unit has required electricity of about 1.1 kWh per 1 m® in
treating low-strength organic wastewater of about 1 mg/l. TOC.

But electricity was reduced by 0.55 kWh or by 50 % by applying hydrogen peroxide to a low-pressure
UV oxidation unit with a pilot test.

An electronic factory applied with the system could reduce its electric consumption by 825 kWh/d,
contributing to energy saving demanded by ISO 14001. The installation space was also contracted by
50 %.

e h MY xR E TOC
wT ST
X .& UV E& 1t
B LR F —
W oIk ok &
A OB HE K o

Electronic factory
Low-pressure UV oxidization
Energy saving

Hydrogen peroxide

Organic wastewater treatment

¥ AN % DOELE DB 5720, KUHERIIBITAT AL

B Hm LBV TD ISO 14001~ D HL ) # A
PRI HED SN TV B, BEBEDOHIRE & D
CHHZ ANV F - DB KRE LT — <o Tw
Bo 2V ==L EEHEOTHTIZ, KEDZEHH
BAOZHE L TWAEDS, FERRLWER VO
LS ITHE VR - BHUK O 258 LEEK

F-HERELKELZEEE 5L -oTE T,
— RAK B EREE CIHEESREREOEHIC L 5
Ry THBHDOBRBLZ EhEONTEBY, T2/
BHOK O BN TIERI RN 2 B LR ESF R S N T
Wh, BBV T INF THIANF-ROPE
KIENEEE & L THEBERILKE % L 72&FE UV
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100
254

Relative intensity  [%]
=
T

|||||||||||||||||||||

Wave length of UV [nm]

FI1R KEUV I Y TORRY FVGH
Fig. 1 Spectral distribution of low-pressure mercury lamp
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Fig. 2 Spectral distribution of high-pressure mercury lamp
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HELTw5,
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MErERT S,
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Table 1 Bond dissociation energy
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Bond energy Bond energy

kcal/mol kcal/mol
c-C 82.6 C=0 aldehydes 176
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Fig. 3 Comparison of Performance
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Fig. 4 Relationship between Irradiation energy and residual TOC
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Fig. 5 Flow diagram of wastewater recovety system with low-pressure UV oxidation
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Fig. 6 Layout of high-pressure and low-pressure UV oxidation system
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Operating Report on Membrane Filtration
Water Purification Plant

B EHTEE2 7N —F
£ #H R

Ryota Sato
[T == S /AN

Hironobu Nishio

EERARHIT, REGEKGEKEFERKNDZ ) T RARY I LBADEN L E0S, HAHE
il (GTEE/KE8834m’/d) ZEAL, 20004E3 A L DHRKERHIEL Tnb, AKBIZEELE
BREC, BRHICLDI0EZBZ A2 E0H 5P, REABKEEE, #I005EUTEZRL, K
KOKEEZLOTEELMEEBI > TWwh, BRNERIZ, Frov 73X boRnHi

HEHRXTHY, FEIC I RIOBETEM, BFAERIIEELZLEERLHEL TV, 28, Ih ¢
T COMEBERRD S, EamPl & FUKBREOMEZEL 2 LA TE L, JHIZX Y, kil
2 EET LI LN TE S,

A membrane filtration system applied to the water purification system with outlet design capacity of
883.4 m’/d in Hyogo Pref. to control cryptosporidium oosysts has started its supply since March 2000.
The filtered water maintains its turbidity at 0.05 degree or below, although the intake water widely
fluctuates in turbidity, exceeding 100 degree especially after rain. Relatively inexpensive in situ
cleaning was conducted semiannually, recovering the transmembrane differential pressure for steady
operation. The operating results reveals that opportune timing of chemical cleaning is anticipated with
the turbidity and accumulated quantity of raw water.
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Photo 1 Outside view of membrane filtration facility
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Table 1 Specification of equipment
Item Specification
Design filtration flow 883.4 m¥%d
Type of membrane Micro filtration (M F)
Nominal pore size 0.2 um

Material

Series

Total number of modules
Design flux

Effective membrane surface area
Type of filtration

Physical cleaning

Chemical cleaning

Organic (polypropylene)
2

60 (30/series)
1.0 m*/m%d
900 m* (15 m*module)
Dead end constant flow filtration
Gas backwashing (600 kPa)
In situ cleaning
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accumulated contaminants

T Pore(0.2 ¢ m) {‘ ﬁ a
) %@m 7
Contaminants accumulate
on outer wall of the fibers g &
‘e “ Drainage
Membrane wall Air bursts Fhrough membrane )
wall and dislodges accumulated contaminants

Normal operation

Back wash operation

Sweep operation

B2F MIEZERHEEERX
Fig. 2 Model of the gas back washing mechanisum
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Photo 3 Chemical cleaning equipment
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Table 2 Quality of chemical cleaning wastes
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Fig. 7 Change of recovery ratio
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Fig. 8 Change of turbidity of filtrated water

Item } Units Alkali waste Acid waste
pH — >12.0 <2.00
Soluble iron mg/L 0.95 256
Soluble manganese mg/L <0.50 8.80
Aluminum mg/L 317 156
SS mg/L 11.0 9.00
Dissolved organic carbon mg/L 295 <10.0

3R EmBEHoRoER (200144 A18, 19, 20H)
Table 3 Quality of chemical cleaning wastes

Item ‘ Units ‘ Alkali waste l Acid waste
pH — >12.0 <2.00
Total iron mg/L 1.09 12.2
Total manganese mg/L 0.23 491
Aluminum mg/L 125 119
SS mg/L 80.0 10.0
Dissolved organic carbon mg/L 153 24.7
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Table 4 Quality of neutralized effluent water of chemical cleaning
Ttem Units Alkali neutralized Acid neutralized Effluent standard
effluent water effluent water
pH — 6.9 6.9 58~86
COD mg/L 425 9.8 <160
BOD mg/L 6.4 <20 <160
SS mg/L 142 95 <200

5 xR KEMNHEE
Table 5 Analysis of water quality

Slow sand filtration Membrane filtration Water
ftem Units (11th Aug. 1999) (16th Aug. 2000) quality
Raw water | Filtrated water | Raw water | Filtrated water standards
Turbidity degree 0.8 <0.1 1.1 <0.1 <2
Color degree 6 1 7 1 <5
pH - 7.7 7.7 8.2 7.7 58~8.6
Potassium permanganate consumption | mg/L 5.6 2.8 5.3 3.0 <10
Nitrate nitrogen and Nitrite nitrogen | mg/L 0.38 0.45 0.21 0.29 <10
Total iron mg/L 0.12 <0.03 0.11 <0.03 <0.3
Total manganese mg/L 0.01 <0.001 0.007 <0.001 <0.05
General bacteria N/mL | 18 000 16 1200 0 <100
Total coliforms N/100mL | 11 000 0 13 000 0 Not detected
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Newl series of comp.act design Kiyoshi Hirai
medium/small capacity HHOG® eEEE L 5 L

Shinichi Yasui
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Our conventional water electrolyzers (HHOG) were improved as the new series of HHOG. They are
now available and will be well received by users.
The new series was designed to minimize the size and cut the delivery time by standardizing the

manufacturing process.
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Fig. 1a) Low pressure type system flow
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Fig. 1b) High pressure type system flow
B1R HLY—-AXa87 &4 7T HHOG —EEX
Table 1 New series of compact design HHOG
Low pressure type High pressure type
Type Skid mounted type Skid mounted type
Model No. SL-10 | SL-20 | SL-30 | SL-40 | SL-60 | SL-80  SH-10 | SH-20 | SH-30 | SH-40 | SH-60 | SH-80
H: Flow Rate Nm%h 10 20 30 40 60 80 10 20 30 40 60 80

Size
Width mm | 4500 | 5200 | 5500 | 5800 | 7500 8000 4000 | 5500 | 6300 | 7500| 950011500
Length mm | 1400 | 2000 | 2000 | 2000 | 2000 2000 2000 | 2000 | 2000 | 2200| 2200| 2200
Height mm | 2100 | 2500 | 2500 | 2600 | 2700 2700 2100 | 2300 | 2500 | 2600| 2600| 2600

Approx. weight kg | 6000 | 7000 | 8000 | 9000 [ 1000011000 6500 | 8000 | 9000 | 10000 | 11500 | 13 000

*Note This table shows standard flow rate. Out of standard flow rate is also available in response to inquiry.
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AHEBIETEAD FRP HhEHOEFEN

Examples of FRP applied to cooling tower repair works (ﬁ)mu%%hw;mymx—v
W #®
Hirohisa Yamamoto
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MR ETRE L Lo EBETH A, £, BICARMBED 2 £ ETRRIICBERED D
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Wooden cooling towers require partial repairs on damage caused by decay of wood in 10 to 15 years
after delivered. While decayed parts have been repaired with wood thus far, recently the reduction of
maintenance and total repair cost is attempted by making repairs with FRP. FRP has a great advantage
of being non-corrosive, mechanically strong, lightweight and stable in quality. Shinko Pantec has been
-using the FRP on fan stacks, fans, distribution basins, cold water basins and casing among the cooling
tower parts since 1967 and finally we have succeeded in establishing a production system on our own
for all FRP-made members including main structural members, resulting in satisfying the requirements
for short delivery and a reasonable price. FRP-made main structural members, comprised of columns,
diagonal braces and girts, are two times stronger than wood in strength and interchangeable in shape,
replaceable without calculation of strength each time when replaced, and over twenty five years in
durability.

~ Key Words -
% H) %7 Cooling tower
W o I = Repair works
F R P Fiber Reinforced Plastics
E OB & M Main structural members
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Fig. 3 Time course of the number of thiobacteria

(@) 1 stand (b) 2 stands
Influent Effluent | Removal Influent Upper stand Lower stand Removal

(ppm) (ppm) (%) (ppm) (ppm) (ppm) (%)
H.S 6.3 <0.006 >99.9 H.S 19 <0.006 <0.006 >99.9
MM 0.21 0.11 47.6 MM 0.67 0.32 0.058 91.3
DMS 0.026 0.026 — DMS 0.064 0.057 0.04 375
DMDS| 0.025 0.026 — DMDS 0.011 0.018 0.005 27.3
NH; 0.2 <0.1 >50 NH; 0.5 <0.1 <0.1 >80

pH 3.1 pH 2.8 6.8
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