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The POLYAD™ PROCESS for VOC Emission Control.

Reverse Osmosis for Landfill Leachate TDT-Module System

Continuous Horizontal-Flow Sand Filter “Kontirad”

Glass-Lined cryo-lock FULLZONE Agitator

The Vacuum Evaporater with a Heat Pump

Biocombution of organic sludge by thermophilic bacteria
Prediction of the Visible Plume from a Cooling Tower
The Drying Characteristic of the FILTER-DRYER
Granulating Characteristic of the PS MIXER

A Wastewater Recycling System for the Electronic Industry
Application of PANBIC-G System to Brewery Wastewater
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Strip Mill
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of Thailand
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The High-purity Hydrogen Oxygen Generator (HHOG) directly electrolyzes
deionized water by using solid polymer electrolyte and enables generation
of high-purity hydrogen and oxygen gas on the customer s site. Combined
with @ water purifying unit or o compressor as required, the HHOG can
safely supply a large volume of gas.

The gas generation can instantly be controlled from 0 to 100% while the gas
pressure remains constant.  The HHOG is a simple system because it
does not need chemicals and o wastewater treatment system.  The use of
deionized waoter requires no maintenance, enabling continuous operation
over a long period. It is most suited for the on-site gas generation system
of a nuclear power plant, a thermal power plant, @ semiconductor monufact-
uring process, and so on.
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The POLYAD™ PROCESS for VOC Emission Control.
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The POLYAD™ PROCESS was developed by a Swedish company, Chematur Engineering AB, in
response to the increasing regulatory pressure on the emission of Volatile Organic Compound
(VOC). We have introduced this process and started sales activities for it.

The POLYAD™ PROCESS is a continuous fluidized bed process for the reduction and/or recovery
of VOC emission, by the use of special polymer adsorbents. The polymer has macropores and is
superior to activated carbon. It is easy to desorb, is insensitive to high humidity, and has no
catalytic effects on solvents. Further, the high abrasion resistance of the polymer makes it ideal

for the fluidized bed process.

The POLYAD™ PROCESS is easy to operate, is reliable, and has lower energy cost than other
adsorption systems. It is particularly well suited to applications with large air volume and low

solvent concentration.
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Fig. 1 POLYAD™ PROCESS of recovery type.
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Fig. 2 POLYAD™ PROCESS of incineration type.
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Table 1 Comparison of Properties, BONOPORE 1120 vs. Activated Carbon (AC).

Adsorbents BONOPORE 1120 AC(Fiber) AC(Granule)
Relative surface area [nf/g] 800 1500 1 250
Average pore size (Al 80 25 30
Particle size [ mm ] 0.5 — 4
Bulk density [g/at) 0.3 0.07 0.43
Adsorption capacity of toluene at 500 ppm [wt% ] 7 37 36
Adsorption capacity of water at 84 RH% [wt% ] 1.8 30~50
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Fig. 3 Water adsorption capacity.
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Table 2 Choice of various treating methods.

Flow rate, mi/min Concentration, ppm
<50 50~400 > 400 <1000 |1000~3000{ > 3000
[Recovery]
A. Condensation O O
B. Fixed bed adsorption O O O O
C. Fluidized bed adsorption O O
D. Rotor concentration-+B O O
[Incineration]
E. Recuperative thermal incineration O O O
F. Catalytic incineration O @ O
G. Regenerative incineration O O
H. Concentration+E or F O O
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Solvent : Stylene
Air flow rate : 60 000nt/h
Solvent quantity  : 10kg/h

Removal efficiency : 92~93%
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Photo.2 POLYAD™ PROCESS

FYT7FTEERE, RACKEETES &, BN A7
JC, MBERES A 7IHIAEI N B, BREEENE
CENBTLbdhY, ELOORER - RBED N R UHE
WAy BELIEB, Linl, BEMWNESSTS, RIB
HOBOVEA] (R F v E) SKITERLEVWIEF I L
T, R 2-REHOM[EREL T, K7 v &20H
RS 5,

7. Svz=v&azxt
7.1 =21 ;BRE4T

ROFAZMBIBOT, £YTF7awR0OEIRS 4 7

LR LIEA,

4 TER < v Ty o BER

Vol. 39 No. 2 (1996,/3)



R4 244
BRIEE: brv v
B £ :300 d/min

B OE.2°C
ALCTERE : 500 ppm
HIOEE - 20 ppm
2—-F 4 Y54 —HEBRIE, KROLSITE B,
5 FERax b (A X B\ R b
HERE | Fm) | kel | CFA]
E 7| 40kW | 4 800 — -
3 &| 60kg/h 2 400 — —
#  # /K| 3.8ton/h 500 — -
&= R — 2 000 — —
P #l — — 32 15 300
& i - 91700 — 15300

22 l, K1 —F 1 )7 4 —BEARCERERIZ, KO
EHTRE Lo

B Al 15M/kWh
xS 5M/ke
#w EH oK 15 /ton
wo Al 6019 /kg
LN 8000 h/y

CDEA, BN TERBOS NBMEEREH O I EER
W& — R F — LREROBEFIEICERS & LT, £z
R M E1/2~2/3RBEEICIR D, FEIBENTHD, hoE
2TH 5, ’

F 7o, ENOBEIE, BRSEMAHKS CEE2ERE
KANBRBENS B, FYRE&ME» 5, BEINERIEIZER
#9256 ton 72 b, WEHIBLE60M ke & E T 3 & 15300
FHAEBTENS N LB 205, Fila—F 4
74 —HEREZ 9 LEARBEDRSETN TR LN
Hnb,

7.2 —R2;BREBRESAT

WRDH REHITBNT, £ 7 F 7w X iEmRERE
74 7R LIEE,

U 4 2 48]

BRIEE  IPA, FiR 7 7 VERARIEH

B £ :600 nd/min

®B E: 30°C

ADEE : 120 ppm

HIOEE © 10 ppm
-7 4 ) T4 —HERE, ROXIILKE B,

3 a2 b
MER | TFmjy)
= 7 48 kW 5800
mEAMME | - 2500
& ~ 8300

1R L, Ha—7 4 )7 4 —~BEROEREER I, EIX
FAFERUE L, F, RF—+ 7y FERCIE, Al
REEEE DRE L PR EF 37502, $93053R120 kWh/h
OBHABMEICIE B0, FOBRIIEMRT 2 - dFHIRE R
RETH B, IOy —RT, MEMEEEIC X - TERY
TICEHBNE LGS, MBS KRB 6By, fit
EEbic & 2 AR B L O 3 Mo = b IdIEREIC
WAL, SOLRAFovIOEMESRIEINS,
8y El U

EBRHI 2 VOC #1411k, VOCHFRE 5 - THET 3
HAbZFEA v v, EEARBL CGEBERICHREER
BT T EERIETADICERBINT NS, 1991411/ T,
ECE (HEza—u v EERER) KL 2BEELRE
h, oMBEE Ck, #+4%, EC, EFTA%23+E) I3,
20005 & CITEHEE 1T L T30% DRI AR L TV 3,
ORI EERT 20T, ZEBERFIEZERT 5
LIS -kDT, SETRBISNTOVREKEER « (KB
H R B MR EOLBEESER L TV B2, HART
i3, TOSEOBEEKZREECTIRESED ST
WA, EERRES S b REICERIET 2 AEICED D
bOEEbh b, HEFEBEL VT, BEICKRIA19
94EILH & v bZER ® » FBiIE%E BRI U 72 RALKER
HABBLALCESE» 5, BLvTcoREb45%—
BHES»PEHDEEZL SN, '

4, @ L7z POLYAD™PROCESS (£ 7 Ko
£R)IE, RV z—F BV TIOVOC MEAE HKIK
BRsh/z 7ot 27T, BICISENMASNTVS, &
ETbilik, RELEBshNE, KEE - BBENz%
BEN, oL NETEX A EBENONEMSEE 2 &
FREN, A7 o 2PREFEOLHDICRKVICEITD S
DEHELTW S,

(&BH)

1) (i) EAEEMBITESM Tk 4 EEREEARKBLRD

RRYE O RALKR OB HEIC B 3 AEHRHRES.

2) HZEIFS : PPM, Vol. 23, No. 10 (1992).

3) HAELA  AELEE, Vol 38, No. 8 (1993).
4) WITIEW : PPM, Vol. 26, No. 10 (1995).

5) MAE : BRIEEHE, Vol. 31, No. 9 (1995).

Vol. 39 No. 2 (19963

g s v 7 o Hl 5



<#HEZBN>

HMUORHKLEREREEE
DT-EZa—IVYRT Ly

Reverse Osmosis for Landfill Leachate TDT-Module System}
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Yoshimitsu Fukao

Reverse Osmosis for Landfill Leachate-“DT Module System”

Landfill wastes, especially incineration ash, have been increasing in recent years.

The salts

contained in the ash are hardly removed by the conventional treatment. In addition, the public
demand for clean environment is becoming so severe that new treating methods have been searched
for. A solution is the DT module reverse osmosis system. The disk tube module minimizes
the inherent problems of the membrane such as scaling and fouling. The recovery rate, or
concentration ratio, has been greatly improved by the application of high operating pressure. A
distribution agreement has been concluded with ROCHEM in Switzerland.
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Table 1 Specifications of DT Module System

Disk type semi-permeable membrane
200 mn dia.x1 000 mn

area 7.6 nf

30, 60, 120, 200 kgf/caf

Membrane type
Module dimensions

Operating pressure

Flow rate 0.07~0.09 ni/h
Number of disks 170 disks/module
Material Membrane: Polyamide
Disk: ABS
Vessel : FRP (60 kgf/cif)
SUS(120 kef/caf~)
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Fig. 2 Assembly of DT Module System.
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Table 2 Comparison of water quality(conventional method vs RO method)

Treated Quality

Item Unit Raw leachate Conventional I(:’g(xggelélf

pH — 6~9 5.8~8.6 5.8~8.6
TDS ng/ £ 10 000 10 000 100 ~ 500
BOD ng/ £ 100 ~ 400 10~ 20 1~2
COD ng/ £ 100 ~ 300 10~ 30 1~2

SS ng/ £ 100 ~ 200 5~10 0~1
T—N ng/ £ 40 ~ 200 5~10 1~2

Recycle

Raw Filtration RO Discharge
leachate
)

Raw Biological Coagglatmn . Filtration Activated carbon Concentrate — Permeate
leachate treatment / sedimentation treatment

Solidification
®wIE REkREOTOD—v— L F4XK ROEOTZ7o—v—©h
Fig. 3 Flow sheet for conventional treatment. Fig. 4 Flow sheet for RO method.

>

Recovery

4

Landfill Dehydration

BHE 1 A-VLryUWERLNE DT-£Y2—-V Y25 4]
Photo 1 DTModule System at Ihlenberg, Germany.

BEIIROEO TH B, B 19934 L 0 [DT-E Y a2 — A Y R F 4]
4 R A — Ly oL 7RIS (1980~) IS THLEE B S oo
M3 A B 2500 fFod (165 ha) ML FR K B ;50 mi/h
HISTHIER - —fRBEEY) 5% BB 26 % M KE: EIRITRT,
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Table 3 Performance data for DT Module System at Ihlenberg, Germany

Raw leachate (mg/£) Permeate (mg/¢) Removal rate (%)
COD 2619. 00 1. 200 99. 95
BOD 184. 00 2. 500 98. 64
Sodium 3255. 00 2. 400 99. 93
Chlorine ion 3091. 00 2.700 99.91
Calcium 192. 00 0. 900 99. 53
Magnesium 97. 00 0. 300 99. 69
Ammonium 300. 00 0. 400 99. 89
Arsenic 0.25 <0. 005 >98. 00
Cyanide 2.35 <0. 005 >99.79
Heavy metals 0.25 <0. 005 >>08. 00
6. #E 6) % DIy — | DR - SKHDEED

[DT-EY a— Ly 2F 4] OBERIROBED TH 5,
1) R =voffsE, Hbhbisn,

EY 2= VNTOERSRICE D Ry — 0, B, %
DBH LR B
2) BN Y v TITH B,

MRIAWTRIKEE D 12 DJFIKD *1SDI #315~20& &< & & Y
BEIS KB, D RO v 25 ATIE SDIid 3 ~ 4
PATIHlBl & L 5 7o, $RHES AIALER D38 SALEE Hs AT &
25,
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FERRTS RO R A I & 2 88 £ 77200 kef/afic & © ~
97.5 % OEIRNBEHTX 3,
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50

EV a2 - okEHLARKR « REDES IR S, i
X TiH L v,

7)Y a3 vy MIEEY 2 — WEEL
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iy Kl U
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HOEEHIZEL, DT-TY 2 — Ly 257 4] 345
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Continuous Horizontal-Flow Sand Filter “Kontirad”

4
(B)_BEAiAS FHESH 2
4 &

Yutaka Ishimaru

Horizontal-flow sand filtration is more effective in trapping suspended solids, where down-flow or
counter- flow filtration has been popular. The filter area can easily be increased by inereasing the
thickness of the filter layer. Continuous operation of the filter and backwash is realized with an
air lift pump, which provides steady product quality.

F 2 M ZF

KB W SN AEBARDO—>TH 2 2HA1B13,
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HALR RS FiEORBENRA T TV, Ll
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T250THY, KERAHAROABEHRICBVWTIE, —#
Wk THEBASEMI I T TOERNTEMLa N
DR - 10, BEEC, ToKERARE, fho 5

£ 0 ABEESEEY ORI ICERICTHERE LRHIEN KX
Wy
EJAR

ABEREIE, ABOESIICX->THRED, FhHk

® Inlet pipe

@ Feed chamber
@ Filter layer
@ Filter nozzle

® Outlet pipe
@ Airlift pump
Flushing pipe

@l

Pt il e ‘
JRs

B1X

Fig. 1 Schematic diagram of “Kontirad”.

IKontiradl] O

® Collecting channel

@ Waste water discharge pipe
@ Circulation pump
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Wt cld, Miljgvern Umwelt-Technik # & Bt %
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1. Kontirad OHE
1.1 HELRE
BE 1 CAEBONEL S LB 1 HIcAKEOEEE

B B 1 KkEHKbsA8%E Kontirad]
Photo.1 Continuous horizontal-flow sand filter
“Kontirad”.
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Fig. 2 Schematic diagram of Filtration method.
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Table 1 Comparison of horizontal-flow and up-flow filtration.

Continuous sand filter Continuous sand filter
(horizontal-flow) (up-flow)
<100

Raw water SS (mg/1) max 500 within 5 hrs <100
Filtrated water SS  (mg/1) < 5 < 5
Filter size (mm) @ 1700 %6 600" ¢ 2800 x5 700"
Nominal area(A) (of) 2.3 6.2
Filtration area(B) (af) 6.0 6.0
Standard throughput (Q) -

(md/hr) 30~60 60
Filtration rate _
Q/® (m/hr) ~10 10
Apparent filtration rate -
@/ (m/hr) 18.0~26.1 9.7
SS trapped (kg/nf+hr) 1.2~2.5 0.5~2.0
Flushing water _
consumption (%) 2~5 10

TRIKHE 28 TEIBREMECS  BERBH ctdanT
B, ABEESEHHLNTOEN, i, Ak
EWREYIS S S IcER s h, —E0EE T AR
ERT2E, ARAEELELESREITO. JOX D ICEEY
ORIEED/DIT VIO FUKOREEBE NS K5 &, ¥
HHE ML 120 RLEKELBED T 5,

—H, LRyEE 28 & RCERRES: Al & b I REY
AR L 2 AMAEE L THRIF T 3 oD BB OMIERA
AEZ LT EBERENS, LL, FKOBEYDS L
A URBRA L L 70854, B A R BEm sk
AN—BICHH LKEEL 2L A, KERAKXTE, A8
BRHFCBHL, FKIKEFRCRN S DD X 5 I
WY O BAE SN BEICEL 185, TR, ki
FICHARTHAAMEN 7 OBBY OMRERE 11D,
BRioZEEIcE <, BRBARME O cAMIKEELE
L BNIDIL

81 RIKEEE A & LRSS A0 B %R T,
COHESMEE LTI, SREKS6.0dET S,

3. ERASEF

AEBOBRANIE LT, TRTRLEKPCEEDK
ZIRMBKOEBE, HROSEABPEHIN TS
SEICINA CHRPIEBE, SRR OEUKIC bERATES,

fo & A, PRBhoR Ry RS o B & L TRUKICEE
HERIETEA LEEABEICE 0 UK S, AEKEHE
LU, Z@BREHEROEE < 72 - 7o FRE A iith o Jij LB 1T
13, ZOfE s S MEKEOR S » oL L b #h
TWb, £ M4 VICBWLWTIHEE O A@5EE © I 3MER
BE?? - FoBISKFR O SEEK D A B A 1T - T W B HED
H5,

Y £l U

WAE, KBEOKEEPLEAET, KEROFREPHER
DEEUNR 70 —XT v TENTVWD, TOLIIRED
i, PikoMBEPCHARICZE A EIZ, R LEEYHEM
H7ox2& L TEBRENSTOOTVWS, JIANL
12K B s A BB [Kontirad) (3, (G EHEE L
SENENAE LB, REMEY Y ONEENSHESHE A H
L AEMIRIEETH 5, £ S ICHBRL A8 A
THBKFEHEERELAZEBE, Hxx, 2 RXh,
BEAR—ZAAEERTEHDTHY, L DONHTOERD
Mtk s b0 TH B,

(BEXH)
1) BEHE AR - 2ok « AV - BRISE, (1994),
B ik

12 g 7y 2 Bl

Vol. 39 No. 2 (19963




<#HEBBNT>

TSRIGAZVITRIZAF0y XTIV —VE

(RELEED)

Glass-L.ined cryo-lock FULLZONE Agitator

W
(k) & #M #B

7K

Toshihiko Nagai

§ &£ &

W

O

Shingo Toriu

In order to respond to users’ demand for advanced and versatile agitator performance, Shinko
Pantec recently has developed the FULLZONE agitator, which has been enjoying favorable user
acceptance for its reliable service. The FULLZONE agitator, however, has been mounted only on

open-type vessels because of its large size.

The totally glass-lined Cyro-lock FULLZONE agitator developed by Shinko Pantec this time can be
mounted also on closed-type vessels, thus reducing the coststo be incurred in modifying existing
agitators to the FULLZONE agitator. The Cyro-lock FULLZONE agitator enables high efficiency
mixing and suspending peformances for products in high to low viscosity range, as is the case with

the FULLZONE agitator.

We hope to see the Cryo-lock FULLZONE agitator further extend the application of the high-
efficiency FULLZONE agitator and assist in improving and modifying the users’ mixing processes.
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Photo.1 Cryo-lock FULLZONE agitator.
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Fig. 1 Cryo-lock FULLZONE agitator assembly.
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W OHAHRE LS IcHEEE L, 75440y 28
ik v BoMT 2 ageic LcERERTH 5,
1. 2 [REMEOHESE TEEMNTRE

BESkR, B —F-DEREHEGOTTY NS —BEE S
O 2DOENRNADIDITTSRASTA = FHBlT V-
BilEd 2584810, FERZOL0SHET Z0F NS -
7o

75440y sX TN — B, E1RICRTEBD
BEREHERFOTEERL, EXANICTEHSOWE
ARG TIN — v RICWERR S, HERBESAE LR
57, ZDBEHIIHERDHIZ6~40% I KEHIK 5,6

B & 2 ER
- WA OR
e N 7))V
- i
A EREEASEE DB E = W B &, £-%
AR EZEC 25605 5720, EEKETT5
WERD B,

2. V5440w R TIV — Vv BOEHMEE
754F0y sR7NV - vORRICIEERR O AR
U, FFELcEEEE LT, EEy ) — B

DOFAR DE NSRRI RIS THBIFRE 12, KV
EHiFIC b e > TRI—OEBERESE SN 5,
2. 1 BaMERE

75440y sR TV - VEETVS - VEDRAK
fi1% 2 — Mk cRMm L EREEE 2, 3TN,
RN A13IEE—Ic L THE0.001Pass &1.2Pass Dt
BOMES ZHAHER, MELRZE—ORENE SN,
2. 2 BHMHERE

FEik R DS D 128, 4 4 a0 BB K
BHREBE4IURT, NTFEBEEZOIEETNRE L,
7954 A0y RTINS —VvBEINS - VBitoWTHE
BREN, 2 B BRI I B L S ¥ TR F OEREIREER I L 72,
BRIE, BELZEE—OWEEE TSR ERENE
5N7,
8y El [0}

AR TR, HEAEICEETRER s SA4ay 7RV~
VEDBRIIOWTHSIL Y, BRI VY - vEOE
FREFEB X DIEMND, 2 —F—BNOEET 0+ 2 DKE,
HERICHFSHENTEVTH 5,

(B&3CH )
1) %o : wiH x> 7 7 B, Vol. 35 No. 1 (1991)
2) LS : e 7 7 F 5 —H#H, Vol. 1.29 No. 2 (1985)

14 oy 7y 7 B

Vol. 39 No. 2 (1996.3)



E— bR TAEZERRREEDHEN

The Vacuum Evaporator with a Heat Pump

9 4
BBAFEARS 5 1 FAEE
AN Y
Toshiyuki Kobayashi
woom — A

Kazumaru Saeki

The vacuum evaporator is a water treatment system to separate distilled water from concentrated
waste containing pollutants by means of evaporation and condensation, thus reducing disposal

volume and disposal costs.

Evaporation is efficiently performed by using vacuum and heat pump technologies. The vacuum
allows evaporation at a low temperature and the heat pump saves energy and energy cost.
This paper gives an outline of the vacuum evaporator with a heat pump and its applications in

several fields.
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Fig. 2 Flow of the vacuum evaporator (WTS E 700).
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1 R WTS E EEAE
Table 1 Standard specifications of WTS E

Type WTS E 150 500 700 2000 4000 5000 8000
Frequency Hz 50/60 50/60 50/60 50/60 50/60 50/60 50/
Distillate production (with water) £ /hr 7.5 22.5/23.5 | 31,5/31.8 | 91,5/102, 3 158/175 230/248 330/
Power consumption kW | 2,7/2.7 7/1.5 6.2/8.4 | 16,2/20 28/36 39/50 56/
Voltage "’ \' 220 400/220 400/220 400/440 400/440 400/440 400/440
Efficiency kWh/¢ |0.33/0.36 | 0.30/0.32 | 0.19/0.26 | 0.17/0,19 |0.177/0.206 | 0.17/0. 20 0. 17/
Discharged heat kcal/hr [2150/2580|7740/9 300 | 5600/6 708 | 10 200/12 600 | 17 000/20 000 | 40 000/56 000 | 33 000/
Air required m /hr |1000/1100|4500/53104500/5310 | 6700/8100 |15600/17 900 |14 000/20 000 | 28 000/
Refrigerant R22 R22 R22 R22 R22 R22 R22 i
Empty weight kg 160 640 380 1050 1150 2000 2200 ;
Width mm 670 1500 650 1150 1200 1800 2000 !
Length mm 710 1100 1200 2000 2000 2400 2800 }
Height mm 1350 2030 1940 2465 2450 2900 3000 ;
Noise power level dB(A) 80. 6 80 79 80 <19 81 80
Materials in contact with wastes AISI 316L+PP
‘ Scraper @) O X X X X X
Automatic antifoam dosage O O O O O O O
Automatic concentrate discharge (valve) option option O O O O O
Automatic concentrate discharge (volute pump) X option O O O O O i
Distillate pH control option option option option option option option
Boiling point °C 35~40 35~40 35~40 35~40 35~40 35~40 35~ 40
Vacuum Torr 40~ 50 40~ 50 40~ 50 40~ 50 40~ 50 40~ 50 40~ 50
%) Voltage 220 : Single phase
400 : Three phases+ Neutral O : with
440 : Three phases X : without
Mo1

EVO1 E02

-
{1

DR |11 eaii =

E01
ol [ =
E03
L _
G02 POl
G01 Concentrate discharge pump E01 Air cooler
G02 Water circulation pump E02 Condenser
S 01 Ejector E03 Condenser
P01 Compressor EV01 Solenoid valve
MOl Gear motor V01 Expansion valve
EV  Evaporator LC Level control

J Jacket

£3 HAERRBMEED 70— (150, 500%))
Fig. 3 Flow of the vacuum evaporator (WTS E 150, 500).
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T00B4LL oM RE i3S SRR B T, BFEE o4
e i 5, KEULSTE, X7 —VOREX I
k5, £, HEWNL.3E CUHEAEETH 3,

1. 4 BERSH

AEBEBOBERANTAE 2 RITRT, BAMLEZ VD RE
HorE (35%), @RBXEUEST (35%), L¥0H
(20%) TH3, EENHTIHBER, EERRKROE
HRKDERBRUELIT>, 2BERLED 4 » 55
T, BEARBKENE L, BRKEESAKkELTEDE S
D470, BRERD A v FBRIEELTY YA 21T 3,
LR TR, SEEETELOES 7o 2BERP, ¥
TR DZEF BRI AT 5,

BKPICHBHIBES TN TV RS, BROZL EKED
BERMME L, KEMICERE L TERKDICRAT B, BR
K% DF F TEHBREEER -, BRHERLZVES
IZid, TEMRER A 4 RS TSRS L TR
WT AT EMBHRE, FhEHFAKELTYIH 4270 LTY

GG HE W,

BEkeicia#lhs 15 <, SR OABE TN TV A,
ARIKSEBEKTHD, BiFKkELTY LI VG B E
b, TOFEHRT A E b TOARETH 5,

RELD, BHEBRER, EXHHN A v FHEEKEOEH
Bl AR,

2. BEEER~ND:EHR

B S 32 EERERKICE, §ERYELSThTY

Bo COXIBREREITKEICHKTZIEIZEEAAH

K9, BERALEEER ICAMBIME L TWL 5D, HER,
—RID L D ThH B, B> TAEE R H-> THEREHEL,
ARSI BNIEEIT > THIK L, BREKED A 2053
TAHED, HRBIEICERE L, X0BRHRhEeE
Z bbb,

2.1 BEEEZKOHER
EEHBULMTREIELDNZ FREL I, BHBK
(developer) &EZHK (fixer) TH %, BBKEEER
OkFI=E 3R, BARIIRT, B3, EEMET
HBHETF v Lo oy ALREBE, BREZT A
o4 ALBROAERICEITLT ZDICHY, ThickDER
BIEKEN 5, EHRIE, BERICRBYME 2R T
HUOBELRWE S KT ZUBEICHWO N B,

2.2 wnEITIE

BEHERLE 702 20870428 4RICRT, 2O

Fow Rk D MEATAE, REKEENNICKEHRER S
KDL B,
Bi DIFFEORE I, BEERFEREE SR T—Y

EIELTS, %nu%%m<%ﬁ®ﬁ@ﬁ%mﬁ15;
7&\, RBERE-SLBRBICLTH B, 72, BE~OLHE
BOMWRMB—FICB B LI, BrORKERES L TH—
(CHR B FDORENMETH B,

EBEBE D 5 138REEIXT 205, 75 BFEKGIC 12100~
200 ppm DERMER S, MENNEKZ 1o EEFERIL, 7V €
= T IKIBR OS2 B S 21201, BMEBEINA T
pH ZERMEICHAR T 3,

¥ 2k EESH £ 3 k& BBREOMRK
Table 2 Application fields Table 3 Typical composition of deve-
loper
Field Applications L
Paraphenylendiamine g/l 5
Photography Concentration of waste developer, fixer
and wash water Benzyl alchool g/ﬂ 10
Surface treatment | Recovery of plating solutions Potassium carbonate g/l 20
of metals Recovery of wash water
Potassium bromide g/l 5
Chemicals Concentration of waste process solutions
Pharmaceuticals and wash water Sodium sulphite g/l 5
Cosmetic
Printing Concentration of waste wash water
containing ink or sensitive resins
. . 4 R ODH
Electronic Concentration of waste wash water fableifl fgfal ii’iz osition of fixer
Precision machine yp b
Machining Concentration of oily emulsions Ammonium thiosulphate g/ 100
and waste wash water ) .
Sodium sulphite g/l 10
Disposal of waste | Concentration of landfill leachate ] ]
Concentration of waste wash water Acetic acid g/t 5
from flue gas scrubber
Aluminium sulphate g/t 10
Others Re-concentration of high density waste water
from separation unit Silver g/l 5

18 K A SR S & -
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Cation resin regeneration waste water to fixer storage

Acidification
storage

Sludge
storage

Anion resin regeneration waste water to developer storage
PR
‘
'
|
|
Developer |
storage |
™ 1
I
i
1
¥
Vacuum . Sulfite
. b Alkalization -~ ., .
evaporation oxidation
(!, Fixer A

Cation resin regeneration waste water to fixer storage

____________________________________________ -
|
|
1

Filtration of |
activated o Clean !

—>1 carbon and [ Neutralization T water e S|

ion exchange storage '

resins I
.
;
1
1
|
1

Filtration of a

activated o can

L~ carbonand [ Neutralization — water —
ion exchange storage
resins
Discharge

Anion resin regeneration waste water to developer storage

B4R BHEPERWLHEY o—

Fig. 4 Flow of treatment of photographic solutions.

NH; + H* =< NH.*
B L&Ak, KBILF Y Y AEMATpH 27
) 'r&bcé}aﬁ L/, SO: % Na:SO0s L:E'A;_ b,

SO; + 2NaOH — Na.,SO; + H.O

TN VHEOEFOKIRTREICE SN, REERRS )
7 & (NaClO) TH(LY 5,

Na:S0; + NaClO — Na.SOs + NaCl

FDTERKIZY v K7 4 V5 —TEBE*BRE Lk
TEMIRIER U4 & v ARWE TS %, TEHIRE TIIER
MEREL, 14 v REEBTHERA & v 2BRET S, T3
U CRFKBBFERS L 512t B,

4 F UARHE O FEER I, B2 OREYEEEATE
D, IR THIMIEEIT > o RIc, ERRERLIELZTS,

BB ERESRIE, EERERTOEEE, BgRRTI0R
METH D,

2.3 HERWUIEHEZR

BGgIER, TEEREZNENAREE AR BRI L
B E0Z&EFEIK (distillate), EHE# (concentrate) @
DFERAEER, BORIIRT, ChERTHLE LD
I, BREKIZOF F TREKFEHRTVIESEHEZ VD, Z
DERTT VA VAL, Bk, TEVERQE, A A4 »ZHNE
FPAIALEE 21T Z WSO R B & Hichs B,

HBIRIC, THERERIBEBREREZBS LICER (BALL
3:2) %, HREEOELERERT, KEREI, W
k- TRBEREBREIC pHARL TiTo 7o BHKOT
vEZYU LA T VYORBE, ETHR, FOROZTNEHNT
FEITDBL B >TWVWBI &bl b, FKENDKRESE
i3, MEHEMIcLTHABE, REABEEE odine
consumption) 13220mg/ LA TH %, WA IT, &EFEIK
REARO 7 o& 2R -> TIRET 50, 3EEEOFR
TSRS £ 51T 5,

FERERIROBEO TH 5,
BREER 4. 2f% (voD)

IR B 216 2

7 WE 1. 084

BagE 524

» WE 1311

ARIKE 164 ¢

TEHLIE 9 R

AEEBR I+ I3y FIERNTITL, BREREOKE dEEh
ToTViEn, THAERCHEM LB X WTS E 700
RITH D, BREESIIMN2 £/hr 2’2y, KDHDEE%E
LABEoRREENL D, BOMBTERL LTV S,

3. ESEMA v FEFEKANDER
3.1 Xu+HEOERM

WA v F13, BOPFENBKREL, A v FOBEVN

ELOVFEOHRAN S, BHRHEOEMRES LA FIH
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B 5 R FBRRORABEMUEMNER

Table 5 Analysis on vacuum evaporation of waste

B 6 X TERRORRBRLENHR

Table 6 Analysis on vacuum evaporation of waste

developer filxer
Parameter Asis | Distillate |{Concentrate Parameter Asis | Distillate |Concentrate
Concentration yield 100 97 3 Concentration yield 100 72 28
COD mg/£ | 20 960 640 610 000 COD mg/¢ | 290 500 2320 1031 700
Silver mg/2 1.17 0.00 35.00 Silver mg/L 9400 0.17 33 880
Iron mg/{ 0.43 0.01 12.81 Iron mg/’ 1290 0.10 4620
Sulphites mg/¢ | 1590 0.83 | 47000 Sulphites mg/¢ | 52000 3 060 177920
Ammoniumion | g7 372 45 600 Ammoniumion | 71600 | 2020 250 610
B 7 R BEEERORRBRLBEIER £ 8 X BXHEH A v FHRTEDHAK

Table 7 Analysis on vacuum evaporation of waste photographic

Table 8 Composition of galvanizing bath

solutions
Parameter As is Distillate |Concentrate Sodium cyanide g/l 60-70
COD mg/¢ 46 900 176 191 000 Zinc g/l 30
Ammonium ion mg/{ 7130 4,33 29 500 Sodium hydroxide g/t 80
Iodine consumption mg/¢ 69 400 556 236 000 Sodium carbonate g/l 30

INTWVWB, Ay FRBEO—H=EBRITRT,

Aoy FIERELT - fotk, A v FIBHEE W 2 8IS A KSR
THTERFEEIT O, CODKEFITIIDPEDO X v +78
WBIBAT BT LITE 5, KEERIEE2~3RIcH»N
TBD, KEBCEETNE X v FIBKOBEE R, Kikhrt
LIO>NTNEL ITEL > TW B,

3.2 BT

W7 o —%2 85 RICRT, sERBEKORTMELE LT,

REIEFREF MY v LTy 7 ALAWEBILT 3,

2NaCN + 5NaClO + H:O — N: + 2NaHCO; + 5NaCl

Z 0%k, KB TES LB 5,

LTI EELOENTL 285K E, IFHICEDS
Nd, £DRDOHERIZIB~9 %HIKT, 1 ~2%H2 v F
BHETHY, 10 g/ L DEDBEAATVWS, TOHEE
FEFLEE L T, EHIKIA~6% &, HIERE H3200~250
g/ LDBRERI~6%E BT 5, BRKIILERKE
LTUHA 7 VT B0, E3TTI/IRETS, —
HBRERE, A v FBRSARSECROT, ZOTE A
FREELTYH A I LEN D,

4. ENRISEFREKANDEHA

—OIHIRE W-Td, A7+ MEIRL, 7 v+ VHIF],

27— VEIRSREA SEENS B, TITiR7 L F VH

Carry over Carry over Carry over
10-15 ¢/h 10-15¢/h 10-15¢/h
3 C 3 3
Galvanizing tank #1 Rinse tank #2 Rinse tank #3 Rinse tank
50002 200g/ef (10002 10g/e| (10008 05g/2 10002 0.025g/2
i l vC.ounterﬂow
! Storage tank rinse
i 2000¢
: Vacuum
: evaporator Storage tank
; 200 g/¢ 50002
:" I
Y
Precipitation Chemical | , .
200-250 g/2 treatment |  Discharge

FEHR
Fig. 5

B2 v FEBR) S A I IVYRT A
System of galvanizing solution recycling.

RlOBUR TRREHRFEK~OERAI =T 5, 7 v+ vHIR
L3, T AR E 7 RESEHERIE TR & JFRR & 3 2 HIRLA
BT, ERBF - A0aFERS~OHRICHVWSN TV S,

FTHSR PR H 7 4 VAEBE, 70 LicBek
fEx2%&YD, zOTHrOoENRENTTENLL, BEETK
T3, & L TRBOUBIIESHRERET 2 &Ik 0BT 5,

20 R~ v 5 7 B
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F 9 X 7UFVHRBRRTIEOREREKD
A BRI BERFKOITRER

Table 9 Analysis of distillate on vacuum
evaporation of waste wash

Processor

Filter J water from flexographic plate
preparation
Tap water supply Storage tank for pH 4,97
Water heating @__) water used in
system washing process COD mg/4 580
T——-' Sulphites mg/4 0. 64
Evaporator
Storage tank for Phenol mg/4 2.42
re-circulation
water
e - Optional process Aldehyde absent
i
oot : Tap water supply Storage tank for Hardness °F <0.1
« lon exchange resin 1
‘I i - concentrated waste
¢ emergency unit ! for disposal Distillation yield % 9.5

FOEE 7L+ v HIRRINR TREOUEBEKUE Y o —

Fig. 6 Flow of treatment of wash water from flexographic plate

preparation.

COBREFNCKEMRT 2, < OKIGEEO.IRE D#RK
TIRIFNIEE ST, XL LALRY v —BENSLK
BDEBT 31D, A 4 v REEHFIEZRML TS 3,
WAz, ZOBGRTEMSHHEEKICE, ®Y<—,
T/ v—, BE, 14 Y REFEREFISES T TEDY,
COD ({b¥MBEERE) 65000mg/ £ 2 WA TV 5,
IR IDEDBFKIEE, HERHOR ) —E2BATVS
128, HESA v~DYFA 7 VICEBELTVRL,
RREREE T HIAALZLI 7 o - 28 6 Hic/RT, ¥
BIEIPOHRKIE, 7409 —TEY=—HFEREL,
i) o, REBRUENITON S, BREEITE
WED S, BIRIEIN S, BRKIFEEDShk
%, —EWsmEEh, REIECTHEREFEICL-T,
BKELTY YA 27 0ENB,
ARFEKDOANHEREE IRICRNT, EF/KOEREIL0.1
PITFDMIKTH B, FIKETKDOBALLE % KT IRHE R E DO Hi
g AT &k, WK D DRIKEER bAELE 5,
COD Dl g7 E<L, CoxE TR TFARBEICKREKET 2
TERERTV, X5, BFEKPITIIERBAOHA W
TRNY g VESATHWALEHDEHTERE W, COD DE
BENWDRIDBEIICLEEDEEZ NS, TDHEFRK
DBHIKE LTY 44 7 VAEJER & D I EREET B 70T,
B0 7 2 + 27> 12 TORE, EFE/KD COD FX
DY TH -T2,

1>Hoy4 4270 725ppm
3 DY ¥4 21425 ppm

COMED CODETHEEREKD ) ¥4 7V idafes O

LTh o1,

5. UFBELERREMESLOHESHEICKBEK
0

5. 1 MBI LRRERUE

UF (Ultrafiltration: FE#A8) iz 21 5 IR T,
T4NE =A==y VORRHENTVE, TNV
KISEE@ER L, HFERERYIATICEZ, BKkOBE%:
+3EL T A enic, Ao AB0EEITS,

JEEEIZ, HEBALVF DKL (20~30kWh/m),
MEENRRKEVRELLH LT, REAR—ZADB/PNEINE
WO RTERORE, BomENggd, EHINCRBLAI
HIER 53, FOaXMBEL b L, EEER
EEEICEETERY (50 g/ L) &V ERER .
—HRARRERLE L, WEBREIS/NE K, HB A VF -
DAREWL (200~300kWh/m) &I ERER > KE, &
BERmSTE (350~400 g/ ¢), EFEHEDH ZETY
DHEEDTREE VWS EFTARED, WAL, T02D>DME
HiEEMHEHLE B EICk->T, & AR EKLE
Ot ADHEEBX S,

BRASHELTR, BRIEroE 2wy s v,
BRA v B, BFLE L¥7otvx, EELBER
OWHFREKENBE T SN B,

5. 2 BHRAMELETIDO—

—fl & LT RO BT ORKLE Y o - 28 TR, %
OMEHERZ ORISR T, B7RcBVT, FFEKITHE
A X 1 B EEEKEL00 s L, BEBERKI398.5 T
b, TOBBKITTAEICHKTET 25, diEKkELTY
FA I NT B, HOVTI0 M OEBERSARREMRELE S
N, 8OMDEFKEIS TORBRKEIIHEEINS, &
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Inlet solution U.F. concentrate

Q=100 Q=10m
d =1.005 d = 1.050

b
»
v
Permeate

--- - N> Q=95m

Storage
tank
Distillate Vacuum 8
Q=85m evap. o
< <
<
Storage
tank
Q=15m
d = 1.350

Evaporator concentrate

BT (hRoBERKLE Y o —

Fig. 7 Flow of treatment of waste water in cosmetic production.

810 R (LHERSTFIKO LIRS

Table 10 Analysis on treatment of wastes in cosmetics FKIIBEI0RDOMEY, ~% DEZET Liﬁk@:ﬁ%ﬁﬁjﬂ% AN
production. B&LHD0T, HUOEBEKEHIZRX n, ZoME7o
SAMPLE 1: Blow down solution 22 %ﬁﬂ%ﬁ-é}fﬂ: 55, D%, 190 ot D JFEBEKH31.5
— ol DRFTRICHE R/ C ST D, BRERIN6TEIIC
Parameter Inlet D1st11.1ed L7155
solution o
CoD mg/¢ 705 310 T ¥ U e
Surface active agent  mg/¢ 270 0.7 Ziiﬁﬁ’cg;t’ E—bRUT ﬁﬁli%%%ﬁ@ (LED #t
pH 6.5 7.2 AR RWRE) ONEL, HH, SBARLE, Zofh
. . D~ DBRBIIC S W TN U tco BEKDRAERLS T
Distillation yield % 90 BTV, BROKOBEEAE )+ 1 2 VK, B x4 4
TORBICE L VAKBANOEREBAEE > T &E .
SAMPLE 2: Blow down solution from a complete pro- ZAoNhd, T, COEBRIEEL L CHHT 2T THE
duction Hne 1<, PIARKTEBESE & OMADED, BAKISEKL
COD mg/¢ 1550 220 P Y 27 b O—BICHIAD &\ - 7 EH b AL i
Surface active agent mg/£ 1208 0.6 INBEATH B,
pH 5.7 6.9
Distillation yield % 70 (BEXH )
« LED ITALIA #, Hffir#—t
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Biocombution of organic sludge by thermophilic bacteria

BORBRAR 52 BE
& bc3
Susumu Hasegawa

=

Masahiko Miura
H 7 B
Kenji Katsura
BEMEARAR MrMEER
¥ = O
Hideki Yokoyama

The total biocombustion process (TBP) proposed by Pirt consists of a four-stage biocycle including

two thermophilic-mesophilic (T-M) sequences.

Raw sludge is fed into the first bioreactor, where a bacterial culture digests the sludge at high

temperature (70~80 °C) and grows.

The output from the first reactor passes into the second reactor, where the organisms from the
first reactor are made inactive by a large temperature difference and become the substrate for the

organisms living in the second reactor.

After passage through the two T-M sequences, abut 80 % of volatile suspended solids (VSS) were
dissolved. Bacteria actively secrete protease were isolated from the first thermophilic reactor. It
dissolved 25~30 % of the sludge heated at 121 °C in 3 days.

¥F 2 b =

BITE, ARMEEEKDIZEA EPBEYFRNICIIE TV
5LV TOBRETIRAL, FoONEEKOERGES %
Ludohdb, BERKUEERE L TRIZIZTEROBICE
LTWBEWSTEW, 5, UEKOBEFIHEBHMIICX
LIEHERNBEEMBEREN TV D EEZ NS,
L L, BAKFOEEBEDL S ICBENrEEL
BE, —HITEYIC L DEBA R ICERBRENTVWE D0,
I OIS BIEIVEGR & L TBIK» SIS N TV B,
THbE, NMEKELTREE O VWEKEEBL—F
T, BEKhOE#Y % LRI IBRE L 2B TR
HLTWBZ &I B, $E-T, ORI 35
RONS YN E NI VIRY, BEKMBENERICE S
Nl EIEEVEERY,

INET, HROMNEIL, #HERE BHMAFRT
Hotehs, 1993 Do v F Uy EHEMBEOSETIC A SN
L9, 4% RER2OBN» SHEEREI->VLTIRE
FTETHEMmbaNB EEZ SN0 3, FAERICOVWT
B, WERERAfEE SN TRV E 00 [EEY O
BIRAIE LTBERICTITY ) EWHEERKLEIIED S b,
BERBIABOUIES T ITHoNE EEZ N, HE,
E CEEICEB W TIR1998F 0 & R B I3 2 IE & 75 5,

bBETE, FABREOMEIZ>WTIE TACE 735 v |
CREL TEREIWMOHATE D, HBEl-7AR L CEM &
L CTHIH 3 5 HHE: (Construction use), =2 v EZ rLL
THRHNITESC T 5 45 (Agriculture use), BEXHIICINAL
LTz 2 F¥—%2BIT 2758 (Energy use) it ah
TWa, BRIcBVTE, HREEHL TR - BEL T
BMAMHT 2 HERETEREL > TWEY, JohER, &
BarIU L, HEBEEECESEET S0, HIEDAHE

B fEdc LAEMET 5 2 & FHRKRTV, 5%, FAko
RistEREd s8R, BNEEME CIEIERA LS, X
VBB >HEEHORE SABEERSEE TV 3,
ZORBEZROL &, HRO T v R MEBHi»EHZ %
HTWEH, LEREOME TBEOMES, R4~
MELEINTEY, BARB L EHHIcEEE > T
50 —7, BRMLIc X A3THBOBAEE, Al kL F—
EWVWS T ETRINLEHETHY, HROAYFHESS
MRS OIFE LOWAEETEA B, EBEKHLE, MR
EENPLWENRS TREN L HELE X 5, BSMEICEE
T APRIEEEE LRI OO ERY N1 F 7 5 —
A A LU TEERECITON Y, HROABLED
FICBRERNCIT Y DA RA ¥ Mo 3 iR S N, B
DABEILD TR, B, 7T VEOELD BV IIEEEE
ANY B 5k, EER, SEEOHINS 50 id I VETH
W9 2 HEEDRH 20800 bEERRBAE G LIy,
BRI LOBERIEEHEBR LT LE S T &It 3,

HH O, HRENE, KElT o v R VEICEH
U, TEFEISFEREBME O SR FE RS O SR & 0 7B & 4%
L, BRI X 27EROAIBILERS T,

AR TRROBSEERT 5,

VSS : Volatile Suspended Solids

ERUBEYE =B ARYERET5E

VDS: Volatile Dissolved Solids

HRVEIERYVE = aRE R - RE S 211
VM : Volatile Matter

EREYE, VM =VSS +VDS
vvm : volume / volume / minutes

1 3= 72 0 TR 1o b O SR
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1. 7o0EX0BE

A7ow2OEIE, oY FVYREXFVIIZAAL Y VD
Pirt¥(i% (3, Pirtferm Ltd) Ic &k DR ENh, A7 o
2 2D, T0~80°CTHELEAET 2HBEICLE
BB A DR « Bl » ¥ 24LT 5T &, RY, 0K,
BEES BIFEE A, 3T~40 COHBREAHTICRT T &I
O REEL s, PRECIDELsEE LD,
BIRCTRT LS, 7o€2E22005E-—TEOKEDIK
LTINS, HRIE 1 HREM (T A sh,
T, HREIC LR - BATFlbah—HH5 2 bsn
3, COME—FITAEMSEIET 5, T 5> OHREHIRIK
OF 1 fEM (MDD AT, 22T, TITHEBEL
IR EMS R E I L - TAEEL L, MIPEE
OHBEEN 2, CO2HWTUEAEHT S & bARETH
B0, &5z, GR-PEAROETE, ENEEL,
MEEROEE bHE SN S, UWEHINKFERE, R
SEEEh, HEBAGEEOEWERE L B LERRET
Hb, 1, WBRYIITICRZESO, BELEIN S,

“Hot” microbes

get to work  “Cold” microbes
at 80°C consume

2. RBREERUERAE
2.1 EBREE

EEERE ORI 258 2 IR g, UG 2 E 22150 mm,
BHBEMEIOLOEAKY + 7 » PRAHBRIZ 7 v L 2 BIK
SwERAW, HROBXR, BERRHOHZET v 2EE
L, 2@TESICXBEREE L,
2.2 EBEIBLIFHE
2. 2.1 BESA

BAEQGRESMIEE Ut 38 3EICTERBA ORI O
BEORTERRT %, SXIGEAOHFEIRO10 % 2&EH
Ll CEERMEIC—ISITEL, BRERERE X DIHHSE
DIEICESTETHERET 5, BEKTHR, F1EcREER
%40 %, AR OILBGETR % R TE R & L T50 %#%
AL, BEORBAFIEDREICEL 2%, BHEXREL
BRI A, BKEIF04vvm, BEEERISEMET0~80°C,
higfE35~40°C & L7z, THEROBAL SIRDIERDOHEA
¥ TOWf] %1 passage, ASNALBRSULEEEL S D
7o 5 A BIR T %1 cycle EEFE L 72,

Mineral waste recycled
or metals-reclaimed

biomass created 110t" microbes Sz
by the hot gt back “Cold”
microbes to wor microbes
finish off
the job
21 THIR DAL

Fig. 1 Total Biocombustion Process

From the jeckets of T1 and T2

To the jacket of T1

~ -
Heater

T
]
From the jacket of M1 j,;l-_éﬂ@ Heater
M2 VH‘L

To the jacket of M1~

T2 P M2
From FT Circulating (%0
r pump Circulating
Tap water. pump

|

Condensor Clondensor
v
fT] V3 [%V5 V7 B 1 V3 Vs
1
Flow meter P s(TY 1
V2
) Vi
L

]
. Humidifier
To V1 of ST

Condensor

To V6
& V7

iog To V1 of FT

Compressor

F2H EREE
Fig. 2 Schematic drawing of IOL test equipment

V\77 ;{ V3
" (T2) ¢ ST
V2 Settling
V1 tank
— v
V4
Sludge
storage
vs} tank

ED

V2 Sludge
feed tank

To TI reactor
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1 cycle =5 passages

DG, 4HEORERE (HRT) &

HRT =215/ HRERAEE
=10%4/(10X0.4/passage time)
=10 X passage time

El®, 1 passage® 4 HE 95 &, HRT 340H & 72 %,
2. 2.2 #ELbE RS

Pirt I MR T 2R & © ZHE100 ml OIEEK % 4 H
L, 200 ml BEMICEAA L TEBEAE VB ET 72, 1
passage 3 4 HE LT, FHROBAKRU®EIZ2.2.10F
NI e WFAEE TIT - 7o MEBHRIGTR I3 T L AL
B& ORI L o FARERRETER A H Wi,

223 A —n7wy 7

1 cycle & THIC B OREBIK & KEKT 2 fEICFHFRL,
AR ORI IBIEEMGE L TRADI =T » 75 EHL,
BRIICI0L IRy — T v 7 L,
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Prediction of the Visible Plume from a Cooling Tower
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The heated moist air from a cooling tower sometimes forms a visible plume in a rainy season and
/or winter. It is sometimes considered to be a cause of nuisance such as icing, lower visibility,
obstacled sunshine, icing, and local weather. Recently, facilities for reducing the visible plume from
DHC (District Heating and Cooling) system in urban area and/or airports, and that from
geothermal power plants in natural parks have become necessary, therefore an accurate prediction of
the visible plume under every possible weather condition is important for an economical design of the
cooling tower. A prediction procedure of the visible plume was already empirically established by
Shinko Pantec Co., Ltd. In this work, a new type of prediction procedure has been developed together
with an empirical procedure for applications such as cooling towers of various scales and plumes
under all possible atmospheric conditions. The method becomes powerful tool not only for
determining a reasonable wet/dry ratio, but also for both conducting an environmental assessment
around the cooling tower and a feasibility study in designing it. The main procedure is based on
computational fluid dynamics. The calculation has been conducted for various fan-diameters and air

conditions, and the predicted results well agree with the measured ones.

The present method is

expected to be an economically advantageous tool in accurately predicting the visible plume.
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[ Velocity distributions in radial direction
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Fig.7 Velocity distributions at the exit of fan(8-bladed
fan with an inclined angle of 45 degrees).

Turbulence energy distributions

Fig.8 Velocity distributions at the exit of fan(8-bladed
fan with an inclined angle of 30 degrees).
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Fig.9 Turbulent energy distributions at the exit of fan(8-
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B R FEBREENERE O
Tablel Comparisons of computed and measured plume dimensions.
R o Cooling | Fan-out Atmospheric condition Visible plume
1 t
o Apparatus OVZ ran :vater dIt‘y bulb Dry bulb  Relative Wind Length  width Volume | Remark
No L{nd/hr] emp. eMmP. | temp,  humidity Velocity
rel | e | 'Y TRT f/el | m) [m) [a]

Small 18.0 3.0 127 Exp.
1 ) 163 47.9 41.3 17.0 27 0.0 Figure 11
ower 18.3 3.9 148 Cal

| Seall 4.0 18 10 Exp.
9 N 163 37.5 35.5 17.0 27 0.0 Figure 12
ower 4.1 1.6 7 Cal

L v 45.0 18.0 30000 Exp.
3, argi‘ 1040 40.0 32.5 9.2 84 1.0 Figure 13
ower 59.5 165 31548 Cal

Lor 15.0 4.0 355 Exp.
4], gel 1150 35.0 30.0 10.8 62 6.8 Figure 14
ower 15.0 5.0 440 Cal

L 96.0 10 1550 Exp.
50, arg‘; 1870 42.5 28.9 9.0 45 0.0 Figure 16
ower 30.0 9.0 1950 Cal

Experiment Computation
g1 NEEOAREECHEERLBAEER L OLR
(Run. D

Fig.11 Comparison of computed and measured visible
plumes from small tower(Run.1).
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Fig.12 Comparison of computed and measured visible
plumes from small tower(Run.2).
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Experiment Computation
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(Run. 3)

Fig.13 Comparison of computed and measured visible
plumes from large tower 1 (Run.3).
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Fig.15 Velocity distribution behind a large tower 1,
showing the recirculating flow occurring behind it
(Run.®.
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Fig.14 Comparison of computed and measured visible
plumes from large tower 1, showing the effect of
wind (Run.4).
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Fig.16 Comparison of computed and measurea visible
plumes from large tower 2 (Run.5).
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The Drying Characteristic of the FILTER-DRYER

C(ALsT ik
I
Hitoshi Hirai

&

The FILTER-DRYER has a highly efficient performance that all the processes (filtration;
washing, and drying of the filter cake) are possible in a single closed vessel. This paper shows the

performance characteristics of the FILTER-DRYER when used as a vacuum dryer and some heat

transfer improvements on it.
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Fig. 2 Schematic flow of Filter-Dryer unit
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Table 1 Improvement of drying by heating impeller

FD-30 Heating
FD-30 impeller
d £l ]
Inner diameter  (mm) 2000 2000
Cake Solid  (ke) 320 320
weight | 50 vent (kg) 160 160(33 wt%)
Heating temperature
o) 90 90
Pressure (mmHg) 30—230—3 30—230—3
Shaft speed  (R/M) 8—20 820
Solvent content
(wt%) 0.6 0.6
Drying time (Hr) 20 9
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PSIFH—0DEHIFHE

Granulating Characteristic of the

PS MIXER

¥ i R
X H
Mikiko Ota
¥ OH #®
Hirotoshi Handa

gl

The PS MIXER is a highly efficient machine for mixing powders by strong shear force which a

combination of a impeller and a chopper produces.

Also, the PS MIXER is used for granulation

and drying. We have reported on the mixing characteristic and scaling-up of a dry mixing process
in previous papers.'> ¥ In this paper, we explain the granulating characteristic of the PS MIXER,
using lactose and corn starch, and a special granulating method.

F Z N =

PSIF¥—id SERERTAIFREFa v/ N—LkB
HEEHC XD, FEOBEL2EHE TRERERTS, &
HEWTIOBRAKE LR h (E1R), Lal,

DOWTEHEBLCHEN LY P ARETHE, PSIF9—0D7
TN =y arvd—oThIENKECERL, Fo&N
B LS WTIBAN T B, '
EREREEIT S BRI,

BE23Fv v 720l ZoBBEE» L, BEMOD 1. BEOBS & 018 58RO R IE
fRRHES, WHERYE OB, WG, HZEBESICH 2. HEMHOMLEHBVERBEHLEE VDAY FY v
WHNBTEBEL, 7oL
PS 3 +4—0RAKE BERUXF —N7 v 7 3. I—F .« vIEBEFIC X BRTOLHEEL
Bag-filter
Sightglass Chopper
Control panel
L Jacket
T~ Vessel
Motor
Lifting device
51 PS I &4 —HBK
Fig. 1 Schematic diagram of PS MIXER.
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W2 B,
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1.1 EROHE
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Y., G, o, i3, WKXDOKIITEHL o
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AR [kgl

SR 0, — -
~ 84

BN G =

dgo U dyy (REERER T84 BOKFR) 13, KESH

Type A

Standard granulation
type

TR HEEE

Type B
Standard mixing type
IBETHYER

M '_—Z )d—z Y = N Lo
ARG Y, SBHWE (k)
£ 1R ARLEASS
Table 1 Materials and compound ratio Type C
I ] Retreated blades
Material Compound ratio %EE
Lactose 67.2 wt%
Corn starch 28.8 wt%
Crystalline cellulose 4.0 wt% > B
£
Total 100.0 wt%
Binder EE 1 FEBER
Hydroxy propyl cellulose 3.0 wt% Photo.1  Shape of impeller
B2k BhEE (1)
Table 2 Result of granulation (1)
Type A Type B Type C
6 : Angle of blade 35 deg 60 deg —
G : Quantity of product 94 wt% 90 wt% 96 wt%
Y, : Small-grain yield 93.6 wt% 83.4 wt% 85.2 wt%
dss : Mean diameter 280 um 300 gm 330 um
g, : Geometric standard deviation 1.6 1.9 1.8
Type A : Standard granulation type
Type B : Standard mixing type
Type C : Retreated blades
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#£ 3 & BHER (2)
Table 3 Result of granulation (2)

Operating conditions

: Peripheral speed of impeller
: Speed of chopper

: Granulation time

: Quantity of powder”

EE 27

: Quantity of liquid

Properties of granulation

G : Quantity of product

Y, : Small-glain yield

ds : Mean diameter

o, : Geometric standard deviation

*Apparent density of powder : 0.43 [kg/Lt]
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A Wastewater Recycling System for the Electronic Industry

B el AHESE 4 3%
BT % H

Masataka.Ano

The electronic industry requires a considerable amount of water for manufacturing processes and
discharges various types of wastewater. Moreover, the wastewater sometimes contains refractry
organic matter. The wastewater recycling system designed and constructed by Shinko Pantec is
composed of treating units well suited to the characteristics of wastewater for to reuse it source
water for pure water protection and as cooling water.

This paper describes a successful example of the system recently delivered to a commercial plant.
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Fig. 1 Schematic diagram of the wastewater recycling system.
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Table. 1 Classification of wastewater in electronic industry

Type of wastewater

Main process

Contents

Inorganic wastewater

* Etching
+ Alkali-& Acid-rinse

* HF, BHF, HNOs
* NaOH, NH.OH

Organic wastewater A

* Development

(Ionized)

+ TMAH
» Electrolyte
etc

* Abrasive rinse
* Organic cleansing

Organic wastewater B
(Non-ionized)

* Chemical cleanser
«IPA
» Phenol

etc

* Pre-rinse
* Rubbing rinse
* Finishing rinse

Dilute rinsing
wastewater

» Neutral cleanser

etc

* Regeneration wastewater

* RO rejection water

* Piping cleansing
wastewater

* Jon exchange
* RO treatment
« Sterilization

« HCl, NaOH, H.SO:

» H.O:
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Fig. 2 Schematic diagram of recycling unit for organic wastewater.
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Fig. 4 Schematic diagram of recycling unit for dilute rinsing wastewater.
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Fig. 5 Schematic diagram of recycling unit for inorganic wastewater.
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Fig. 6 Schematic diagram of recycling unit for RO rejection water.
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Fig. 7 Schematic diagram of fraction system for rinsing wastewater.

FRBEK UK ~, (KR 13 7 S BRK [ DURUK
~EKEN D, FEEHPIKEIREE TRBE s hk, &
HESHBEMEU OSSR, TERIKEIFIKE ~XK
ENB, EIUEUKEASEKAR L, BHRPEK RN
F 70 3EBRBKEPUR K E~NEKATEET & %,

2. 5. 3 MEERIEKDTH

WARYK SBEERCABIL, SRER PR
K E N, WK, RS N5, KEERIIHEERDE
IKENUFUKENEKR S 0 5, BIREKIED @/KAIEE F, BE
TRALBE A ~EXIKTTRET & %o

3. & K & B

%) RicHHEEORINE ZAPKEICHT 2EIUKE

%, BIRICHREEOZAPKKE & ZORIUKE %Y,
ERREKEINZE, FEREdik, ERRIKRT
RO E#/K AR O IR Z 2 ZF 1Tl %, 100 %, 94
9%, VBELEBRELIMETH S BRI NT,

BINKE 12 B H & bRETKEU T OBIFH/KETH 5
CEDREREIN, THIIHIK, EAKEIERMEICET 5
BRERIC TS LT3,

4, BEHEEBLOKRA Vb

BUROEINR R ORI KE AT 2 -0ic b, HinE

EHENEEREA Y NI ->TL %, EiEHEOKRA

54 oy 7y 7 Bl

Vol. 39 No. 2 (1996./3)




B 2 R BEEGHOEIE
Table. 2 Recycling rate

: : Recycling
Recycling unit rate(%)
Organic wastewater recycling unit 71
Dilute rinsing wastewater recycling unit 100
Inorganic wastewater recycling unit 94
RO rejection water recycling unit 90
3 &k FAPUOKE LEIUKE
Table. 3 Comparison of water quality
Recycling unit
. Dilute .| RO
Organic L Inorganic Y
Item rinsing rejection
wastewater wastewater wastewater water

Feed [BCF| RO | Feed [Treated | Feed | Treated | Feed |Treated

SS(mg/1) | 15 | 26 | &5
pH 98| 7.0

a — | — | & —

6.9 — — 3.0 65| 7.8 58

TOC(mg/D|142 | 18| <05 07| 005 33| 05| 39| 07

COD(mg/1)| 31 | 82 — | — | — 14 08| — | —
BOD(mg/Dj140 | & | — |~ | — | — | — | — | —
CO“&‘%}Z% — |980 | 25 | 20| 1.9 |504 1.6 |328 1.1
TDS(mg/D)| 70 |694 | 40/ <1 | — |36 | A (267 | Q
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E— IV Ti5BEK\DPANBIC-GD: &
Application of PANBIC-G System

to Brewery Wastewater

B BifrdR  FHES 3 &R
[ N S

Haruki Ikemoto

The PANBIC-G, widely known as the UASB system, has been delivered to a brewery. The
commissioning proved its advantages. The regulated values by raw were completely cleared, with
the BOD removal rate as high as 93%. The running cost dropped by 47% through its introduction.;
heat recovery from the generated gas, and also a reduction in landfill cost of dehydrated cake and

in power consumption contributed to the saving.
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Fig. 1 Schematic diagram of wastewater treatment
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Photo.1 Outside view of PANBIC-G
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Table 1 Design conditions
Flow rate BOD SS Flow rate BOD SS
(nt/d) (mg/1) (mg/1) (m/d) (mg/1) (mg/D
waste water 7000 1500 650 Treated water 7000 <200 <200
Brewery
waste water 5400 1700 800 PANBIC-G 6 400 200 200
Influent Pack Effluent Activated
ackage - ctivate
waste water 1600 300 150~300 sludge 600 20 20
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BRES N, BRKULBIKIZIFSUERK & &% U P KBRS
N5, TAERFFEHEE I BOD KU SS & 612300 ng/l ©
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mg/IPJ\—FtE LTL‘%O
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Hoteo HiBARI20.31 kgBOD/kgVSSed (J2KX0.47 kg

BOD/kgVSS+d) BEcEsh, V77 ¥ —HAEK
BOD &, 1420 mg/1 #2E, SS 3117 mg/1 BB ThH » #2o &
BY 7T 5 —HRABFUKIGIMEE LS BEKRD C & Th 3,
itk LTy 72 2 — LBk BOD (3104 mg/1, SS it
135mg/1 BETHRELTHBO, &IcHEM200mg/l LT
DR BKEPHER S N7z, £ 72 BOD RER 93 % & ik
B TEWMESHER S N,

V728 —HNIKBF 375 =2 — LEROBEICHWT,
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(kgSS/kgkrZ BOD)

_ VTR T = 2 - VIERB RS 5 = 2 - ViGREke)
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Fig. 2 Operation data for PANBIC-G reactor

8 2 % PANBIC-G Y 77 7 —LBiisE
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Table 2 Operating performance of PANBIC-G
reactor
Item
Reactor temperature. 35.5°C
Reactor pH 7.2

Sludge load (BOD/VSS) 0.31kg/kg-d

BOD Influent 1 420mg/1
Effluent 104mg/1

SS Influent 117mg/1
Effluent 135mg/1

BOD removal 93%

F BB RABEERB I W TIE, BUKRUER B2
H L HFA L BOD AREAM1.0~1.5ke/nf +d FEE Tz
INTHBH, MBEEKIEZBOD, SS & 1220 mg/l FRE @ BiF
BB AR L TV, & - THREFKE L TR TKERR
HEMETDICHELTVWE EVWR B,

4. 2 BEEHSRHG

ERAMERY 77 5 -WNERES Y ORAEEYE
DTETHY, V775 —-DAEMBRELEVWTEHERSER
ETH D, BEHBERAMIKEBCEECIER VLD

RS REES NS DS, TOFBMEIBEKOEERTY 77
F—NEEICL > TRELCOERICEELTHAL TV
SHEDD B,

FEIFicA L -V ITIBEKICB T 51ERAN & BOD KB

® 919~10  33~37C
80~ 1 | 0'9a11~'953 28~32°C
® %56~ 8  U4~37C

70r B

1 1 1 L 1
600 02 04 06 0.8 1 1.2

Sludge load [kgBOD/kgVSS-d]

83 HIRES & BOD BRER OB
Fig. 3 Relationship between Sludge load and BOD removal
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7 —NERHEENDMET 45 2 E MRS N, THIIEK
SSMEBVWE Y5 =2 — VERERHENICSSBAEL, T O
BEREBENZORBARER T LDEEL SN,
Z I TRICAE - VTEEKICB T 3 HBHRARK SS 2
FE %5 L 7o

BARICY 77 4 —FHRARIKSS LM 75 =2 — LSS
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granular SS

TS = a— N SS AU Ty s —NIERESS %=
AW chhiy 77 7 —WHEERERDLEVE
EZ DL, HEREST=2a—18SBBRE V42 mg/1&
12, koTRRLDFBRRAKKSS 2414 mg/1TH %
ZEDHERINT, BBATEOEAR, V77 5 -
KAEBBETKERKET 2 2 &2EE L THRARKSS 100
~150 mg/1 CiBiz S N TW B,

PR 75 = 2 — b SS (mg/1)
=% AJE/KBOD 1420mg/1 X BODB#3 0.93
% 0.032 kgSS/kg EBOD =42 mg/1 «---- (3)

., Sv=vHaxt

BOEICY A7 AEAREEAZOFKA BOD BE720
D5 v=vrazr (M, /kg-BOD) OHE%RT,

GVvRFLDBEATT v=v/aR+DORDBHEREN
F DY —FUNBERUBHETH %, Fiir —+0U0E
KA L BTHEREROE T ROE L5EEA A L0
IS k2B £ v34.7TM/ke-BOD A 516.5H
/kg-BOD & 75053 % DD MHER s N, BAE S EIC
TSBKEH ORI X 025.4 H/kg-BOD 2 511.4 1/
kg-BOD & 75055 oD MRS NLlc, FBREEIC
SNTIEA Y Y HRADRF — LREIOFEIC XV EIE T
70, kg-BOD A5 v=v 7 ax + OBlEIcEHEELTY
60

LA L 3652 1311.9M /kg-BOD A 5 13.1H /ke -
BOD ic&ET-olmas bNn b, TRIEGY T2 7 —HA
kPRI FTIH: Y — S OHAMBKRKNTS %,

EEL LTS vy /a3 R M IEARTTE.TH ke-
BOD izt L, #A%I342.0M, kg-BOD & 75 0 47 % D ¥
WAERHR L, 0L ICHSEMBERMOEAR, B
R U — R BORD, FEA 2K BBRORINIC
EoTs5v=v 7 aztOYEAMATREEED, Lo THRD
TEL*, BEE BEYOEBICENIUIERFETH 5
T EDEEHE N,

78.7yen/kgBOD
Dehydrated
cake
disposal
42.0yen/kgBOD
34.7
Electric 165
power
Municipal consumption 114
water 254
consumption 6.7 9
Chemical Conversion of
cor?smuig%tion' 119 131 Stea
7.0

After installing
PANBIC-G system

Before installing
PANBIC-G system

EH5R Fv=v7IaRLOLK
Fig. 5 Comparison of operating cost
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1) PANBIC-G V77 % — 1%, HRREM%0.31 kgBO
D/kgVSS+d Tz L 72§55, ALEIK BOD 104 mg/1, SS
135 mg/1 DZHE L 1 UE/KE A8 S, FAGERFICSR L
TRISEIS W T &SRR S N, £ BODBRERH93 %D
BHTEWVEIE OGN, BREBODEX/VDS I =a—
JUTE TR REHE B 130,032 keSS/kghr 2 BOD O %1570

9) A — L THEEKIC BT BOD BRFEHRI0 %Ll D
JLBRPERE %18 5 5 &, THTRELM0.6 keBOD/kgVSSed LA
T, 9775 —BERCLULTH B EPHAINT,
1) 72 4 —OFERERICEEL2 S 2 5 HKEKSS 13
ANAng/IPETH BT EBHHRL 72,

3) 5v=v/azrRGYRFLEARTTH ke-
BOD icxt L, BABRRIBENEKRT Y — FLSE OB,
Tt 4 20T & B BEYEDOENIC & - T42.0M,kg-BOD & 74
D, 4T %ORDBHER I NI,

Ak & ©» PANBIC—G > 2 7 4 3B feic@EN, &
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DS SIER LT T EBTFEEND, SHROFEL
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BREIBHBBEEEZ SN 5B,
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1) SNhE, hisE— . #s ey 57 v 7 H#l, Vol. 37 No. 2
(1993) p. 36-41

2) (i — - Bz R F—, Vol. 47 No. 9 (1995), p. 39-41

3) Grontmij Product Manual (1994)

4) Zehnder & : Arch Microbiol (1982) 132 p. 1~9
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A Circulating Water Treatment System for the Latest Hot Strip Mill

(B BoistEs s &
® B e

=
Jun Endo

A large-scale water circulating system has been delivered to a hot strip mill, having a monthly
output of 450 000 tons. The design of the system was aimed at safety, energy saving, and
automatic control for the treatment of heat, SS, and oil. This paper introduces the process and

gives an outline of the system.

¥F 2 NN F

Lpkid, JIRRIEE (B TEERISkPRIEF IC19954E 5 H &
DAKBEE L o, FEEIELETE (53 AMEETE) o
TEBRREBE A U tce M THE, ABEASTT b v OHFERE
J1EEL, a) MBI EikELE, b) TSR
e o - LvoRFalb - BAHBREORBEEHWE L
WEEELE, c) THEEHOERL, MUEL2HEbick
BB OR L EER M E L TR S N RFE o
BHELTHETH 2,
—HBEPgFoh T HBBTETREZ, 2BOBEIKEE
HT2IETHD, RFHEOERKEMS ZbDTKRIEL
bD LB, HAETE LBOMBEIKEMITR L TRRD
THH IcE S+ E 25 L 7,

1) BetEEr R F—5EE L 2R ERst

2) T"oRHLERRER Y 2 57 44k

3) MBSFEEIK OFKEEAERAL

4) 7o—Koh Ry — FERIC X %R 7K DIER

5) FAMMAITHTT B M

ARETIE, SEEAA L EERKERHED 7o+ 2 & &HD
BEIC>WTHENT 5,

1. #lE0@EHRIIE

HBETE TS, 199146108 & v 5eR AR T 5 % Bk
Utoo PEERKGRME I319934E 1 BicBBL, 1 EMDHRET -
NIEGRTEDHE, 1994F 2 A SBHMTHEICEEL, 7~
H#%&D19944F 9 A @& AT T Lo, ERER O NEREK
IPEWTEB KRR & /KEin s & T Ic BT L, 19954E 5
REOAEBEEE Y, BT CIERCRELMREL T
55
2. ERKORERUVESHE
2.1 EBKORHE
HEAMTETE T, 25 72 NER o —mEs th,
FUTIERE, - FFER ORI BRI EREZE S N, &
FaAE L TERSN S,

TN o DENR OIS EN PRSI D 10, BRFICKE

DEEEHIIKDBSBE L 1L 5,

TEERKIG KB L TR & HEER O 2 RSN 5,
IR OTEBRKIEE & L TINBA I LEM o A LI H
Woh, THNTOKER, HhZZEOskE EFREHE-
TR->TK %, BEROERKIZITEM ORI O HE 2
BENcE SN, Ry —Lic X 3EERUCHASENT 2
KBS ERLTR->TL 3, WFNORS—BHT
B BEREFAEsN S, B1RCBERKORELERL, &
2ENCTEBRKE M 70— v — F AR T, IRICEFNFNORE
BUKOMEEA S 5,

2. 1.1 NEVFIEBDK (RIEE% : 900 oi/h)

%91 300 “ClzE— &g 5 NEGE o BB R
THY, HEKIFENOHKYIRER DX+ v ot 7
NEEZZEHL TEBICTR > T %, FREBEYIO » ~
7+ v ZAEREERE L TERKICIMKESH L7z, 20
FKIE 7 L — » RBRHER 2 L TKIC & 2 B RIER K
X DIBEIEA NG, BRRERKIHBER I XD GEIL,
BRERL T3,
1=~ 5 TVFEOIERERBKD I, #kE Bockit
Fa—ELT v VEENCE B E Y TRIEEEE LTV A,
2. 1.2 FHEBUK (IR : 4400 ni/h)

FELT, IV (FER OXFBHEKICH I v Z A
Nt —IERT AEBOKOGEIRKE TH D, BEIEICT
TkEEHIL, BREHAL TV 3, BE%OKERIZMEY
EERKOBRZR LA —Th D, HKEIHYEE2E@ES &
TR E Lo,

2.1.3 &7 —9EEK (% : 1400 of/h)

WREFFEELT, HEIVRT 45 —DF A VET—
DIFEEEITH », FEERKOUE Y o+ 2 (ZFHERK &
FEUThs,

2. 1.4 3w E vpEBRK (EHER : 14900 rd/h)

ARFZH IV - LI voo—VisE, TEMoF 2
G-V vy, RERSICERT 2EEROBERKTH %,
ROKERTr = 20— 28HTLIEADE » MoK E

60 KNS S S & -

Vol. 39 No. 2 (1996,/3)




Reheating Main motor Oil cellar | Roughing mill Run-out table
furnace & others & finishing mill ] [ROT]
900 m#/h max. 4400 m*/h 1400 m#/h 5300 m*/h 21500 m*/h max.
‘Ix)lzxtt;irneralized Water Water Water ) Water )
71 circulating B circulating circulating N circulating circulating
A system for system for system for system for ) system for
reheating furnace | main motor oil cellar roughing mill ROT
1080 m/h max. 9600 m/h 2000 m¢/d
Water Water
L4 circulating H N circulating ggv:ii‘:t“
system for system for
heat exchanger finishing mill system
. . . . Sludge
Indirect cooling water Direct cooling water treatment
circulating system circulating system system

B FERKORH
Fig. 1 System of circulating water.
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Fig. 2 Flow sheet.
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Photo. 2 Water circulating system for main motor.
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Photo. 4 Collecting water trough of roughing mill set-
tling basin.
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Photo.3 Roughing mill settling basin and traveling
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Photo. 5 Oil recovery system.
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Cooling Towers Supplied to Electricity Generating

Authority of Thailand

(%) HERTHR
W B O®E ok
Shigeo Yamada

The thermal power station of Mae Moh in Thailand, situated about 600km north of Bangkok and
about 100km southeast of Chiang Mai, boasts the largest-scale facilities in the world for generating
a thermal power of 2,625,000 kW by using the coal mined from openpits in Mae Moh in the suburbs
of Lampang as well as a higher operation rate than any other power plant owned by the Electricity

Generating Authority of Thailand (EGAT).

Shinko Pantec has delivered cooling towers and circulating water pumps to the EGAT, starting
with No. 4 cooling towers delivered in 1980 up to No. 13 cooling towers completed in 1995. Further,
we have successfully completed erections, commissioning (test run) and performance inspection of
each of these cooling towers by dispatching our supervisors. As a result, our expertise, quality/
delivery control, field erection work, etc. are highly regarded by the EGAT.

This paper reports the details of these achievements.
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Photo. 1 View of Mae Moh Power Plant with Cooling
Towers on June, 1993.
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Table 1 Cooling Tower Summary

Item Unit 4 Unit 5 Unit 6 Unit 7 Unit 8 Unit 9 | Unit 10 | Unit 11 | Unit 12 | Unit 13
Plant Power (MW) 150 150 150 150 300 300 300 300 300 300
Type of Tower Mechanical-Draft Cross-Flow, Splash Fill
Water Flow (nf/h) 15840 15840 15840 15840 32760 32760 32760 32760 33120 33120
Hot Water Temp. (°C) 39.4 39.4 39.4 39.4 39.0 39.0 39.0 39.0 39.0 39.0
Cold Water Temp. (°C) 28.5 28.5 28.5 28.5 28.0 28.0 28.0 28.0 28.0 28.0
Wet-Bulb Temp. (°C) 23.5 23.5 23.5 23.5 23.5 23.5 28.5 23.5 23.5 23.5
No. of Cell 5 5 5 5 9 9 9 9 9 9
Material ~ Structure Wood Wood Wood Wood Wood Wood Wood Wood Wood Wood
Fill Wood Wood Wood Wood Wood Wood Wood Wood Wood Wood "
Casing/Louver ACB ACB ACB ACB FRP FRP FRP FRP FRP FRP
Eliminator Wood Wood Wood Wood Wood Wood PVC PVC PVC PVC
Fan Dia. (mn) 8535 8535 8535 8535 9760 9760 9760 9760 9760 9760
No. of Blades 8 8 8 8 6 -6 6 6 8 8
Material FRP FRP FRP FRP FRP FRP FRP FRP FRP FRP
Motor (kW) 150 150 150 150 155 155 155 155 160 160
CW Pump Capacity (nf/h) 7920 7920 7920 7920 16 380 16 380 16 380 16 380 16 560 16 560
Head (m) 27 27 27 27 26 26 26 26 26 26
No. of Units 2 2 2 2 2 2 2 2 2 2
CW Pipe Dia. (mm) 1600 1600 1600 1600 2300 2300 2300 2300 2300 2300
Time Sch. Erection Works Oct.’80~ | Dec.’81~| Oct.’83~ | Jan.’84~ | Jun.’87~| Jan.’89~ | Mar.’90~ | Jun.’90~ | Feb.’93~ [May.’93~
Commissioning Dec.’83 | Jun.84 | Dec.’84 | Jun.’85 | Mar.’8% | Dec.’89 | Mar.’91 | Jun.’91 | Nov.'94 | May.'95
Performance Test | Oct.’84 — — — — Jul.’90 — Jan,'02 — Sep.’95

158401 /h CT (150MW) X 4 Units

33120nd/h CT (300
MW) X 2 Units

32760m/h CT (300MW) X 4 Units

iﬁTPSB
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-g g 2 % =3 6.6 kV motor Ax% spray
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E 8 Trashrack
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Motor operated butterfly valve
_é_ Pump with motor
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Terminal point [TP)
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Fig. 1 Cooling Water System Flow Diagram.
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Working organization
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Fig. 2 Cooling Tower General Arrangement.

Procurement Flow
rP Co.,Ltd. [Drive shaft] -

FSM Co.,Ltd. [Main structure]
FF Co.Ltd. [Electrical, C & I]
FT Co.,Ltd. [Pump]

FSH Co.,Ltd. [Gear]

FNi Co.,Ltd. [Crane]

FNa Co.,Ltd. [PVC parts]
“Others

CIF BKK
| port

Japan
portion

SP / head office

H Co.,Ltd. [Fan]
P Co.,Ltd. [FRP board]

-Others -
L1.0cal [C Co.Ltd. [FRP fan stack]

I Co.,Ltd. [Steel parts] CIF
F Co.,Ltd. [Electrical : duct] | site
A Co.,Ltd. [Pipes]

Foreign
portion
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Fig. 3 Procurement Flow
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Fig. 4 Working organization at Mae Moh Site

MAE MOH CONSULTANTS
Site Office

Replies lo: Mae Moh Consulta

0. 0 LAMP SAILAN
Phone (a54) 221 0. Box 2 'ANG 52000, THAILAND

Ix (86 2) 433 64 59

WATT COLENCO
Power Consulting Lid,
CH - 5405 Baden

A Joint Venture consisting of.

Minutes of Meeting, Moh Pawer Preject Unit 12
44th Regular Site Coo File No.: 0
Meeting held on 30 MAI R.Brown/Ch.Maeder/W.,Pfeifer
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EGAT-Site:
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Mr. R. Mee

6. MM 1208

Tatal +12.32

¢,

civil \ 96.67 +10.57 %
Mechanical 81.82 % +25.40 %
Electrical / ; 10.10 % ~11.83 o
cal. YA 0.00 # -2.90 ¥

Eulm COOLIRE TATIR STSTEX

i 14
TRE Cox {53 eceont R0P0RF OATE 1 MR

pomsmemssnrmstsmsemsne s aem e emanereed
: TEIS §ROTALY 3 RIGED ) ACTUAL JACTOAL Kf ACTOML ! actuaL !
: ORSCIPTION o0 JLERE L OF TOTAL ) b 1S, CONTRCE) STt ) pnsg
| § L GETML YO LCONPAREDICORRMAY ) B
. ' . \ \ . .
H 1 | H .
\ \.w: 0 s
1 ) \

'

H i
.00 (0.00z) 00}
40,00 1(20.000) 160}
1000 {(28.005) 100 )
o000 {1000 100}
R RN

H
I, TRSTRUNSHT, #1186, L19
12, CORUITS

10, CAELLSG | RS

1. CORTAOL 10480

4. CRECL FUACTION

o 1206 COOLISG TATES STSTEN HUR U B

H AL NOH POVER ' '

1L na L0 Tlestris Yotaes T80 ZLICRRICHL ¥

1 AT Tatars & Solazold Tatves

Vo3 duzifiser Tatas Speat doacds , KO

4. daver § Castra] Cables

£ Cadles Trars b Coadaits

§. Graoadiag § Lightaiag 2rotestion Spsten
- {aaliag Tatar Panghouse {IN)

BEE FTHEEHRER
Fig. 5 Minutes of meeting

:. .0 :.ns.m)
HER

L1000 2} '
9010600 ¢ (5008 %00 ¢ 30, H '
Pl 0000 80000 =

B AE DR T T Rtk b B xt T B RS
Ex LFTnwl &, #%iko 3. 3THEEBE,

(o) EEMERE L2 0EERFOTEPIEE - ¥ —
VOFERICOWTIEET 2 NENS B T &,

() =SV QA » QC DRIEIC S \VWTIRE T A UE
WHbHT &,

(=) HHFZESTEEI RN A b B BT 21T - 7o,
AFHD 72 DFFHEE~OWIEBBEICL B T &,

cholewl, FI=ANY—-NELTDOFIZH =

Vol. 39 No. 2 (1996/3)

e 7

VA 67



=2 T VOBEETY, ThOEBBAICTERTS LK Iach—Va VEMBT L EOREERETH -1
Bptr, TOTEMBIOTEY =7 FCBY HEBENES ~ﬁ,%Em%b1@§ﬁ%®ﬁﬂl$@%béSA{
fibid & 0 BRI E M A A J LIC DI o e EFER B, tbf,if%luﬁﬂﬁﬁf@%%-%ﬁﬁ@®§%ﬁ
—F5, TEMR 1.5~ 2EHEEichi 2 v ER K Th Do (EEOHEMR FITTEBORR, B - BEF
(F#ax V)« BETHEOMER W OBIEEE S b B ORER, mELRONE, MBIFEREEES/VERHI
DAY Y 2 — VTS b TEDEFGRIH O BT 2 BB BET L DICRPERVEIERTH 5,
BEHEREL 7, 3. B &% I = ~
FOB THRES NIHMIt o WTRARIHEETOER 3.1 1%@%&6$&&@:51:7—ya{
Db ENERIEER TR S hiohs, o— 2 VRIERHMO EMITE W TE L, D THERE T & THA SMRENAS
L CIF 4 MO b EETEIFCED, 4 b2 WNHETT B ERBHTHETH 5, .
SHEEAKTERICSOE TRALICHR X HREEEKD ﬁﬂf%&?é%%®§<@ﬁjbﬁ?WV%¢mm
IS EATT -7, TN OIDVWTIRIKEBTHL (R LCIBIRE NTITL S, AricfeRsmuniy, BYE2R
N, =L RFMTVIT RV EBBARET 5,
2. TTEHYA B FNSABRL TV DI AERIc oY =7 bE
Arav=s i3y ABHFT (BGAT) » 5 DEERE %@—ELtﬁn%ﬁﬁbf,ﬁ%uﬁ@mﬂ%ﬂﬁ;%
THothS, aVHFILE Yy bELTRAZADMMC & Ly =N —F 42— — DEEBMBETH B, WO
70 = ANGHOEWABL L TR, 2BHECEE - KR EO T Y 2 s MR OE L 2R EE T X B
&0 S/VBHELTYA NI —F 4 v BRSNS ﬁﬁﬁ%énéﬁ,%<§T%ﬁ&§5@@@vx&—z
4 i RHAMK, BRI b I—F 4 VI ORSB bYa—n (B6E) 94 vTusvavi—1t (&7

FBOWMRERT H B8HE) LOBAKLZBIGOTRIEETD 5,
EGAT & 4B — 5 « ¥ 7 %257V, FEix ORE itﬁ%w,E@®ﬁﬂéﬁf®%ﬁ®%&u%<m@
HORREIT > EGENSERBRREN TV » 75 LrEBicR@AELSHR WL S S/V iex L TEE

stk I ARIEE & KBRS —RIc o LT OBEL FE 7 N RBHBRBEN SR 5N 2o
BifE, JEAHERE (S/V) » ol E cAZERB LT 3 2 BRIE ‘
BVDYE Y VE-HRTORETD > I B THEYL0ED T~ —E5ZDT vV =7, 10

PoT, ¥4 DR TOEB I EGAT O BRTHT ZDA VARY § -tk o THDOSNTI,

AHOREE L EbiciThbh, 2EY I - —RBYA ME B SR DI E» 5 5 BIEH, 6 A
H, =vy=7R&LEb/ v aricd b5 0RE 5108 UL LEOTENR-ED EAPNTV S, W
EWVAHTEEMNE SN TV, QK@EEﬁ%(ﬁg@miﬁﬁigm@ﬂ%%ﬁ?cé

SR 1 23 b IS T A AL NTLEDTRE s Vs L kD, EHOERERKCHL - EREROETIZX

SDE—o v AWBECEM L, WEERICLIRELT EEELSBOLILCTHEILEF-FL L LB,

PROGRESS/EXPEQITING SCHEDULE

o YR R 55y i
T e I o 1 [T [ 3t s T8 .78 [ ol nfwel v 7]l c[sTs I8y o]y
e LT TV T, I T T T T
1, e L NN} 1 L I 1} it I I
-+ -k 1 k2 1
A I T = -] ) 17
oz 23 BALEARN]
PR —U. NN
S i) I ANEEN
| G NERESAN
——
1L —
TP
T
1]
]
-
2 ZSSsTo e,
D .
£ 1
I . >_~— 1.
INNEAEY-d
llil/l/
P4 @ 1
- prd [ |
L Piinn) 1Ll igeas
Ao T TN
.
e
T T
.
g m—
f
:
— 2] Lt
1 ——
T T I
[ERERRAR I
S RS RaCCaNNA ﬁ
3 oA
Sk
(NSNS R
O

%6 SETRER
Fig. 6 Progress/Expediting Schedule

68 o v 7 7 IR Vol. 39 No. 2 (19963



- iy "
MAE MOH POWER PROVECT LNITS 12 ANO 13 it A

SHINKD PANTEC €O .LTO
CT 4 GCS PROGUET1ON OEP(
[T B e e [ KA E

penzas1306 oL waTER syt \ T R T =
STy [ kﬁ“ﬁﬁ”‘mﬁM‘“‘
= \:_ | L
i :
AL -
A\l |
il |
L1 <1
/4 o s,
5|
yi i ] Koo |
A |
83)C |
%
hY
1y
s /}' {U
1S1Ie Asvembir Wark for Ustt 12,
roTe W Sitc Asciadir Wark fer :-u 13
/

FTH HMTIEARMKSGHRESE
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No. 2-3.
Up date : Apr. 17, 1994
Unit No. 12| Unit No. 13
Equip’ Description Progress Progress ( Rer?lta;lks 12
9% | Total%| % ! Total%p| 'O WM MO
C/T | Anchor bolt, base 100 | 100 !
FraMe & partition 100 | 45 !
Top deck & dist basin | 100 ! — !
Wall & louver 100 1 -
Handrail & stairway 100 —
Water dist header pipe | 100 100
C/T riser & valve 100 50 |
Spray nozzle 100 -1
Water dist box 100 | —
Filling 100 | —
Eliminator 100 | -
Mecha equip 100 ! —!
Davit 100 | —
Add afairs & others 100 1 100 - 3
Spray Spray system 100 : 100 - ; 0
Intake | Suction channel 100 100 §
equip Basin equip & hoist 100 | 100 |
Anchor insert plate 100 | 100 907 90
Pump MCW pump & access 100 | 10!
house MCW pump header 100 ¢ 10 ¢
Discharge valve 100 ¢ 10
By pass valve 100 1 —
20 ton over head crane | 100 1 100 | 100 i 20
MCW | 2300 MCW piping | H
pipe 12VC30-41 100 | -
12VC50-64 100 | 100 —
13V(C30-43 . 95 1
13VC50-62 — 1 100! 96
Electri- | @6.6kV MCW pump motor| 100 i — i
cal & @Fan motor & motoriz-| 100 ! -1
C&l ED valve i 1
@Spray system bord -1 .
@Fan motor, C & 1, 1 —
spray wiring 50 4 \ Waiting for ZL
@C/T fan motor wiring | 50 | — ditto
@Grounding assembly 100 | 50 !
@Lightning assembly 90 | — On going
@MCW pump system ass’ 95 1 90 — ! 10
BE8E ITEHREWEXR
Fig. 8

Progress Report of Erection,
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