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July 1992 we delivered cooling towers for DHC the Benten-Cho Energy

Center for the purpose of supplying the heat to ORC 200 (Osaka Resort City)
We have used this time a method of - assembling/lifting said cooling towers on
the ground “On-Ground Assembling Method” in the Cooling tower assembly

work on the site.

By this method, we can decrease not only the number of lifting times but

also the number of assembling days for each crane in comparison with a con-

ventional method of direct assembly.
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Measurement of Homogeneity of Glass

and Opto-Electronic Glasses
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Satoru Inoue

HATRBAN BB
HEHFE & K
Tomoharu Maeseto

This is an abridgment of the lecture given by Dr. S. Inoue at our Technical Research Center.
Dr. Inoue is a senior researcher of The National Institute for Research in Inorganic Materials
(NIRIM) and a specialist in the glass technology. Contents of his lecture were; Outline of
various measurements for homogeneity of glasses and an introductory talk on opto-electronic

glasses.
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BHEE, JISTHELLI ELTWBHHEEHFETHD, B 1 X BHEEONELE
—BERE LR E TS Do PITEEOHIREE DI Table 1 Measurement methods of homogeneity
EELFHHCHEL, 10704 ~ X ~ORFEEe Ly Ve Subject of measurement | Spape of

= L ETBET e S S
cs %7? m‘ﬁ{t%éc’ ?f}iﬁ&?&ié/‘if&@ﬁﬁ &“67) ,Y-q Interferometer Difference of optical path length | Plate
NV =Y F B, T4 /\\’—E"J & F‘f&iﬁ’b‘é b DH AR Schlieren method | Exsistence of code and their Plate
FAEND, Yo Y2y X —~FikE —a% 20 08EL, difference of refractive index
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ReEREDLE DL, TLT, ZOTERADBEEZLH shape
ETh, BE1HGQ) PHIB LB TH B, BEED—IRE  Specific gravity Distribution of specific gravity Particle
REHEE, BAEXNY DR AEBEEZETEIND. dispersion method | of glass particles
Bl iE1x10"6 cm/ecm D k 5w L, lemoEXH L, Shelyubskii’s Standard deviation of refractive | Particle
B 1x10-6 cm ORBERS 5 &= &b TT. ZhIE, E method index distribution of glass

J 0o - ’ . 1

Elem OFFARDEDEE & - Th, EHFROENH particles
IX10 LT ChHZ LEBERL TS, ZOEEDOENR
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(b) Image by Schlieren
method

(@) Image by using
interferometer
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‘ig. 1 Image of code by using interferometer and Schlieren
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Sedimentation volume percentage
of glass particle [%]

Density [ g /]

(a)

method FIE HWEHTHHREI _
Fig. 3 Schematic diagram of distribution curve of specific gravity
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Fig. 2 Schematic illustration of equipment of specific gravity dispersion method
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JAN «—DAmp]iﬁer ------ ¢ Light
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Fig. 5 Schematic diagram of equipment of Shelyubskii’s method by using pressure
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[ 111
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ig. 6 Homogeneity of the glasses manufactured by an end
port type furnace

Condition

i 2 R {ERSHOBEECRIZTIIR
able 2 Homogeneity of the glasses prepared by applying
some laboratory scale homogenization techniques.

Melting condition 7
Method Temp. (°C) Time (hr) | (X10-4)
Stirring, 40 rev. 1440 3 1.6
%&?g}g@g m‘;fl)frit 1440 0.5 19
Melting of the batch
prepared from gel 1400 0.5 0.5
NCS-A
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Fig. 7 Change of homogeneity by stirring on a colorant forehearth

3 FHES I ARBOLBIHEE ()

Table 3 Relative homogeneity of various glasses (Hr)

Sample Tm Homogeneity (Hr)
Fluorite (Single crystal) 0.943 100. 0
Optical glass (II) 0. 925 76,4
Optical glass (N) 0.882 45,9
Bottle glass (Al) 0. 889 50. 4
Bottle glass (A2) 0. 867 41.6
Bottle glass (B) 0. 413 6.60
TV panel 0. 691 16.0
Plate glass (Float) (A) 0.759 21. 4
Plate glass (Float) (B) 0. 428 6.97
Thermos glass (A) 0. 830 53.5
Thermos glass (B) 0.306 5. 00

HER T Y 2R Vol. 87 No. 2 (1993/7)
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Photo 1 Upconversion fluorescence of Er3* doped tellurite glass

FEE1

£ 4 R OHBIEY 7 ATHEBEE UTHDh TN A5 T A ORI
Table 4 Opto-electronic glasses and the uniqunesses of glasses
utilized effectively

New glasses Features utilized effectively

Optical fiber 4, 5)

Photomask glass D, 2), 4

Graded refractive index glass (GRIN) | 1), 4), 5), 6), 7)
Non-linear optic glass 3 4D, 6

Photochromic glass 3, b

Laser glass 3, b

Glass for optical disk 2), 5)

The features (uniqunesses) of glass

1) isotropic .

2) possible to be finished into flat surface with the accuracy of
the order of atomic sizes

3) good inert solid matrices

4) transparent

5) easy to be transformed into various shapes

6) possible to be modified on the microstructure, phase and com
position by phase separation, crystallization and ion exchange
etc.

7) possible to be modified succesively on the properties by chan
ging composition continuously.
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(a) / \
Light in‘ )
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Non-linear optical glass

) Light out
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Fabry-Perot interferometer
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.
5 I I
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S o
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é i L | |
0 200 400

Input  [kW/cer?]

Switching phenomena observed on Y filter
by using Fabry-Perot interferometer

%8 777 ) m R EBOBEXRE AL v F v 7R
Fig. 8 Schematic illustration of Fabry-Perot interferometer
and optical switching effect of non-linear optic glass
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Heating System for Chemical Equipment

T I

75 v b
X B O #® &K
Shunsaku Hirao

Utilizing our specialized chemical process equipment such as reactors, wiped film evaporators,
and vacuum dryers, we have been engaged in a total plant engineering extensively in various
fields of the chemical industry. In a design of these chemical plant, heating method for the
equipment is an important factor for obtaining a desirable plant performance.

This report presents design features of a heating system for chemical equipment including
a method of assuming heating and cooling time. '
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Fig. 1 Working temperature of various heat transfer medium
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Safety Examination in Manufacturing
a Large Glasslined Reservoir Tank

URBIRE  LRAah
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$hingo Toriu

Large glasslined reservoir tanks have been manufactured which are used for the purpose of
brewng beer, SAKE, or wine, and distilling SHOCHU or whisky, and are used generally under
atmospheric pressure. Although these reservoir tanks are designed in accordance with the
formulas and rules, the wall thickness of the tank is thinner than that of pressure vessels,
and deformation due to dead load or local stress caused during manufacture has to be ex-

amined for preventing glass fracture.

This paper describes the results of the above examination in manufacturing a large glass lined
reservoir tank whose inner diameter is 3600 mm, length is 13350 mm, and the capacity is

120 kLt.
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Table 1 Comparison of stress (Glassing weight)  Unit: MPa

Analyzed stress | Measured stress | = Yield strength

Laying on turning role 182 177 - <OK
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3 0 —5#EEh

= 7w~ VIGL&E%# 1R/M CEERX 57
», v~ 7~ EBERCE—ROCEENAGLECRDY,

BERICES, KEL0TEANEEINSE, 20L& XDF)
HOTLHRIEERAE 5 RicRd. HEOTFHIIRDD
NIE T BBIED 1,325 234 MPa & 7t 5, Z DOfEIE
BRI ST D 245 MPa iAW B A, FbiBEe ~> Y
Y I ERTSIBATHY, REOEERTIZZ ORARAY
FU Y 7R#EL BN,

4. D4 vY—-n—-7RDLFEHEORE

GLEEEEEBNDBEOBEO7 A XY —~m ~7"THD
T 2EFVEERL, BFE2T-7 R4 $6 B TR
T BRI VEHBBREBEL RBDIXY A v — i
BEBNTEFHFAGT TR 276 MPa &7, +4MEu
81T B ENHEREINIZ, L, VA4Y¥ —v—~71
LD EWEEMAE LT\ 5w, REHEERES SR
ZERERLTWS, F, 2v—v&kE LIFEBRKROE)
IR EICBE LTI B EN T4/ NE 2D, BB 2\,

B ECERERETOEZNY FY v P Rst Ui-kER s
AT BLDMNDAY FU ¥ 7ZITRWT S G LEDEH
KRETDIENEEBERIENTEL 52 &<, GLBHED
FERRMEIR 2\

5. EMEE TOREH
5. 1 RERHOHE

AGLERABMNEBEL In-TWw 50, BIREAERY
HORIOERTORECTH B, LT, BERMNET LALG
LB B4 BT, BRI Tl EE T ORE 235
BLEE 7n 5T B,

GLEBHMEHIEHEOEERC L W FEET 5720,
ERERRICREE T HINIENER L ZREEOLIC X
DH#HERE LTz,

BLIRCEREETORNO—EART, RLD 2 —=
v ra - v ETEERTT I BEIE G L EEM ISR ERAR
S EBL B, GLRE LRERL Y, MENBEL
7"£'DVC< %Jo
5. 2 GLREXE

GLEBMGHIEHROEER « Bk - IEHFENREER
FLinBMR, KGLETRBEEORENE D, £
~=v7a - VPG CTRBMAERSEC D, bikE
BCHRREELEBLHEENRLBND,

LT, HEROWOEZHFH, RBENLER &HIET
Bl g —=v e - VERANBECHRDR (BTR) %
BLILRL ) BEERARE: TEEDORIMEYED, GL
ECRETHEHEBNTE2 218 L, DRI, Fi&

.3
R —

8B 2 R OGS GERER, WOELL)
Table 2 Comparison of stress (Shipping weight, w/0 Reinforcec

ring) Unit: MP«

Analyzed stress | Measured stress | Yield strength

Laying on turning role —_ (245) =NG

Setting down

on turning role - (302) >NG

Stating role — (323) >NG 245

Hanging by wire (38.1) — <OK

Transfer on R base 198 - <O0OK
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Fig. 5 Result of measured strain (starting role)
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Fig. 8 Hoop stress contour (without reinforced ring)
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Fig. 9 Hoop stress contour (with reinforced ring)
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Table 3 Comparison of stress

(Shipping weight, w/ Reinforced ring)  Unit: MPa
Estimated stress :
(W/ Reinforced ring) Yield strength
Laying on turning role 116 <OK i
Setting down .
on turning role 142 <OK : 245
Starting role 152 <OK
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DEERM (G-Fine RP)

5-fold Acid Durable Glass ‘“G-Fine RP”
for Repairing Glasslined Equipment

?1’@5’54‘
. =R
Koji Kanazawa

= HoOME

Tatsuo Hara

R
BRI
&

For repairing a damaged portion of glasslined equipment, the photo-assisted sol-gel process
“ G-Fine RP” has newly been developed. It has a good performance in avoiding excessive
thermal stress in the glass layer during repairing process and provides five-fold acid durability
than that obtained by a coventional sol-gel repairing process.

¥F A H &

VW FNVEIC LB IR A=y FEERD ST ABD B1RIWFEXED SICL VEORLERT, EhbfE
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L, B/ BELCrvby o AT 25T, HLw
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“G-Fine RP”
repaired
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Repaired Lined Steel Photo. 1 SEM image of the cross section of “G-Fine RP”
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analysis
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Sntan curve
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Fig. 1 Si line analysis of Si-element on repaired area by B B 2 GFine RPOAE
energy dispersive X-ray spectrometry Photo. 2 Appearance of the specimens of G-Fine RP
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B 1 & [GFine RP] 0EEMAHBRER

fable 1 Test Results of “G-Fine RP”’

Ttems Specimens Procedure and condition Results Notes
Corrosion Substrate : SS400 Average corrosion rate : G-Fine RS:
resistance $8 X 60 Lmm Water vapor (b. p.) = 0.7 = 0.1
test Thickness of 20 9% -HCI solution (b. p.) = 0.8 = 4.2
glass layer : ~0.5¢ IN-NaOH solution (353K) = 6.3 = 8.5
Toluene (b. p =<0.02 =<0.02
Ethyl alcohol (b p.) =<0.02 =<0.02
Mizxed solution (b. p.) =<0.02 =<0.02
(C:H;OH/H,0=3/7, wt) | (mm/y) (mm/y)
Thermal Substrate : SS400 Interval corrosion test of No exfoliation was observed | The apparatus was used by
cycle test 3t X 1008mm toluene vapor (383K) at for half year. JIS R 4201.
Thickness of intervals of 8 hrs. There were some exfoliations
glass layer: ~1.5¢ on organic resin for 1 week.
Abrasion Substrate : SS400 Abrasive medium ; Weight loss ratio ; Using by PEI Abrasion
resistance 36X ¢110 mm Acryl bease “G-Fine RP”’ =5 Tester.
test Thickness of Operation time ; 3hr Lining glass layer = 1
glass layer : ~1.2¢ (ASTM C 448)
Penetration | Substrate : SS400 Detecting of Fe-ion from Fe-ion was not detected for | The apparatus was used by
test 3t X 1008 mm SS400 soaked in HCI half year.. JIS R 4201.
Thickness of solution. (353K, pH=2)
glass layer: ~1.5¢%
Adhesion Substrate : SS400 Dropping a steel-ball H ; Height of dropping (m) | Fe-ion was not detected by
test 66X 80 mm vertically. H=0.45; no exfoliation the Ferro-oxyl method
Thickness of Ball weight; ~200gr (pass of JIS R 4201) (JIS H 8617) before and
glass layer: ~1.5% Ball size; ¢36.51 mm H=1.0; no exfoliation after test.
(JIS R 4201) (upper limit)
Thermal Substrate : SS400 Quenching of specimens AT=373K —> no exfoliation | Fe-ion was not detected by
shock test 6t X 800mm from high temperature oven (pass of JIS R 4201) the Ferro-oxyl method
Thickness of into cold water. 4T=573K — no exfoliation | (JIS H 8617) before and
glass layer : ~1.5¢ (JIS R 4201) (upper limit) ' | after test.
LOBRE W7 va TR, HRIVLBOHETHHMN, 7
EhBEERCTT. FA7 A4 =y FigEmoBsE JIS R 4201 2 FU IN oK@
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EBRY, JANGZy IEHR T T IDT —VE
IR E RS o BT OB N TREL /D, Eiofl
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BYEN 5 R EL 2.
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Presentation of COMPABLOC®
Welded Plate Heat Exchanger

COMPABLOC welded plate heat exchanger pr

YRS TR

T oH# B H
Kiyoshi Hirai

ovides efficient heat transfer (similar to gasketéd

plate heat exchanger) and extends the applicability of plate heat exchangers by removing
the problems associated with gasket compatibility.
The design offers access to both process and service for cleaning, and can be used at pres-

sures up to 3.1 MPa and temperatures up to
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ig. 2 Construction details of COMPABLOC
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g1 &% ov/7 vy 7 PHEESERBERIZE DL
Table 1 COMPABLOC, PHE vs, shell & tube exchanger

Ttem COMPABLOC welded plate exchanger Gasketed plate exchanger (PHE) i Shell & tube exchanger
Space Requires 1/10 to 1/3 the space Requires 1/10 to 1/2 the space ;I;‘gli(:afh:f Sg, ‘i)c: gﬁg&lli;ed for
g?f;e;rci;mfer High U values 3 to 5 times greater | High U values 3 to 5 times greater | Low U value
Fouling Low due to induf:ed turbulence Low due to indu_ced turbulence High due to circular cross-secion
of plate corrugations of plate corrugations and channeling
Servicing/Repairs | Easy-plug plate(s) Easy-change plate and/or gasket Plug tube(s) or replace tubes
Inspection Remove panels and inspect Disassemble and inspection ]t)uibfii%l:xlrtlall\iormally remove
Expansion No-but can change passes Add plates No
Maximum press. | 3.1 MPa 2 MPa >3.1 MPa
Maximum temp. | 300 °C . 150 °C normal elastomers >300°C
Maximum flow 2 000 m3/h 4 000m3/h . Unlimited
Temp appraoch 3°C 2°C 10°C
Temp cross Possible Possible Not possible
Holdup volume Low Low High
Multiple duty Not possible Possible on same frame Not possible
B2 %K avTwy HEHE g3 KR SuwrfHarumy 2 ORGSR
Table 2 Size range of COMPABLOC model CP (~924£9 A)
@ % wlw Tl 8 S S i o
S(m2)| 0.69 1.15 1.61] 2.07 — ; ; ; ; ; ;
P2 N 40 60 80 | 100* Applications 87 |’88 1’89 |’90 |91 |’92 |Tota
S(m2)| 2.44 3.66/ 4.88 6.10 Oil & gas — | 711624 | 18|10 75
CP30 N 60 80 | 100 | 130 | 160 | 200% | 240% l Process application | =l—=t—=1|3l10}| 45
S(m?)| 6.48 8.64 10.8 | 14 |17.2 | 21,5 25.8 | -
N 120 160 | 200 Condensers 21117 56 8, 21|16 | 88
CPao S(m?)| 19.7 | 26.3 | 32.8 Thermal oil 218| 5|11} 12.| 6| 49
cPso |- 100 150 200 | 250 | 800 Edible oil & fatty acid — | — | — | 3| 16| 23 | 42
S(m?) 27 |40.5| 54 |67.5| 81 :
cprs | 150 1200 | 250 | 300 | 350 | 400 | 450 | 500 Caustic soda - —|—|10) 4] 5 —| 1
S (m2)| 95,9 |127.8 1159.8 [191.7 |223.7 1255.6 [287.6 1319.5 1,50, =T =1 1] ol 2] 12
* =Qptional (no series manufacturing) Total 23 37|36 561 (117 | 67| 331
(9) FEHFEBEHERIG 4. =EfE
ASME U x zv 7 (3.1 MPa, 300°C £z av87wy ZIEBRC HARE RS {15 R T, 3000t
X VEE, SELAED : DB D DB EDFT7 w2 R L LTOHREDT
E1RLavy 7 uy 7, PHE L SERBTHBROL EhEstvE3IRCRT,
BA RS 5. avynJoy IORR
3 arvynJoys0BX (GHEROSH) YTy JIERO LD RARCEL TN,
a7y ZikEe7TVELTCPL5 CP20, CP30, (1) EREEE—ERER (0.01Pa-s T '
CP40, CP50, CP75D 6 EENSD Y, EEEBIR/N : A0CP LT
0.69m? ©C P15—302HH&A319.5m? o C P756—5002% i - BEOHBRP T LRI AT v FATREOBE
BRI s T Do aIRTR Y VRRBETH D, —HFPHEWRIEELCE
ZDO—BREYEIRLTRT, N BE R CURBERIR/NTHY, BE B
W, ETNVEOEFR, EEFR TV - 0Lk L% FHBARCHNEPHENBRE N D,
DREIEZBHRL TN S, © mEE (0.0l Pa.s~0.1Pa.s)
Bl: CPAOIZ7v ~ 1+ 1 ¥k L+ 40cmx40cm © aocep~100CP)
REZ . C OHEFBR TR SERBSTHEBO L) REEOH
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Fig. 5 Flow profile on a flat surface
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Fig. 6 Boundary-layer separation on a currugated plate

B R ARVEERC I D NbTH S,
chizalay ey 72PHETE 7V~ 1D
FHORRC LD, BEOBTHBATMEOE S
¥ 0.07 Pars~0.1Pa-s (70CP~100C P) #E
FCIHMNNEIRE 72 - T B DT, BHHEMNE
RE -EH - FR7y FOMEML D &b 5 hvk 3R
T, B5HE, 56K LERBEEL R oERH
% RTo
(3) ks (0.1Pa.s kD
(100CP BLE)

EHEWL, EDX5 A A TOEAHITH - T
LHENRBHRC D 23, ¥ RESEREF TR
ERBERER T Tl { hitBE< DMEXE L 52,
EBHOBEE RIF MBS ENES N, a7
"y 7, PHERZDERCHEEL Tk) B2 ERK
BHEETRarTay 72 BFTIRITWE—DRE
B THZ LY, hoBSTHIETCIATETS
BRI RESENRTBEE 5,

@) EK ISR

B EES LERBER v=2 Y — AR/ BEnrsy
FREE R LEREAL, BEXKOP STy 7
v IDELTW B, EBEESOESIIPHENELT
Wb, JERAMDOW DB, REMMSEXETH
BRELTWA,

5) BREOKE Rk

—IRECTENE R W 2 ITBSE BRI & - T
HizfBETH B0, BBETIC L BBNERKEWE
BTN O BFS SN BETH) a7y

PRINCIPLE )
Vapour inlet
+N.C.

[iﬁei‘ts]
_Outlet

&
Drain

/ Condensate outlet

FTR FEET R2EUEADERES
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COMPABLOC models with 2 passes process

Vapours Non condensahles Vent
—1 Vl The 1st pass of the
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Piping Technology for Passivated Stainless Steel

(BOTHNR  SRBRR
=+=

L I -
Yoshinori Kajiyama

L S < i
Eisuke Sato

Cr dominant passivated stainless steel GOLDEP WHITE is becoming a major concern as a
constituent material for ultrapure water systems for its minimum leachability, mechanical
strength, and heat-resistant and ozone-resistant characteristics.

In connecting GOLDEP WHITE pipings, however, pre-fablicated mechanical connection is required
instead of in-situ welding. At such connecting portions of ultrapure water piping system,
particle depositing recess should be avoided, and also leaching out and particle generation at
the connecting portion should be minimized as much as possible.

This paper introduces novel fitting structure for use in the GOLDEP WHITE piping system,
describing results of leach out test and particle release test in ultrapure water.

¥ Z M =

A= RTFFA PRAT VA E B (L R By RE (L L B
(GOLDEP) L, ZOEmEMTEy 7V ¥ /7UElT5s
LI VBRbs v nE DK A B H X 872 GOLDEP
WHITE 318, #5205 OB MR D i 2 &, ¥ 73R
BIGRE, MiEE, M v o MR @h, BRkEEE % L
TOHMBE L TEEEZED DD %,

MK EEEE D2 — RS v +E COBMKES 7
A 2T, B4 OBERK X Y BHKOMEIMET T 52,
ZOMERTOERE LT, BEEMTHLY OMEILBD
HH, BEHORELRENELZDONS, INHOFELYH
REETD L +THD, BAMFOFBE IR THE
EHiT, MEBAFERATETRr v Y E L THERDOD
WHB R BRET D &, EREBOBEWEEOMKTLF
AT5Z ERRBELEIND,

A#4a1t, GOLDEP WHITE #1% (# ] U 7= Fl/& O {EF
ERRIC R \NT, v A7 HFRIC X ) BRI EST A5 L
WHKXOMFLFLRABATHE E DT, FHINBE0Y ¥
TR OBWIHEROMER, ROMKTFIHOREMIC O\ THE
T 5o

Name Flange ‘ Ferrule New type ferrule

| Clamp band

Flange

Structure Clamp band

Welding Welding

.

1. GOLDEP WHITE o Ers 1l
1. 1 BEREBFAOER
B DFEMAE BT B\ T, KEDHEFEDIZ A4V >
DEA, MBEMKOHRELBRRERNS B, BFKE
BT L TERINDELFHBIR, KOBHTH D,
BFEA 4, TOCKEDRFMGYOBIBNIAT &b
M (80~100°C) E@h Bz &,
AV, EEREKEOK, RIMEEOKE ARt
MEMRHHZ &
WRELNTFETSH D, ERESCHEEN T WEETH S
i
AR NPT FR i DZ &,
1. 2 HLOLARXDEERT
BIRCERD7 I v Y, 72V~ BHFLHLWHR
D7 2V VIKTFOMEEZRT. kD7 I v, 72
—~VETFIZ BN TUR, sy v IBOBREREMNIE L, K
DWETHED D Do Ty ¥ v ELBFEEDH
B 72, BEREUETREE T 52 &, BMLIR
TR L, Ty ¥ TREZRETHLD 10X v ED
LORBHEL, FEOERLE > Tnb,
BLNWERD 7 = v - VREFIL, “hbolEEAEE
L, #MFHOBRAMERE L, SBEERLOEM T 5/
BELTWD, ThhbBERY v 72@AL, EHEOK
KrEFA—E UHAELELS LeBRE LTW5, EBNE
ZOV Y7 &ty FL, Z OWHCEEEFTIRE L,
BWREEE /N T2 AR, AECIB0Y v 7O

® ® 06

Gasket g Gasket Ferrule; O-ring Ferrule BEHRBESHEEL LTW5,
F1H RENMFOEELEE
Fig. 1 Type and structure of fittings
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2. OV Vv I/mBHHER
2.1 OV VYIJOERE -t

RHEBICHER L20 Y » 7 OEEA E 1 RICRT

SEFERLZ0Y ¥ 7%, HLWwhHROMFD 1/24 ~
FEERTH Y, HEE 17.8mm, #E% 2.4 mm, FEHE0.478
x10-3m?2 T %,
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WHFEARICHER L -RBREEA P 2 BiRT,

OV 7 mE AT HEHBIE TOCHZERHE LT
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HR LU, BEOTHE, #hFN14 v+ x05m T3
Bo FRARLWE, RAMEOZBXERPILY Y IV
OV v 7 %#HAL, EMKAFEIZL, 80°C OfEkAkE A
N-EREPNCEE L CBEHERY 1T - 7. ERED L
ik, B LOBEERSIET B0 Ny A= T% LT
Wk,

2.3 BrIFPUrIHE

T O CHlE BAEFRADEMKD Yy~ 7 vik, 1HHE, 7
HH, 14HH, 21HH, 28BBICERYHL, ZOEEHL
WK E ANBRZ AT, REEFRZHLIC LI, &
DOV &~ 7% AN WERERCEBMK A - L, FRRCE
BECHBEBEL 77 v 7 & LTEMMEOZEY & VIRHES
HISE Ut

EEHIERREBRNOBMAKDYY 7Y » 7%, 1RH,
7HH, 14HE, 28BHI®mH L, TOCHIEHELRAT
BEHTHEESBOBEEXHIE L 720
2. 4 SWEBRUAE

0 v 7rBE BRoMTEE X, Na, Cr. Mn, Fe, Nj,
Cu FO’TOCTH %,
®» Na, Fe

7 v~ A v AFETFEREEERE (FL-AA)

#HE AA-830 Mark TT &), BAY y— VW7 v ¥ a
#l
® Mn, Cr, Ni, Cu

FHEAEES T 7 A~V HENHTE (1 CP-MS)

#E : VG Plasma Quard PQ2Z!, VG Elemental
Ltd.
® TOC

E P A #ik

#F : MODEL 700 O - T CORPORATION
2. 5 BHABRER
2. 5.1 TOCHHABRSER

ZEOV v 7OTOCHEFARERLEIRCRT.

PTFE ix, 1 BEHT 41mg/m2.d oEHRS - 7225,
&7 RH, 4B BOBRHEIZFED NI o720 158 BN
5280 BH<0.02mg/m2.d &7 0, FERCEWEHETSH
2720

Pure rubber, PF, PFA &, 1, 7, 14, 21EB&IHE
WREA 5 wHEtEE R L, 2888 TERER 0.3, 0.5
0.6 mg/m2-d G - 7o

VITON &>\, 1, 7, 14, 218 B &IEKREL L,
28H BT, 49mg/m2.d Tk -7z,

Nitril rubber (%, JEEICBHHEN £, 28 H T
46.5mg/m2.d Th - 77,

g1 X FABRCERLZOY 7O
Table 1 Material and structure of O-rings

Material ___ Structure Remarks

PTFE REEES NAFLON PTFE O-ring

1 O R

Pure rubber |5 5 ¥ _E_f NAFLON pure rubber
£k FECE Y

e — I \

PF R Fluoroelastomer O-ring-pf
O O S ¢

. WL N

PFA HESEES Naflon PFA covered rubber O-ring

T S O
B I
VITON Bk Rubber O-ring-FA

I N R
Nitrile rubber | —(CH;CH=CHCH:)(CH:CH)5;| Rubber O-ring-NBR

_ J Heater

=]

Hot ultrapure
water [80°C]

Overflow

) ) t«— Ultrapure
Sample O-rings water

Recyele pump

B2 BT 2 M &iE
Fig. 2 Test equipment

B 1lday
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& 28 days |

TOC release [mg/m+d]

s s s s
RIS ES

0.01

s} -
=S

PTFE
Pure rubber

B3 0V 7 OTOCHEHABER
Fig. 3 TOC leach-out in O-ring release test
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Nitril rubber
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Fig. 4 Na leach-out in O-ring release test
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Fig. 5 Cr leach-out in O-ring release test
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Fig. 6 Mn leach-out in O-rings release test

2. 5. 2 FBEEEOHEHFBRGR

F4H~FE IRz Na, Cr, Mn, Fe, Ni, Cun@ii&s
RT o

Na w2k, PTFER7 HET, PFAMI4BHT,
PF, Silicon 7328 A H CIAHI 23580 B/ < 7x - 72, Nitril
rubber -OuTik, 28H BT 93.5 pg/m2-d LEWEH
B4 L7, VITON, Pure rubber =\ Tix, 28A B
<29, 0.9 pg/m2.-d OBFEHETH - 7o,

Cr wonwtix, £0V v 7 & blER, BHIZEA 128
AET01 pg/m2.d T &7,

Mn 2>\ Tix, PTFE, Pure rubber, PF, PFA »i14
AETEHEERRE DN /b, VITON, Silicon, Nitril
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Fig. 7 Fe leach-out in O-ring release test
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Fig. 8 Ni leach-out in O-ring release test
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Fig. 9 Cu leach-out in O-ring release test
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otz FOMIEDOWTIX28H B BT LD & BOR
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Table 2 Specification of point-of-use piping

Item i Value
Area of clean room : 1 000 m2
Surface area of pipe: 79.4 m?
Surface area of O-ring : 0.1 m?2
Surface of area of diaphragm : 0.5m2
Retention time : 0.028 hr
Flow rate for circulation : 25m3/h
Volume of piping : 0.7m3

Nominal size of piping : 1/2-2 1/2 inch

£ 3 X HEKKE (&) ZBEHREAY

Table 3 Quality of ultrapure water and leach-out limit
Total heavy metal

| Allowable

- T
31:::11);:5”3(& 1 L?;‘g:{:;;:)np" } Icezlccl‘:-lsﬁdlimit Remarks
(ng/0) (ng/0) | (rig/m2+d)
100 10 ! 75.1 Standard for 4 Mbit DRAM
50 s i 376 | Standard for 16 Mbit DRAM
o | 1 7.5 | Standard for 64 Mbit DRAM
1 N i 0.1 i : 07.777577” e . S
“o1 | oo | 0075 |Sugeested by Dr. Ohmi
oot T 001,,‘ = o oors P el T

Note : 1) Leach-out per circulation
=Quality of ultrapure water X 1/10

B4 X HMAOKE (TOC) ZEBEHRAY
Table 4 Quality of ultrapure water and leach-out limit TOC

. | Allowable |
:’:1]‘tl:l;!:)tu):'eo\f«.iaterﬂ’j ]C??Cc:l';l;;np" ‘ lcezlcc}llj-lc?ﬁdlimit Remarks
(ng/&)  (ng/8) i (pg/m2ed)
10 000 1000 1000000 | Standard for 4 Mbit DRAM
5000 500 500000 | Standard for 16 Mbit DRAM
1000 100 | 100000 | Standard for 64 Mbit DRAM

Note : 1) Leach-out per circulation
=Quality of ultrapure waterx1/10

3. #BikKEELAHEE

ERACRIC AW BN SEEMET BT, EMAOKEE
HEVEHE L ORRICOWT BT Va2 — 28 A v FEEE
Blic & H SEIOEHRBRER A BT 5,

B0 7 V) ~ > v~ LK 1000 m2, @BHUKTERE
25m3/h w7 vz —AEAL v VERED BixRT. 22
TORMEE2IRCRT,

BRUKEBA I THD 2 — 2RS¥ PR TEMKER
) 2= 35 17ERA D EMAKKEDL/100 v v E
THRHC L 22BEEOEMAFTEIND LREL T, HH
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Fig. 10 Distribution piping system
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Fig. 11 JIon leach-out in O-ring release test
(leach-out from 15th to 28th day)
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Fig. 12 TOC leach-out in O-ring release test
(leach-out from 15th to 28th day)

#L, =Tkt o GOLDEP WHITE Iy o 7
S, RoF, "VTDEALAXT7ITLLVEHTHLDE
LTEHLTWS, it 64Mbit DRAM Fig#tiko
TOCOE#S 1000ppt &1L, 17EE%47-b 100 ppt o
EineRD 5 &5 L BRHER 100000 pg/m2.d &/
ZEHRL TN D,
SAOEHEBROEE LY, 15AEAH28A HOMicE
OV v 7 hbiEtT58E (Fet+Cr) o &3, XL O
TOCOoBRHBE*ENMHE, F12ECRT,
COMERID, E2RICRT, EF NV~ XARA ¥ ML
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LBEa0 11ERY ) 0&BETOCOEmMERAK T
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Table 5 Calculated release for ultrapure water in circulation

Metal (Fe-+Ce) | TOC
Materials  pipings GOLDEP WHITE ‘ GOLDEP WHITE GOLDBP WHITE | GOLDEP WHITE
O-rings PFA VITON VITON
Dispheagans PTFE ‘ PTFE PTFE
Leach-out(pg/m2+d) |
pipings 3 0.02 0.02 0
i
O-rings 1.03 [ ez 640 5440
 Diaphragms 2.55 ‘ 2.55 1 10 10
Leach-out por cireolation(ng/€) i
pipings 0.003 0.003 0 0
O-rings 0.0002 0.002 0.1067 0.9067
Diaphragms 0.002 0.002 o083 | 0.0083
Quality of ultrapure water |
per circulation  (ng/8) 0.0052 0.007 H 0.1150 | 0.9150

UPW system
[made of
GOLDEP WHITE]

Test pipings
A : Straight pipe Drain

B : Flange fitting
Particle counter

C : Ferrule fitting
D : New type ferrule fitting

Test condition
Pipe size $ 1720
Flow late $4.5 £ /min
Particles of UPW : 0~ 1 ¢/ml

WIS 72 MEET v~
Fig. 13 Test flow diagram

LESKLEDH, PFA 0OV v 7 &R LSS, 17
B4 4&ET, 0.0062ng/¢, TOCT012ng/em -5 &
2%, VITON 00OV v & {EFERLEE, 17EERY:-D
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4. 1 HBFZ

BIBCHREBR 7 2 ~%RT, 7Y — v -t T S
BMKTER T A L DL, 7 X FPEE~EAKL Fv e
THFAVYEETA RS, 7R TEREYEBL -
KRBT A T NA T v B — T TEI T %I L+ D2EF)
HHE U CEM X FOMEEL M L 722

FA VT A TEEERE LR, Bk o Gk
vV (0~ 11ff/cc) KB ETHEK LI, TDET
M ERE PRI T A IR UK 1 R E L, EEEIK A B
WUk TE2 v F L, ZOMEBHIEMEE 7> 2R T
Ny XD YV ay I BECE T DR S A
770

7 A PAEALEEL, FELEBRTARCEEE, B
1HeRTHFEL TN FNRA IFRT X v~ TEEE
L7z0

7RG EEIAAX /24 v F

BkE 4.5 ¢/min(0.3 m/sec)

k¥ v~ # — : NANOLYZER PC30

oMM - R Y R+ v o g 0.2 um
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Fig. 14 Particle release from fitting

5 H 1 GOLDEP WHITE S5k E
Photo. 1 Ultrapure water treatment system fabricated with
GOLDEP WHITE components
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A4 7TOMEIL, 7T, 72— VRHEFC BELT,
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bbb,

& ¥ U

Sk, EFEAKROEEECENEMAKRCH LT, {#
JAT BRI D DEBEHNRARNC &, FMBGEMK, vV
YIEALTHELRNWT L s, BoREENETET XV
L b EFHIEND,

KB TERILSER D - 1203, SEEEN Ui, FLWHKF
FHX&# L/~ GOLDEP WHITE SUiE#iK fEEE 2124
HENTETCEST (BE1) THYH, #HLTW5&E
Wk/KE & 64 Mbit DRAM e #HGHSES & D & 7 -
Tk D, BIOBRICEHE LIz,

(BEE)

1) 4-#kf#E— : Break Through, (1992/4) p. 51-55

2) WIEET : g/ 77 75 Vol. 36 No. 3 (1992/12)

p. 28-31

3) MERE, SHE— HWM/ 7Y 755 Vol. 36 No. 2
(1992/8) p. 30-33
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Application of Ozonized Ultrapure Water

for Semiconductor Manufacturing

‘ “f>

DORBARAGE  WIRBIZE HALRSETIER ETF RS2
ExIN O E B AR & A
Tatsuhiko Isagawa Tadahiro Ohmi

The ozone injected ultrapure water has very strong oxidation power to remove organic
materials such as bacteria in ultrapure water system, residual oil on stainless steel and
residual surfactant on wafer surface. We have developed the ultrapure water system having
the continuous ozone sterilization capability. The ozone concentration for sterilization is less
than 50 ppt. The ozone injected ultrapure water for cleaning process is confirmed to be able
to remove organic contaminations from some materials surface very effectively at a room
temperature in case ozone concentration is less than 2 ppm.

Ozone injected ultrapure water can not only suppress the breed of bacteria in the ultrapure
water system but also remove the organic contaminants adsorbed on the some materials

surface.
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Table 1 Physical properties of ozone

Physical property Value
Molecular weight ' 48.0
Boiling point (°C) —111.9
Melting point (°C) ¢ —251.0
Gas density, 0 °C, gram/liter | 2.144
Critical temperature (°C) Po—12.1
Critical pressure, atm. : 54.6
Critical volume cm3/mol i 111

£ 2 & BLETEMD

Table 2 Oxidation-reduction potential

F2 ¢ E°=-287 [V]
O3 : E°=-2.07 [V]
H,0, E°=—-1.77 [V]
Clz : E°=-1.36 [V]
0. : E°=-1.23 [V]
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Fig. 1 The block diagram of ultrapure water system made of
passivated stainless steel (GOLDEP)
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Table 3 Mechanism of ozone self-decomposition in water
03 + OH~ = Oz— -+ HOz*
03 -+ HOg* => 202 + OH*
O; + OH* = Q2 + HO:*
2H02* => 03 +Hzo
* *
HO:* + OH*= 0Oz + H,0 after J. Weiss et al.
140 ; Start Ol:( injectio(n
120 f * 10
H Tank inlet 150 | 50
100) Tank outlet | 50 | 13
UVox outlet 0 0

[unit : ppb]
Tank capacity 204 ¢
Flow rate 400 ¢ /h
Living bacteria of UF Qutlet
0-5[cfu’e )]

Living bacteria [c.fu. ¢]
=

RN

i 3 i
Time [day]
B2 E HEfEA Y EFEABIC X DBRESIR
Fig. 2 The effect of continuous sterilization using ozonized
ultrapure water
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Table 4 Experimental procedure of combination with spray
cleaning and ozonized ultrapure water cleaning.

B4R

% Spray cleaning-+Dipping O3-Hz0

1. Initial cleaning for test piece

NH4OH-H202-H20 -+ 10 min at 80 °C

Over flow rinse ++ 10 min
0.5% HF 1 min
Over flow rinse ++ 10 min

2. Oil coating on SUS 316L test pieces surface

3. Spray cleaning at high temperature and high pressure
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\,{, T T T T T
\E’ o : After spray cleaning
4 : Dip. 03-H20 ; 10 min
s o : Dip. 03-H20; 20 min ]
\
\
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Fig. 3 The effect of oil elimination from stainless steel
surface evaluated with contact angle measurement

Temperature «+ 70°C
Pressure +++ 30 kg/cm?
4. Final cleaning using O3-H.0O
Concentration -+ 2 ppm
Over flow rinse -+ 10 or 20 min
5. V P;inal rinse S Contact angle
0.59% HF 1 min Water droplet
Over flow rinse -« 10 min
6. Measurement of contact angle
Wafer surface
F4E BUKE OBMANEE
Fig. 4 Technique for measuring surface contact angle with
ultrapure water
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Fig. 5 The effect of oil elimination from stainless surface
evaluated with XPS (C;s profile). Combination of
3 minutes spray cleaning and ozonized ultrapure
water cleaning
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Fig. 6 The effect of oil elimination from stainless steel
surface evaluated with XPS (Cis profile). Combination
of 20 minutes spray cleaning and ozonized ultrapure
water cleaning
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Table 5 Advanced RCA cleaning process. No. ‘ Cleaning procedure | Time No. Cleaning procedure ‘ Time
@ HgS(C)4-H202 " 5min | ® IZIH4OH-H2§)2-HdQO | 10 min
4:1) : 0.05:1:5) 90deg
2) UPW rinse I 5 min 19 UPW rinse 5 min
(3) st(o4-H202 | Smin | Hot UPW gip. 10 min
4:1) : i 90 deg. w
(4) UPW rinse © 5min ’ (16) UPW rinse i 10 min
6) |  H.804H:0, = 5min i %) HF-H;0.-H:0 | 1min
(4: 1_) o @8) UPW rinse 1 10 min
(6) UPW rinse 0min  © 49 | HCI-H:0:H,O | 10min
(7 HF-H:0.:-H:0 1min | (1:1:6) 90deg
® ﬁ£$1j@ o & Hot UPW dip. | 10min
rinse min eg.
(9) st(04-H202 . 5min | @) UPW rinse - 10min
4:1) i L e HF-H;0:-H;0  1min
{10 : UPW rinse | 10 m%n ! ) UPW rinse | 10min
(1) HF-HzOZ:HZO | 1 mfn " e Drying i
(12 UPW rinse i 10min
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Application of PANBIC-G System to
Food Processing Wastewater
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= f&
Makoto Yoshikawa
(BOEMT  HRBEAFR

T -
Shinichi Yamazaki

PANBIC-G, widely known as UASB system, has been delivered to a food processing company
producing boiled beans, and its pre-commissioning was completed satisfactorily. The introduc-
tion of PANBIC-G as pretreatment to the activated sludge treatment system allowed reduction
of organic load to one third, allowing the system’s stable operation. It also contributed to
the reduction of running cost including sludge disposal.

¥ A OB 2

PESMEALEE o X 7 2 i, T82ELNRAF R T e T =
~ Xt (Hoechest Celanese Corporation) 7.5 FiffE A
L30HE < DEFEAFH T 5 PANBIC-F v 27 o (HEFR
FHR) &, 77=a2~VEREFIFAL PANBICG « x
7 n (—#Eigm aEsE UASB 5 235 5, PANBIC-G
¥ 27 MBI NEER D = — XTI 2. 5 72 DI 25t 2350 5
B L 7 s X 7 2T h b,

BRI Y 2 7 MZ BB TEEY RO E LS BEAE R
WIBEIK & AR LT e s, I AR R IR A B Y FE K
AL Th R CUETRER UASB FXn7 v ~x7
o 78N, —HOARERCE N TUIERCHR D DDO5 5,

Wikt PANBIC-G 3 27 o OEEE 1 B4 0T/ T
IKCERL, COMEBEECERE I LR LLOTI I
B3 %,

1) Before installing PANBIC-G system.

1. BRIMELERBEEAOES

4m, PANBIC-G v x7 1% #IA L THIX, T
T/ANEDEFEAEEL, fhicv PV rARSYEEEL TW
5o HEREILERC L VEHHL, FEEREOBEEK
XY BEkE, BEAMRARRD, THIBEKMAEREE L
TIEVEBIBALERZ i, (AR DN b AVEE 3 0 K OV 7k AL B
FBELEEL T 50, REE OIS CHR O LB
TiX, LERBEKAAZEZEDTAIGELENRARL K> T
7o BIZ, W T/REREKIEEEOFEY 4 &t OiEk:
FHUBALBRE A R L W CRER OIE B RAER M TR
FELIRESBYITR D 2diid, HSHEABEERHLEAL T
B B 2% - 72,

PANBIC-G v =7 »EAR] KO BABOUE 7 v —D
Tay I FAY 77 2 B1IRKRT, EARID G
BAE CREROBEEFCEHEERKD D, BE LT

Wastewater — Screen —{ Conditioning tank

Activated sludge | |

Coagulation / Floatation | Treated water

treatment treatment
2) After installing PANBIC-G system.
ot | » e PANBIC-G || [ Activated sludge | | Coagulation / Floatation ]
Wastewater Screen +— Conditioning tank |— system treatment treatment — Treated water
F1R WHIR DT Ry 7 XAYT T A
Fig. 1 Diagram of wastewater treatment process
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Table 1 Design conditions Flow rate 200 m3/d

Treated water
Item : Wastewater R Dt
AB Reactor |Coagulation/Floatation
Temp. (°C)  30~35 = 35 | —
pH () 4 6.5~7.5 5.8~8.6
SS  (mg/0) . 300 600 | 25
BOD (mg/&) 2500 750 ‘ 10
Jl > Gas
|
= l 1 ___——:___,\> Effluent
/| GSS
= —
o ©O (o] °
(o]
Blanket { %o 04\0:°°
zone P :
'000.0° °°.0.' Granule
Sludge o * s
bed
Influent I__—,_‘>‘7 ~NFT N NN~

Distributor /

®2E UASBYVT7TZ72—-BEEKX

Fig. 2 Scheme of UASB Reactor

W EE SRS T, BETLHBREOASTLENREEYE
L, WMEHOZRELE BREO BRSNS BETH-
726

B RCFEKOFIHREART. UEKEIBODE®EC
H# LT SS WEL L' K\, MEAL & LT
UASB FR2ZE & ¥ LA L7z, (UASB Fick
Wik, SSBENR—EB ELLDLE ST = - viEkIL
KB R T EShbhTn%,)
2. ERfmiRE
2. 1 UASBZoEBEUHED

UASB & (244-76% %12 PANBIC-G & x5 ) i%, IF
# 4% Upflow Anaerobic Sludge Blanket Process ( |-
ARBSHEBREKE) & —BREHmINTW 5, BN
FHEECi e B RE, WRBIRESENS 508, RELMS
KREB-TY 7 7 X~ 5 I 270, #H
B EAETHKEBRER AR OEE - EMMERAR L - T
R EINIzr T =a —MBERERFELTWDZ ENKRE R
EETh D, F7 UASB BIZEREEK, HcARTE
b OB Y, BEREAR I NBSEBEDT L
> TCHBREIESL BERL v A7 LTHLNTH
%o

UASB Y772~ (LBABY 7 72—~ E#T5) O

FI, JBREERRE LTI v 7 o F RO Ew B
#1175 GS S (Gas Solid Separator) @ 3-D>DERS />
LR INT W 5B,

FA AP Ea—Z-MEB/AKE Y7 7 % - EHTH
BRI HEBEC > TR, HBATIFEKERAT o
IRy FEB—TEXESY, BROSEE4 0%
BRI DDOEBELES ThD, V77 2 —13FERLV T
7 R~ THEETDHHTATHBEINDD, BAKNKY 77
2~ EETHSCHBIN TV W EERERELSH L
B, MAKNHES GRS &5, FFTCEENLE
TH b,

A7y Ny FHERWTHREIND /' T7=a2~V{K
B, —RCERBREKTIZE & #5E 1~2mm BE,
MLSS BES~10% b Tnb, 2L, 77==a
—VIBROMERGEEZERE (B, A LARHE ®ESA
RS BB (BkoMik, 79=.~VvEBRL
TWaEmoRBEE FRES r-TEAES,

GSSHIV 7 7 ZF—NTRELLFAROT IV 7y
P EENEFE LS T = a2 ~ VIR A RO OBET X
AL - CHD, BESUEKES, 1 OBROHKHE
BRI 5%BE LD, V7 7 X -—HOSBREEER
DRI Do L7chioT, ZDGS STORGEIXY 7

SHRBE2RICTRTY, T4 AP a2~ (BKEKE 272-2Fr L CoWEEEXRESEGL, V77X —0D%
A, /I =a~VEBRBREEINTHDS X7 9 VRy BEBLEELRSTH S,
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| Steam
[from boiler]

| NaOH

Feed
pump

Conditioning
tank

Seal tank / AB Reactor/

=

Gas
[Discharge to the air]

Desulfurizing tower

Activated sludge | |Coagulation / Floatation -
Treated water
treatment treatment

[Discharg to river]

»_Recycle pump

FEIRM AWHET7w—~yv~ |

Fig. 3 Schematic diagram of the wastewater treatment

B 2 K BwlEk
Table 2 Specification for the plant

Item Specification Unit

‘3 500 #mm < 6 700mm WP x 7 200mmH 1
|

AB reactor

Desulfurizing tower 600 $mm X 2 600 H b2
Boiler ‘ 200 kg steam/h o1
\

Feed pump 9.6 m3/h x18 mAqx3.7kW 1
Recycle pump 9.6 m3/h X6 mAqx1.5kW 1
— i S R —

NaOH pump 18 /h <10 KX 0.2kW 1

2. 2wt

WHE 7 v~y — 4B IRIC, HEOHELS 2RITR
To ¥ABYV 7 7 2 —DAEABEE 1 TR T,
FELBRFETIIROBY TH 5,
(1) BEk&E 200 m3/d
2 BEEXKHE

SS 300 mg/¢

BOD 2500 mg/¢
(38 ABV7 /7 &~

7K 37°C
PLBERE H7 BOD 500 kg/d
BODEEER 70%

(2500 mg/£—750 mg/¢)

BEH1 ABYVT7Xx—-0DONE
Photo. 1 Outside view of AB reactor

(4) F4x 28 331Nm3/d (CHy 55 9% (v/V)IiTE\
T) (ipisd, KNEHED

3. EEHEER
3. 1 BEXKOMR

PANBIC-G + 27 » O &FEKIE, @ T/NGHETRE
BHOEEHUKTSH D, SWERYERE OXRBFEK & sy
R DK (RE LI/ N a2 KGEKTHH), LB
) MEEFNTWD, B1REFEKD HRE RLTW5
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Fig. 4 Start-up operation data

2, BREKIZIEECER Lo (B TS @tk
ME), B CBMREo Y, pHA4~5 275D h
Wy —x%EALTCPH #HMECLABY 7 7 2 —iT&A
Xhb,

SR KX BEER D 1E VB IR AL BR B R & B I vE AL
HRECcHAEE N, SS 25mg/¢ LIF, BOD 10mg/¢
BRI R &N %,

3. 2 EEAHE

BIEOTHEE T Imb CWCKEIRIK T, V7 72~
HBRLELTY I =a —VERERA L. BIEREAR
VYA 70T A4 I ESSEEAL VT 72 —PKiE% 37
°C ¥THE L%, FBKEr—FEF OB THE
AL, @wo UASB X8 ws LiFik, X
BO7 I =a—-VERERALLDL HIF M OEHREY XS
B, SEOEHIZER T — & (77 = 2 — VEROERIX
R &) OEMAEBRNE Lz, b2 TENEE (Y
7 7 & —EEEREE4 200 mgVSS/e) 2-BBIth L7z, &
RGO B O DA ARNL0.5 kgBOD/m3.-d» L BOD
FrE80 %L k4 B RCEENC AT M i,
3. 3 nEtdgE

B4 R RAEB LY S OEBERE R T, FKE B
OD#E, BODBRERKV'BODABAMDKERE LY

200
= I o]
£ 150 o o . .
g i 000 B
= 100F © ®© o g
E 9o %
g . o o ¢}
S O O@
S 50 o Fwo? 8 o .
S L 30 o
(o]
»XOO—2 1 L " L " . n L
igoe ) i § § 10
BOD load  [kg/mwe+d]

$£58 BODZEEAMNE T AFAEREOBRK
Fig. 5 Relationship between BOD load and gas production

T T T T T
= l4F — ]
=3 Total sludge
= 1zt ° i
>k o6 Granular sludge | |
= Q@ o © LJ
“é" 8 o © oo, © 0 O E
= 6F o9 cee®® E
‘(‘Q 1% o* * E
.
é 2 : e 00 ® d ]
() 1 1 1 1 1 1 1
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Operation time  [days]
BOR V772 -HREEORRRL

Fig. 6 Operation date of MLVSS in AB reactor

RLTWB,

FUK B O DR 13 EEmBAtARr 500 mg/¢ F2E & (KD » 72
75, HER2 7 AEHTH 1700mg/e 25mL, BODEMK
EHIEEEGEI B DK) 8 fEiC £ THEL /2o BOD-VSS &7
77 = a2~ vOBIEER B i ik < 04 kg
BOD/kg VSS-d BECHEFFI ¥z, Z OO MBIk
BOD#E 100mg/2 LI'F (BODRKREEIO %L E), V
F A GERMWFEE) #8530 mg/e DUT 0D TR &K
BHTh-to

JEEE60~80H Bic W T B ODBRERENTIBL FIET
LTWb, ChiZY 7 7 2 —IRAE 1% pH §{iE (&
K PH £35.2 L{E\W7d) DAY —XEAENHKABO
DECHLUTHFRRLTCWAEZ LIS D LML, 0
BEHEAEA NI S5 & ABKERE E LT,

iR 3 7 A L, FkBODEEZL 200~2 400mg/¢
ERELEH LI Bbh$, 4HEko BOD ik 300
mg/¢ BT (BODKEES%LL L), VF A 100mg/e
LITF O B i LB RE A &8 L CHERF 3 5 & L M T & oo

FES5RCBODAEFEARE ¥ AREREOBEREYRT. 7
AFRERIIBODAERARE R<AHEL TR, 72 (FE
1260~80% Th - fzo # ZLE LIZBEAIKH DT EME R E
(TOCELTHEZIND) BHAFDRBEBRI NI
HETH B, FAMBTBREECZ I VHEL, CO2 10
%, HaS #1000 ppm(v/v) TH Y, FEx Ao CHy
DEFERITF0% & #HE i,

3. 4 5=1—NERODERIL

FO6HERY 7 7 2 -NEREEORBE(ERT, 77
= 2 — VBRI Bl 316 mgVSS/e (/9 = a — v
1£230%) Th 7D L, FE#ERSE TR 6000
mgVSS/¢ (77 = a — VA LEK0%) % T IEF BmmL
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= R 0 day
Height of y
AB reactor Ir
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3
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s
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Particle size distribution of granular sludge e

Fig. 7 Particle size distribution of granular sludge in AB reactor

1 ] t 1 t
0 day 35 days 70 days 112 days 126 days
BHE 2 V7/72-EH5mDrT ==~ VORBE

Photo. 2 Transformation of granular sludge in the bottom of
AB reactor

Too 77 =a— LR LT 2758 MLVSS @4y o7
7 =a—/ViBJE MLVSS BEOEI&THD, V' F==a~—
NMBROHEIEINE (BrEBODE (kg BOD) 4y 77
= a — NVIBESENE (kg VSS)) 1% 3.9~4.6%Th - 72,

(BODDEMEHT L b EE)

FIBCY 7 7 2-BXHFAREKTE 7T =2 — VR
DRESHORREERT, E-FE2CY 772K
WLV L /e 7 =2 —VORBELDOEE, BHEIK
AERTTIRO 7 7 = 2 —VEEKDBEEART,

RIEEBBNIAER D 77 = 2 ~ VBROEEER H

BEH 3 V7==2—/VEK fFERX100, 1 HREL pm)
Photo. 3 Microphotograph of granular sludge (magnification :
% 100, graduated in 10 gm)

B4 5,

© HEEBIALDRECHEFEENE S 7 = 2 — VA
LT/ 9=~ VRECEHEL, FORREY 77
Z—RE T 7= a2 ~ VBRI L1I~2mm? %
DT T =2 —VHEEEML 2.

@ FHEGHEORE, FEEryz LERECL5EA
W HDEKBBNL S T = 2 ~VEFKTHEED
BBRENFRL Y, REC 7T =2 —VIZMHE
TNV 7 7 2 -EIHFATRERB—LL, RET
77 =2 = VIERERBE L Tr o 7o

® REGHMOBHD 77 = 2 — VEEIZHEIE <
#H G - 7z methanothrix |8 & Bbh 5 E B
FEE oo Tz,

10 THEH < v 7
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4. PANBIC-G > 2FLHEAICKBAY » b
Wb/ NEEEKIC PANBIC-G v 27 A % B L84
DAY v P ERRICKEET 5,
AV o PEHEAMCHIET S LROED &b
(1) 7EBERAE DR EL
2) SREBROWEA
)

B gv=vr7yazxtoER
4. 1 EHFRULEORE(L

FEEBIEAE B U TEARIROBREE~D B O D &
&, BODABEAR&RILRT,
(1) JBART
- BODAERE 500 kg BOD/d
- BODARATR 2.56kg BOD/m3.d
(BREAE 194m3)
2 HA%
- BODAME 150 kg BOD/d
+ BODE&E#HAER 0.77kg BOD/m3-d
Linh, BIIE~DAMEN % & /n ) BERBERE R
75 VISR BB A BE & Te B o
4, 2 FRFFREOHERL
PERDIEMEBIRILIE T D RFIBRAEERIIREBODE
HeDi40% TH B, MK H R TOLRRIHBRFAEER%
[REBODES® Y 5%, BRSKUHEHBOTEMEBIRLE (7
WOET) TOFEERAX30% (BEBODESD-Y) &7
% & SEBRER,
(1) EART
200 m3/d x (2500—20)mg/¢ x 0.4 x 10-3
=1984 kg SS/d (1.00)
2 \|AR
200 m3/d x {(2500—750)mg/£ x 0.05+
(750-20)mg/¢x 0.3} x10-3
=61.3 kg SS/d (0.31)
&b, H30% L5,
4. 3 So=vJaXbOER
TER DIEVEG TRV % 538 U CIFE B 5 584
D7v=yraxRt LR HFERHEFK) FROTF Y=
YTZART R LDONREIRT =y a2 R POkEK
ThbHo

B3I XK FU=v7axtOHE
Table 3 Comparison of operating cost between activated
sludge process and PANBIC-G, activated sludge

combined process

Item Activated sludge process sﬁﬁ?}g&;&‘ég‘gﬁi&
Electric power | 518AWh |1280kWh/d| %23 040/d | 670kWh/d |12 060/
NaOH ¥ 100/kg o — 40kg/d | ¥4000/d
Congulont aid | ¥1500ke | 02kg/d | ¥300/d | ozkgd | % s00/d
WU Rl | ¥ e kgl | ¥ewd | Skgd | ¥ 208
P 7 S e
Deltuising | g jg0pg | | kg | ¥ s
D%"i’:;::f cake |3710000/ton| 1.32 ton/d §¥13 200/d§ 0.409 ton/d | ¥4 090/d

Total I 37 216/d 1 ¥28258/d

Zihs PANBIC-G vy 257 nic kY Fv=v 72 R}t
PMERTE 22 LB BERE VT RERSHHLL T
B0, CHEBIFATHEEBRIYy=r 72X MRE
BMTEx5, (ABWMEE T5400/d DAY » + 3% 5)
& 3 v

Lttic Fi17 B UASB OISR O —F% B Lo
Lt PSSR MBI U, BEEERAFR & UASB HX
DERE bHLHLETHDIEL A~ ~ThbB, BEE
KRR ERERE P LALFREHEF OB L3
%D EHEY L - TChbH, UASB FRic oW Tk A
A+ O@ArEXIAT5 & & bic, UASBHFXD
FEHL WDHNTWHSSD S T = 2 —VEADRESE D
WCHEIEMATEEED T 5D, SRIZERK LK & UASB
HROFNFNOER, HEXHRCLT, BEO=~X
CRBABESHENEY X 7 A A B ETAFETH B,

(BEHED
1) FRHEFH  EREGIRE”, @K, vol. 18, No. 2,
(1992)
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BIMEXS o CDIT5=2—iik

Granulation of Anaerobic Sludge

EBAREAE BIABARE
wooH

Makoto Horiguchi

The effects of substrate, metal ion, liquid upflow velocity and others on granulation of anae-
robic sludge were studied by using laboratory-scale UASB reactors. Granulation was
accelerated by lactate, whose loading rate was 0.03 kg/kg dry sludge-d when granules were
observed in the whole sludge bed. Granulation was accelerated by calcium at the first stage
of granule formation. But after that granulation proceeded independent of the calcium
content. Also it was made clear that shearing stress caused by produced gas to the sludge
bed deeply affected the granulation.

TSR R, B, HhIFEothics < DERFHE
EL-EMRLDTHY, FrOWMIE2, 37 AN
BYLELZET L L Wb TWS, UASBY 7 7 2 — D%
EREBEEIT D I DM TR S T 50k
Eb LN, KBRTIXEBE R HEEOBEE BHo
B, EEOEEORBE, V7 22—~ HNOWD ERRE, F
L LI AD LRAREENR S =2 — M52 HEED

F C & [

1084ERTIC + 5 ~ £ Lettinga #i#F51c & - CHIFX
N FAGBEMX5 v ¥ 79 v 4 » +iE (Upflow An-
aerobic Sludge Blanket £, AL TCUASBEE) &1,
AR VEME Th D RRMD Methanothriz sp. %=
e Ly o=a—VRORZ oy V%, WMEhEfEIE
APeERREORKEFRE T ECENEREFAL

THRI®TCY 7 7 X ~REHGREL, V7 72—~0TFHY BEEREZ2BETS,
D LA SN Bk E SR T A 2 v BB 1. ERFE
BT 55HETH %, 1. 1 E£BEE

ZDY T =a~ MEUBRKMER 7 o I EN LR
HEOIDIT, BkDU 7 7 2~ NIEEE A A £ v R
MEOEARRMOMIOARITE LTh, A& v ARHE
HET /72— VOV F 9 Y 2TV PEEELE L\,
¥ RS EEE L ORD, VT 7 -RDRT v
<y F#ETIk 30~100g dry sludge/2 &\ 5 SEHE OB
KMER7 oY BEFESH, SFEHAERLEY /e T
%o

BNIEEA R OBMSH S 7= 2~V TIEL D, F0

EENCIIBIRENKS. 7L REODUASBY 7 7 £~
% SHEMEH L, TOMOMELE1RE, Tt
T~ HBIRCR L, V7 7 F—iE, FOLECT R
LBEYE (SS &RE3) %40BET 5 GS S (Gas-solid
separator) #F34 5 HERV 7 7 X —~Th b, V7 7 X
~WOBIRILY v 7 v PCERKE®RET L2 LD
+1°C C#MEFF Uiz, 72V 7 7 2 ~PD pH 12 &5EK
FICEENDE 7MY RO 7 7 2~ RN 5KERILT
FY Y AL DT B L,

13X UASBRUTZ7Z—DfkR

Seal pot Desulfurizer
Table 1 Specification of laboratory-scale UASB type reactor
Item | Specification
Type - UASB type -
Material Transparent PVC
Shape Cylindrical e
Dimension 1004 x 1 100TH
Reactor volume (except 572

— ~._UASB reactor

settling part volume)
Water temp. of reactor Controlled at 3741 °C with
| temp.-controlled water ®
Recycling of eff. water | Recycled for keeping of LV; 0-0.3m/h N\ Influent tank

£1 U A S BESEBEEE
Fig. 1 Flow diagram of UASB reactor
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1. 2 &REXK

KRR LI ABUKOMR A B 2R R Lz OkE
AR T5), ZOERBEKEEARK (Fk—1) &L
T, DECR U T A ZE X8 TERRIC#E Ui,

1. 3 ®&EER

BB LB, SEnEHEE®DE (&
EE IR SRBEER LIEFET) I IA LRSI 7 7 % ~
[PANBIC-F | 25D 4&RBREXFERL, V727 2~-0F
WERE (V7 7 X - ORBE RN AEE)YD, #58/¢
7B O HA Uiz, BEIBE O MEEBSEHE Tk
Methanothriz sp. L B s RIMKEHE R8BS Tho
7o E1-S SHEEIL305g/e THY, VS (EREBEW
H) BEI1286 % T - 17,

1. 4 SHAH*E

pH, TOC, Ca, P £z JIS K0102 i« #31 L ToHH Lz,
7T =~ VORBRERZY 7 7 £~ 4B o BREEC
IOBRE L, 7F= o — 0 BRIEE 10cm offs
AWTERCCHE Lice £/ 025 mm B ko X
FoVERITma~NVEREL, 2RAT v IIEANTHS T
Za~ VO T =0~ VEFEE Uiz,
2. ERERRUER

2.1 BRDIS=a—iticEZ 388
BEEFKEBANT Tz 79 = 2 — v 5= (Run-1)
DOREREE 2RICR Lz, TOCEMI 0.1kg/kg dry
sludge-d (REAMH T3 05kg/m3 v 7 7 # —5&.d)

¥ 2 X AGBEKOMEK EAFK—1)
Table 2 Composition of synthetic wastewater
(Raw water-1)

TEEL, TOCKRERNIO Y LT EARbRWE )ik
ZCHEFEBEAZ I, TOCARNR# 04kg/kg-diczE
U7 BB EISH B, 27 v Py FEOKREHD X
FoIVMITFT=a~ L TWHDNRERBEC L - THE
BNz, BECDONTND Y T = 2 — VB X DX
BCENHET 9= 2 — VR AERE L, SDLED
7= a0~ VERIZRF X F2~5mm BE L BEIN:,
R EINI ST =2~ VOEENEFEMETEYTH 1
ZinLichs, Methanothriz sp. & B B RIRMEEE
DG > TNDDOHNPBICHERTED (V7= -0k
BB : JBiEtREE, HZEE : 20Pa),

77= a2 -~ MERBESE L TWS &b Tn ARl S
798 (Extracellular Polymeric Substances, EPS
LRSS O, IBOMBEITELETD LW WED 2
BEN, HBNREFESERAT 9 VD77 =2 - {LicEL B
boTWb XD ThHD, RERICH N EKRFIKIIER,
TuebF rBEERE LTRBINTWS2, Zhbhofh
ww 1000mg/e ##xba~>v274~79#— (CSL
LA BEMENTWD, TDCS LI %09
NEFEFNTEHD, HARBKFIZH 140 mg/¢ HEEL T
HIliTinb, COIBYEHE THIBRIMENREPS
HEEL, V=2~ UEEREELTHDZ E0REZIHA
Bo
EZTHBIPBMKEA T v YD = a - M52 D
HEERETT D20, EXFUKSD CSLEBRWEK
(JBFk—2), RUEKREKID CSL %I BATRM
L7zBoK (BUk—3) #FNFNFAE LERICEL 72,
Fk— 2 #8468 L7z Run-2, B0 BEAk—3 248 L7
Run-3 7' 7 = a2 — WLRERD YT, HEkks
LEOKEHEL Run-1 L 3I3AETH -7, BIXRKC

Substance } Content (mg/¢) Run-1 735 3kl 5 77 = a — AR TO FEKRKED
CH;3COONa«3H:0 5950 WIHIKDIKE, 12V 7 7 2~ OBERBEBRIZT 7=
CH;CH.COOH 2120 2 ~ VIBERRE A R Ui,
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B2E == EEBREE (R—1)

Fig. 2 Result of the granulation experiment (R-1)

Photo. 1 Scanning electron-micrographs of
granule (X60)
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HIEHETARETHD I RS o 728, BRI,
BOBEOER LY, TONBHRENEP SH4EREL
V9= a~MMEaRETHEW) LT AETRIBETE
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3R BEODS =~ NMUCEADEE
(77 = = — VIBEURs DILERREL)
Table 3 Effect of substance on granulation
(Treating condition at granulation)
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DB FBROMEE L LCCSLAeFRTA &L
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CSLOWEMNI T =2~ MUtk B84BT 5
7=ic, CSL#EL LT630, 1260, 2520 mg/¢ (3L
& 1LT70, 140, 280mg/e) D 3Kk#EEL D L5 CSL
ENFNRMUBEUKEFHAEL, ERicft L7z, CSL
DADHERIEE2R R LEBY T D, BV T 7 X~
(Run-4~6) TD 77 =2 ~ VEHROKRELEE IHEC
w7,

Z D Run-4~6 12 B\~ THLRK0BM T/ 7 = 2 —ViZTH
MR NN, FORTHLCSLELT 2520mg/e #&tr
BUKZ M L Run-6 T 79 = o — VEERGEE D Mk &
DLIL2MEAE L, T AL EHCSLOEENK 2500
mg/¢ (BT 300mg/e) FTik 77 = 2 — VIR
CSL (¥FixHE) OPBECKELTWAZ EHELN
oz,

2.3 EBAA VDY 5= 2—NMEEEDHRDORE

vy (Ca) 44 vED2MMDEEA 4 > MM
ATy VOB EAIE, Fo/ =2~ VIER{EE
T35 bl Tkh, ¥4V (P) 44 i3) VB
AN AL LT T = a~VECELBEE LT W59

Run-1 Run-2 | Run-3
Run No. (Csdléed) (La((i::.i. O (Blank) & @ﬁ% bdHbH, b @iﬁﬁﬁkﬁﬁﬁ%&C%b\f%mg n
— T " — Ry T =a - VRTED LD InEBE LT A2 ERET

Added | o Cr | 1260 S B2, Run-4~6 ORRICISNTHERINALT T =2

| Feeding rate @/ | 44 40 a2 TEEINDCaLPESHLI,
pH (=) 5.0 5.0 5.0
SS (mg/8) 0 0 30
TOC C 7 )| 2000 2150 2050

. | BOD (7 )] 4070 5780 | 4250

§ | Lactate C7 )| 140 140 —

g | TN (7)) 97 5 75
C/N C7») 21 29 27

' Ca (7)) 60 | 64 60 St . i ] ] . ,
Mg 7 3 3 3
| Fe C7z) 0.8 ‘ <0.5 <0.5
B3 (7| 10 | <02 | <02 ~  dor © I
Water temp. (°C) 37 i 33 N /
pH (=) 7.3 1 7.1 7.1 R N & i
£ | HRT ()| = 34 33 g /

% | TOC loading (kg/m?+d) 1.5 1.5 1.5 g E 1

8 7 (kg/kgd) 0.4 | 0.5 0.4 s <>/

w | Lact. loading ( # ) 0.03 ' 0.03 — <k _

5 | SSaea (mg/0) | 7940 | 8500 9750 8

2 | SShianket 7 )| 2260 1140 1420 . . , . . , ,

© | SStotai C 7 )| 3800 3200 3700 0= 0 ) 50

% i Recycle water (¢/h) 1.4 1.2 1.6 Time  [day]

]

& | LViep (m/h) 0.18 0.15 0.2 D gé%ggli (153206;8g/a/]]
Gas product.  (Ng/d) 7.4 6.1 6.0 + mg/ £
LVaes (m/h) 0.04 0.03|  0.03 O iR [CSL 2520 me/ 8]

T  E3E CSLAY 7= MUcRIETEE

é’ SIS_I Emg/€§ 82' 1 73' 1 6?2 Fig. 3 Effect of CSL on granulation

2

= | TOC C7) 23 159 262

Lj‘ ICc C» )| 563 523 495

& | Gasific. rate (%) 73 62 ‘ 62

& | TOC removal  ( % ) 99 93 87

& | Granulation time (day) 18 22 | 55

& | Granule size (mm¢?) 0.3~5 “«— “«
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Fig. 4 Ca content in granule (35th day)
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Fig. 5 Effect of Ca on granulation
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Fig. 7 P content in granule (R-4)
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Introduction of On-Ground Assembling
Method of Cooling Tower

(ROLBEH  THH

B 3
Yasuhiko Sakai
(RO4mER Bk a s

N
Toshiharu Kobayashi

" B

In July 1992 we delivered cooling towers for DHC (District Cooling and Heating) to the
Benten-Cho Energy Center for the purpose of supplying the heat to ORC 200 (Osaka Resort
City) entrusted to four banks as part of the Public Land Trust Project, the largest scale of

its kind in Japan.

The cooling towers for DHC were dealt with several times in the previous issues of this
Technical Report and therefore, this paper presents a method of assembling/lifting said
cooling towers on the ground, (hereinafter referred to as “On-Ground Assembling Method”),
which we have used this time in the cooling tower assembly work on the site.
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Table 1 Specification and weight of cooling tower

Water flow rate m3/h 500% 8
Inlet temperature °C 37.7
Outlet temperature °C 32.0
Wet bulb temperature °C 27.5
Length m 3.4%8
Width m 7.85
Height m 6.7
Number of units 8
Operating weight ton 160/8 unit
Dry weight ton 80/8 unit
Lifted weight ton 8/1 unit
Load limit for crane ton 9/1 unit
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L 5m | 5m | 5m | ¥ 2 X MEAVERIRIER
. ! ' ! o Table 2 Scope of on-ground assembly and lifted weight
On-ground assembl f Materials
yard Y ! vad Scope of assembly (8 000 kg)
!'| | Crane operating
10 m i ard Cold water basin 2 000
§ Framework 2950
i Fan deck 2000
: Handrail 50
E Piping 500
i Speed reducer 250
R !
L 15 m N Electric motor 250
l 15 m x10 m =150 e
B1E M LA - B - BB R A
Fig. 1 Space for on-ground assembly yard, crane operating
yard and materials yard
Wire rope No. 4, 22 ¢ /!'\
Chain block for adjustment 3t ' :
Wire rope No. 4, 22 ¢ % . / \
Shackle 24 SB ' )
Shackle 24SB N/ _smoxisoxsiz N | _ AN
) ﬁ T = [-300x 150X 8/13
Wire rope No. 4, 22 ¢ 3y I T < s LC 10
Shackle 24 BB 4300 = z 3460
72!50 | e .
\ { ||°ﬁ\il ! 5 } Jiia iii}
H—zoomloo x55/8
143 [ \ / S I \
7a3 N A / / \
4 / ’j -H { -
L s L 330

F2H BUBEFHEX
Fig. 2 Detail of lifting device
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Photo. 1 Foundation bed for on-ground assembly

B E 2 FRP®HKIEHET
Photo. 2 Assembly of FRP cold water basin

5EE 3
Photo. 3 Assembly of framework
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1) BE 1 AT FRRRH D300 x 001U & SRR

H 4 T TR ‘
Photo. 4 On-ground assembly completed

BE5 RUKRE
Photo. 5 Lifting device )

BEH 6 XV—/V—yickBRDLT
Photo. 6 Lifting by tower crane
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hoto, 7 Transferring by tower crane to place of installation
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Table 3 Comparison of number of lifting times between
methods of on-ground assembly and direct assembly
[%]
T 10 20 30 40 50 60 70 80 90 10
Method of on-ground assembly

Method of direct assembly T I

# 4 F b AT TR S EEET TEROMIATE AR

Table 4 Comparison of number of assembling days for each

crane
[%]1
[ 10 20 30 40 50 60 70 80 90 100
Method of on-ground assembly
Method of direct assembly [
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Multi-stage fluidized bed activated carbon
adsorption equipment for use in industrial waste
water treatment
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Multistage fluidized bed activated carbon adsorption equipment
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Shinko Pantec starts marketing activities on
welded type heat exchanger “COMPABLOC” in-
troduced from VICARB S. A, (France).
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Welded type plate heat exchanger
COMPABLOC
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Cooling towers for district heating and cooling

installed at Kobe Harborland Energy Center, Lar-
gest scale in Western Japan and specially designed
to fit urban environment
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Cooling tower installed at Kobe Harborland Energy Center
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SHINKO PANTEC again received order of
world largest cooling towers for electric power
station in Thailand
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Previously delivered cooling towers at Mae Moh power station

in Thailand
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