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P8, Yo8. LROTEZFREBE [FilterDryer) £ERFERMBINE
EEDEHR SCMARBEENLBTEBTOS, JO0T. HLUE
#IEAETL, BEOLDICOV/S MREBTNEREENE P v T LT
(FilterDryver OsHBICOEEL TIE. ARENEOWBNLB%E 2R
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In the production line of fine chemicals or phermaceuticals where higher
quality of products are required, closed system of the process is prerequisite.
Qur Filter Dryer furnishes a featuré of satisfying the requirement as it is
capable of carrying out the processes of filtering. rinsing and drying in a single
closed unit. It has been favorably accepted in the market and the installations
for the production of phermaceuticals and others are gradually increasing.

The photo shows our recently standardized compact unit with increased
prosessing capacity.
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Introduction of E-Reactors

UL BRI HEtB 18
a m % =
Yoshiyuki Ishibashi

Stainless steel reactors have been so far designed and manufactured on a custom-built basis.
Based on our experience and technology, we have recently developed “E-Reactor” series,
which are standardized series of stainless steel reactors with a new concept, in pursuit
of functional and economic efficiency. Our “E-Reactor” series can cover a wide range of
applications, since a lot of options to suit various applications can be offered in addition to

the basic specification.
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1. 1 Efficiency
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1. 2 Easy-Maintenance
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1. 3 Economical
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manhole cover Compact
drive
unit
Angle
adjustable
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Easy

maintenance
seal

Agitator

£1 E-Reactor OI%EE
Fig. 1 Schematic E-Reactor
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Table 1 Specifications

Ml Design spec.

Item | Standard spec. [ Optional spec.
Code F.S.L./P. V. 2 P. V. 1, JIS B8243
. Vessel : F. V./5kgf/em2 | F. V. ~7kgf/cm?
Design press. Jacket : 5 kgf/em? 2~7 kgf/cm?
: | Vessel : 0~160 °C | 170 °C
Design temp. | ket : 160 °C I T70°C

B Vessel
Ttem | Standard spec. ! Optional spec.
Vessel Solid : SUS304 SUS304L, SUS316, SUS316L
Material Clad : SM400B+SUS304 | SUS304L, SUS316, SUS316L
Jacket | SM400B <~
| Bolt : Swing bolt Through bolt
Opening system : .
Manhole Spring balance Hinge
Accessories :
100A Sight glass

Inside finish

Internal : Pickling

Baff #240, #320, #400
Mirror $320, #400
Electro polish EP-3, EP-5

W Agitator

Item | Standard spec. \

Optional spec.

Cyclo }

Reducer l Type 1 (Shinko Pantec spec.)

Cyclo with inverter
Type a beier cyclo

Double mech. seal

Type Gland seal Dry seal
Seal material : Carbon vs SUS316WC coat
Carbon vs SUS316CM coat| Carbon vs WC solid
Double | O ring : FPM NBR, Perfluoro, Kalrez
Seal mech. | Sealant: Mech. oil Water
seal Oil catcher : None Furnished
Lubrication : - P. Unit
CS press. cylinder SUS press. cylinder
Gland | Two-pieces S. box Three-pieces S. box
seal Dirt catcher : None | Furnished
. . ULLZ i
Agitator | Type Pfaudler impeller ga ddle, %l?tlé"}’le’gu;ggé?e
Baffle | 2~Plate baffle 4~Plate baffle
H Others
Ttem | Standard spec. [ Optional spec.
Vessel | Bracket | Leg
Conductivity | Agitating nozzle | Spiral baffle
: . Thermo well, Blowing pipe,
Accessories Insulation ring Safety valve & Press. gauge

Insulation nut

for jacket
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A New Helical Ribbon Impelier “LOGBORN” &?ﬁ%%ﬂi%mm%ﬁﬁ%%ﬁ
Masahiko Kikuchi

oM W

[ -
Kazutaka Takata

[ N
Yukimichi Okamoto

In an effort of seeking for an impeller that can mix more viscous liquid with less energy
and in shorter time than any existing impeller, we have produced a new helix impeller
LOGBORN, consisting of a pair of bottom ribbons of a logarithmic vortex curve, a pair of
helical ribbons, and supporting frame, each member being set at optimized dimension for
efficient mixing. Maximum liquid viscosity LOGBORN can mix is over 3,000 Pa.s and mixing
speed is increased at least 1.5 times to an existing ordinary helix. Especially, when LOGBORN
is applied to a mixing of high viscous liquid with low viscous additives, mixing speed becomes
four times faster than that of the ordinary helix.
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Fig. 1 LOGBORN set into a mixing vessel Fig. 2 Conventional ribbon impeller
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Photo. 1 Comparison of mixing performance between LOGBORN and conventional ribbon impeller
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Photo. 2 Comparison of mixing performance between LOGBORN and conventional ribbon impeller
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Photo. 3 LOGBORN and conventional ribbon impeller in mixing of watery additives into viscous syrup
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Fig. 5 Impeller power characteristic Np-Re diagram
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Fig. 6 Schematic diagram of the heat transfer test apparatus

B 1R nlR—r E0EERY) Ry BEERE O
CREEE : 10~100 Paes, [HiEHL : 32.6 rpm)

Table 1 Comparison of heat transfer coeficient between
LOGBORN and conventional ribbon impeller

Impeller h{Wem~2K-1]
LOGBORN ’ 141
Conventional ribon 129
CA R M 6

HBILTVANY ANV RYE (v 28— ] oW,
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Too B 7R~ ¥ OMEREN2 ~ FEMOERERRE 7 v+ X
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Eb el R =Y —FHAEOEL DT v & A€
Bl DR LR BICEBRANCED A TITE 720,
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D PR [m]
DR R v [m]
H :®gE [m]
h  BEREERE [W-m~2K-1]
n o EREEERK [s71]
Np : #eEHi% [—1]
Pv : BARIATEL D OEPEE) [kW.m~3]
Re :#pev A /v xP=pnd2/py [—]
Vz W5 i [mes1]
om : SEERARH [s]
o RPRREE [kg-m™3]
v EPERORSEE [Pa-s]
(BEH)
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Application of CFD to the Development
of a New Helical Ribbon Impeiler, “LOGBORN”

Py |

HifiBRSEAET  DREBESE

Kazutaka Takata
B oo BB
Masahiko Kikuchi
(B REFLIR
E S &
Hisayoshi Ito

The development of a new helical ribbon impeller LOGBORN was supported by Computational
Fluid Dynamics studies to analyze effects of its ribbon and frame dimensions, and to examine
the difference with conventional ribbon impellers. The results of CFD study showed that -
the flow pattern of the new impeller largely depends on the ribbon and frame dimensions,
and the frame serves not only as a support member but also as a mixing member to effec-
tively shorten the mixing time by changing a flow pattern formed by the ribbon blades and
its frame. Computational results also indicates that the flow pattern of the new impeller is
quite different from the conventional ribbon, enabling to reduce the mixing time to about a

half of the conventional ribbon impeller.
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Impeller wall ———
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Fig. 1 Boundary conditions used in the simulations
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Fig. 2 Comparison of computed and measured axial velocities
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Fig. 7 Comparison of several ribbon impellers in tracer mixing process shown by concentration contours
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Filter Dryer of Novel Construction
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.Hitoshi Hirai

The trend of pharmaceutical and fine chemical industries are going to the speciality products
of small amount production and diversified kinds of added high value. It has come to require
specific filtration and drying facilities provided with multi-purpose availabilities.

Our new standard models of Filter Dryer were developed for the sake of fitting for these
needs. It can be provided good performance that is, each process of filtration, washing and
drymg of filter cake can be performed automatically in a single closed vessel. And also it
is specially designed suitable for the severer specifications of GMP (Good Manufacturing

Practice) and low temperature applications.
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Table 1  Specifications and dimensions of Filter Dryer

Secal unit

Hydraulic cylinder

Reducer
Variator
Motor

A

(1

jus)

Bellows

Disch:

valve

arge /

A7
i

Impeller

Filter cloth

Filtrate
t_outlet

BIR 74NVF—FI4vEH4N
Fig. 1 Cross section of Filter Dryer

_FD3 | FD% | FD-10 | FD-15 | FD-20 | FD-3 | FD-40 | FD-50
Filtration area - m?.| . 0.25 0.6 10 1.5 2.0 3.0 4.0 5.0
Vessel diameter Domm | G0 | 900 | 1200 | 1450 | 1650 | 2000 | 2s0 | 2600
Total height ~ Hmm | 2940 3090 3300 | 4020 1020 4220 4325 4585
Vessel height L mm | 1100 1200 1250 1650 1650 1750 1850 | 1950
Total volume  Lt| 240 590 | 910 2170 2790 4330 6060 | 8170
Cake volume Lt | 60 180 330 550 720 1100 1450 1860
 Motor KW| 15 2.2 5.5 7.5 7.5 1 n | 1
Revolution rpm | 10~60 | 10~60 | 10~60 | 10~60 | 7.5~45 | 7.5~45 5~30 5~30 -
'Shaft stroke — S mm 250 500 | 300 | 350 350 © 400 400 400
Total weight kg | 1500 | 1800 2800 | 4200 | 5500 6000 | 8000 .| 11000
Vol. 87 No. 8 (1993/12) By 7 v o R 11
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Fig. 2 Schematic figure of drive unit
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Fig. 3 Impeller
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Filter cloth
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Fig. 4 Setting of filter cloth
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Fig. 5 Anchor bolt for filter cloth
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Fig. 6 Powder discharge valve
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Photo. 1 Filter Dryer for GMP
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Fig. 9 Setting of wire mesh
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Jacket Corrosion and Its Protection (Part 2)
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Hiroaki Kuribayashi

Previous paper introduced some of our recent experiences with corrosion accidents in jacket
caused by cooling water, describing how corrosion takes place and how such corrosion can
be prevented. In this paper, electroless Ni plating is introduced as a protection against jacket
corrosion and also methods of treating liquid for 1nh1b1t1ng corrosion and scale build up on

Ni plated surface.
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Yo CODWo XX, Ni HEREY ABELERSETS
R EEDABEL, EENABRTERKC L > TS
YD ThHB, BIETHE, HoXWRKBEEEZH, X
By Y PELIEE RN L RETO > FEENIT

25k ot

LTI, TTCRFOREECER L, 1980ECELIRE
ERIGEBOWNE Y » 7 v FEIC, BHEDKICET 5E4 D
A& & RRRBOBREET#HC I L2 EMET L TR
D, DY » 7 v FEEESDEEE CTRBIOECHETL
T&lo (BI1R)ABTCREY » 7 v PADOEEME NI b -
EHTEW, - XEO WEENE RO 7 — vk
WT, ERERLPOLERT S,

1. Se¥ry bAOEER Ni ¥ - 2 BTG
1. 1 HoEWIRB ‘

B RCEER Ni o 2ER7 v —% R U7, 20A5
BROEY 77 v 7RERAL, BEERYERL 2.
RERTELNIMERE LTI,

o XD D - ERENE, Do X A—F—
B, MR DN, BRELT, BELAYERIR
oL (WS I el

ERTRE L B HBIT ST, ERENA—EELT
Tk, A—BERKGET CHREDD > FEERES NI,

(1)

@)

100 V Power plug 200 V Power plug
] Ball valve | Heat requlator
: . . Fi =]
PR TSR NI o o SARE Test piece F_ T ofor rs?&ma ) _._D -
able 1 Electroless Ni-plated installations A (\‘mmally closed) Thermostatt | Relay
Capacity of | Namber of Date of Experimental T
-eacter (M3 i i apparatus stand g, Al Temperature
M?) units delivery 03 {iéiligo‘ ) Ball valve sensor
(Normally closed)é & For removal of liquid
45 1 80—8 T! (Normally closed)
65 1 90—2 Filter housing Pipe heater
. ul . .
45 2 90—5 Polyguard cartridge Flow meter N T Liquid level
65 1 91—1 = water at 90°C | _?g
68 2 91—3 SBallvbe [ [ O
T1For flow
80 2 91—7 regulation T F.L.
110 2 91—8 Electroless Ni-plating basin
50 ¢ basin
123 | 2 91—11 | 25 A Float valve

%1 R Ni - T REBREE
Fig. 1 Experimental apparatus for electroless Ni-plating

fhgR v 7

v 7 Bk Vol. 87 No. 8 (1998/12)



1.2 EvI9797FRb

R =y 77 » 7HEEWE Y 8 2 RICRT, 20
B0 BN, 7RO, BEBEOBRERLRT, *h
BOWRDD - X BB % BIET Db DL DTh b,
FDRER,
(1) EEBHx7 —E0HITLRD - X050
Q) BREFLEOHEERDOD » 2RIE, ANEROF DN
7 rBENSWTNLRIFCH S,
1. 3 EBADER

TR ARVTEFEOMELY F2XR RO EIH LR
To TARBOMEM NI - TR EE1 TR T,
REBREL DD » EBEDORA ¥ MiZ, BLRIGOE
TS D AR Ni IBOBRR, B - 2FEADE
TLETELIET B8RP RERNOER LB 2 e
~RD > ERCELSEEEND Z & Th B,

100 A Short pipe

Gasket
Bolt / Nuts 200 A Short pipe
Blind flange
20 A Short pipe /
J - ; i {
8o L Clearance
;’ §.G ~ 0.5~ 1mm
Spiral baffle SE =
—_— O —‘F:J—
=t +— —r3
' I

\ Blind flange

B2l =y 77 7WHE

Fig. 2 Sectional view of mock up

#2 K SuwARUTHETFE

Table 2 Process and work procedures

Process

Work procedures and remarks

Surface preparation
(Polymerizing vessel)

Apply shot blast equivalent to SPC 5
SSPC Standard.
Afterward, grind nozzle welds for finish

Preparation for plating

Install operation pedestal, pumps and tanks
Perform piping, insulating, electric anc
scaffolding work.

Perform leak test by test run with wate:
followed by additional tightening, i
necessary.

Suspension of plating liquid and adjust
ment of acid liquid.

Operation and heating
of boiler

Heat polymerizes vessel and plating basi
up to 80~90°C.

Washing with water

Carefully wash portions to be plate
with water.

If grease is found during washing
operation; add deoiling process to remow
grease. .

Acid treattment

Perform acid treatment at temperature:
a below 50°C at lower concentrations i
a short time.

Washing with water

Continue washing with water until acic
is completely removed, confirming witl
PH test paper that acid is not present

Plating

Perform plating for 2~3 hours per batct
by controlling temperatures at 80~95°C
PH at 4.5~4.8 and Ni concentration a
4.5~4.8g/8.

Washing

Continue washing wath water unti
plating liquid is completely removed
confirming with color that liquid is no
present.

Alkali treatment

Perform washing with low-concentratior
alkali.

‘Washing with water

Drying

Dry with air (7 K air)

Inspection

Visually inspect internal surface througl
nozzle.

Washing with water
of attached apparatuses
after diassembly

Wash plating apparatuses with nitri
acid.

Regurator

2

To No.2
reactor

Steam
Liquid
controller

Thermo well

Plating
liguid Water

Inner
jacket 5
e N777
No.1 +3 Steam
reactor =
fr— |~ | —— | —— | —< ){
i/ (T g
A
) AN 8% %\g P 53 Chemical pump.
EH 1 EEEN D SHTRR N\ Wastes P-1 P2 P-3 P 5
Photo. 1 Status of electroless Ni plating =3 SRR Ni - SERTHN

process

Fig. 3 Piping diagram of electroless Ni-plating
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3 R 11y D OEREEE

ble 3 Procedure for one batch

r Temperature : RT~50 °C
sid treatment ) Concentration : HCl 5 %
Temperature : 70~90 °C
ating pH 1 4.56~8.4
Ni concentration : 4.5~4.8g/¢

. Temperature : RT~50°C
'kaline treatment ’ NaOH concentration ; 2~3 %

» Temperature : RT
‘ying l Air pressure : 3~5kg/cm?

Joiler heat up: within 2 hrs

EIRC Ly 78) OEBRIERGE L O—PERT. i
T EOBBER KO HIDBSY, BT DWW TR
RTEELY L TW5,

Hb - EFM, Do EFCAKEMNDE E, Do &
RENLL DB E &M%, Ry 7OHERS, &
ED &~ 24NEIC X 5 —BREIE IRV, fEo
<,

By 7abd, FlExsd,
LHSRBERE L LT 5,
BT Y Ao F 74 9 2 A 7T~ TEEL, THEES
EOCEEREE, < 7L TFREEBL TR,
KEEEER, BB, $BEL 7 X a0 TEELRE
ER L BAENAELLHLALDE L TH <,

B o XEOEEEL, »AHREYEL D LEE T
Th, £< - EXINLWIZD, Do XTORBREES
RIECAT D B2 D B,

FEBR /v v R - ML, ERRAHE, B - X KSIERIT
SRIZETDOHREBET B L0, HIEVRAL LS
RESE S BRI 5 Bh i LR e Lo FmF i
RBRBETH D, Flaid, BEAT ~YRATE TV ~¥
-} TEY, BREEROENEC L AERER,
DIEM, »ita, TLAFHOERSILSRLEL D,
T V7T R TERE, BER, RSB T L,
Do XBEFOYIZYXORERELD, ZOMEL LT,
TEARKA v -3+ —%FREBEL, HoFEHORES
EFTRLTEL,

4 |ER NI p->EEAE
ROEE*HAEREL L, BREHET S,

P TR~ REBE
BREHOND DX 2y 7 NRB XY Z7HEHRIC 7 X b
=25 H/BOT, Do X0 xEEY 1/1000
nm w4 72 r -2 - LR CHET 5, B3
7 e BEO—FiEBEE IR LI,

) BESFTS X T

Do XA, MTHEO Ni ERELEEL, Do XKE
FLeHEH T2, REEXHWEXEL=8BE

B (um)=8E% (g)x10 000/FEE (cm?2) X L& (g/
>m3)

) SR

B/ XNVERED 74 PET LD, o XEERA SR
L, %R, 88, ¥Y7v%, EHOFESYRET S,

b7 FIVERL SV 7 TR

B E 2 WHEI 7=k

Photo. 2 Microstructure of secticns

2. \EEM Ni - 20OMERMY

EEE NI oo ZIZNEEBBTF RS 05, BEED
—Dr LTCHEEINTWAD, KEBETCHERHIND LS
e, NI - ZSCE_EREMERT 2D, NI
- & RIE vy~ VR BB O RMENFET 5 & T HuSH
BOREYE L (RET 2 L WBEEENE2, TOEA
HEED BEMASIEES BFRFE DWWk RSN
W AREERTIE Ni o &SRO D - X HERFFEC 17
PEAEHLBEL, KBABOBEE®, H/Ni b 2%
BEOEBLOFECOWT HNS L L, Nids Eic
vk~ VEEDREENEE L BE OBRIEFEE L
TA v e ¥ 2~ DRMHBC DN HLBE 2 MZ 720
2. 1 RERE
2. 1.1 #EMEOCERE

HeE & U CEEEND » X 5 (Ni-8 wt9s P-30 pm)
RoORESR (C: 010, Si: 0.22, Mn: 1.01, P: 0.014,
S: 0.003%) #HW, LELISUTC2% Y 7% LT,
Fiz, BB E UTikA 4 v 3o#akic NaCl iz <, 4
F v 2Rk (144x1076s/cm), TEHKLV < (LS7x
1074s/cm), BOVEK Vv v (458x1072s/cm) o 3#E
HOBHEDOR L 2B ERE LU TRV, BEAIHA
ELTIRHIRDOA v v ¥ 5 —% 100~1 000 ppm OHEE
U7z,
2. 1. 2 EAERAE

MEAERIC LY, REHE Ni - FEHROESR
BHROBRELXHIEL, BEL UHLURMREERDZE
FELRBREXBWTHEREEEYEH U, BREORE
1360°C & L, RFEH/NI - X HEHEHEY 1/1~1/9000
HHETELI
2. 1. 3 EBEEEHR

M NI - XERO FREFC S 52 Ui 1.0 mme
D - & RIGWAEBG AR 2ERL, 3. 1. ZHOHE &

b A T
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kR, WEEOR D 3BEOKBETII0~30F HiERE
Uieth, Wim O ASFEEMSEEE XV EaRNE BEL
7o
2. 1. 4 BREAORREL

TEAKV VOB (60°C, XREKBEEH) AT
EREMORBE(RBEIRE L, /4 Y e ¥ 2~ DTN
DB ONTELTRE L2
2. 1. 5 SHEdssslsE
ESREMORIE & FEEO TR v~ v okEIKR60° C
KRR #AWCEEMEBEC LD, BOEEOEBEHR
MOMEETIT - Ir0 Eiod Ve ¥ X —RIMOEETDOWT
HERE L7,
2. 2 EBERRUER
2. 2.1 RES ve Ni o xFEOEAST

1) BEEARR

BE I CEABEEHEEORRIET 60 °C T30 H HEERR
BO Y&~ VI EERR AR T ¥y &~V RIER
DORIEBA R A A+ v 5k v < (1.44x1078S/cm)
T 01 mm DREEEINEFDBNBH, TEHAKL AR
v (L57x1074S/m) EUEkv v (4.53x10-25/cm)
Tik 30 ARBC WL MEAE (04mm) »EE
LTHD Ni o & RELYEL CRBIMROBERVETL
TWBZ R0 D, bbb, RBREOEEENKEL
122 NI - 2 RBEHWOBEDE LT L BRI N,
e Ni o ZFBEOE TOEAENEL NI & RERET,
TN RESEENEE (BRA) tibsbol®
zZhnsn,

2) BAEHG (1)
AEEHEORBW A AV TREFE N - 2
L 2BEABERO JEERL > REMOES (Fe—Fe2t+
2e7) OEAREYHEEL, FO#ELY FE4, SRR
To BARL D KBROBEENKREWE EREMOBES
HEERENT AEENERETH D, FESEL ) REM
/Ni 3 > & DEREEIV/NE WG ERBMOBAREILEL
{EERT D, REF/NI - & OEBELRORERHOEE
HEAYRCHBEBETCERT S &, AHXITITEBHCE
b 52 Lhimb,
RERBMBEEOBEMEIZHN 0.3mm/y Tk ) RERE
DEBEDOFTE AR TR\, REM/NL Do 2 DF
A1 1/9 000 DB4, #Ekv v (483%x107-25/cm) o
BRI TR0 1400 mm/y Th B, FioLFTEDOHHIK
ELTHRS I FERINDTERAAY v (157x10745/
cm) RWTHH 800 mm/y & IEFICK & i ARE S
R ERD otz Nl o & FEIC vk —VE DR
FRE AL Lo e, REMBHFOEREL Ni -
ERBOERBC LN TEM I TH S LELLNDDTRE
MBI OBAIT REMEM DB ST ERTEL EEX
N5,
2. 2. 2 BEAEBIEFHEOBKRE

BIZIE, Y+ o rONECEER Ni - x4BHT
DEBTRC Y d - VEBRBCT 5 Z LIXIEECHHE T
Do TODWMOREICEBE LB LEEATER LACES
T AHRBEEINT W SBA v v ¥ &~ DRI L
LEEBRFIR A WMET Lo

1.44 X 107 S/em ,

Ton exchanged
water

1.57 %10 S/cn | |

Industrial)
water

4,53 X 1072 S/em

(Sea water)

B H 3 Nipo,Ze'vk—VEHORERR
- (B#60°C 300D
Photo. 3 Corrosion ocurred at pinhcle portion of Ni. plating
(Dipped in 60 °C liquid for 30 days)

10* T T T T

Carbon steel : Ni =1:9000
103+ } %

E 1 1900 1
D

SRS : - 100 ]
g .

g (ool Carbon steel OLL_”——O |
g only .

3 «

—
b

_D/ 1:1 .
102

L 1 ) 1 °
10-¢ 105 10~ 10-F 1072 10-1
Conductivity of aqueous solution [S/cm]

FAR REME NI » - Z2OBEICKITTKEROELEE OES
Fig. 4 Influence of liquid conductivity on galvanic corrosion of
Ni Plated carbon steel

101

T T T
10317\\ 4.53x107% S/cem |
'E:
£ 1
=
L
5
S 1w
3
> 1.44x1076S/cm
107! T
~—a
-2 ! ! |
10 104 . 10-2 10-2 107! 100

[Carbon steel/Ni]

E5E REME NI - ZOBERICKIET HRELOBE
Fig. 5 Influence of area ratio on galvanic corrosion of
Ni plated carbon steel

Area ratio
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) BEGARAR

TEERKV v (157x1074S/cm) DRER#E (60 °C)
THERDA v e x~% 1000ppm FHML -4, N
% BB R & AEAE A 0.002mm/y LT IR
-3 ké‘fﬁ%b‘f:o

) BAER (1D

2. 2.1 1) LEEOFIE XY TEAKY RNVDOKE
oA ve v x~% 100, 500, 1000 ppm {ANL CEAE
HEAE T otre AV EEX~DEMC LD REME Ni
o ERBEOMOBEATRITA v e ¥ 2 —2RMLAWE
X MAEE LY, Nido & FBERBRET 2 HACE
Lo BOREABRRMESER2DEL LA Ni o
BEOBEEELYTRT. chbORLY, RFIEH/N
o XOEBHAKREL A 513E Ni o X EBEOBAR
WEmMTAEACD SN, EREREHOBHEREILE
UNTBHBDT, A e x—100ppm B _EORMDOES
i - s FEOEAEE 104mm/y T Th D L2
hd,

) BSREA DOREEESL

87 Ric T2k y v (1.57x10-4S/cm) DK
Ve X —HIRMUAEEDREBHFLD Ni - &D24
EREEROBEREMES Ve v X —RinE s 0BFE4s T
o A ¥ ¥R — DERINE DI REH O B REAL
BEBRNBITTAE@AS Y, #9100 ppm B _EOFRMT
e Niw - EOBAITYEELIZ U 1000 ppm Tl
FED HAREBAIIHI-260mV vs.SCE ¢ Ni - XD H
FEAIIHI-450mV vs. SCE & 71 - 7rg

) HriEEhiRRlE

B Ric Tk ~ v (L57%x1074S/cm) DkIAHEIC
Ye v x—% 1000 ppm FHml zRBR#E (60°C) i
B o BERREAR Y R, KEM 121000 ppm o
Ve ¥R —-DRMT L > CHARABMNNECRITL,
MREARICIZTEIREE SR D BB X S I B 2%, B
AR E A EBEL RISXAND LRG0 5b.—75,
i o2& 1000ppm DA ~ e ¥ &2 ~DERMIT &
TEREN, BoEHE BRMEHRCIIZEA SBE
BDONEoTre CNBDZ ENBA Y Z—DFR
W& - CTRBSHOBAENBFIEXI N/ DI, REHIRA ~
EX~DEBTABRRLT27-0:FE2DNS, Tib
y LERKV SNVOKBIRECA Y e ¥R ~%RINT5Z
& -T Ni b XEEIZ, REHCHL T LABAR
BETHZENRNGD 5Tz,

3 &®

EEE N D&%V 57 v MCHEAT A0 Ni
ERMBEDO Y & ~v, BRISRIEMOEEZER 45
HiT, FOBARFEL LTS v e B X ~HRNDOEHERLCD
CTRET Ulco FORER, WD T L2405 7o
VTHERKPL BN TREM/NI 0 - EER LIV WG
CIRFBSMDOBAREBEITE L BRI %o

VKR DOBEENK X\ MG FREMOBEEEITEAT
%
YTERKFA e e x—%100 ppm B RMT 52 &
€& - THREME Ni - & B0 EREAIEMIEL Ni
Do ERBEIIRBHCH LT UABBIERY T %0

102

101 157%x1074S/em i
60°C

10-2} Inhibitor 500 ppm |
100 ppm

Corrosion rate of Ni  [mm/y]

1000 ppm

1ot 107 10 10T Too
Area ratio [Carbon steel/Ni-P)

%6 R & Ni OBRICKIZT HREhoEE

Fig. 6 Influence of area ratio on galvanic corrosion of

Ni and carbon steel

=1000 T
';m: 1.57x1074S/cm
7 -8R 60 ]
:E N\
r =600 -\\
E \ _ Ni-P
£ \
S —400f ~==<l__ 1
_:_' / ““““ O Carhon steel
=< r T TTe——a
2 -200F
=
0 ‘. , ., ,
0 200 400 600 800 1000

Inhibitor concentration [ppm]

E- N Ni RUOREZEMAOERELE [ ¥ & v 2 —EEDOBR
Fig. 7 Relation between corrosion potential and inhibitor
concentration of Ni and carbon steel

10°= — T T

10!

/ Carbon
/ steel
/ / 1000 ppm

[ .

N/ 157X 107 S/en
N/ e
105 | A

)
1 =05 0 0.5

1072 '

Current density [mA/cn]

Potential [V vs SCE]
FOE SEHIRREREROE LD

Fig. 8 Polarization curve

@ITEAKFIA v e s —%100 ppm Bl EHRML 7284
D Ni - &REOHEEIZL4mm/y LI TTh b LE2
Bivd,

) HER Y 7Y 2R
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3 EEMNOH-ZOMRy—4
3.1 R—né&id

AT =R, KFROBBENEBEY L L&, 20K
FEDRERIELcb DR, KPFOBREWE (S S4) Mgk,
BEL, BENGEWELRDLDTH B, BEKRTIE, =
ELUTRBA VY Y &, BRI NVY W &, EERROE, BE
BERIE N R — VRS L TR B0, FDOMIRARSIED
B CIRME N BEELF AT & B b B\ ik F o
B OB LY R — Ve BIBE NS Bo
WICIKPCED R 7 —VRERIGDOER S D%ETRT,

Ca(HCO3)s — CaCOz | +Hy0+COq 1
(B s X %4

Ca(HCO3)s+20H- — CaCOjz | +C032-+2H,0

(7r) EDRIS)

— CaS04 | +2CI-

(BB A A > & DRI

2Fe(OH)s+Hy0+1/20, — 2Fe(OH)s
(BRDORBE & DK D4R

CaCly +S042-

INBDORT - ONBFEER, KE, K&, BE 5
BBEEDOEERNTC I ORELSENT BN, Z0) bRE
ANY T WRT = VDWTHE, IKE, KEDERFDOHRIET
£Y, FORy —VEDIRELT LI LR D, T NET
V) THRESULRBR vy v ~faFIEKRE D, (B9
B,

F Y7 ) 7IRENIEDCHE THIUL R 7 — /VFEEMER, %
EEOETHIEEEERE BT, LI OMiEIRS
CETHRTHY, A7 —VEATHELDEWLT, B
BEENSBI bRV E WS BER TR AW TEESN
HThb, Ty 7V 7HERLI X - X 5ER
i, »2KR, KECRTIHIEEOLERLEZLDTHS
7o DARBAESE T ORI 7 KIR O _EF-PE A D FEMIC
Z% pH 0 LASORERC L5 2 DEBEER L7 ~
VORETTFRTE RN,

3. 2 RIU—IORLEEE

K CEER DB S NRBEEL TS 5 & &, FRbi
AAYELVTHEET D, Lh LBRBELYBL-E %, BT
BB L L CHEELZRD D, CNBEROB LD, &
B BB RERE L R EEBRD B, (B10R)
T ORT, TEFRRRTH B7KIL, BREOERI B S
RN DRERDITHIE R\ L LD, BATHE %75
T 2R CIEEE CRET BERENTOEED LHE RO
e, BERIEERMHTOTNVIY ED AL, BB
DET LY, ZOFL CERETMRENFEET D, K
FETHRTIR, ZOBESHREENRE WD, BEWCE
BLEIHMEEL->TEY, ThRRy —MTinb,
3. 3 SIERHHRR

BNHO_EEAREE Y AVTERER (Yvr v )
ETEDLRETELCRBTERE LT, Bk (BBREDOBH
KEBK) #—2HMERL, X7 —VAEBIERUEE
BEI-DYERER T %, ThbbENED & 5 Kilmeh
CEMT = — 7 BALTCELSH/ED, E8RF 2 — 7
CIMBHEABL, Z0OF 2~ 7 L ABORCEEKEEL

PAlk + PCa scale

L]
5 10 2030 50 100 200300 500 1000

[ppm]

Example of calculation -

C scale

4. Judgement

1. Condition 2 glfc#ggéga%% 3. Calculation
Water temp. | Ca hardness pHs=PCa+PAlk+C
=50C PCa line =730
pH=80 —PCa=2.92 |ls=pH-pHS
Ca hardness | M- alkalinity =80-7.30
=120ppm |PAIk line =0.70
M —alkaninity —PAlk=2.70
=100ppm | Total solids ]
Total solid Temperature line
=210 ppm —-C=1.68

A tendency to
form the scale
in water

WOE HEHNY Y L RHEKEIE

Fig. 9 Saturation index (Langerier) nomograph

Ca2* Ca2+ Ca2+ - Ca?* Ca?+ Crystals
Ca®* (a2t -<Neclei o Ca?+
Ca?t Calt _— Ca?+ . — e
Ca2+ C32+ Caz+ Ca2+ Ca2+ ® .
Ca?* [ -
Unsatulation Saturation Growth of necei

FI0H BROBEE
Fig. 10 Growth of crystals

Make up water

Cooling water
Coolant Lf F R
= M E
i 0 o
Testpiece
&1 _EEHREE

Fig. 11 Dual tube testing device

Dual test tube

P

i
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Photo. 4 Dual tube testing device

THHKAGREORE, A7~ vEFET 55K T, i
P CER G2 EZTCRELUCERT S, MEMO7F X T+
2~ 7 1 RSl o 3AME LELROEEY Rz
TO2EYEEXEBO I RTHMETI) L O Lo BE
4 CHESRBEBEONEEL RT. EBREEROKE
HEARCR T, A MF 2~ 7 COMABEROEERZEL
ROBYH TH B,

Gl
SR GBI E R
YA ER
WA
HENE

RREE

A (mg)
B (mg)
C (mg)
D=A-C (mg)
E=B-C (mg)

%

Fe D(mg) x 100
7R P Fa — 7RERCM?) X 2Bk H H(day)

G E(mg) x 30
7R M o — 7EAEE(cm?2) x #5k B #(day)

3. 4 EBBERRUVEER
BOSRROE12~15 BeRFBRERE LD TRT.

Tibb,

1) EEIBIRMDO NI Do XF 0 — 7O Ry — VRIERE
R 35T Llmem, BHEE S £ 1.3mem, B
BE8f%T lmem &EMEECHALTRELS KT
DM, BEMCIRIERC/NE W R A7 — M EEE
2 l6mem & UnBangKAr ~vELEHET S
ERDATRDBND,
<EHE> R oM REEA MY v n (LE2. 83,
&K 1 60%)

8 4 R BBREHEROKE

Table 4 Test condition and water quality

Test condition

Cooling water (°C) 40

Hot water (°C) 77
_Feed velocity (m/sec) 0.5

Heat transfer (kcal/m2<hr) 50 000

Water capacity (£) 10

Test tube STB (Ni-plated)

Quality of cooling water

Concentration 3 5 8
pH 7.8 8.6 8.6
Electro conductivity (#S/cm) 540 700 1 440
Me-alkalinity (mgCaCO3/8) 90 150 + 240
Total hardness (mgCaCQ3/8) 120 150 320
Ca hardness (mgCaCO3/8) 90 120 240

_ Chroride ion (Cl=/£) 63 86 168
Sulfate jon (mgS042-/¢) 60 67 160
Tonized silica (mgSi0,/8) 24 70 64

¥ 5 & HERO—H

Table 5 Example of test result

» Concentration factor: 5

* Detention time: 120 hr
 Test period: 5 days
Addition

. Corrosion rate | Adhesion rate
No. Inhibitor (mg/0)- MDD C
[©) Blank | — | 2.4 | 1.3
®_ 80 0.6 0.1
~® | Inhibitor (A) 100 0.2 0.1
® 120 0 0.1
®_ 60 0.6 0.1
_®_| Inhibitor (B) 80 0.5 0.1
@ 100 0.5 0.1

MDD : mm/dm2-day
MCM : mg/cm2-month

(1) GKA7 ~VOERBIKOWEL 1 ET5E
2.83%0.4+1.0x0.6=1.73 &7 5,
Q) EBKR7r —NO1EREONERELL 7 AONEED
IF/RLEBRONERL D 01H
1.6memx 3+04=12mg/cm2 » 7 %,
@) £oT, 1EBOEKRr —VELIX

12mg/cm?2 _
1.73g/cm3 x 108 10=007

kT, ~RICETHIED B RBOFAEY 0.001
m2.hr.°C/kcal & U754, CaCO3 X7 — v TCil,
FORELMH 05 mm THEINDZ LM, A7 —
MFEEE 1L.6mem DIFE DEIK Ry —vER 0.07
mm (X A7 —VEE LB WEETH B,
2) HEER O F CRERANIBBEEC L VE L DMNEN
»5o
3) WHRMD 2 —ATEEEE W, B 3, 3RA
100 mg/¢ ¥inc 0.4 mem, HEE 8 f2, &I 100mg/g
T 0mem & SR EEAIERIC RIFTh 5o
4) FRFRNEEHRIO Ni Do &F o — 7OREHEE L, BB
[E34E, 54 Szt 24mmd :RRAkELloT
Wbho
5) EAGRMOBAREE L, A 80mg/¢ ¢ 0.5mdd, ¥
WEE 8 f5, #A1100mg/¢ ¢ 0.4 mdd & BT LB
HThb,

22 Ry 7Y 2B
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250 T T

&\240 T T T T

— 200} N STB-35
g 1500 \ — Ni-plated
g 1007 g0 60
=z | - .
= 50 [Assumption] ]
=) £
<
8 20 13 1.6
; L 1.1 - 1
= 1.0

1 I L 1 [l 1 L [}

1 2 3 4 5 6 7 8

Concentration factor

F12E FAERINOBEE S 2 7 — VAIERE OBR
Fig. 12 Relation of scale build up rate and concentration
factor with no inhibitor

350 T T

=500
300k \\ “““““ STB-35
= 250k \\ —— Ni-plated
=1 \
E 200t i
& 1500 '
E \\ -
g 100[ \b?_O 50
s s T e o, 1
2 [Assumption).L
= or 2.4 2.4 24
2.0!’ )

1 2 3 4 5 6 7 8
Concentration factor

B3R FARBIMOBEREE & B A& HE OBR
Fig. 13 Relation of corrosion rate and concentration
factor with no inhibitor

6) FABRMOGKOMILOBHCIL, BIHEEDL S, 815
ELREBAINY T LR~ VORNBERLERON, &
DEABETH Y ~ FE (1/202+Hp0+2e"—20H™) 28
TNBYVRIEBIeD Ry — VRTH LW & 2 RER
ENTz, Ry — NMAEREILBREE S £ 74 80 mem,
BHEE ST 160mem & IERICAE <, BEBmELCK
BILTREL B,

7) BAEGIMO R -V ATERE X EREEE 5 45, $A1100
mmg/¢ RT3 mem & E@HRIMCENTIERC BT C
»HBo

3.5 &
smEER MO STB-35(4), AF YV RAF 2 — 7R

T BB LRTW, Nl &F o ~7IRIXIGEEA

ER7 —IRARE LS ENFER I N, ¥ NI Do

X F 2 — T OEABRMOBAI DWW TiH24 mdd &R

KEWSDD, FERMOBABEENTNTURILE-T

W5hHEZ AN, BERIMT X BAEBIRNERINI,

80 T T T T T T T T T T T
o e STB3% -
E 60860 -—— Ni-plated
= sf el .
g el
= 40F \\\ T
@ 2.0 e {Assumption]
8 R e
‘*; 13 0.8 k
.‘%‘j 1.0
i 0.1 0.1 0.1 ]
(\' Il L ! | [l ] Iy
Q) 30 80 100 120
Addition  [mg/ 2] '
E14E BEE 5 EOBSORAEL 2 — VIR OBR
Fig. 14 Scale inhibiting effect of inhibitor at five times
concentration
100 T T T T T T T T T T T l‘
oF e STB-35 :
| —— Ni-plated i
'g\ 80 1-plate
£ 70070 1
g 60 el 1
S oa0F —
=1 L. e
2 30 g3l
5 T el4 [Assumption]
&) 20—- .
I.G U‘b 0.2 0
O ] 1 1 L 1 ] ] 1 1] Y
0 50, 80 100 120

Addition [mg/ £ ]
&g15 RHEEE 5 fE LA ORAI L BFARI R OBIR

Fig. 15 Corrosion proof effect of inhibitor at five times
concentration

XHEFEANC & B Ni - &OBFHEOWTE, EL7 2
FERMNDEHIZS M o7z Ll Nl o &2
F5eLT, $OMULNET b HEETEOHITRKEE I 1
YV ADRYT —VHERET D ERRE, BAEXEZD, T
EOET, Ni - X§EED BREOME L2552
5, EHMEL Vo Ay P 5,
&t 9 v

AU OHRERNO—2TH AT + 7 v PG
B NI Do XHETEINOBN L, - XEOMBEANE,
MR 7 — MER BB DWW, ZEEDORRER
ETFOXEEB A LUCER Ul & DIBEHN2 — ¥ DF 4
CEoThLTHIZIBBL D EBDIEFERTRD,
(BEXHE)

1) BEIEATE : i/ 7V 7 53R Vol. 37 No. 1 (1993) p. .
2) BIEAE, FEMAEHER: W@ 7Y 753 Vol. 35 No. !

(1991) p. 20

3) EIBATE, FEWEE : BAENE 2HEALTIHE

4) FPEEE : ST Vol. 34 No. 2 (1992) p. 50
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Application of Biologicul Treatment for

Drinking Water Production

In the midst of increasing interest in drinking
severeness. Since conventional water production

cal treatment, the product water does not satisfy consumers’ fervent demand for palatable
water. Thus study for improved water treatment was conducted in response to the “Guideline
for Quality Indication of Mineral Waters” recently published by the Ministry of Agriculture,

Forestry and Fisheries. As a result, biological fi

effective for removal of iron and manganese contained in ground water.

F Z h &
WAEKIEKDOEOET AR > Tk, EROKE
AT B, FThH [BLnwk] ~OERNEFE - T
Bo DD T, BEFICRT HKANDELT L EHREL
DOBhY, BARERRTBIFINVY - X -HEREXZ
OFEEQE RO ERL TS,

bAREREND BERKBCE TN T icid, TRK
HEOM K L2002 ir o T B KD X b
e A ldotce L LEEDHERE & EEFRROE/LT
LS KEAABEOBLIC L Y, ERBEOMENFEET S
LA T& i

25 L TEPvk] oECH2LY, 3 [l
A EVEAS & DT E 2, FEARITI8EL [B
WLWKOER | #FEE L1, FORETEE1RERT,
FieFEA Tk, KEKEOHEDDERHNTHRRDC
nE CREIDED - 7z (LEWHEY &0z RELA fTbh
fro FORERPNEEIENIIEEFICHITINSTFET
Bbo FIEMUKEZIXINE [3x5Vvys—x~-8
(REBAD SRR RERRTA P4 v ] HFE LI,
CDOHA VT AL, KEKOESREATHETBHET,
Bime L TOREKDORE AL I b DTHD, &
DA, IFTINVNY &~ R -FHONPEEE 2RCIKT,
B, THELOEIEMOBKD R & RIRK F 721d B KA
BEEE LTWBZ 2% 5 o iBERAELTWBM,
A FFA v OHRBC LD FDOKE DR HIER L D
Linote IMEDEBREOBREADOE X VIXECHET L
DEEZBN, FXOEIZETETERIND ETFEIN
Bo ZDN, FOUBEFEIZOWTLEEIZLD BAK
FRAaRKDBNHbDEBbhb,

2D L5 RIBEBICELNEROHBIKNE 7 v+ R R
LRk ey My BCE L TCRE LA T cfE, X
D BRI E LT 7Y 7 a2 MR L s
FAL, FORMELHERT X T AERMLAOTI ZCHE
T %o

(BOBAE BHEN 43
T
Sigeru Matusita
BOEME FHEE3 R

i) R
Akihiko Sumi

A

B

water, demand for quality water is getting
systems for refreshing drinks employ chemi-

Itration using iron bacteria proved rapid and

1. H#hTkoinig
FTREWLWK] R TI3 9V + — 2~ | BEHEEBO
DUET D, HTKIZEEKE LTELS AWb T E I,
L, HITABRERT L) hBNICEEABFEL TN
oD ThH B,

s HEHRTHEINTED, ZE2WNRE,

+COu RV 2 FIDETIAATED, BRARL,

« KB R OUKERRE L T 5B,

—%, HTFKIZEOME I L > TUERDREEFED -
ENRD D,

B R F RSB EGD, £EPEINMNY IR

K BAKBHDZ &5 %,

- BEMOHEEIRBEY SRS, &EEYBEHRXE 5,

-7 7Y TENRELAT B,

D DEREIKE L THITKE AW 284Sk~
A DRENLERBENSE L, 0L REE, BE
FBIKEDEE 7 v AT TUXRB RO, B~
Ty EREHR MG & ANR— R W ST
Hfzo

REPEIFEC KT Bk, ~ v 7 v DR
A AR

ey
BEIC

SWTHE

B1 R BOHLUWKOEMH

Table 1 Requisites for palatable water

Requisites for | Drinking water
palatable water standards
Total solids 30~200mg/e | < 500mg/e
" Hardness 10~100mg/e = < 300mg/e
Free carbonate 3~ 30mg/8 | —
(f:’é;t:srsril;rtrilogermanganate < 3mg/e < 10mg/e
" Threshold odor | <= Not abnormal
Residual chlorme < 0.4mg/¢ = 0.1mg/¢
Water temperature o éWZO °C =

24 g 7

VLT

Vol. 37 No. 8 (1993/12)




B 2XK 33790y s—2—8 (BBAVKAK) OLHF

Table 2 Classification of mineral (bottled) water

Classification

Raw water

Applicable treatment

(Natural water)
Natural water
sources

Natural mineral water

underground
Mine water

' Ground water collected from specific water

Ground water collected from specific water
sources and containing inorganic salts
dissolved during residence or passage in

Mineral spring water, etc.

Limited to fltration, settling, and heat
sterilization

{Mineral water)
Mineral water
natural mineral water

(Bottled water)

Bottled water or drinking water
Pure water
Distilled water

Surface water or river

Tap water, etc.

Water collected from the same source as

Water suitable for drinking

In addition to filtration, settling, and heat
sterilization, following treatment are allowed.
Adjustement of minerals
Aeration
Orzone sterilization
UV sterilization, etc.

Treating method is not limited

Raw water—j Sand removal H Fe, Mn removal

h-‘ Organic matter removal

Sterilization W—»Treated water

Sedimentation Physicochemical treatment :

Oxidation + Filtration
[Air or chlorine]

Sand sepatation

Contact filtration

Activated carbon adsorption

Chlorination
Ozone sterilization
UV sterilization

B1R HTKOMPH I 2HET v~

Fig. 1 Basic flow diagram of underground water treatment

1. 1 #Fhkounig
TR EEE R A S5, BERELIIEALS
FIHNWEWIBELRFE->TWE, T DL 5 AR BTTIE,
B, v T NEAF Y ELTEETDHIBENEL, ohbd
W2 MOERBRE 1 8k (Fe (HCO3) 2), H|REE~ v 7
(Mn (HCO3) 2) DBRER LB LD EHEZ BN T 5, H
TAROMEEC BTk, B1RCRT LS aFINESh
Bo BC/NEEOBBIGERVEETERE LTE, 0
GHEM L HERAE BRREHST X 5 EMEE)
RELFIBEINTW B,
1. 2 B, KR rHrnmE
1. 2. 1 HE(bEM R EE
HWTKHCEREL B8, ~ v A4 EF0%%
THRERETE \Wicwd, —HEREAIC X DB L CEEY
EUTHHEZEABFBE L OBRET S W5 HFENRES

Bacterial treatment : Slow sand filtration

NTnB, 205 bLEFOMIERINIRATEIND,

2Fe(HCO3)s 4+ Hy0+ (0)—2Fe(OH)3 +4CO0,
BOBILRNIBEERE T T Th BN, <> 7 kbR
ETHE Mn2t & LCRZELTED, BB Ihg
W, D7D, MBEERAOLDFEH (v 7Foibss) L
1EAl% GERA U CRIERAC R b & 4T 5 BEliA8 & FRIER B 4
ERESAWLN TS, BIEAIE UTIZBRELD bR
EREHEFERY ~ X ENL L BWSbND, FORIGIIRR
TERIND,

Mn27+MnOy - HoO(= > # »#)+H0

—MnOg - MnO « HoOCREM:~ » 7 > f5) +2H+

ZDFEILE, v R U ThBRIFabRRmEEs 1
RS, s, EHEEES o< v 7y BIREAKT OEE
BRI L - TEEMNICEE IN D, REE 44T HEED
ZNEXTH B,

Vol. 37 No. 3 (1993/12)
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Table 3 Slow sand filtration and contact filtration

Applicability to ; Y ) ) )
Method the guide line Tast }___Re"_lﬁ?_blhty " Filtration | Required Remarks
etho Natural Mineral | ¢ Fe | Mn T (LV) area
water | water | Pre
| ! | i
?lﬁw t.sand ée{a,t,e i,,, . x ‘ ,,9 . O i O O 5~6m/d Large
Hraton | Non-aerated O | O i ;
7 - o i I | It is questionable whether this
Oxidation | o | Several tens Small fig?tic;nllwithdchemical treatecfl
: X AL O Sy ma media falls under a category o
by air 5 : 200m/d . filtration prescrived in the
! - guideline
Contact i I
filtration .~ o T | .
i Oxidati : Several tens : ' Not adapted to the guideline
! b; lcllalcl)??nation x ; x X ! O O ~200m/d Small because of chemical treatment
: |

1. 2. 2 4Hp¥in bk

<D AW B TR ABHFEEC BT, HTKH
OBEO <y FyBBEREIND Z ENMBNTNDE, &D
BHIF BRI FUKE 5S~6m/d OFE THECET T D
R/ KA CTh 528, BB R4 U 245 (D
DOEM) DERC L > TERIZLE LV EEY, 7=
7, M, EREAKETRETDZ KRS Z &R
S T B,

ke X ARk, B vy O, KPICERE
THEN7FY T7HEELTWALDEEZ BN TN B,
T4, Kbk, <~y g s 7Y 7 OEETICER
NAEN, EEIND, ZOBEENEETCEEINS -
o, FERFCE, v rrblrEkEInd, 7707
Lk, KPOFE 1A KBILE 28 E LTEEORN
HEITINBC T 5 MWEEE - - MEEO BB TH
%o

BTV T HEOREECL > THEHETHE, RO
EH B,
MR SEFER (EMgE 27 7 ) 7)) Fe2t % Fed3* izt
THZERLEY 23 vF R EBCRBRLETT) 24
7°C, S E (chemosynthetic microbe) (40 ¥E
*Nb, gallionella 8N NITE4T 5,
MR RMg 7 70 7)) gk Wl A fERR
HBD, TOZFNEX —HRBEICHAEL W24
77T, KEHRE UTHICEEMrLETH S, SROBR
{biriEEYC B2 5D L EXND, crenothriz,
leptothriz 2, KEHO A7 7Y 7L 2 HHICE
L42,
s 7y 7 O—GlEE2EBKRT.
2. FEREBREKEOKNE
2. 1 feREDHKRE

Bl O D, MEEBENBEEARLTND I 27V Y
d# K=, FFaTFINT g~ X~ TFOHRMRTIFTLE L
IZBSE AW BI84E, FOKERLG Tl B L L
DHAFT7A vy TL->THfE ZFTDZE LD, -
T, RE+HE<ALEE L THREINH LB S EIZR OB
DThHbB.

FFaTNVY x— F— (P, W

Leptothrix

F2R RENRPNZTVT
Fig. 2 Typical iron bacteria

: FEOMEROFKDOES, 3
* 7 VIRE, B

MDA DUEBIRRRFE L WD b, B Z I TEH
Fig &k, [EEERL, EWREX FR L cERNRPERY
M ABRECXLIEREOMFEE COHMA ] TH BV,
eSO YA L F ALY, ATH R BERPM OF B0E R
EET> T B BRMNAZUE XS WEv, ZEL L
THEREDOBANE L BEEYE IRCRT,

SHRTNVY x —FE -

2 TR /<> 7 v 7
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2. 2 NEBAEADRE
2.1 &Y, BAMZRUMEERE LTRESHLFAZ
TND BHEFEEN B L TWDZ &R 0h5b, LaLAR
B, AEBILIERTEMAET D2 Lo BEL P S Hfl
DEWORETIEZ OB N TRERMERS D,
FOEMICITREENES , & OREIL, FREEOBIHK
AR RFBEEA LEETAHIENDEL TV, Lo
T, ZOBEFECRIFAHEMECL D8, v F O
F 2D A ME L ¥ ¥ CIEEEE A 2EFERER I
LF B ERFEETHIUE Z ORI RRT B 2 & A K
%o
Bl Eafie, 40, SBiF80NBEBEYISBELTED
PR % S L U B D MERERERR 7 X P& fTole 20
FEER R REICE NS,
3. =R
3. 1 EBRE
BHFKEFKRE L, 2BEOLYEFEERY HWT
Bk~ Ty DEMEE T AT L,
.11 EEWE
BEl 7 X 1 EBYRT,
1) FEsE
FA MW 20N T 2 &S IRITRT,
- HEIEEE
TYRITHA Y ROWEFNE LTS, BEEOKRE
WT Y RFYA BN T ) T AEEIE, WEBIT
TNy 7Y 7 DHEMEBSET 5,
« BCF (Bio Contact Filter) (424
PR IR - AL O EERE R A AV e 8
EET, MAEWRREEINE L, EEERRE N L
D EEOMBEMNIT 2 B,
2) BAKFE
Tu—v - B4 RIRT,
HTF 2 BkAL BT BNIEHFKE, BirErn B
KIECEBIN D, BRI BESER BRI THY, DO
(BTERF) OFBITEETH Ho FKIZ R Y 7T TES
T LCEBN, FBIN5, - 0K, EEEE—UFERL
TnbDET 5D,
EREEFHE, BCF, #HBXKIEHIXTIT->TW5
7, EEBFBECOWTUIEIRDO 7 X FEBL, FEO
BELHE L/
3.1, 2 &
1) FokkE (FE)
. gk :0.07mg/¢
e vy 0.06mg/e
2) BEKE
23 : <0.05mg/¢
vy <00l mg/e
JOEKDBRIT/KEERIZ e 0.3me/e BT Th 525,
‘T ~ > o 0.0bmg/e BIFic fExh
7oo (BREKEZEH & LTz 0.01 mg/ellF)
3. 1. 3 =BHEHE
1) ¥ E
s EHHEH 8, wrHv
GEHEE : EE, B&, SS, —RWE, KBER

BE 1 7xAMEE
Photo. 1 Test unit

2) REREE

- BEDO (BHERE)

ELV (FEHEE  EKE FEERE)
REhEDONEE HIE L, Fi@EE D LEE4HERT 5,

- FRIEMTES M
HERD HE) LD 2d, BEREOMIPERDWTT X +3
5o

< SEKfE IR D S
oK EE TRIC RN TX, £E Lo L bk
FoERE X EEIE L TFHINDS 2D, oz &M
FBER OB FIETEEC OWTT X P15,

3. 2 E=BER

85, 6, TR X &L BARKERL T,

3.2 1 &#EDO

< EBSRDORUNI-], 1-3CRBWTHEEDODENC L S
8k, v BEORREERT,

DO 5~6mg/g TikZ&E L BrEMies R L icDixH
L, BB CRUEDKEOBKRABN, HE#EAHEEL
oo COZENBEENIZFITREDBE, < iy OkkE
IEBEOELENR FAIRTH D Z EN D0 b, FOFHEIED
~6mg/¢ BETHHTh b,
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Raw water

1000 mm¢
Anthracite =
1.5 mmg o
Sand = g‘
0.6 mm¢ =
Gravel E’

a. Dualbed filter
F A AT LB

Test columns

#3IR
Fig. 3

Bio contact filter

Raw water

2500 mng

. <

Porous media =
[Ceramic] it =
- 3
0 mme —

=

Gravel s

b. Bio contact filter

Dualbed gravity filter ~ Dualbed pressure filter

I — — —
= | Backwash = | Backwash Backwash
water water water

Raw water

@ @)

D

>
D

Raw water tank

—

\

[Backwash]

FAR LEHBT -y~

Fig. 4 Flowsheet of treatment test

3. 2. 2 BELV

FESRDORUNI-2 183k CHEBFE (EHRX) o
LV EMBEBKEDBEFRERT .

ABEHRTCOERIFEE6EDORUN 2T,
HREIZETERORUNS-L, 3-285R7,

HEFBTIRT0m/d cudER0.02mg/e, <> ¥ T
X 0.01mg/g LITOWMES ERCEHZ EN DM o1,
150 m/d © 4 #420.03 mg/e, <>~ # >~ 0.0l mg/e LI
L, NEEBEEEEZHBEL T\, nk150m/d p4p:

BCFT®

Treated water Treated water Treated water

TEHXRDOBKT 2 PR LR, #c0.03mg/e <
v G001l mg/e LI FoMEEARLTHD, BEHXED
ZRIIABN 5T,

BCF Gix, 200m/d, 300m/d & & &2 0.03
mg/¢, ~v 7T 0.0lmg/e LT Tho7c, COFRT
PR EOCEERIRZ WD, N7 7 ) 7HHREHRL
TUBKEDLE, £~ FyNEL RHAREMNRE LD
Nizo ULALFRCR U TUEBEXKEIRIFTSY, SSH
FEREN LB & vHIER U7z,

28 FGic A A s s
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RUN I-1
0.10f i LV 150 m/d
’ L4 ® DO >l mg/!l

=
=
5l

T

o e
o
[e]

[¢]

I

® : Raw water RUN 12

O : Treated water LV 70 m/d
b DO 5~6mg/ ¢

{mg/ ¢ ]
F

Fe
o

RUN 1.3
0.10f e LV 150 m/d

i ° ° ® DO 5~6mg/ ¢
005F .
o wo O

| | | . !
0.00 10 2 30 40 50

Days

B H WEEIFEEKER
Fig. 5 Test result of dualbed gravity filter

=

—

1
T

. ’ RUN 2

010k . o  LVI50m/d
DO 5~6mg/ ¢

(mg/ ]

Fe
o
fome]
=1
T
o
e}
)
Ce
oe
.
°
o]}

| | [ | | ] |
0.00 10 20 30 40 50 60 70

Days

&6 BRI R EEKRE R
Fig. 6 Test result of dualbed pressure filter

d RUN 3-1

0.10F ® : Raw water LV 200 m/d
° O : Treated water DO 5~6 mg/ 2
0.05[

0.00 ! !

[mg/ 2]

0.20 T I T T

Fe

0.15f RUN 32

° LV 300 m/d

0.10F DO 5~6mg/ 2

0,05} 8 o *

0.00 | | o1

BTHE BCFEKER
Fig. 7 Test result of BCF
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Table 4 Fe concentration after backwash of dualbed gravity filter

Before | After backwash
Water backwash | e = e e
0 min : 5min | 10min . 15min 30 min i 60 min i 120min = lday | 2days 4days 6days
i Raw 016 | — = - — — - = 1 = 0. 07 — — -
No. 1 |- ‘ v . . O
¢ Treated 0.02 0.05 0.04 — 0.03 0.05 0.05 = 0.03 0.03 - i = -
. i : e [—
Raw 0.05 — — — — — - — — — — —
No. 2 e - e e e
Treated 0.04 0.04 — 0.04 — 0.04 0.04 0.04 P 0.03 — —
Raw 0. 09 — — — — — — — | 0.03 — — —
No. 3 | i e e sl
Treated 0.03 0.04 — 10 04 — 0.03 0.04 ' 0. 05 0. 04 — 0.03 0.03
Backwashing :
Rate Time Expansion
No. 1 24 m/h : 3 min 10 %
No. 2 . 32m/h = 10min 20 %
140 T T T T T T T T T T
120 1
00k .
- 801 |
z
5 60 .
40 |
. 32mh i
201 10 min
o
0 | | r ! | I I I | | l |
0 1 2 3 4 53 6 7 8 9 10 11
Days
B8R WIBICHIT DIFBREIIOE
Fig. 8 Head loss increase after backwash
3. 2. 3 mEFLERMG 3. 2. 5 Fe, Mn LIS\ DOREREE

HEEHFBOZILZDOWTT X F Lz, B4RCRKHER
ULk &, 2B 8 Rlicidkrik DR @M OB L& R T,
ZORER XD kR 30m/h T 5 ~104 A &

I X B

3. 2. 4 BKiEBELORE
BSRCLUEVRERLY TS,

1) 1HEM (18hr) 04
FEEEEIDEF/RKEARLTHY, EEoPET
BRI BB 7o,

2) 7% S
FilED% S B2 TCLEENRRPNT, #20.05mg/e
BlEEimoTnd, Bt~y bBKPHES L5
> TEY, ZHBOEAL LIIFEE L >/ B
b s,

#E, BCFOZHHRCOWTERRAY T, ROMES
Bz, () FIKEEETS 5,
cEE (K28 BRHER (0.28) LT EThEiinhb,
-BE (S5E) EToMmENABR, HELXEET S,
-SS (=) :BCF @ OoWTDLER LU, FEikr
TR E W2 BiEOmER B R
ens, BEESR (Img/e) DUF % Tk
EINDHZ EHHERL -,
- — AR (S100/8/me) DEREE A HELTY
Bo
- KBEE BRI RWZ &) T —EEER Ao i
X, HERRBRMETH S,
DEDXbic, & v rrBHAOHEBERDWTHRE
ekERBE BN,

30 Mg R 7V 2 EER
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Table 5 Effect of interruption in filtration

Bef After interruption
Water | ¢ etore tion - —
interrup Omin  20min | 30min  60min | 4days
Raw 0. 04 0.07 | 0.04 — 0.03 | 0.07
B AU " e
Treated 0. 02 0.02 ' 0.05 | 0.05 | 0.02 | 0.04

Fe concentration after 18 hours interruption

Condition : LV=150m/d, DO=5~6 mg/2

Before - i After interruption -
Interruption Omin | 5min ' 15min | 60min |120 min‘ 1 day ‘ 8 days
|
Raw Fei O 04 77777777 ‘ 70. 08 — —_ — — 008 0. 07 ,
VAT Ma|  0.16 — - = — — | 00  —
Dualbed | Fe 0.03 0.12 0. 07 0.04 0. 06 0.05 I 0. 05 0. 05
gravity N EEIEEEETE - el T SEee LR -
filter Mn| <0.02 0.04 , 0.03 | 0.02 | 0.03 | 0.03 . 0.02 —
Dualbed ‘ Fe| 0.02 0.07 | 0.08 | 0.05 | 0.06 i 0.06 | 0.08 | 0.05
pressure | | e s | rrrrrrrrrrrrrrrrr
filter  Mn| <0.02 0.07 | 0.06 | 0.04 0.04 | 0.03 = 0.03 —
Fe| 0.0 0.05 | 0.06 | 0.06 0.07 | 0.06  0.05 | 0.05
BCF e | i b
| Mn| <0.02 0.03 i 0.03 . 0.03 0.03  0.03 ! 0.03 | —
Fe and Mn concentration after 7 days interruption
Conditions : LV=150m/d, DO=5~6 mg/¢ (Dualbed filters)
LV=300m/d, DO=5~6mg/¢ (BCF)
8B 6 X EUWEOERS
Table 6 Substance of biomass
Substance
- VSS o A
(Volatile 55y Fe ~ Mn  Others

Dualbed gravity filter 26 %

20 %

Bio contact filter

21

23% | 20% | 319
| .

5 9%  50%
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Water Quality Standards for Tap Water

(B ERE
i N | S—
Kenji Harimaya

BTN BRBERR
2SI SR = S
Mami Nakamachi

A drastic revision was made on the ministerial ordinance regarding water quality standards
for tap water 34 years after the issuance in 1958. To comply with the new standards, water
quality measuring devices including GC-MS, flameless atomic absorptiometer and ICP were
introduced to our laboratory and various measuring conditions are studied. This paper des-
cribes a part of the study results in addition to the background of the revision and the
contents of the new standards. Techniques for measuring all items concerned will be acquired
by the enforcement of the ordinance in December 1993.
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® 1 R HREEETEWEOREFE
Table 1 Test methods of volatile organic compounds (VOCs)

Trichloroetylene
1, 1-Dichloroethylene
PT P T|HS |Dichloromethane Benzene

| | 'Chloroform Bromodichloromethane
G C |G C |GC | Dibromochloromethane Bromoform
1, 1, 1-Trichloroethane
MS MS |trans-1, 2-Dichloroethylene

i Toluene

Tetorachloroetylene
cis-1, 2-Dichloroethylene

Xylene

p-Dichlorobenzene 1, 2-Dichloropropane

\ Carbon Tetorachloride 1, 1, 2-Trichloroethane

1, 2-Dichloroethane 1, 3-Dichloropropene

P T : Purge and trap

H S : Head space

G C : Gas chromatography
MS : Mass spectrometry

B2 X GCHRHEBORE
Table 2 Character of GC-Detector

Detector Sensitivity Selectivity | Compounds
i | .
FID e o[ O
1 H O } ‘7"
ECD 10712 . Halogen rganochlorine
| | compounds etc
| ’ } Organophosphorus
‘ i compound
-10 i
EPD 10 | P, S ' Organosul phur
compounds
Ms | 1073 | High reanic
i compounds

Syringe

Purge gas

Thermostat

Closed vessel
Closed vessel

Hed space

B1E EREERYERER
Fig. 1 Pretreatment of VOCs

Purge and trap

HE i BIFAA T EREEBYE 4 REllgc 7 X
(NU T L) TR-VUTGEVWHL, FOLESH+5
FETH D, BESMEWTRARA~-IINDTL LT o 7
BN W E W eSS 508, BB L B REEN
Pin<, ELGCADEAEN, PTE:HSE=1:1/
10~1/100 L E NP TEDOFRERE TH 5D

BEH1 GC—FID (Yokogawa 5890)

Photo. 1 GC-FID(Yokogawa 5890)

EH 2 GC—ECD —~y FRAR— 22—
(BHEGC—14B, HSS—2B)

Photo. 2 GC-ECD —Head space—
(Shimadzu GC-14B, HSS-2B)

EHX 3 GC—MS — /= +F v
(B QP1100WA, Tekmar L S C2000)
Photo. 3 GC-MS —Purge and trap—
(Shimadzu QP1100WA, Tekmar LSC2000)

NI, GCABAINWOECOEE, B
N5, BEEMEEYEIZ20~50F L BENS D, BT
LXESBESLETH D, HEDOMWI r—F x5 1
— 717 5 (0.3~025mm) KRBT 5 EE2 BB, RIT,
HBoubh G CRIBBOEEAE2RY &, #HE4+BE
1~3 iR, INbH LY, BIRELNEAREB DL
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100

14 _ .
0.005 mg” £
S 1
R 2
= S0r R
25 1. Conditioning
2. Injection of sample GC-MS
6 917 3. Rinsing N —purge
ik 1. Drving HPLC
N A A A A S AL A A AL SRR AL MRS DA A AL AL AL A LA S M L 5. Extraction
11.82 20.16 28.49 36.82 15.16
R ion ti i < . . .
etention time  [nin] Solid extraction Concentration  Measurement
Sample size i 1 Trichloroetylene 2 Tetorachloroetylene 3 X 5 E
Sample temp. 40°C 3 Carbon Tetorachloride 1 1. 1. 2-Trichloroethane f .3 ﬁ%}f{jﬁ? he d . : icid
Purge 100 nin 5 L 2-Dichlorvethane 6 1. 1-Dichloroethylene 1g. ethods for the determination of pesticides
Trap Tenax Silica Gel Charcoal 7 cis-1, 2-Dichloroethylene 8 Dichloromethane
Inject 200°C for 4 min 9 Benzene 10 Chloroform
Column AQUATIC 025 nnl.D. x 60 m 11 Bromodichloromethane 12 Dibromochloromethane
df=10um 13 Bromoform 14 cis-1. 3-Dichloropropene
Column temp.  40°C[1en]=200C  at 3°C wn 15 trans-1. 3-Dichloropropene 16 1. 1. 1-Trichloroethane i
Carrier gas He 1.0 kg wr 17 trans-1 2-Dichloroethylene 18 Toluene ‘.
Detector AMS. El7OeV 19 m-. p-Xvlene 20 o-Xvlene
21 1. 4-Dichlorobenzene 22 1. 2-Dichloropropane
F2R ERUEBMEDOF—ENVAF < P ST A

Fig. 2 Total ion chromatogram of VOCs

EHE 4 HhIa~ 7574~ (BELC—10A)
Photo. 4 HPLC (Shimadzu LC-10A)
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5 Tolclofosmetyl 6 Fenitrothion(MEP] 7 Chlorpyrifos 8 Captan
9 Pendimethalin 10 Isofenphos 11 Isoprothiolane 12 Napropamide
13 Butamifos 14 Flutolanil 15 Isoxathion 16 NIP

17 ONP 18 Iprodione 19 Bensulide[SAP]
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Fig. 4 Total ion chromatogram of pesticides
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Table 3 Character of detecting metals

: Sms(igt%vity g}rr:ﬂ;;r;?:s analysis Operation
Flame-AAS  10"7~107° X O
Furnace-AAS : 1079~10"12 X ____>-< |
ICP-AES | ;;0;8~i0-; 1‘ - O @)
IC;—Mé | 10712 O | ‘ A

AAS: Atomic Absourption Selectivity

ICP-AES : Inductivity Coupled Plasma Atomic Emission
Spectrometry

ICP-MS: Inductivity Coupled Plasma Mass Spectrometry

Intensity

1E-05¢ LAI 7n Pb Mn  Fe Cr

e} a A » A [ ]

—06 Ll v ool L Lol bl
(=065 0 100 1000

Concentration [ug ¢]

B5H BER (ICPEK)
Fig. 5 Calibration curve (ICP)

~HEHHE: (BT, ICP—MSE) #1T-Tkb, #
DEEAB IR, SHEEYFES~TIERT,
FETFRAEE—7 v — nRIE, BENME L HFEECER
Hskmvn, 7 v nv 23k, BEREWD, JIER 1T
FETHY, BELEMETRNAET L0, STHESLR
BANOBEACIIMERSD B, I CPEIX, SILHRRARE
FRETH B0, BEIL7 V- aELIIERSTEN, 0D
7o, BEHEACEBER A 774 ¥ — 2 BnT, EARE
B EFDHZ LD, BE%L 10~505 LT 9% 17-
Too RIBL LD EDNIBREBO—H4F 5 BITRT,
Pb 7t & =D TTHRICDONTIEEAED /10 H4 75 B HSE
RCHBEERRED BRI, I CP—-MSHIL, STERE
AErBETH Y, FEFELTECOVWTIHFFCERETSH
%5, LaL, Fe inl—HOTRLDNTIL, £HT 54
FA A DOYEEZT DSOS Do

INB LY, SMCELTIE, BESOBEYENL,
EANFHRILIICPHELL, HHEBEOBE L VI
UC, HiTeEaBRIRT NETHDLEZ DN,

BER S5 7u-n 7 U—aV AP

(A 2—EFITE SAS7500)
Photo. 5 Flame & Furnace-AAS (Seiko SAS7500)

EHEE ICP WEHITIAF—

(24 a—EFI2% SPS1500VR)
Photo. 6 ICP —Ultrasonic nebulizer— (Seiko SPS1500VR)

EH®E 7 ICP—MS
(f 2—BTTE SPQ3000)
Photo. 7 ICP-MS (Seiko SPQ8000)
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BEE 8 IC (FAA%27 =% 2000i/sp)
Photo. 8 IC (Dionex 2000i/sp)

6. 3FERE
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FEREOHRHEALT, ~v VI v ZVExEEC Ui
BB\, EFiz, ST ARERBPICIZSBOYELRE
L, ROMOBEZI I B LsBedbdb b, #*
FET2WEEEBEEL, HUYE T3 MERS % ERECAHN
TRBENRE D, FOw, BIABEDOSMARZYL L iE

50
Cl-
40
Frooolmg/e
30 Cl- :15mg/¢
NOs~: 5mg/e
nS 20 POs~: Smg/ e
o SOs2 : 20 mg/ ¢
F 2 I mg
10 1] NOs S04
| pos /&
L
~ 10—
0 3 10
Retention time [min]
Column : Separator column  IonPac AS4A
Guard column IonPac AG4A
Eluent : 1.8 mM Naz CO; / 1.7mM NaHCOs
Flow rate 2 md/min
Suppressor  : Anion self regenerating suppressor
Inject volume : 50 x ¢
Detector . Suppressed conductivity

BOE BAAVEDOI/I M T A

Fig. 6 Chromatogram of inorganic anions
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Multistage Fluidized-bed Activated Carbon
Treatment System ‘ Multi-ACTS ”’
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Kohei Masuda

Multi-ACTS, multistage fluidized-bed activated carbon treatment system, has been on the
market since April 1993, in response to the demands of advanced treatment of waste water.
Multi-ACTS has many advantages compared with conventional fixed-bed type activated
carbon treatment system, such as less consumption of activated carbon, stabilized quality of
treated water, easy operation and maintenance and so on. This paper introduces the results
of pilot test of Multi-ACTS on the waste water from coking plant. Further, by the use of
it’s data, we have estimated the overall capacity coefficient of adsorber on each stage and
examined the simulation method of assuming concentration of treated water by continuous

stirred tank reactors model.

¥ Z H =

10944 e 4 HAEEAEE & UTIVIEL D HEEIN TS E
SKMERHC AN L 5, KEHRERELBIEIN
DOH Do TR ST, BN A ~ HIXFEKO S EIL
BN OB HaE L iy, SN0tk s B
XFEFELWHDNREBND,

TEMERTGERE, BEMEERO 12L& LTELDHES
NTWLERNTH LD, EEREBRCLILZ T y=v 7/ ax
FOMBEN SR INDBEN S > L, TEMR
OMEREM L, SERRBIRESREGEREOMIR, IHiIC
B Uic & 5 R BC X b, &d TEMREE YA
BOBHL > T&E T

L ERIRBIRAE IR MBI, EERA L 8L OFE
MWROEEENR V2 &, EERRERREZHETSZ &
X o TUHEUKOKE Z#eFriick 3 2 &, EREHENAS
RIEREDEHL DRENRD B &b, B, BEERX

Sequence
control

L=

TR THEHES HBNB LS I > T 5,

Lktik, TRACTERE LD SEBHIRAIEMERT
EEE (CT-242) OEEMEA19914E10A BT, FhnbL
%, BREDDDHIEF R Y AEBLUTEX I, FO7
AP SEREKT L2 &hD19934E4 B L O EERE Twv
77 7 + A (Multi-ACTS)] & U CERFE4 B L,

AETIE, [~VF7 7 R OBAE, FOEFEF <
MEER, XBIE, FOFRFF — 2EF WL EBC BT S
EAERE Kla ROMBEKEBETFRORDDY I 2 v
—¥ g YHBECOWTHRE LR E#ET 5,

1. ZERBERAFERBEEE [TILF7I b
2]
1.1 RAFZ77 2070 70—-

E1RC<rF7 7 P ROBEENL 7 v ~%id, BE
BRi—E4BATHY, BKFOBEEGEX, LA TH
YL NEZBEFR N THE LT BIEMIRIC X » CTHRiER

Carbon storage tank

Multistage fluidized-bed adsorber

Waste water tank

Spent carbon storage tank

51 < NVFT 7 F A (Multi-ACTS) O 7’vv 27w —
Fig. 1 Flow diagram of Multi-ACTS

Treated water tank
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Table 1 Properties of granular activated carbon

- Multi-ACTs Fixed bed

type
Mesh size [mesh] | 20/40 8/32
Mean particle diameter {mm] ‘ 0.55 1.25
Uniformity coefficient [-] 1. 40 1.65
True density [g/cm3] | 2.00 2.01
Mean particle density [g/cm3] 0. 80 0.77
Bulk density [g/cm?] ‘ 0. 49 0. 47
Total pore volume [em3/g] ; 0.75 0.77
Specific surface area [m2/g] ‘ 1150.0 1120.0
Surface area out of particle [cm?2/g] 136. 4 62.3
Todine adsorptive capacity [mg/g] 1050.0 1077.0

K&¥Nhb, KL, BEETHLOVHEAL, LEAKETEE
DIEMER & M, WEKELTA— N~ a—35, &
MRIZ, EEZ Y 7EREDRAT ) ~HEFEREZBAWTE
LB (1BE) b shic %, HATEHENBEX
n, BGEREHDET LB RMIRTERLVEFEEHINS,
TEMROBREHEEEL, SO0 UDEN7 X PC LY
ET AN, ZOHBHEEAEZ DI LT X o THRKDOHEE
BB SAST 5 &SRS,

Fir, ZHRBH—HOBRMEL, TEREEREEY X7 4
o TCn507T, HEFHIIEECHETHD, KiEx
BIMEHAIBEL 72 5,

1. 2 INF7IFROFS

wNVFT 7 b REBERKRKTHERT 5 EENREERO
Ptk bES R A B 1 RCR T, —RWE, KUETHWSE
YEFRIZ, MEIZARRT, Bz > FY v IR ETHE
ARJBERBRIR 2 AV BENE L, 2oz LIXHERK
BATHBEL TS, b AREMAESLL, BENELS
TETHY, EEKRXTIZ, FBROMENBEERRORE
HHED/RISHRL DAL, v FT 7+ RTiL,
HENRK TH DD T /MR (20/40 2 v ¥ =) O FEWER A
FRT 5 &SRS, REKIC KT DIEMEREE, K
HOBEDIEIE L 725 2 L B3SO T, WEIVNIWE,
KFARAEIAREL Y, BEEELHART LD, <
WNFT I PADKEZER YR VT H EMATREE I
%o

i, wVFT 7 P AOBRLAEX AT, BEEROL
DOETERE A TN E D LAk S ETH D, EE
IR BFEE O THRRHFEL, —EROWERLEE X
NHENHIEESE FWTWAD, & OREFIIRE NG
Wk (7ud Y MYy e BEREFRBEOEXIVAIW) T
DHBRE N, EEREEOFK TRBEEFIIER I
RTINS O THREVNHEEE 2D, BMEFEBESEHF N> T
WiIWEMRA XN T ENE LD, FRIEHLT,
wNMFT 7 P RIE, BTEIDBEEREIDOET UiargiR
DHEBACHEEH LT L o), EEROERYGERIE
<, EHEROBEELERT S 2 &23H¥K5,

~NVFT 7 PR, FOMICLELLOFEEFL TN
D, ERLDELTRDOENEF BN,

B2 R <NFT 7 AEEERRROREHE
Table 2 Economical comparison between Multi-ACTS
and fixed bed type

{Conditions of case study)

: q=0.15C*2.0
: Co=30[mg/£]
Ct=20[mg/¢]
: F=5000{m3/d]

Adsorption isotherms
Concentration of wastewater
Concentration of treated water :

Flow rate of wastewater

{Results of case study)

[Adsorber)

Specification $3 600 X 6 stages ¢4 400 < 4 000 H

i Xone column  Xtwo columns

[Activated carbon])

Amount of holding[ ton] 16 55
Amount of consumption :

[ke/d] 403 651
Coefficient of utilization[ %] 90 55

[wrs7 7+ 2DFE]
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OFEEEHNESTh B,
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EE1 fuy b
Photo. 1 Pilot plant of Multi-ACTS

2. 1 EEHM
19924E11 5 ~19934E 1 A
2. 2 w&EEK
2 — 7 ZRFEHBOFRHIK (BK) %, JEWER, FEL
T JLFHIK A SRR BEK & L,

Bk~ EWER - Pl > <AFT SRR

2. 3 EEAH (BE1)
2. 3.1 fHREEHR
B1RCRINDYMEDIEMER % FV oo
2. 3.2 WmEH
WX BANER
R 1 61150
AT 17950 H
BB 5B
2. 3. 3 TEMERERFIE
FEMER O HECIL, Ve 72—, 2ATFY —HEy
THEROERR Y 7ERENRE BN, K7 X Tk, EH
ROBEFERLV R, HBEELTLHAWSDZ LD E
Exy 7EEERALLE (BE2),
2. 4 FRMRE
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B#EOWEE BK H T 27 X F& T\, WEEMNELTHN
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WHEFmAE, BORREREE LT, FTEREELE
ET22ENTHREINS, BRESERCIE, BHEEOEMN
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Photo. 2 Outside view of blow case
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Fig. 2 Adsorption isotherms by Freundlich type

[7uesgy Py o e BIEEERA]
q=k.C*n (1)
ZZTC g :E=E  [mg/g]
C* :PEEE [(mg/e]
kkn:ovugy Uy eXoERK
SEDRREEKROFE TR, FLRCRLAELIE
BFETHY, RADLI AR 2EAD 7l Y v e ED
TEBRATHUEND,

MHLNTN B, EHRERDEGE 7Y FY v e hY IEBEEE : q=2.7x 1076 x C*5.8 @)
TREINDZ LAS0, ESUSEE : =5.1x 101 x C¥1.4 @)
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2.5 FRIMER

TEME R DR 26 B OERE B BREIC DWW Tk, Bt o Fify
FRAAC RS TR 7 2 PR T (19934E 7 A~10A @
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Table 3 Operating conditions of pilot plant

run 1 run 2
Linear velocity[m/h] 20 15
Feeding rate of waste water[m3/d] 499 374
Holding of activated carbon[kg/stage’] 296 327
Feeding rate of activated carbon[kg/d] 229 171
Interval between transportations 31 46

of activated carbon[ hr]
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Fig. 3 Time courses of concentration in each stage
a0 T T T T T T T T
L 35
: ) —e— Wastewater
40 -
\/\/./\‘\ —-a-— Fifth stage
- 20k A e A A ----m—--- Fourth stage
ES a7 T AT |
= i - VoS | ~--o--- Third stag
- r— - v R ird stage
© aF T s e | .
o o X o i —-o-— Second stage
[ P S u::e:fj -
W=7 S ) B % ——0-— Treated water
- &
pb— 1 L1
0 10 20 30 10 50 60 70 80 90 100
t  [hr]
B4R BERBEEOMERFZEE (run 2 LV=15 [m/h] OHE)

Fig. 4 Time courses of concentration in each stage
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Fig. 5 Relationship between TOC and COD
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Fig. 6 Concentration of each stage before and after
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H 4 K SEBO KLa {HEEE
Table 4 Estimated results of KLa on each stage
in adsorber

KLa [1/h]

run 1 run 2

i (LV=20 [m/h]) (LV=15 [m/h])

First stage ‘ 5.2 ) 3.5
Second stage : 9.1 14. 3
Third stage 13.8 32.2
Fourth stage 14.0 22.0
Fifth stage 36. 4 35.1
2l S -EW)

.daa _p (Cn+1-Cn-1)
w It =F 9 (5)

Qg3 B 50

4ab gy, (On+Cn-1  CtantC*n-1

gt 2 2 )
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C* SR QI 5 T E (me/e]

(#2721, q=§ymﬂ
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Fig. 7 Continuous stirred tank reactors model
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Deodorization Facility

for Shikishima Starch Manufacturing Co., Ltd.

(ROEBER BN L#
MNoOH % —
Tetsukazu Koide

(ROZER TN 2R

B a3

HE
Tatsuhiro Morishima

Shinko Pantec has delivered a complete set of deodorization facility at the end of October
1992 to Shikishima Starch Manufacturing Co., Ltd., a comprehensive cornstarch manufacturing
company in Suzuka City, Mie Prefecture. The unit delivered incorparates a wet type packed
tower system for use in the exhaust gas treatment facility for a gluten feed dryer. Described
in this paper is an outline of the deodorization facility, which has been operating successfully

since November 1992.
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Fig. 2 Flowsheet of deodorization facility for gluten feed dryer exhaust gas
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Table 1 Result of pilot test

1 2 3
Measurement
item Gas cooler No. 1 No. 2 Gas‘ cooler No. 1 No. 2 Gas' cooler No. 1 No. 2
inlet outlet inlet outlet inlet outlet
Gas quantity m3N/h 350 — — 350 — — 190 — —
Odor concentration — 17 000 - 1700 23000 — 1300 23 000 — 970
pH of circulating water — — 9.0 9.2 — 9.7 9.7 — 9.6 9.6*
Cly of circulating water | mg/8 — — 30 — - 15 — — 10
Gas in Gas cooler
v No. 1 Gas out No.2
L‘ Deodorization tower ‘}:1 /P—ew
+W AN AANE Vawwamwawm
=
= —— ——
Fan Circulation pump Circutation pump
Drain
NaOH NaOH  NaClo
B3I® Aoy rFAP7R~
Fig. 3 Pilot test flow
4. 1 ESRETEH 4, 2 #ER
B 5 ZE 8 800 m3N/h.wet HRY —F — FiZ VSP150(0)-FRP 1%
A T 2R 110 °C No. 1 Bigs FiFE VSP225(0)-FRP 1&
SR 7 A TR 2000 kg/h No. 2 g #FE VSP225(0)-FRP 1%
T 5 AR ErEIE #z% HT-300MEHe 1%
AFNVANT T RS 1.12 ~ 3.85ppm (R7°5 5 3 2 B
—RACRA lgg ~ Zgg ppm U~ P REGHE  EE UX-315A-NP-232 1%
sl NS ~
TRrTATED oo PS5 v 130 m3/min x 200 mmAq x
RV LTIV B ppm 75kW FRP3 14
S 25 ppm : 5 46m3/h x 25 mx 7.5 kW
Rk 20~ 100 ppm FRT -7 IR o
—RRALIRE 32 000 ~ 40 000 ppm vz : =
£x B 200g/h (#27 ~7 ~AQ) No VBREER A mxTokW
AEHE (SRR *¥ 7 # 14
FRAY —F —AM 30 000 No. 2 P E#1ER 80m3/hx15mx75kW
No. 2 BAS#HA 1000 (F48) * 7 FRPH 14
EHia 4% Total 180 mmAg EHIEER R v 7 51 m3/hx35mx11l kW
o SCS13l 15
HRAY —F — NaOH 7k&uE HAI -7~ NaOH 364/hx30mx0.2 kW
No. 1 Bhiess NaOH 7kiE#g Ry 7 pvCsl 1/
No. 2 fi &4 NaOH +NaClO 7kiA% No. 1 Bi&#h NaOH 36¢/hx30mx0.2kW
EEEAFTR NaOH : pH #}iz & 5 ON-OFF Ry 7 PvCsl 14
HI#H No. 2 fiR# NaOH 36¢/hx30mx0.2 kW
NaClO: E&EA Ry 7 PVC#l 1&
50 tg Yy 7Y 7 HH Vol. 87 No. 3 (1993/12)



Circulating pump for No. 2 deodorization tower

Circulating pump for cooling tower

Cooling tower
Exhaust fan

3

Plate heat exchanger

‘Circulating pump for No. I deodorization tower
Circulating pump for gas cooler

No. 1 Deodorization tower

No. 2 Deodorization tower

T

|
|
t

NaClO tank

NaOH tank

BAR INTF VT 4~ FEREEY A RRR AR ER

Fig. 4 Overall arrangement plan of deodrization facillity for gluten feed dryer exhaust gas
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Photo. 1 Outside view of deodorizing facility
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ig. 5 Sectional view of deodorization tower
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Table 2 Performance test results

.32 BEME

Eoyive SS400 (ARlERsngES)
7y FRP#L

W= 5=, IR PvCal

HOkE, Bk FRP#

TS AR (79 v v 2B
TY Ik~ X~ PVC#Y

RNV Fy b SS400 (ARIERSRSES)
3.3 v - rRESSHESR

7V~ SUS3164l

TV b HRT Y NBR#

ZARVESSIN SS400 (EEEEgLE)

J R NBR #ill
. EBERER

19924811 A 7 BEE R B LT 528, FOFEIR R OWME
EF A MERE E2R KT, BEFDO ¥R ~5~,
Yo. 1 BAER#E, No. 2 i REE D& 2 DIEREDKE % 5 3
RICTRTS

B2ROIHN L AE, FREBEROYAMEEGERIS
FLIBIERL &7 - T B,

REWBEL, B KA DRKHEES0 000 A L CHIE
H9 700~23 000, it o ERSEEL 000 (GR¥) Wi
S CHIEET30~1 300 TH - 1z, BKEEORIREH L,

Ttem Measured value (Gas cooler inlet)
Gas quantity (wet) 9694 m3N/h « wet
Gas quantity (dry) 6 400 m3N/h « dry
Gas temperature 96 °C
CH3sSH <0.25 ppm
CH;COOH 10 ppm
HCOOH 5 ppm
CH3O0H 10 ppm
SOq 130 ppm
CO, 4.0%
Measured value
Ttem Gas cooler No. 2 Deodorization
inlet tower outlet
Concentration of 9700 ~ 23 000 730 ~ 1300
Odor
g 3 K MRET R MER
Table 3 Quality of circulating water
Circulatining water
Ttem No. 1 Deodorization | No. 2 Deodorization
Gas cooler
tower tower
pH | 9~09.5 9~9.5 9~9.5
Clg — — 10 ~ 30mg/¢
=R B TT - 7,

B EotEgEr 2 + OFfER, JOORFRELTAHEL
TWB I ERHEREN, ¥, M vy PEICEITST
2 MER I EEBOMRET 2 MERIL, 1BLAZENIW
Z & DHERR X N,

t ¥ U

-y ZREX—FEEEX DR AN B EES 2 DR &
LTt 0BRSS R ORRBE BRI TH D Z &0
HER I NI BICSENE [Ty 74 —F ] H#ETRERX
DEEH XN HEET R DOFEBHETH B0, Mo~ DIERA
LABETH B L HEET B,

BRI, A vy b7 X FROKRRBOHE, B, E
BIChiz)HRADIHRE, ZH bW EE LIRS
2 F —F AL BHOBERLE T,

(BEXE)
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Drafting .App‘aruius of Cboling Tower

GG FH
GOH 2 3R
B3

Hiroshi Nakai

i

X & o H
Kazuyoshi Otani

Air drafting apparatus is one of the important components of a cooling tower in which hot
water is cooled by exposing its surface to a large amount of drafted air. This paper intro-
duces drafting apparatus of relatively large sized mechanical-draft cooling towers, by des-
cribing several matters on the selection of fan and fanstack from the view points of such
as decreasing power consumption and noize abatement.
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Fig. 1 Construction of cooling tower
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Table 1 ‘Proportional law for fan

. * Basic Diameter Revolution Density
Solution data ratio ratio ratio
Q Qs (D/Dg)3 (n/nB) (1)
P = Ps |X(D/De)? |X(n/np)?2 X (r/r8)
L Ly (D/Dg)5 (n/ng)3 (r/rB)
D
dB =dBs |+70 logiopy, | +50 logro
Q: Air flow D: Fan diameter p: Static pressure

L: Power consumption 7 : Air density dB: Decibel

[m]
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L ]
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Fig. 3 Fan selection curve.based on static pressure
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Fig. 4 Fan selection curve based on total pressure
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Type Shape rpm PWLdB[A] | & dB{A}
Conventional 178 96.5 —
Low noize }’!\‘ 148 89.5 7
Super !’ ,
low noize }i". 134 86.5 10
FO6E BHEHET 7 v
Fig. 6 Fan for cooling tower
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Fig. 7 Outline of fan stack figures
S/F  0.05 0.10 0.15 0.20
r 0.88 0.70 0.63 0.5
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Electro osmotic dehydrator SUPER FILTRON

to be delivered for water purification facilities in
three municipalities
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