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' Water treatment facilities (7, 200m3/h) for the
latest No.3 continuous casting machine (2.4 million slab
ton/year) constructed at the Kakogawa Works of. Kobe
Steel, Ltd. consists of the direct and .indirect .cooling
systems, the pure water cu'culatmg system and the
RH contlenser system. More -drastical saving in energy
and manpower and a reduction in -cost to the lower level
are anticipated with application of the equipment, which
is introduced on pages from 29 to 35 of the Reports.
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- Large tank contamers for mtermodal transportatmn of non—refrlgerated " '_p ssure—hqueflable

gases by ship, road and rail have been widely used in European countries and the USA:

However, tank containers are not used in Japan dué to-the difficulty of compliance with both -
international regulations and domestic regulations. Recently, we have developed a large tank
container for liquefied Freon 22 gas (R22) that overcomes these problems. This paper
shows the outlines of regulations concerned, design procedures and operation of the tank
The primary regulations for gas containers are: the Japanese high pressure gas
control laws, the Japanese regulations for transportation and storage of dangerous goods by
ship, the Japanese poisonous and irritant substances control laws, IMDG Code, Blue Book,
CFR49 and ADR/RID.

The primary design con51derat10ns are the tank material, maximum expected working
temperature, maximum allowable working pressure, test pressure, tank capac1ty, plate
thickness and auxiliary equ,lpment such, as surge plates, shut—off devices, manholes, pressure'

safety devices, measuring devices and thermal insulation.
The primary operat1ona1 conmderatlons are filling quantity and per10d1c 1nspect10n
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The total flow of pressure relief devices “Q” may
be calculated by one of the following equivalent
formulae :

Formula for metric unit :

FA*.82 /7T
Q = 5,620,000 75—/ 4L

Where :

The accumulating condltlon is 20 . per cent above
the start—to-dlscharge pressure of the relief device.
Q is expressed in m3/h of “air-at" atmospherlc‘

_pressure ‘and a’ temperature of 15°C.
Fis a coefflclent with the following value :

~ For ‘uninsulated tanks F=1

8U(649-t)
035x 108

Where U is the thermal conductivity of
the insulation taken at 311°K in g-cal/h
(sq. metre) (°K) and

t=the ambient temperature of the lading
at loading in °C.

For insulated tanks F=

A is the total external area of the tank in m?2

Z is the gas compressibility factor in accumulating
conditions (if this factor is unknown, let Z equal
1.0).

T is absolute temperature in K degrees above the
pressure relief devices and in accumulating con-
ditions.

C is a constant derived from the following equa-
Cp
Cv

heat (if this factor is unknown, let C= 315)

mo%khf ]ﬁl

k C cC 'k C
1.00 315 1.26 343 1.52 366

- 1.02 318 1.28 345  1.54 368
1.04 320 1.30 347 1.56 369
1.06 3822 1.32 - 349 . 1.58 371
1.08 324 1.3 851  1.60 372

tion as a function of the ratio k= to >speeific

1.10
1.12
1,14
1.16
1.18
1.20
1.22
1.24

327
329
331
333
335
337
339
341

1.36
1.38
1.40
1.42
1.44
1.46
1.48
1.50

352
354
356
358
359
361
363
364

1.62
1.64
1.66
1.68
1.70
2.00
2.20

374
376
377
379
380

400

412

L is the latent vaporlzatmn heat of the liquid, in

kcal/kg, in accumulating conditions.
molar mass of the discharged gas.
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Glass-lined Austenitic Chromlum-mckel Sfeel Equ:pmenf

for Low Temperature Use

——— Mechanical Properﬂes
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Haruji Takahashi

B OB &k
Shigeo Goté

Newly developed glass has made it possible to manufacture glass-lined
equipment which can be used at temperatures from 200 to—200°C.

This paper outlines the machanical properties of this equlpmpnt based
on the test data for low temperature use.
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Water Distribution Nozzle & Fill Developed For Cooling

Towers Used In Steel Mill Scrubber System

RHIEERE SRR R

VAT "N S
Toshiharu Kobayashi

It is Wldely accepted in the steel m111 1ndustry that quality control for
coohng water circulated in the scrubber of blast furnace gases, as well

as of converter gases, is the most troublesome because foul water is

apt to form scale and clog the nozzles and fillings of the cooling towers.

This paper reports on survey results of scale problems in cooling towers

R j**used for scrubbers, together with test results of “non-clogging water
o dlstrlbutlon nozzle” and “self-descahng fill” developed. specially to handle

scale—bearmg Water
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Photo.1 " Water, Coolmg tower for the dust cleanning system of blast furnace gases
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Table 6 Treated water sampling analysis (blast furnace)
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E. . Total manganese (7)) 26. 3
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Table 7 Scale sampling analysis (converter)

In'o‘rgamc carbon (mg/g-dry sohd) v ‘ 54.6
Total organic carbon (mg/g-dry soli@}; . 23.9
Calcium +(mg/g-dry solid) 601
Magnesium * (mg/g-dry solid) 0.43
Iron ) (rx_ig/g;dr_y solid) 89.0
Water content (wt/wt-wet %) 14. 4
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Advanced Treatment and Recycling of Zoo Waste Water

R EEER BNE HERG
Mmoo m R

Kazuo Funakawa

Recycling of wast water has been attempted with success at the Hama-
matsu City Zoo. An advanced treatment system was evaluated. Purified
high quality effluent was re-used in animal pools, toilets, etc.

Compost from excess sludge, dropping and refuse could be used as a
fertilizer for flower parks and urban afforestation.
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@ Parking area @ Donkey
@ Main gate 9 Camel, Bison
@ Kangaroo @) Pony

@) Grazing land of Giraffe,
Zebra and Ostrich
@) Apartment of Monkeys

@ Cassowary
© Spider monkey

®) Rest house @) Apartment of Baboons

@ Flying cage ) Chimpanzee, Orangutan
Gorilla
® Eagle, Condor @ Wild boar, Rabbit

© Insect gallery @B Crane

@) Mount garden of @) Bear

Monkeys

@ Peacock @ Aquatic fowl!

@ Tiger @3 Sheep, Goat, Deer
@ Lion @ Sea lion, Polar bear
@ Cheelah @D Penguin

(@ Elephant @) Beaver

@ Otter, Raccoon @ Conirol area

@2 Pheasant
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Table 1 Main facilities of Zoo

% 2 % ANAEEZR @WEAREERCED)
Table 2 Monthly visitors number

Description l Contents M\ Maximum | Minimum \ Average ‘ Total
a
4Anima1 pen \ 28 pens 3,225m2 _ Basis pf(r)s’o g(s)/oay pe; Og;/gay
. 2 . ” persons/day Y persons
Flying cage - 800m Apdl ) 7701 85 8.970 | 260,116
1st floor Exhibition room 7 7 p | 7
Insect gallery 2nd floor Lecture room 237 ™” May 42,466 | 616 | 8366 | 259,339
Comfort station 5 stations B June 10,//878 Jf/15 2,//468 | iéi 364
7 7 7 \ 7
Stand - 3 stands B Total term 77.101 85 7.110 | 568,819
Resting place 6 place 560m2 *Findings from 2 Apr~20 Jun, 1983.
T o h % 3 = —BENOAEZBRY GG, [HEEOLED
2
Rest house o thowe o EWT @R X )
Animal hospital Reinforced concrete 926m?2 Table 3 Weekly visitors number in comparison with old-Zoo
Control office Reinforced concrete 575m?2 Date New-Zoo ) Oldﬁ’_ B
— — T AT T 1 — Day ViSitOrS Day Visitors
. 6 place (Inclusive 1,451 of the (Weather of the Weather
4Parkmg ‘ﬂe | of Flower Park’s) cars weslk } p::g;?f;ay weok number
Waste water treatment | Extended 800 5 Apr | Tues | fine \ Mon — _—
Flow 4,631
facilities Aeration system m3/Day fé—/ Wed ; — 2 I - ] dﬁf ~pemona/aay
. 7 4 5,656 ‘ ues | cloudy 757
1.3 MARR — Tl 4 P v o
_ ur | clou , y
BEL oA NAEERE B LRORT. FEMELL e
CBIE L TR b s £ b B D, MPEEEECCE | 8 4 | Fri | md | 1470 | Thr PR 828
BT & T Tl Do X o0 A Bl Hok FEAE Rk B0 9 + | Sat | cloudy &ﬂs\ﬁi ?ﬁ 162
3B L, CFELi-L Aic n F——
;}%Zf;gi;&f igf m Ut d 5 i [HEY 10 ~» Sun | rainy 5,955 ‘ Sat | cloudy 99
N = LD Yo —— — | — ]| | — —- S—
9 ENLEBEROEE 11 7 | Mon| "Gl | 2073 | Sun | fine | 3.868
2.1 WEXE 12 7 | Tues| — — | Mon| ~ 386
B | : P —_
1) )ﬁ] @%%/\@ﬁé 7 :7 77“7 persons —_ " 'persons
Total 28, 591 | 5,916
LTSN OBE & W ) S RE R EEL T, £ Averane —— | persons/day | = [ persons/day |
CERBRHNCREIN TR, BEOSNBLRSH DA A~ verage | 4,084 845

JehBbr eI TnE, (BE1T)
NE&, BREHIECR LT ToBERNRINIDI
7:‘:’_)1\/\60

ER1

Photo.1 Panorama of waste water treatment facilities
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______ » 3 =
317 m3/ day : é E E
(for People) «| § s
! S| 3 = 3/d
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Fig. 2 Design flow of water supply and discharge in Zoo
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Fig. 3 Arangement of waste water Treated water

treatment buildings Intermediate
Chlorine contact

&5 MBI E CRATTAKE, —BaT, B s63m?)
Fig. 5 Each basin layout (in treatment building)

(2nd floor) — (Semibasement, basement in part. Building area 863m2)
[ Comtrot renet B4 E FUKEIEEKE
I [ ] —_——tControl room Table 4 The quality of raw waste water (design basis)
' { Dehydrator . . Animal pen
Compost room ydrator room pens
. Deodorization room ftem Sanltary paddocks
(1st floor) pH 6 ~ 8 6 ~ 8
Compost room Work room IncoTZI:npanel Generator _i,i *(Tgﬁ)ﬁ N D 200 B P 244 _
CODwun ( 7 ) 100 b
(from basement to 2nd floor in par. - A N A
g ¢ o tnd floor in pert) BODs (7 ) 200 97.6
SAR EEANEECET LE HE2R, SRS, | e
HERRETRY 595 m2) S Ny (7 ) 65 ~ 80 62
Fig. 4 Floor plan of control building (with 2 stories above - o B
and 1 under the ground Building area 381m2, Floor PO4 (s 20 8.6

space 595 m2)
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Fig. 6 Flow sheet
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Table 5 The quality of waste water for each treatment
facilities (design basis)

|
|
4|
|

| & & lm | ‘,: Treated
Sanitar, 2 > E ® o ] ® |E_‘ S @ water
iary g 2 8 7 =283 ||| —>(Re-used
g [ Lg ‘E! Be |5 in part)
@
Animal pens -——>§ —> = ‘51 15 5 ‘%
& Bl a == It
HEE g R
Paddocks —I& —)‘ “a’ § | - — é
! |
| B 5
| i -
—
6]
——__  No.
e To e o @ 6 ®

SS (mg/e) | 200} 50 75 65 [30~40<<20 < 5

BODs (#) | 200/<30 | 97.6 54 | 20 | 10 |<5
ﬁ;;’;’g(;';»l\g{ ) le5~80<25 | 62 | 37 <10 <10 <10

1 i
PO (#) | 20 |<5 | &6 58 5 <1 <1

2 FEAKKE

BARITRT o BE - Py 7 ROKEILFRETR
BOEZ oG55 EZBB LT, BEGIIEERTELY
FHU 7z

3) EAOKE

pH 6~8

SS Smg/e LT
CODwun 5 »
BODs 5 »
T-N 10 ~»

P 043~ 1 7
n-~ %4 v HHYE 5 7

BE 3B5ELT

2.3 EEMNBSOER

B RCHBUB TR KT HEHENE Y, BORCTE
RHETE T o

1D HARIERE (BFE4)

E1E, BE, RTFo 7 O3FRED FEKEEMCZTA
n, TNEFNR 7V — VT TERE LI - St <%
DEREEITR 5o BRE, R Fy 7 RBKECOWTIREBIC
MHEE X 7 U ~ i L 0 Wi R (B 0E, &)

5 OH 4 HANTLEERE

Photo.4 Pre-treatment facilities

B 6 K FERMEHET
Table 6 Main equipments
Description

Equalization basin |
(for sanitary)

Vi
(for animal pens)

Demensions

¥7.0m X L7, 6mXxH4 5m X 1 basin

7.0mX 7.6mX 50mXx »#

’/(for paddocks) | 6-0MX15.5mX 2.6mx

Aeration basins

4.5mx 7.6mX 4.5mX 2 basins

First settling basins 4.3mX 4.3mX 4.0mXxX 2

First denitrification

basins 5.0mX 5.6mX 50mxX #

Nitrification basins | 5.0mX 6.5mx 50mXx #

Second denitrifica- i

tion basins 3.7mx 5.0mx 5.0mx #

Re-aeration basins 4.0mXx 50mX 50mX »#

Second settling
basins 5.0mX 5. 0mX 4.0mX 7

Clarification basins 5.0mX 50mx 3.5mx

Sand filters $2.25m X TH2, 77m X 2 units

Carbon columns | 2.4mx  4.77m X 3 columns

Centrifuge Capacity 2~3m3/hr X 1 unit

¢4.0m X TH7 5m X 1 tank
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RE oy 2 ANOFETKEASRF v 7 RTEEA~—REITE L
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ELFEHTHDORME 2RIIHDERBE L, BCEATS
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LIRS LETER XA B, H—REMTEE, < Fy
7R EKFEOBODZFBLTRE L0, BETIE
HEEAEREMT A 27 —VERML TIRE, BRET 5.
EMBRLE CIIMC & & 7 - T PH 2MET 4 % 7o ¥tk
Y = X ThRFETR Y. MEMIBEINTEKY, HE
T 7 THENESETERL, HHEL TN 2%,

R 2 RININEREL L, BICEARTE R 2BA&IR
1 RFRERE U CERATIC X 2 EBEROIL B WHiltg
Bh<o

4 BeBEsiE

TRERBLOHHTSS SkEL, BEROFERED
BREEBIRT A2 A EBE L CEERBIC L Y BakhEid
Bo MEER L L CRTENELSTI VBN THHH
B/sy FaeBy, Ao FEY —&, 7uy 7E£E
DicdCEL TEERIXTMT 5,

5) TEMERBERE
MEBIC LY SSEKBELADD, BHERIC LY BET

Fermentation tank
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Photo.5 Compost facilities (carrier)
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Photo.6 Compost facilities (fermentation tank)
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BT R FURKEDMTRER

Table 7 Analyses of raw waste water

T Source Animal pens 1 Sanitary
Trem _ 16 Feb 4 Apl
pH ‘ 8.0 7.9
) SS (mg/e) 87.0 o 210
7CODMD( 7 > 56.0 96.3
NBODs (7)) 80.0 194
' g;;{ggﬁm 7 ) | 29 | 114
PO+ (7)) 29 18.0

¥ 8K MEKEIMHRES
Table 8 Analyses of treated water

Tt ‘ 14\12 2419 21 12320‘
em Apr {Apr MayMayl Jun| Juni Jul | Jul |Aug Aug

pH ’747373-72—7.6 7.4 —

ss my@k<1<1<r<1<1<1<127<1<1
CODxa (7)< 115 2.0 8.4 22< 1< 1< 1< 1< |
1< 1

BODs<a>}<1<ﬂ<1<:u<1<1<1<: <1
oil (aﬂ<1<1<1<1<1<1<1<1<1<u
N e >
K}gggﬁlll 7)) L<(L1 .10-300.290.16 4[5 11510125 4

-~ < < <K K KK
PO4* (/’)‘<<).1<0.10.10.10'11 0.1 0.1 0.1 0.1 0.1

B

Color (units) < 1<1—1 81— —|1 1

Colif !
T o <0500 — <30 — <30 — <0 —

— ¥, Rud, v T osiEteBEk, 5 A X bEK
TBIE LA A RO B ERITA - 7o 8 1 [Eld O —RFEERE
O Y 4 B 5 RicfFays, Bl 1 E/B o ol
SmEBHHE L Tnb, BMHINA—REBELL 7 77—
— 7 TR BT A S - D B AESARE & U CERA
INTWD, 8 AEBIKITFT HHELRMEOETZIRIAZE 9
FICRT o

3. 3 dkOBEMA
% 8 B Ko FIARI A R T BRARIZ80%L Lic
FELTkD, EKEREMHRICAEZSFEL TS,

XARFIRE X B EKEROHHIIZBIORCR LA LD
W, F#1844 FHTCELTED, BENCLEREIRARE
o
4 = & ®

BEEOTEKAE AT 5L, RLIEET XK
BEHTHDH. KEXE®EH 2 HAERERIZKRD 3ED
WAIKEH 5o

1) ABEBTHIDHEFEREK,

2) BEEED /T 7 ~ORHIFK.

3) WoER, KEEOHKTK.

D, DEOWTHENEEC TS TEAMED LD T
WO CTUBERZIC T 100 %EE A WINTEX 2 L 5
BUENRD BH, INCOWTCITEIER O STAS & 5K
WA ZE LSO THZ LT LD FOEEHERT S
TEMTE B,

B Apr May
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5005 VVV\/-J VW\\/\/\/ \,\/\AA

1 10 20 30 10 20 31
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A [
3 800 . N
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3 500 —
N 4
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= .
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g7 LK D HZ5E)
Fig. 7 Daily treated water rate

¥ 9 R HIMUEEEERR
Table 9 Operating data of compost facilities

Mixed !
i . materjals | Fermented products
Raw materials quantity Moiotore | Moistme T o
content content | Yield
Dewatered m? /month :
sludge 1.85
Droppings and _
spreded straw 23.65
1 Average | Average | 41
Screen refuse 0.6
o 57% 40% | m3/month|
Sawdust 30 |
Total 56. 1 |
*Operating data (1-31 Aug, 1983.)
Re-used | Treated Discharged
593 m®/ day water 126 m3/day
719 m*/day

City water  [Facilities Waste
e e oy BN
Waste water treatment facilities
¥ Average flow(10—16April, 1983.)
FE8R HKOFIARE
Fig. 8 Re-use of treated water

ARF OB Uik, R LEIK % BN CHEH]
AT25E05 2L L&D TH-ADERLEBRERE W Bx
B2cbDThHD, BESEoOEEERCELTIEE
HHRTHHZ L A2EPEACTOBEBLCLD 125 £,
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THROBHEHEE TS0 %10 B KA X B EROMR
1D Kk (7vorih, A Table 10 Comparison of operating cost
7 < W) DFEHRE—E ® Used only city water ® Usef'l?ite}cll water and
VC&%"E‘:‘?‘, Q\EOO&#F@ - —— ) pvee - re-utilized water
b it CHOEF B2, {AE ity water (unit cost en/m
- ; Re-used (unit cost) 69Yen/ms | 27¥en/m® - _ g6yen/m?
NPT TR T %o (with electricity) (with chemicals) — en/m
2 ABEER% L, ETERE City water 719 m3/day 126 m3/day
3 =N y .
KofAEOSWE (R Used quantity | Re-used —_ 593 7
B, £H%), BRCL? _
RAKFEAR DS\ BT Total ne n s
3 : . 719 m3/day X 135 Yen/m3 126 m3/day X 135 Yen/m?
KD T %o City water =97, 065Yen/day 217,010 Yen/day
SR L DHEIEE D 25 | Cost per day | Re-used _ 593 m?/day X 96 Yen/m3
7 Y RBTRRT A ENTE =56, 928 Yen/day
. Total 97, 065 Yen/day 73, 938 Yen/day
XE%@T@, ] Curtailed expendiures (D-®) 8’24?:1‘11’23755er:1< ?;zar
ok & B+ % BRE%

. o *Qperating cost (1-30 Jun, 1983.
zz;%%%%iﬁiiﬁ *Ulr)lit cosgt with (elwtrgcity is baZed on 18.83Yen/KWH
5o 5 © 3 U
Zricky, MEO LY -BORELEERLTWD. B &S A A BB B o 15K L E & BRI DWW T
BLEo X 5 cBEEKONE AL BRET DB, Bl EEA RN, SEREEEKOMEE BRE S
BN O EBGEH A SO IKBEBAREBETHILHE  DBECRNEENTD Do
g0 vy b, ABEO BRI FAR RLD &5 by iARBOESE, ERCKEL, FOMELHN
5o TN SN TR OB RERICES BB E L R T
BRETH Do
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Latest Water Treatment Facilities for Steel Making

and Rolling Mill Plant

REBRETES B MEG
B A @ =L

Yoshihito Nishimoto

The continuous casting process has great advantages for saving energy,
saving manpower and improving working environments, compared with
the conventional ingot making process.

This article describes water treatment for the continuous casting pro-
cess, and presents operating data and outlines of recently constructed

water treatment facilities.

HEHES 7 v 2 3, EROGBHRBRCHELT, %
VE~, ES, FEREOHERIICEHLOFELHLT
Who

AR T, EHERBOKABIZ ONCIRL, BEFERL
TR B EER 7 — 2 & FOFMIZ DWW THAT 5o
1. & 2 H» 2=

D REOGIMFER O ML ER T 834 1~3 A 2 Eic /™
HHIT LI BN TIR NS 28, SHUEERBI TH D &L 8UERE
ERHENTLE P Y DORBENIEF SNE S Lo fEo
THRERL TEID 6 ENDERECK BV TWWDe &
H LicHER W 2 Th, BEHOME, BILDOLDITIE,
D REOBMEFITITINER, EHELRBOES, SmM
EIEP R O4E, GBI XHEERERD T » 7 b U
BFrx/VE R L TBEGOEHE L TW5B,

BREFZE VTS b > 24 0 100~200m3 (FEYE £ — F — D
E1350 ~ 100 m3) kA FHEA T 2 HEN 7R AKIpEZE T
BhHID, KABRZMCAL TS, Exixrx—, EH1E
HEDVIAALIZAT I =< aaBENRODBEN TS, #

Schematic illustration for latest process

Ladle
furnace

Continuous
casting

Electric RH degassing

Sfurnace

Schematic illustration for former process

Heating furnace

-l o
LA S

I TERBTIE, ESkoBHECERLEz x2S —~, 4
TEEDEZ L DFEEE L, FOEBLEOE XL LY A
KOGBFE DB D REIHIT /x5 T B S ER D
RLEREEHOE L, LS THA LK

B A B (RRO B B TR R

& RIS (BR) AR BUERT B HEE TR ILER R

A R CBRO AR B AT B M KL R

ILIBBRE PR B (IO B 55 2 SR TIR7K AR 3 1
(ESF—EF—EE —EIH)

BOMFRISHTT MRS E BRI ARG
CBROMUFSISART ey )| BUSkAT I 45 3 85 T IR K AT 21
CRNTELNHEAL L & BT 1T 5 KAED %
DBHEDONTHRL, BT — X2 O—ZT oW HEA3
%o

2. EFSFERBOKLE

2.1 EFSEn7nex

S CITESH D WL C/C L) 07 v+ XD
Eaiek: GEH—HE) AEBELTCE1IRTRET,.

All area supersonic
flaw detecting

Blooming mill Planetary cross
rolling mill

Aol
BB

orn
cen
eceee

Electric furnace RH degassing Ingot making Heating furnace  Blooming mill Rolling mill Supersonic flaw detecting
BIE 7wt AOHE
Fig. 1 Comparison of process
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secondary

cooling zone

«—Acetylene
<« zxygen

Bloom

G5 5~ BEBR

2R EEREORELRTER

Fig. 2 Process flow for continuous casting machine

@ \gTransfer machiuel

kT, BlE A v Ty P —RREZEANT, B
R & 0 BE X THLEOMEE CTmEvg, o3E
EBITIR T Ry F IR ThH -7 b D%, BEEHE 7 1+ X TiX
TR % 2, K L D BREGHIL R 5 7, 7T v— 1,
vy oW aBIRLTLE S D TH Do 552 BITEH
EERMOBERRER AT o

HEHEORITRE LT, B 2 -EHMTHLND DM
ETREHITHS. B1E O FITIE, BIEANTHESETS
LF(Ladle Furnace)®x AL T\W5b, Z DH L, A
HT7 — 7 MBS, BILA 7 7V BHEE1T5 DT,
ERMOBELAREC LARBETH 5. F 3 BICERESR
RO EN 47T XHITE 18Tz RHRuhrstahl-
Heraeus) fi 7 xENFHB ENTWb. RHBEIMERER
BRSO W AREDEL WEML D, EERBC X -
TNV FIRAEEL, b5 WHREREFRYEET IO
WL HET, IbcadeRoRmRERCiTL, $98
b XD THS OMFABNBAEETH Do ¥ PkEDHR L
ELL, Lrd IhbirEril (W15~25%) G maE
Thbo BARCRHR V¥ 2EOMEN, 55 RicEiEx
HEEBED 70—~ AT,

Graphite electrode
Furnace cover
Reducing atmosphere
Reducing slag
Molten steel
Ladle

Argon gas

Porous plug

FIE HURREERE
Fig. 83 Ladle furnace

—= Alloy hopper.

=== To vacuum equipment

Vacuum degassing vessel

SIS

%4 R HRA AL O BE&R
Fig. 4 RH Degassification system

2. 2 ESFTHOBEAKDKE

HETHR R KOHEH%IE, MEASHR, HELGH
&, RHfEF R 2 v 7 vy —Fk, EREEBOIEEKED
4 BT E Do

2. 2. 1 FEHESHBSHIK
MEEAFHIREGEFKIEIRHR VY REE, =~V F, vn—nv
EyFu—v, WEZ -7 -FOBECHER N, KEBO
BB EFH LREZIF 10~15°C ThbHo ZDHNE~NVF

80 7 7y ¥ 7~
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First stage
Condenser| N = | i 5
.v Y
j S
L
First stage Third stage Fourth st
ourth stage
booster booster booster
Second stage Booster
---E

Hot well

Vacuum degassing vessel

B H HERLEEE 7 n~—~v—]
Fig. 5 Vacuum equipment

BEMEEY £ T 5 0SSR L MER SN, JEET
BETOE N (20~5077 keal/m2 hr) D 2 ETH %o 8B
1 R b HE D 28D HEETIBIC 317 5 MEAEIK S L OE
B HIK DB % =T o

B 1R HERHRDKOEESHRONKES]

Table 1 Quality of indirect & direct cooling water

Indirect cooling
system
min-max (ave.)

Direct cooling
system
min-max (ave.)

From water treatment Jacilities

Second stage condenser

Exhauster

econd stage ejector

NBD 7 XDERIX0. 6~4 M/ M FREE 2
FEEC/ANX N, 7 XNVOEBEENE

Steam BLindo 7 XNVDHBIIA 7 v~k

DWPCDAY, BB ARG
BH5E2BT LB, BEIRCEES
L7 7 XV SEH D SRR &R
To BIRIRT & 5 BTz 3
DDEALT R Bo BHWDITAIK
AT & 5 FeaOs RERLDEAT,
CNER 7V ~EBEOREC LS L0
EEZBND. BE TR 7V —FD
FEEMEATCTSUS 304 THITL
TWBHEELH BN, —RICIEEKR
Y7HHAIRS) A v v A EBEDA —
At v—F —EFT, BRI
BC200 2y Vo BEDORA PV~ ~—
ERE L, ThLBEORE %#SUS
304 DFEEEIC L TWD BEIUT L AT
Do NHEFBEMMOTIEClik T v~

A LK ENR ST ECEETH A, 8 TEo—F
TR TREESHRNOBBRER 7V ~KEBL TS &

To water ireatment Jacilities

B 2K HERS - NVORESTHO—H
Table 2 Particle distribution for C/C scale

pH 6.7—8.9 6.9—8.4

Suspended solid  (mg/) 2—21(5. 4 1—35(9. 6)
 Electric

conductivity (#S/cm) | 122—1467(508) | 122—1467(573)
M Alkalinity (as[gz%)s) 3—117(41. 1) 3—69(64. 3)
Ca Hard (as CaCOg . - .
a Hardness me/e 6—169(91) B 20—169(102. 8)
Cl- (mg/8) 23—327(85) | 7.3—327(94. 9)
SiO» (mg/¢) |4.3—38.5(11.8) |7.5—33.5(19. 9)
T-Fe (mg/8) |0.25—5.5( 1.3) | 0. 29—5. 5(1. 43)
2. 2. 2 EEFER[/NRAHK

BEESHRGHKIELIRCRKT I L, 2KRAT UV~
K, FAB 9B =DY 2 » FKEFBEIND. XEHKT
WBRWHRREER T — VB X7 — vy FAE LRI -0
ARy =7 Ty vy IAOKLERAEIND. EESHKS
ARG HERECIE S D LcB L8k X 7 — v, Bk L U0
—VFREREINTHD 7 7 5 7 AZBBEAL TV, X
T VvDREBITEERED) 6~0.8%ThDH. BLIECR
7 VORESTHO—BE RS

HEHBIC B WL, EBR—0WED X S CERBHITR <,
A7V KL D BEMCHHL Tnbo s TR 7 1V —
KD 2 ¥ T u~ VidgEH W0 B DHAL & B3 5 7
RIFBICEER 7 » 72— Thbo TORATV—ICFHAX

Particle size (%) Weight (%)
=2 10.5
1 ~2 16.5 -
0.5 ~1 V 26.0 o
0.25 ~ 0.5 ' 21.0
0.1 ~0.25 16.3 |
- 0.075~ 0.1 6.9
0. 050~ 0.075 0.7
0. 025~ 0.05 B 0.8 o
o < 0.025 o 1.3
B3R RV~ VB S
Table 3 Composition of adhered material on spray nozzle
A | B®% | c@
Ignition loss —_— 1.7 29. 56
Not dissolved for acid“ 1.13 30.7 10. 63
i FeaOs B 77.37 19.1 12. 21
CaO 1.04 7 29.6 32. 33
] MO | 109 0.9 12. 80
B SO; < 0.1 — < 0.1
P20s 5.6 <01 <01
ZnO 1.21 - 2. 257
Rate of breaking out 66.7% 16.7% 16.7%
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cicky, ITEHKEA7V—-KELTERL, 27V~
JANVDEAESED 5 S, 45 B L oEkEER
DRFEEREZETABH D H 5o

2. 2. 3 RHaYFH—4HKit

RHz 7y ~BHAKEESECRT L ST, ~m 2
P w2 avFrd—BWTT—XEZ—RBIVUTE¥I X
~DOREERK A BB D LD TH Do

RH a2 7 v —&HKIT IR Y AR BT 550
FRATHIBATD. XX FEIZERE DV AFKEDS R
T 30~40 mg/e, BRI CA~D ME/eRETH Do 2D
FA P IIIFECREIEADOIERTL Y, BARCEE
SO 1 FlERT

B4R RHa2>FU3—fAZ R ORESGO—H]
Table 4 Particle distribution of dust from RH condenser

Particle size (u) Weight (%)
10 ~ 20 24.2
8 ~ 10 3.2
6~ 8 3.9
4 ~ 6 9.3
2~ 4 17.3
1~ 2 . 20.1
~ 1 ; 22.0 B

/5% RHzvFo—kKkE
Table 5 Quality for supply water to RH condenser

| Maker’s requirement|

i water quality | Examples

pH | 65—9.0 6.6 — 8.9
Suspended fﬁg}e) F;r 50 max 700 5 ~ 570
Cl- (mg/0) ‘nor 150 max 200 19 ~ 160
%ﬁ;i%:{ig:fﬁng/e) _nor 150 max 200 34 ~ 115
Ei‘fy“‘ic Cg;g%g') " nor 800 max 1000 393 ~1, 980

RHz2 ¥ 7 ¥y —~OIKEIKX A - — X 0 EBEKE
PIRENTWES, SSike dnl, hoOBEEEFCOW
TRIFKTHEALTWIBELHVBEL L TELTEHL
BETI Ve TERKERMBKETSE, FKTHIKE
PREREKD—ERE In B 7edd, —IRICEFERIELS R b0
ESRCRHz v 7 ¥~k ED » — 7 —EHENKE -
KEGE R T

RHa2 7oy~ fBINIKBIZ2 v F 4 —0H
PWELBRDOLILKDBND, THEI X —BLOT ~ X
2~ DEFHEEY So (kg/h), HEDOx v ALY~ i
(kcal/kg), =¥ 7 vy ~DOADRE t1(°C) HORE 2
COETNE2 Y F v ~BHAEW IZ

_ S, (ds—t3)
W=1000 Gty O/

&ZEZ)O
HETHICIIBETRCST A D —7 4 v VRECEE

THER % EBETH DD BEKEBEL R oLTH
bo ZDESEEBITIILEEKNLERID, Z2hb
FMREOMN X R P 2 E&teBik A%, & L TR0
m3/h, X+ FEEBITEERD 0.1 BEETHD. K
IKEIF30~50mg/e L RH 2 v 7 v~ L b 4 BB kA
BERINB,

2. 3 JKAMIB%fE

HETHOKLEREE W-Th, RHZvF vy —%
HKZBRNT, —ROFEEBKAE & TS & DO Tidin
o

T » THREOMESG Ik & CEESHIKABEREC oW
TDHEZHIX, SFMOBRKLABECHBDO LD TH B,

2. 3. 1 EHESHKLEBEE

B EER SN HESFERETIX, 1TITRSEESH
REMESHR LIIDEINT WD, EELHITR L MES
HREEMRALTWDHEE, 27~ VESIEA], B5ARI%ED
ERPHEEROB U WEESHHIR koS S#90% D
EEABEIND L Wb TWD) KRAL, EREIK
BC7 » 7" 35, MEBEAHRCERDOEAIMBEL kT
S IREVEBEC L D EARK ST 58EE L5 5,

DX D CEESHEIR & OB I N RIS AR AT
RSB EEERRAK R v 7, BEEARM, VA F7 4 vx—
FTHEBRINTWS, REDHEKHR TIIEJNEIN
BEINREND, R X TOEBOLD, BERESY AL
L, MESFRREREZOLE RS DL FRURER L DIAHT
HTELEBELZDBND,

Bz TBAETMIB RN TBmINS =~V LY
b, TrLAr ~ VR XU RHBE Y R BB O SHID
&5 R40A L T oRIWEER, BaAsrboiE- sk b8
ERLLND R EORABNLEEHEOEERLZDRICD
HIRTIE A LT WBER EDD Do

YA4AR7 42—

HESHREZ DB L 2BE, SHEOLEFRIC LYK
KEDOXX T RAREYAEN, WBRKFDSS & EHE
ENDLDTEBRKFDOS SEBENRT » 7" T5. SSOLH
BEBKEMOWHR L /o VB REIRD LMD TE
D7 S SEHRETHULEN S Do BERICY A F7 4 v
Z—HRELRWEE OB L EBRKF DS S DR
BRERTo

FO6RL VBHBE 3L GERT 2EE, BEAkF
SSiz23mg/e 7Y, MESHRONKEE L CILIERC
BWbDEABMN, A4 V74 vE—~DOREIC LD IERIK
DS SHOIME/LLIFIET 5o ENTX B,

BORCHEEMEBELANR YA P74 VA - LTHAX
NEEEYV A7 2 V7 4 VR~ OEEEREY T,

Bl ERA e & MBI OGEMEC L D ERKE HHIL
BETH b BHBIOBEE R FH L EE, TEEKE
DFI0.18 B DEFIBEMN b DD, WHIKDOFEEFED SN
B, BIEERINTWBHIER D7) ORI B\ Tk
BRBOBHER Y &L > TWABENMEEAETH D, &
DBE, BWEEL U CREKAFER SN, BoriEesr LTr
ZYEOT7 Vv~ FEIBSHEENMEAIND, COX I
KEBEE UBBEROBHE R AT, ZKRHBE
Wi ed, BRKEIEEAEETHIENTE, s

32 M 7Y ¥y —EH
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Note.

Dust concentration :0.1 mg/Nnm?
SS from make up water: 5 mg/?

Suspended solid in circulation water (mg/])

0 l | ] ] 1l
1 2 3 4 5

Concentration ratio

B6E RHELEERAKFOS SOHEE

Fig. 6 SS in circulation water vs. concentration ratio

BOR VA7 vE—EREF—&
Table 6 Operating data of side filter

‘ 1 2 3
Influent}EffluenﬂInf [uentEffluent|InfluentEffluent

pH 6.8 | 6.9 | 6.7 | 69| 68 | 6.9
&“”“wégﬁ) 4 0.4 | 3 0.2 | 4 0.2
T.Fe (mg/¢)| 0.83| 0.67| 0.80| 0.65| 0.73| 0.60
Efgf“ic giggﬁiﬂg' 282 | 283 | 279 | 277 | 284 | 279
(Quantity of holding SS) 460 g/m?2 cycle
(Flow rate) 6.8m/h
(Back washing cycle) 20h

(Feed rate of corrosion

20~30 mg/¢ each
and scale inhibitor)

T7a~BIEEAL0 DD, BEBLIETC VK
STTHREHEDAY » P MARETE Bo

NElE, FEBEFERP OB AR bR A N2 T
T HERMEHEBEBIND L b, HCEKE
DHEFFIERAIRD & DI » T boe & DEMIEPLER
DERE 2 A V0 BEKIC FKR FEHINTWS BE1RL
Bo MKIZHBATIXBEN AT ES LB XES 2 &
78K, BRR ) 7B EITHEKE LTRBELHE
M TH Do BRHEBENNMCLEFED T v X, HEiHE
FIEERE, MBAFHEOBARMOE BRI HER XN T\ 54
NRHbo BTRCERBHEBOLHICHHIN TN SHH
IKTEBR DIKE B % 7R3

B 7 X BERENEEBOGHCHASIHTHBMKDOKER
Table 7 Quality of pure water for cooling of electro
magnetic stirrer

pH 6.9
Turbidity (units) 0.3
Electric conductivity — (#S/cm 25°C) 7.9
M Alkalinity (as CaCO3, mg/e) 5.0
Total hardness  (as CaCOs, mg/¢) <0.28
Ca hardness (as CaCOs, mg/€) <0.25
CODwn (mg/8) 0. 28
ce- mg/0) | =40
S0%- (mg/0) <30
SiO; (mg/8) 0.05
Mn (mg/0) <0.02
T-Fe (mg/0) 0.12

2. 3. 2 EHEAHKDERH

EELHRDONE 7 7 & 2 IHERNDEAINTE -
(R =¥y o PR~ R - 0 ek
DEFED 72 v 2ANRBFETLABEL EDTWD. LLF
NENDOHEABEERLE N, BoF X —~, AvFFrx
DEZHE, BLUOaXI=vaDEhbBa0TENA

INTED, RECKEWTEDHT 5.

(1) AR—IEv b

HEE, FETENSFEET DR — VLEHIK & iz =
T VAN = REBETCRT —VEy FPATRAT Do A7 —
VE S P TCIRERHEEN R AR B R, Ry 7O
FHABSCEHMUTRBINTWS, 27~ Y, F 0FEHT
PERARBRI B R 7 ~ 200 TITbN T, 2
ETRBEART —VORESHOT ~ ZOBIEIC LY, %
Btk S Ic ARSI MATRE L F 5 T Do BB X —
MEy ME—BRIZIZGL-10m B FOMTEW & = A~k
BINBEZ ENE WD, X7~ VEy P TCOSRBIRA /N
ELTHELERITHEENEG Do ULALKEIIRELI RS
e, MEOIWIABE Y 7IMFEHTE, BHERINEL &
Bo WITHERIE #RE L THIE LRITHFEN R LD
2, R TOEBNENOFHEOBNR T Y ~ 8 v 7 &(H
R UdiuEin b,

P TR —VOSBERIC LY P~ A Va2 % 3=
RLCTHDL ORI THAILENRL D, BHEIEDOXr — v
Ey P2V, B2RICRT LS RNESHOT — 2%
b &R U R TR RarR80 1, MR 6.7 430
Rei i b BB Td - 7o

XM TBO Baid EEER 2HER B bbb b
B, ZOBEFRT7T—VEy P HELRY, BRTERN
R DT END, MBHMIHTRE L, BB~ DREK
Ry 7 RBLTE Do IRBMADEKR Y 7 FREBE T
B ERHBRNE, EARTHBLALIATLREEAY »
MTCBEENRSHY, TZTLaxXt =T HLDD
BEIOLE L n b,
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Ay — Uy MICHERE L R — ORISR, AH
LDy FOBER L > TERL, BETIXZ
Ney~-rv27uy 7 XV EEBTERIETHZ L2
%L l->T&T\b,

@ % B M

B OB IE— IR B A RA I N T Do K
TH 1B DEMAEF 2 SR B ERELREL 2,
VBB D\WTHET 5. BRIEOFR L LT,

(1) BAPEBmEES Y oNEEORM
@ vA I vRERYEL, WKL Y mEPR
DLAEARRERICIE D <o

Ik H RO 2,000 m2/h Ao R —LERE
ORI - ESEBIO 2 X P AT H L, LARTEHE
THI1/6.3, BEHMBPMTL 1S, 2 T1/3.58ELR S,
TOrAT IR A Y v DB DERENSMEIKT
3EAERBEINA - BB E UTER T — VORI
L AEMEDHENREINIZ L ThoTco LL, #
HMIBOEEKC L 2EHOT 2 + OfEE, ERA60°
T T b Y, 4~5 kg/m2HER il 2 Dl B ORI
RNZ EHRRERE Lize ZOBEREY S I, M THKAE
B OWB M EAE B E AL, MAKL 5~2F&
BURITE Th A7 — v #l b7 BIFC E&ET T
bo BYRICEHBERO—PIERTo

BT L2 r — VOB FEE LT, 27y
VS P =V ERRTH I 5Ty FCHHBEEAT O HiE
LD, BHEOELDE I ~XE, V7w A,
< MF U~ X, KRy ETREC X D EEIERN—
B ThH Do EAEAZBLAEAIE I — X X 0UKP
Ry PEFEIIEE LIREATE S, Vv 7SV EELae v
FU—FBL D, WAy — DX D CERINENES
Y v 72 _UVYERE A T F Y RADOEMAOERETES, <
NF v~ FEREYTH Do X—EOBM TIIRERED
BEEKT R Y TEFRPIEENCERN TS 5.

(3 FiB &8

SEIRAMEB OFEREE LT,
TYRFYAY, PFHOEHBAT 47
BT B EKHEE 30~40 m/h Db A3
DR~ 7 4 MR- REEFEA S
NTEY, BEEORMEN S D F 41X

B8R FAEURM ER7—Z20—f
Table 8 Operating data for sedimentation basin with inclined
tube

1 2 3 4

In- Ef- [In- Ef- |In- Ef- [In- Ef-
fluent |fluentfluent fluent!fluent fluent!fluent | fluent]

pH 7.8! 7.8| 7.9| 7.8 7.9| 7.9| 7.9| 7.7

Suspended
solid (mg/¢)

g::'(::f(mg/g)<l <1 <1[<11<1|<11<1(|<1

83.7|37.3/64 |30.5;38 9.5/69.429.2

Water quantity|

(m3/h) 2,350
Up flow rate

(m/h) 12.2

BI9R A—R—u4 VvEEET—X
Table 9 Operating data for Super Filter

X . | C/C Roll mill
Wire mill l (Special steel)
Water Quantity (m3/h) 2,315 ‘ 1, 955
- |
> § S:Ispended SOlld(mg/é) 1333 30~162
= | = exane extract 1 16. 2
ERE (mg/€) __<
w | 8 | Suspended solid
. e/ | <2 | 0.8~3
bl exane extract 1 1
= . (ng/8) | < ] : <
Flow rate (m/h) 30.5 34,7
Back washing cycle (h) 22 19. 2
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Fig. 7 Brief flow chart for temperature control of cooling water
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Table 10 Study for saving energy of cooling tower

T~y PORGBEREL, FORBRTOERI;NL H
RORYT7HBETDHZLEL 1 DDHETH D,

(5) B K E% 18
WERIOPRE, 3L 07 4 V2 — otk ik, W
EHEKEC B W CIEBBER X, 75 70 o P CHEHS
BRIML o 720, EEBEOEL, 2T v YOO
BRI, BETIRIELAL HARBRZEINTH
Bo BIAKBRMBE L CRELEANV 74 VB~ FH VR,
T4NE—TURREDN, AT 9 VCEEESLEE, X

- IERCEREENSBEIRLD, T4 NER T Vv IARERE

ENDBHNRE e 74 VE~TVRALRERD & S CEAIK
HOBIKBAERB WD Z kL, FAY 7T L EATERRA
T4V E-TVARLYERECERINTWS. +0DE
BEER2ENRCRT,

BUNR T4 NVE~-TVAOEET — &
Table 11 Operating date for filter press

Kind of slurry C/C, Roll mill

Filtering pressure (kg/cm2g) 4
Filtering time (min.) 40
Compressing pressure (kg/cm?2g) 7
Compressing time (min.) 15
Feed-solids concentration (w/v %) 12.4
Feed-oil concentration (mg/g) 1, 690
Cake-moisture content (wt%) 25.5
Cake-oil concentration (mg/g-solid) 15.5
Filtrate-solids concentration (mg/¢) 2

et bl | Ot | Shal | St povs
JAN. 2.7 6P+OFF 129 | 129666
FEB. | 33 | 6P+OFF | 129 0.194
‘MAR. 5.0 6P-+ OFF 12.9 0.194
APR. 1.1 | 6P+OFF | 12,9 0.194
Eﬁx{ 7@3 IAFF%Piii%ﬁ 25§$£1
JUN. 19.7 6P-+6P 25.8 0. 387
JUL. |  23.8 sP+6P | 46.2 i&z&&
AUG. | 241 | 4P+6P 62 | 0604
SEP. 222 | 4P+6P | 462 | 0.604
OCT. | 150 | 6P+6P 25.8 0.387
NOV. [ 9.8 | 6P+OFF | 129 | o019
DEC. | 5.3 16moﬁff 12.9 0.194
Average 24.5 » 0. 37_*
Specification for cooling tower.
Circulation Quantity 1,630 m3/h

Inlet temperature 43°C
Outlet temperature 33°C
Fan motor 37 kW X 4/6 pole X 2 cell

Operating pattern and shaft power (kW)

4P+4P 66.2
4P+-6P 46.2
6P+6P 25.8
6P +OFF 12.9
OFF +OFF 0
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“SUPER FLOW?” High Efficient lon Exchanger

Rk EFENHANERE

*x ®H & B
Toshihiko Akashi

K M. B R
Takashi Hirooka

A highly efficient ion exchange process demineralizer, the “SUPER
FLOW?” featuring upward flow service and downward flow regeneration

has been investigated.

Any advantages of the “SUPER FLOW” demineralizer include low chemi-
cals and rinsing water consumption, consistently superior effluent quality,
use of non-treated water for diluting regenerants and for rinsing the bed
and backwashing in the column without an additional backwash tank.

This paper presents flow diagrams, column construction, regeneration sche-
dules, and test run results of our pilot plant as well as a full-scale field plant.
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Fig. 2 Flow sheet of pilot plant (CRT copy)
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Table 1 Specification of pilot plant

Raw water tank: PVC
0 940x1,030H 0.9m3
Raw water pump : FC (Centrifugal type)
1.33m3/min X 23 mAq x 7.5 kW
Cation exchange column : SUS 304
¢ 500 1,638H
Ion exchange resin Lewatit S100 WS 2002
Degasified water tank : PVC
¢ 1,380 1,5108 2m?
Rootstype blower : FC
2 Nm3min X 5.5 mAqx5.5 kW
Decationized water pump : SUS 304 (Centrifugal type)
50¢/min X 50 mAq x 5.5 kW
Anion exchange column : SUS 304, PVC
¢ 500x1,638H
Ion exchange resin Lewatit M 600 WS 200¢
Chemical injection pumps
HCI pump 4¢/min X 9mAqx0.15 kW
NaOH pump 220¢/min X 10 mAq X 0.75 kW
Mineral pump  140cc/min X 2 plunger X 0.1 kW
Piping : PVC (main size 40A)
Valves : Pneumatic air operated
Sanders type valve FC (R.L)
PVC ball valve
Controller and Consol
Personal computer
Color CRT display
Serial printer
Interface unit
Panels
Power supply panel
Solenoid valves panel
Invertor for decationized water pump :
200 VX55kW
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Photo.1 Cation and anion exchangers and pipe lines
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Table 2 Sequence table of pilot plant
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B XK
A X

VIBWNE L N N
AWRNL | O®
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-4

®

L > #E@WM7T 78T )
BEEETT O BE M (B2RAL12H) %, kTR
(B2RULE22) KAD, +0%, BELFTRIN, &
DL, BHEODL 5~2EDEEAFERT 5,

WHEORLE MEEfThbRWES) 12, £7, ¥ET
B E2REFL1Z2R) 1BADR, BEEBOEAR
B FA IRy, T = Y SSHREE 0B RE LT\
%o

DX, BWHRIERIRAD, 25+ v THEOES, 2.5
~3BV (Bed Volume), 7 =# v D4, 3~4BV
%, SV3~5h 1B THET%, (FE2XREL 2 3, 4
ZH). o

IR DEMLUITRE (B2RBESBR) CADL, &
IR SNITEYEBND £ # v AR s B EH
EFT %o

BT, BEIKTL, BKIBCAS. Lizh-T,
BUEETTa bt WEE, BERTERIZ2BETS %,

Bk, Ak, CaCl,, MgS0O,, NaHCO; % #%
Ry 7(CP)TEAL, Nay (&7 94 vizi+% Na
DHER), AlkY (&7 =4 YC/TBT7V7 Y EDELEK)
YL E R I GHKE A\vize (1B, MKEERA) B
IR, BEEKD A 4 VBB RT

BER 2 K=Yy Frnyvares—2Z, FOBE bIUESE
4 ay FEE

Photo.2 Controller, consol and panels

£ 3R AEEKDA & A
Table 3 Synthetic raw water analysis (mg CaCQO3/¢)

Date | Na’| Ca | Mg | T¢”lHcos| I |50, [c0,”si05”
5/11 |49 L4z 19 115 |45 | 70 | 10
512 | 89 | 44 | 15 148 | 48 00 | 10
5/17 | 56 | 42 | 22 120 | 60 60 10
5/18 | 50 | 42 | 18 (110 | 50 | 42 % 18 | 10
5/19 | 53 | 43 | 16 (112 | 52 60 10
5/20 | 56 | 42 | 16 114 54 60 10 o
5/23 '217 70 22 113 | 23 % 10
e 68 18 | % 85 10
5/25 | 25 |68 19 (112 | 27 85 10
5/26 |80 |24 | 6 |110 | 80 30 10
5/27 | 84 | 22 | 8 114 | 84 30 10
5/30 | 81 | 22 | 5 108 | 83 25 10
5/31 | 77 | 22 | 8 |107 | 27 80 10
6/1 |69 | 33 | 11 113 | 33 80 10
6/ 8 | 81.3 20.97777.7;3109.7—237 79. 2{ 7.5 10
Note 1) Raw water was adjusted by means of chemical

injection in the tap water.
2) SiO; was approximate 4~9 mg/¢ in the tap water.
3) COg was assumed to be approximate 5mg/¢ after
degasifier.

4
5)
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BART, A vy PEBOEGKEMAELTR T kR
HIEZAFZ v 7V 7 FATER TR s foz®d, 7=4
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BBRRA AR Y O ST L e A & Y B),

(TC3=[HCO3)+(CIJ+(S04)
Na)=(TC)—(Cai—Mg)

L ER R

stoichiometric coefficient A (FiE T sELRE L=
BICZBUizA A v E L OHHE) X, BRAOELRLT
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Table 4 Operating results of pilot plant

Date Ell;'zgh 'I;::?;;d Na% ‘A]K%WA% (g%?i%%?ii> S contticiont C:",:?g,’,-%l
column| 7Y C/A C/A C/A .
5/11 C 65.0 |42.630.1|12.5 | 46.7/32.0 | 1.15/1.46 40/42
5/12 C 59.0 |60.1 324! 0.1 775'4. 6/39.97 1.04/1. 32 40/42
75/713_ 7? 55.0 | 31.1|43.9|14.3 | 36.8/23.6 1.54/2.22 | 41.26/42
7)/16 C | 74,8 |45.3|40.0|18.2 | 35.1/25. 47¥ 1.61/2.07 |41.26/42
7 5/17 C 60.4 | 46.7 | 50.0 | 14.3 | 45.3/26.0 1.36/2.02 45/427
‘S/ngicriimk 475.57 45.5 714? n 47.9/30.0 1.29/1.75 45/42
5/19 Ci 69. 1 ?37 { 46.4 | 14.3 ,7 48.4/29.8 ©  1.27/1.76 45/42
5/20 C 68. ?Z&I 1 }TZ 14.3;‘ 49.1/29.7 1.26/1.78 45/42
5/23 67 64.7 :8.6 20.4 | 10.0 ‘;7475.6/39. 8| 1 35/1. 32 45/427
75/24 C | 6L6 225 2.4 10.5§ 42.7/36.0 1.44/1. 46 15/42
5/25 C 62.7 i, 22.3 | 24.1 | 10.5 | 34.9/36.6 1.40/1.19 45/35
5/26 - 'C;\ 69. 07‘ 727|727 25.0 | 47.4/17.0 1.30/3.01 45/42
5/27 (o} \ 69.1 | 73.673.6 25.0 ' 49. 2/17.0 1.25/3.08 45/42
5/30 c | 75.8 | 75.076.9 1 28.6 | 51.2/16.4 1.20/3.21 45/42
5/31 A | 66.8 { 72.0125.2 ! 11.1 | 44.7/37.0 1.38/1.37 45/42
6/ 1 C 83.0 | 61.1 } 29.2 [11.1 | 58.6/46.1 @ 1.05/1.14 45/42
6/ 8 A | 707 |74.1 “ 21.0|10.7 748. 5/42.1 ! 1.27/1. 04 45/35
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Cation exchange column
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Fig. 3 Flow diagram of full scall plant
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Table 5 Operating results of full scale plant

. Operating ichi
Raw water analysis (mg CaCOs/€) Breakthrough g:,::ed ‘Na AIK (WA [SO4| (& gg::};_ym S eoctiiciont
N \ I column and quantity | 95 | 9 | % | %
Date \Na ‘ Ca Mg\ TC \HCO;; Cl SOy Others] TA NCO2 SiOs/serial number m3 0| 70| 70| 70 C/A C/A
7/24 114.216.6 7.4 38.2/ 12.1 [12.810.7, 2.6 | 38.2 7.0| 8.5 3 5,847 \
’ A 37. 2/31.735. 241. 01>>55. 4/39. 3 |<1.06/1. 25
7/27 i27.421.4 7. 2\ 56.0/ 17.1 18.8/16.7| 3.4 | 56.0{ 4.9 9.1 3 4,895
‘ \ \ C=A 48. 9130. 5!27. 6142. 9| 67.7/43.8 —/1.4
7/30 [34. 1‘24.8 9.0 67.9 20.5 [20.0/24.1 3.3 | 67.9 3.6/ 8.9 3 3,242
C 50. 2/30. 0/23. 5/50. 8/54. 4/>>33.5 |1. 09/<1. 47
8/16 143. 4]27. 8[10. 8| 82. 0| 27. 3 |26. 2/27. o 158204957 3 2,455
C 52. 9(33. 3(17. 2(49. 4/49. 7/>>27. 0 |1. 18/<1. 82
9/ 7 |54. 540. 0]11. 6/106. 1| 35.1 [36.1[34. 6/ 0.3 [106.1} 3.1| 4.2 3 2,015
, C 51. 433. 1]12. 2148. 7|52. 8/>27. 2 |1. 11/<1. 81
9/ 9 158. 6/38. 6/13. 2/110. 4/ 35.7 |35.338.9| 0.5 {110.4] 1.5] 3.7 3 2,011
R C 53. 132. 311. 152. 154. 8/>28. 2 [1. 07/<{1. 74

Note

NC” . Cation breakthrough. YA” : Anion breakthrough

EERE 4

200m3/d HiKEE
Photo.4
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L LTW5,

4. 3 HROEE MEHB\BEHRX) OB

BRI, 19724 L7 2 IR 3 $EEUMIKEE B 0 EiR
BBREEAY BN E LT, HELLLD TS D, EEOEE
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94 NaOH) izt L, 42.9 g/¢-R(1009 HCI) 39.3 g/¢-R(100
94 NaOH) & 37~43% &R L 720

1947 %) OERGFERAECOWT S, EHRFELHX
01,290 kg 3594 HCl/cycle, 1,126 kg 48% NaOH/cycleix
L, R—st—7w~Tik, 495kg359% HCl/cycle, 492
kg 489 NaOH/cycle & 38~44 %@ TE T\Wwho L7z

%6 R WMEETKE ORFILEK

Table 6

Comparison of chemical consumption between

Co-current system and SUPER FLOW

i Co-current
‘ system

SUPER FLOW

Raw water analysis

‘ Total cation
| 109 ppm (CaCO3)

\
' 109 ppm (CaCOsg)

Capacity | 100m3/hx20h 91 m®/hx 22h
| Time for 4h oh
regenerations
Ton exchange resins
Cation resin 3,900¢ 4,000¢ (active)
Anion resin ‘ 6,000¢ layer

‘ 5,900¢

Chemical dosages

~ 1 116g/€-Resin

} (1009 HCI)
" 92g/¢-Resjn
i (100% NaOH)

1742.9g/¢-Resin

‘ (100% HCI)
‘ 39.3g/¢-Resin
(1009 NaOH)

Chemical T ‘
Corésslg;pgc& | 1200k ‘
o } s g/cycle 495 kg/cycle
48% NaOH e 1,126 kg/cycle 492 kg/cycle
Treated ;vater cost | ‘
per 1 m ‘
35% HCI i 16.1 yen/m?3 \ 6.2 yen/m?
489, NaOH | 33.8 yen/m?3 | 14.8 yen/m?
Total }‘ 49.9 yen/m3 ‘ 21 yen/m3
Chemical cost: 35% HCI 25 yen/kg
489 NaOH 60 yen/kg

Mo T, WAOEE2 X Mk, BEERLCOWTEXE, ¥
SR D49, 9/ micw L, R —s3—7w~—Ti21H
/m3 b, 28 9M/m3DHHI L /s 7o

5 T

¥ U

EEA 4 VHREBR ~ -7 2~ DOV, BEE

IO, A vy PERE, EEC L AEEERY HECR
Npre A== 70 —iE, AEBEHROEEY oL
Lieaih, SWEmeEh=ROFE Th 5HAEKC & 284
BIOE—HBRTOMLEEREE Lita=— 2 f 4+ VK
HEEETH Do

Lk, A A vIASHABIERIEIC X DIES BT, R —s8—
Tu—RELBEAINDS I LA F L TEE <
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T 7Y ¥ o — Bk
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