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Synopsis :

Industrial cooling water posed problems in water quality due to bacterial trouble. To
solve these problems, the bactericidal chlorine method was generally used. However, this
chlorine method had problems of increasing corrosion of the machine and rusting of
products by accumulation of chemicals. We have developed a bactericidal ozone method
to eliminate the harmful influence of chemicals in the chloride method. In this paper, the
disinfecting effect of ozone in water and its attenuation characteristics have been
investigated, and the optimum conditions of ozonation such as the quality, interval, and
points of shooting ozone have been clarified. This ozone method is now applied to the roll

coolant system of the cold rolling mill at Chiba Works with satisfactory results.
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Synopsis:

Industrial cooling water posed problems in water quality due to
bacterial trouble. To solve these problems, the bactericidal chilorine
methed was generally used. However, this chiorine method had
problems of increasing corrosion of the machine and rusting of prod-
ucts by accumulation of chemicals. We have developed a bac-
tericidal ozone method to eliminate the harmful influence of chemi-
cals in the chlorine methed. In this paper, the disinfecting effect of
ozone in water and its attenuation characteristics have been investi-
gated, and the optimum conditions of ozonation such as the quality,
interval, and points of shooting ozone have been clarified. This
ozone methad is now applied to the roll coolant system of the cald

rolling mill at Chiba Worls with satisfactory results.
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Table 1 Cooling water problems
ltem | 1ype of Pmblem Renunl\:
l Spray nozzle Llog aing Cduse of iouhng
2. Blocking-up at water | 1. Biological matter
fine | growth
4. Fouling of heat ex- | 2. Sedumentation of
Fouling changer surface suspended solids

4. Surface defect of steel | 3.

Deposition of corro-
product

sion product

4. Crystatlization of
hardness composition

Factors

1. Corrosion at water line IHELUI'IL, corro-
5 . . sion rate
t 2. Corrosion of heat ex-
changer pH, chloride, salphate,

Corrosion tatal hardness, alkalini-
ty, specific conductivi-
ty, residue after evap-

oration

3. Corrosion of machine

frame under wet con-
| dition by cooling water
‘ spraying
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fraak:  Cli+-H0 = HCIO+H,OF +-Cl-
HCi O+I-I»O+2e“ = H+4-Cl=420H-
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Table 2 Characterislics ol ommne
Ttem | Value
Moleculor formula ‘ )y
Molecular weight 48.0
Boiling point at 1 atm {°C) —111.9+0.3
Melting point at 1 atm (°C} —192.7£0.2
Density of gas at 0°C, 1 atn {g/f) 2.14
Solubility in water at 20°C (g/l) 0.54
Heat of formation at 25°C {keal/mol) —34.6+0.2
Half life at dry air (I 12
Half life at pure water (min} 30

Oxidatien-reduction potential (V

) 2.07

MRk & Vol. 18 No. 3 1986

EOARD D, BRI s SEREATE L LA,
Table 2 125k v v LA T

3.2 BikXAV L KNIBLZATA

i, A v R W T B A, AR PR B R 2 BT
BHEL A, WEHWZHE AT UL D, o 7o s ER NN i
wA bR, &S ANLENA EGCY, FRETOR T A A
Rl aH o ESEMTH LG, BT UL REA QLT
frbee Tigisn Fige 19 ST Bl D BENORED 6E 0 X
FOFIAE Al 2 3 G S 0 AR M s U i B AL, AT
A 2SN T E ST CH D,

ko s i dbouT, BT A visd S v RFIREA LT A
S AR A M D o AT AR LA, Fig, 2 MG AL:
i (SRR SR 2T, S RS RE T A b
STHD, BEVERLTH Yy RREL, FTF0C oy
SR BT R, IEOA Sy EEFER LK, vy e
ARE LT vRFALL, =EF 210 E - THRMCIEAT S

BHTHZ
g B
'E, 1] Lag phase
Q 2 Logarithmic growth
f phise
= 2 3ostatinnary phise
,—‘; 4 Death phase
bt
= i

Time

Fig. 1 Growth curve of bacteria (L%

Oxygen

Cooling

o AL power
witer

supply

Cuolor

Ozonizer

Tleater

Tump

Ejector

>

Schiematle dingram of intermilient ozouizer and injector

Fig. 2

3.3 HEMR

S AR ST B A DR Bt M D BT E AL & HEReE
B L 7o, sAlnldli fs X UEAERAS A Fig, 3 WO, oV viEA
B 12, i AHRREEE 5 min @ﬁUﬂ_J: T, AT A LIEEM
W&o o Eaibont, —H, HEHRELEANE 1.0 ppm THA
Ef@o,&Aﬁ'or%GMH®&_6CA'4AHumMMB
e

3.4 BtV EAR

At FA R BIoWIS, §x YT L A,

R A Y RIPIN

— 40 —



TRMITRAD A 22 X 5K ObE e

O =10
(® ppm X b omin, =
twice a day) -
SO -
Nall0 - =
——ﬂ'M‘v—l f /4 /’ =
(Cls 1O ppm z A I

coutintes) £ S/ i

s A SR 5
won-disposal z / =
— = L ; Z
ST 7 S z
gadmm tube of / 02 :f
Industrial vinvl chloride / 777 0 E
N i H - Ty B
wiater 100 /- min Non-disposal ~aClOo O, =
. 3 . - . 1 ). L i
(1) Diagram of experiment (b)Y Result of slime growth “U : ”j, O o e Cr
Fig. 3 Effect of intermitlent czonation on slime growth Ozone concenlration fmg /)
Fig. 5 Relation between ozene concentration and slime growtls

Roll

Spray header
Strip «

S
ol

A

@ Intermittent
ozonizer

Cooling water

Fig. 4 Ozonation test system

rat

Ozone concentration (mg-f)

e In intermittent ozonation

Water quality
Temperature:27(C)
pil: 8.2
COD:7.0(mg/ )
Pressure: 4(kgf/cm?)

i

1.0
Pump T
- | delivery .
0.5 side Fiiter i
entry Spray header
side
] ] 1
0 10 20 30
Time {s)
Fig. 6 Example of ozone concentration decreasing

N -Sh S,

P, BEEEL, &SRO L & HITRT S,

A D WELEIL, TOBI T D Ehh, VY

ok (1) Rk o Tl T o AT E D, TR OS

VA A e IC R B AL (2) R L o TRD B D,

Ff o — e, IR VAR B, R AT o ps g
W o T
3.4 BHECLELA Y BRE
IEARIRA 120 wREL, 1Ho@Eid sy wEeEbseT
d SR AT A A TE ORI, Filg, 5 KRR YR s“a
Zhih, AF1aREo By & oL, 0.25 ppm
ThHD oMb,
342 RliFV L FAR
o4 LT, Y & ORI & ORIGA R LUE 20
ok b, BESMET S, o vIEABO SIS D I R
Wt Tig, 6 . AV vt Ef=E2zaiilifi o bicd

— 41 —

== (b cevems ittt eeae e a e e e (1)
p[f()\i:gkvlg B e, (23
_0.693
Tie
soe,
A EARORATE (5)
b Y R A A BRI E S TORL (3)
C.: tHHEESBEO A+ /v BRE (g/n?)
Co: Himvan 74 afilc B e v vl (gm?)
Cor =2 2O F 7w HE (g/mé)
T A Y VIR ORI GRILAY 12 KRR B IAD

(s)

N B R Vol, 18 No. 3 1986



280 T LERIEEADF VI S TR 5

Wo,r 815 Co % THRH ATz o T D zd ot Vv A T~10 wwind & 5 COD, pH, HNE LORER L b B8eRH

# () o Epbhofs, chbbRNCTTERR &M,
Vo RPEKE (m?/min) Ti72=0. 693 [ [CODJF Ko 7LP 068 e (33
T A VAN (s) Ki=8.32 % 107[OH~]0-% exp{ —7.52 x 10%0)
K: =¥rzvont v it Ko=2 .20 x 101[OH-- " exp( — 6. 12 x 1034
(1) XD b ofliey o/ v EHROSNER T, RS L i ol ol
b, # SV ARIEIIT Bl TR D, 4RI L [COD]:  {Ligfppgs ik (mgfl)
T, HEOWED felaipae, TEAKTOLFEMCETET P: RxkorES (kgffom?)
Tk, ToT, KB EL REASRELSE R [OH™]: kg A A v i (me/D)
L2 BB oVTHRE Lic, FOE, # v o¥Eiiit Fig. 4 RAkoiEl (K)
pH, JET & L ORE TR LB o v IR S
I THL,
100
Temp. 270
‘|__)II:7'3 00
CObs0mg -7 * Temp.:28.5°C
CODn :7.8my’ !
Pressure: 1 kgfom®+ab
= £ o0
= =
S S0 =
5 u
S 3
o
100+
1 1 1 | i 1
% 1 2 3 1 5 0 - 8 5
Pressure (kgf.'cm?-ab) pli
Fig. 7 Influence of pressure on ozone half life Fig. 9 Influence of pH on ozone half life
GO0 P69 1200 - Temp.:23°C
COM:Ame’ 7 pll70
Pressure: 1 kel ‘em’®-ab Pressure: 1 kgl 'em®ab
o Looo b
T oo = b
5
Z’ 200 E ng
= S
:
s g
2600 100
O
100 200
{ i 1
{ L i 1 1 1 1 1
i 20 25 20 0 2 1 & % 0
Water tewperature (C) COD (ing/ 1)
Fig. 8 Influence of water temperature on czone half life Fig. 10 Influence of COD on ozone half life

NIEREEER Vol 18 No. 3 1986 — 47—



TR IER KO i L B IR ol 5 781

4 62 FALAINLOO-LAHIKZEAOEEB

4.1 WEYHME

6 & VT A, EHEINE p— AR R ER B R T
s, whds s v s bR THL, »—Adikz, Fig 11
(8) i I S EERICRA LA EIEIm e T2 LA e U e, BB
MEhs, WAEOKES Table 3 1T5R3, 2 =i~ v
Hidds X 0F COD ofilinsEi <, & 5 LMaAiEml o Sais 1) &
[ i VR

Photo 1 i 2 5 o L 4[ihiA T4, FHchbo A5 4 4%
BRLTWAEESY Photo 2 i+,

AFA AN ER L5 &, @RCEIEEMT S - SR
KT, HEA AV OBERIC L - TR LR Zv 5 fbank
Dy WHEERFELCHERELE Lty Lid-> TS £ Tiigm
HANOFTNRFEEZE LTHR LT R,

4.2 FVLkABLRTFAOEA
Fig. 11 () 4 v & @ LK MmE, Table 4 w4 v vk

AREORA TR T,
AV OEA, HE Y FEUKEIL 0 S FEERE A MO 2 BT 5

L&00 m? h R T 2 - - S - - AT -4
D GON mm

1 H0 m%'h

(E) Filier
@350 mm

ol

separalor @D Tump
Elevated tank To palm oil

(35 m}) reclamation

\

E(iliilllilﬁ Sedimentation Flotation

G‘)_ T pond d tank
Reser 1 000 1 L0’
vair

™ Make -up water
1000 m*, d

{a) Belore ozonation

I“lL‘I'JllillCllt [LEAU [FAR §

{Second stame)
Fafom' b Tt h =] zZ2 oZno=Z

=L #4
m .
GHUD Spray nozzle
Limms L p

ot gel gl et

TV

Intermiltont oaomizer
(Fest slage) (il

SUPRITAL T

Filler
a0

Elevated tank
3ot -
el LConlinuous

astnizer

Tor pal wil
reclimittion

Couling T - .
LT Sedimentalion
" e
i o

1o mt

[ 1etsilion
tank
oo

[Reseryvorr

Make -up water
Lt mt o

(b)Y  Alter ocronation

Fig. 11 Schematic diagram of cooling water in six tandem cold
rolling mil!

— 43 —

g ThTh LU CEATZH A L oty Shudd v v ol
B B, 4V v OBERA e T E, BT vty b
LINDTH B,

WEE ARG  tw, Fyvmwrafb Lot <, BEiEHN
(EFF2oT, 4 v BB CligiE AT 5184 L 51,

Table 3 Quality of eooling water for six tandem cold rolling

ikl

Item Value
pH 8.2
Turbidity (T.U} 6
Suspended solids {ing/l) 10
Alkalinity (mg/D 39
Chlorides (mg/l) 33
Sulphates (mg/) 255
Total hardress {mg/l) 305
Total iron (mg/l) 1
Chemical oxygen demand {mg/l) 7
Specific conductivity (gsfenr) 636
n-Hexane extracted matter {mg/l) ]

Cooling
tower

Water
line

Filter
element
{water line)

Photo 1 Examples of slime adherent

i ekRAR Vol. 18 No. 3 1586



282 TTHREROKO AV kD AR M

{a) Sphaerotilus
(b} Nematoda

Photo 2 Examples of microorganism in cooling water

Table 4 Specificalions of the ozonizer

Intermittent system Continuous
ftem syslem
st stage 2nd stage
Capacity of ozonizer o5 150 360
(g/h) B
Ozone injection at 0.95 max 1,90 max
a time (kg) TR Tt ’
Injecting time  (min) 5 5 Continuous
Injecting interval (h) i2 12
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{a) Before ozonation
(b) After ozonation

Photo 3 Effect of ozonation on the prevention of slime fouling
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Table 5

Acrual data

Water treating cost for shime contrel

Case of
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Table b i, WiFg: oW+ HEE LT, oo~ il
T Hixl TR Lice Chik, WS 3.5 ppm DHEEFRAE T,
WA v OERL PRI L - C 50 ppm LT (& v ad iy

DT A VIS a5 2 RIS LT il ek 5
NP I VI VAR KI5 1 ) K Nt e 4 e S Mi”‘ih*ff-, Wlis =
AN PEHOREIR A T 2 AT ko T RIS, ATHITR S
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Before .__-After Chlorination
B 707omt10n f _Ozonation
Unit consumption
Electric power
(kWh/m3-water) - 0.016 -
Oxygen - " _
(kg/umt-water) 0.012
. . 9
Chemicals 0;0"7
fhpg/in-water) B - (N”(‘l.o.
; ’ containing
120/
chlorine)
Fresh water for make- . ,
up {3 m3-water) 0.16 0.04 0.120
Pollutional waste - .
water  (m3/m’-water) 0.15 0.03 v.163
Running cost
(F/m*-water)
- Electric power, 5 -
Oxygen, chemienls - 0.26 0.54
« Fresh water -
! : 2
waste water 3.70 1.10 2.496
Ecuipment cost 1.97 >
("fme -water) | {Sand filter) 0.92 0.04
Total cost (’f,ﬂ'mf* water) 5.67 2.28 3.54
Water quality
Choride {mg/l) 33 55 (55}
Suspended solid -
(mg/f) 10 15
n-Hexane extracted 8 10
matter {mg{l)
Chemical oxygen 7 14
demand (ppm)
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