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ROBATEL centrifugal extractor is a new
type centrifugal liquid-liquid extractor developed by
ROBATEL SLPI, France.

A large number of stages with mixing and sett-
ling chambers are assembled vertically in one rotor,
and highly efficient extraction is achieved by cen-
trifugal force.

The extractors are used in the pharmaceutical,
biochemical, chemical, agricultural chemicals, perfume,
oils and fats and hydrometallurgy industries.
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The Future of New-glasses and Ceramics

Recently new-glasses and ceramics have received a greate deal of attention.

expected by the year 2000?
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What will be

Some advantages and prospects of such materials are described in this lecture.
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Fermentation of Penicillin by Semi-continuous Fluidized

Bed Bioreactor System

TRATBRFEA LR
N B B
Tetsuo Kobayashi

Some useful compounds have been already produced by using immobilized microorganisms.
A new semi-continuous fluidized bed bioreactor system with urethane foam carriers has
proved its effectiveness in operation. As a result of pilot test, 30 times as mach penicillin
could be produced as is obtainable by conventional cultivation methods.
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Fig. 7 Operational modes of semi-continuous(a) and batch(b)
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Fig. 8 Flowchart of fluidized bed bioreactor
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AQUATECH System ICK AW 7 vEDEIN (z02)

Recovery of Nitric and Hydrofluoric Acids from Waste
Pickle Liquor by AQUATECH System (Part Il

BARBAZEAIR
& K [
Takashi Sasaki
¥ B B =

Masanori Sugisawa

This article describes modified AQUATECH System (AT System) which is applied to recover
nitric acid and hydrofluoric acid from waste acids from stainless steel pickling process.
Generally in Japan, F-/NO3;- molar ratio and nitric acid concentration of stainless steel
pickling wastes are rather small and high respectively, and then cell efficiency is pretty low
and hardly economical in AT System alone. In order to settle the situation, something
like a pretreatment to reduce free nitric acid of raw wastes should be supplemented to AT
System.

Basic experiments and pilot tests using labo cell stack of Allied Signal Corp have been
carried out to improve and confirm performance and feasibility of the system.

As a result, a feasible process which makes AT System more effective: (ED+AT Combined

process) has been developed successfully.

¥ Z » &

AQUATECH System (AT ¥ 27 1) X BW7 v B
DEUZ DT Vol. 30 No. 3 (1986/12) iz % D N7 % 1
FEERE Uizo S[EliL Allied Signal#t kb, K AL X
Ry 7k~ XL, HEBEEBC L HEEORME, WOICE
BROKAMERRIC LAy V=7 U v 75 — 2D T
BET D,
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IR TR A BV, ATy 27 L OEKRYMEEORER 4
T 720 2% b Bipolar A MAA L VA Z o 7 HFD
ELUTROEBIC DWW T HAERER AT - 7o
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@) B (F-/NOy~ =i & Bsh=E O R

() H|UER 7 A v OEBSURELE L BRI, EINEOEH

%
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(T MELE, Far

SIS OIEB OHTHA A & Allied Signal 55 7 —
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HIFF L Fo
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Rinse water hase

Recovery acid
{To acid
storage task )
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Waste acid Dehydration AT treatment
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rinse water

1R ATY A7 LOEA 7~
Fig. 1 General flow diagram of AT System
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Fig. 2 Recovery mechanism of acid and base by bipolar membrane

Vol. 31 No. 3 (1987/12)

7 7 v F o —~H# 9




(8 FEM7 vy BAERBAATLIEMEY Y TR 52
LIk 5T, BEREXEMTE Do
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(1) Bikr -0z, B2/~ X Fy 27
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1. 2 RBREE
EREBIZAT2=v P 2R L. EBEERTIZHER
WSS R A0 T, EERIE R OT
BIIfToTWitle AT A7 A3, B, 72V, &
D 4 DO LITERR LD - Tnd, HIEER 7 A
YIXBEL L D ESEE, HEINTCESREEENMETT
B0T, BSULEEE & PRBLK U FRICHES 3 5852
BEREAEATLIRY 7LBE L TC—BO0BRGEHELR

7 v 5

~HFRO.FHFRDTH2H, BRIZEREBRECIED
Run 0#EEE 74~ O.F B iSkoBESENER (ED
EE)THE Lz 0~4dms/cm Ok a BEHL, KR
TETERREZT ) N 7R TH Do

ATYR7 1D VR 2y 7 ik Allied Signal #t#io
6AYFXEAYFDOTERLNAR Yy 2 HEH L. &
DENVAZ Y 7Y, 74 VE~TVREICBPIE, »+A4
YV, T=FVEO3HEL - TIeMETELOR8
VAL, BREREE 1t2(9.29dm2) D& DTHB.
FiEZIZ0.5NBED KOHBK Th b, EREIMEBE
ERARDOWE A TZH BB Y HERC30 °CEMBEL, D
BETVAHVER T A Y EF TR 7 v v RERRIE TSR
X 0 BEREEH, KEIEMELUER30~35 CIAREL
7zo

HWIER A Y OFWO—SIFDEE T VIER 74
YL LCHEAL, BYIREDEBRCHEL, KT,
KNOg #&-feifmmiz Fme R U, Bk — ek
WOCBRIEEB 74 ¥ DRD/SNy FHEH E UTHERE L.

HBLTW5S, BE13:30~50 ms/cmo '
HHTH D, WIER 7 A, 7vHr Y F1R FHEROHR
TEIB 5 A VITEMEEA, A~ —T 1 Table 1 Test result of pretest

No. |  Item Run No.—->! 8 9 | 10 1
T T T T 1 | Ampere A 8 8 12 12
1 = 2 | Voltage VvV |22 23~25 | 28 27~29
s -2 3 | Total ampere volume AH 160 160 240 240
~ i ’g 4 | Electro conductivity of salt line ms/cm | 50 30 50 50
& S 5 | Waste acid concentration(HNOs-HF) % | 10-5 | 10-5 | 10-5 | 14-3.6
j§ i 6 | F/NO3; molar ratio 1.57 1.57 1.57 0.787
° 7 ! Cell efficiency % |68.3 |66.7 |69.1 |633
3 1 g 8 |Recovery base volume Mol | 32.6 3L9 49.5 46. 8
8 9 | Concentration of recovery base WN 1.457 | 1.457 | 1.489 | 1.442
. 10 | Weight of total recovery base kg | 21.16 [ 21.14 |32.15 | 31.46
05 Lo 152025 30 11 | Cell efficiency % |55.2 |59.4 |68.9 |48.5
F/NO; Molar ratio "g 12 | Recovery acid volume Mol | 26.7 28.7 49. 4 32.9
< 13 | Weight of total recovery acid kg {1 13.05 |12.90 |20.30 | 18.55
BIE FEBHRO F-/NOs™ &/ s K . .
o - 14 | Concentration of recovery acid WN | 1.975 | 2.221} 2.427 | 1.871
OIEET { Y ORSIZEEETE 221 2,427 L.871
FREIR DR = 15 Acid concentration WN | 0.1148 0.0804] 0.0358 0.2473
Fig. 3 Correlation of cell efficiency and % 16 | Leaked acid Mol | 4.13 2.82 0.484 | 10.8 0

F-/NO;s™ molar ratio (WN : Weight Normarity)

B2 R ATV A7 NBHULEEAERER
Table 2 Test result by AT system alone

No. | { Ttem R No—~ 23 | 24 | 26 | 25 | 21 | 22 | 28 | 27 | 29
1 | Molar ratio of feed solution 0.60 & 0.69 | 1.05 | 105 | 1.5 | 155 | 20 | 20 | 25
2 2 | Electroconductivity of salt line ms/cm | 30 50 | 30 50 30 50 30 50 30
-8 3 | Ampere A 9.29 9.29 | 9.29 9.29 9.29 9.29 9.29 9.29 9.29
‘é 4 | Total ampere hour AH 200 200 200 193 200 200 200 200 200
(3 5 | Voltage VvV |237 21.6 23.8 22.2 23.8 22.6 24.0 22.9 24. 4
6 | Waste acid concentration (HNOs-HF) % 15.1-3. 3|15. 1-3. 3!12. 6-4. 2/12.6-4. 2| 9.6-4.7) 9.6-4.7| 8.3-5.3| 8.3-5.3 7.6-6.0
— Cell efficiency % | 43.95 | 41.03 | 47.28 | 42.78 | 70.83 | 71.89 |70.08 |65.71 | 71.06
3 8 | Recovery acid concentration WN | 2.026| 1.849 | 2.147! 1.98 | 2.029 | 2.109 | 2.771 | 2.724 | 2.753
9 | Recovery acid weight kg | 12.95 13. 25 13.15 12.41 20. 84 20. 35 15.10 14. 40 15. 41
° 10 | Cell efficiency % | 61.91 56.26 | 64.93 | 63.11 62. 39 77.99 | 70.51 67.87 | 69.36
Eg 11 | Recovery base concentration WN | 1.737 | 1.707| 1.806 | 1.818 | 2.008 | 1.797 | 1.749 | 1.773 ; 1.782
12 | Recovery base weight kg | 21.28 | 19.68 | 21.46 |20.00 | 18.55 | 25.91 |[24.07 |22.86 |23.24
.?.*: 13 | Leaked acid Mol 6. 26 9.29 6. 82 11.53 |Basic(. 42| 1.09 0.18 1. 45 0.25
2 14 | Acid concentration in the salt line WN 0.585 | 0.714 0.0976/ 0.227 | 0.0179
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Table 3 Test result of recovery acid concentration and cell efficiency o 100 I ‘ ‘ p
No. { Ttem Run No—| 31 32 33 36 T s ]
P
1 | Ampere Al 929 9.29 9.29 9.29 £ 60
a 2 Voltage AY4 22.8 23.3 23.7 23.5 é 40k
-2 38 | Total ampere hour AH | 200 200 200 220 >
B 4 |Waste acid concentration (HINOs-HF) 9% | 8.32-5.28| 8.32-5.28 8.32-5.28 0-8.38 & 20
8 5 | Molar ratio of feed solution 2 2 2 KF only 5 ; 5 L y
6 | Electroconductiviti of salt line ms/cm 50 50 50 50 . ) - q °
- Recovery aci
o 7 | Cell efficiency % 43.87 65. 08 72.01 64.19 concentration (WN)
;Eé 8 ! Recovery acid concentration WN 3.108 2.684 2.118 4. 479
9 | Recovery acid weight kg 8.65 15.17 21.20 9.44 4R ARREBELERZIEOH
- R
10 | Cell efficiency % 69. 19 71.50 71.60 67. 96 . . .
,;% 11 | Recovery base concentration WN| 1e9| 1733 1773| 1eor Ti&4 Sz;iela;(;"r:;iil e:iid
12 | Recovery base weight kg 24. 40 24.63 24. 11 26. 30 Y anc Y
JEUE I I | — S R S concentration
+ 13 | Leaked acid Mol 10. 61 1.65 [Base 0.72 0.00
%5 14 | Acid concentration in the salt line WN 0.709 0. 269 [Basic0. 036 0.030
“
1. 3 ERERRBUEE 5 . =
N . KFDL2&8UBREAT = -
REFERIZE 2, 3RCR TS %%éﬁé%ggtgg% 82
=B Y Zsh S 5 o5
1.3 1 ERTHSE ‘ IR SRp s ol
BLENBHRERIL (BPEREICL > TERLER) — B Fig. 5 82
-~ % = ~; 7 N CO l t. f = L L L L
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b, FERITEH L8 % & KIBTIRD U Tz, ARSI O
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1. 3. 2 F-/NOg~ =/ EHTER Y 4 VEKEEE

WIER 7 4 v OBESIZEE, F-/NO3~ =ik (Run 21
~29) % L O 4R HR B (Run 31~33, 36) »EMzh=RIC &
13 EECDOWTRE Lo

Run 21~290#E 54 2 K, B 3 BIC/R L7z, F-/NOs-
= VEEHYL B5% T E S & [FE1. 050 M CRIBMCER AR N
BT+ ERRWEEND, &L BB T TIEEE
FAVY — 7T HBOBEIRKE L, BENERDEL50
BUTIC /) —ERBREAATT5 00O EREEILA
x</h, BEHRTELLEL b,

—HENE1.55% B2 B EETEE T A v ~DBRD Y —
JERRBALTH L=V TEAD, 200 AHBRBERDE
TER T A Y FOBWOBBELE L RB AR\, - TERERL
BIREILT0% %2 % M EDOFRMIDATY A7 1%
HEWHAT At F/NOg- =/ ih81. 65 L, Tx k2
BlETHDZEMNELL, 1.55 T ChHEMAEUET S
BaE, AbIAONEYET 5.

total ampere hours at

KF treatment alone (AM)

Total ampere hours
7 A ) ERERFRIEROBA D X H CHEE R EMX
BOBNRNE, BEVHDT v 7L BIEFRETS L

5 InEBN D Bivbe

BIER 7 A Y BRECEEREARFTE, BIRKCE
DHhND LD CBENERNRILETR b, Run 23
k24, Run 21k 22 % el U554 Bk (Run D D X 5 1K
HNO3 & HF 0oBEWMD BRE X OENDEERT A v
DD F/NOg~ =V RHIMEBERTCEEDOEEOENEL
RINBHI LR EBLDEBRDND. L UIEESEEE
AT A ik 014~ 0.26 Volt/Cell BERET
FEAE L 50T, BT NAERELTOICRE
THLENRD B,

1. 3. 3 BRUREE

BIEER7 A Y13y FRTHDHND, BEYCHTET H7%
EEBROBEDIMR S 5 W MGEBRMOEEC X 5T, By
HBIBOBEIZBHCHAIGTE %, BEBCEWTIRE
B LERGEEOMCERN BRI E S DT, BIERS
A FHOBOBESCEEYE L —EHEN LOESCEHE
REE, EEAEELCBEI) HTEEFERE BN
LDEEZBND,

TR UREE L B ROMICIZFELBEENR LD, £
BRBEYED DL EBRGRIBARD L5 TIET 54, B8
BRI X HUIBMNELHDHR, FOXXLFERDO—D
Th 50

Run 31~331 2 BWNCFTHE T 5 FHHEER (2 & TIHFIK)
DEE X -C, EBBE*E 2 CERSRE DBRER
Db DT, HRYEIR, BARKR L

ER LUK CEREREE 3. 1WN (Run 31) + 2.7 WN
(Run 32) ojic BRMBORAMAT(BELTWE &
DB, & OREFGHC BRFEIET 4 5 81kF-/NO;g-
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eV, TRUEE, BHREERL L S TEDLDLLDTH DN,
L2 BNERETT, ZOFREGHAELEETHELD
WELBAERIEDL LRI HERETH B,

H AT OSSR LEFER I XA e lA & U CHER&EE
BEOBBMERINTND, BROEFERER CHAL 25
B4, 6 NBIBOED C BEBEETHH LB LI W HED
LD Thbho ATYRFLOKLTIDL D hiSBECRY
FEIEDZ L, BREIRETHLEETERWS, B
B L s THIEEEROBEYERINLIZENDH ),
BEOER4BILA0A Run 36 ¢H 5, Run 36 o
TEEE T A~ TR A HF 4.19 N, 8.38 % #H24
KFDORIT L BHETH D, BIHES8A/dm?2, WEE220
AHTUOHEL, RbEEy> 7~ /U CRREE FFOR:
B A RO EDONESRTH 5, BREEIZ 160 AHLE
g & A FEBHTHEML T2 0T, HERx kil
5 WN ix#z b0 s Ebhbd,

Dl b EBEROERAFLDDERDER Y TH D,
1) HEERI A Y BOEETHIESEHEL OWT30 ms
/em & 50 ms/cm DFFICDOWTHE Lz, BIZEDH
AEHRAERIZR Y, LEEEN0. 14~0. 26 Volt/Cell
ERAT B, BESGEHEOFNBEREIELRVOIX, #
TEIB s A Y WEE A L D Frich whao et L0
EBbhb,

HEERFP D F-/NOg~ = vibik BiRzh=RIC BIET 2
factor ¢, RENVMENRLSLIT TS S & ENFRIIETE
B4y — 7 L, BHRSHBIIERCETT %,
3) LENBREBEY S E BRORTIET TS, #E

F-/NO3~ =/ 2 O 4, ERBBA3WN 282 %

BRI RECET T 5,

2)

(Pretreatment ED unit)

)
.

o
Conc dil
| L1

Filter press

U

Neutralization
tank

= ' : filter
BT —_ | ®\,
T-16 T4 : P‘ l 1
1
1
i
I
|

T6R ED+ATUEY 27 AEA7a~~ 1
Fig. 6 Flow sheet of ED4+AT combined process

Chelate resin

< Neutralization and filtration unit >

7 o BROIZD T HEERTIL, EUEE OBRAEN A FEE
Thbo LNLERHEIIFE L Al
2. EERBICKXAERIER

A RO LLRER L &t F-/NOg~ 'V HA/NE
SR 7 v BRI N TR DAY SRR R 5 T
Do Lo T INETO EWERO FHERENLD, ATV
R 7 LB TIEREME L, BEESHIZ W,
FITATYRT n% BARD FEATBC HH T2
13, BIABETRE L LT Free » HNOg k45 7 v+
ADRLETH B,

— R E-EOREAOES BT & & - (REREE
SEVENRE 2 — 2T TCHREINRTRD, ZOBREREHE
DEE T free ©» HNO3 %814 - ThrET L EIAEE 7 =
v REATY A7 L& LD BAXHTE® ED+AT
Combined 7w + 2 # K3 L7
2. 1 =R

REBRIIRL S OE MY St > TR HILL EHE L
THD LA FER L. (EFHBILE 4 RICRL

pH » — 2% L C hFf iR gt Rd iz, @A 4 L
k%Lt T pH OFZY v ~ 7 TRV, &8
AF Y HEGATHTY

4

% 4 § 3 ) | Mean

HERBERRARIR (2/0) | 86-12-26) 87224, "4jye

Table 4 F- | 54.1 621 | 581

Waste acid com- NOs~ | 227.0 [ 230.6 |228.8

position (g/€) Fes* 53.0 | 45.7 | 49.3
Niz+ 5.87 | 5.93 ‘ 5.90
T-Cr3+ | 1.5 | 1.7 | 11.6
Cré* (mg/¢)' 5.8

TOC(mg/0) 144 |

< ED unit >
¢ AT unit >

N X
P8 Filirated
solution m
tank
T
G
39
b3 D6 P7
Salt solutionqaie tine | Acidline  Base line Electrode
tank

solution
line

12

7 7 v F 7 —

Vol. 31 No. 3 (1987/12)




MF; +3 NaOH—-»M(OH)3 +3 NaF V—THEBYETDH FTE Lk, (MHIZ10~11)
M(NO3)3+3 NaOH—>M(OH) 3 +3 NaNOs 3) Bk
Lo TRT =4 Y MEESRD DB, CoBxmbh  30X300 Th OMKT 4 S - TV 2k Ptz TR
RIIEIC & > CoRab e &7 =4 > FLEMK 11596 N(4.83 ER5~5.5 ke/em CEMZALTH B, 7~ * I
WN)Th %55, BAR OMEHHEADRDbDer AT YRATLOERER 74 DA —/8— 7 il & —HD
IR0 BB, A CIRAETE AR L TRy ED BETEE LA 2~4 ms/cm oL L
k@c}: 5 e LfCo 71,\,__7,:' b@ﬂ@%ﬁ%/f F v @%@%ﬁ” 7’:0 %@ﬁ(bi%@%EKHSUTATﬂ}E?% y&:}'% L'f:o

& 5 A ek e A R Lo 4) ATY 27 L
ooy BN BB L R, A AR 19620920 dm2), 8 4
ﬁ}zﬁ/(j_\\/ 3‘52 N @t/VX}Zyﬁ’ZﬁofCo
BERERR 3.22 N

7 v BRIRIE Y 7 BBV FRATERWO THEEY TR

FETERVC &3 LOCATAE, EDABIC X THED Testl0 + Rl -

. < . B - - AT
HEDK ’gig{tq‘*5$t; Ebb, KROFBHEIERY Waste acid 2442 (30 kg) [265AH] 19 o 27AL1
B LTIT o 70 50.8mol|22.7 & i

» : o g N
2. 2 ED—‘F AT Combined 702 Product acid 17.9 ¢ i Recovery{a(cid Recovery acid
BREN 55 LIEBEN 60T, F- 44> X0y < e [ e
57N, 2L 2N, 13 22
€ N0 Ay OBARCMEBBLT BHT S I LIRS e S
MBNTWD, ZOBFRXFAL, fiILEE LTEDIR LD Testll + Rund5s  ED AT
NOsg~ 4 # v #BEEHCERIETFOREHBEL, Waste acid 24.4 ¢ (30 kg) |305AH| 169 4
F-rich %@ CAT UEE 75 &3H5LDT HbH, (F/ 57.2mol| 200 kg
NOg~ & V2R EnDT W EEBED BERX BEHN Product acid 21.5 ¢ v Recover;i"?gidz Recovery acid
B IDYARATADT By 7 F%»—FMIRDELD ThD, 55N, 25.2ke 44N, 148 ke
ED
£T7R ED+TAY A7 LMLEHZRE—ER
01 s BF/NOslO® Fig. 7 Test result by ED+AT combined process
T HHCBEKATRE
|
Bl * BN FOATHLER
Bkt
$£5 % ED+ATUMY 27 MLUEABER—ER
_— S F AT T;ble 5 Test result by ED+AT combined process
. t- ‘
m‘mh et lem Test 105 Test 11
— # R, T(?t?l amp(?re hour AH 265 305
Initial D line solution kg 30 30
Bkl ! Product D line solution kg - 22.65 ! 20. 01
‘ - ¢ Initial C line solution kg 13.00 14. 80
2. 3 EERIE E " Product C line solution kg 21.07 25.21
2o g o — < : Concentration of initial C linl solution WN 4.01
%6 I ERERD 7 7~ v — P AR : e
+ 5 | Acid concentration WN 4. 88 4. 67
° o i Conpornent of product C line solution Fe g/¢ 2.32 4.12
1) FREHHAE DG S Ni ’ ‘
g/e 2.75 1.05
BAMHE A E DR, M OES B T-Cr g/e 200 | 124
S L B0 H B@MEo i, B Moved mol . Mol 64.6 80.1
17 = M A AT R VR B . F/NOs” molar ratio — . B 704
JEER Lich DTh Do LMKy 2 ‘ 2 Total ampere hour AH 327
e e Amp 9%
N 2 :
10D OESIL-b DT, 1#24) U% ' Temperature C 32
O BRIBEEED 2 dm?2 T 2460 EF%) 2 Molar ratio — 4.28
. [ - " T T T T - - —
[EERE2 20 dm2 oL D TH S, % - Recovery acid concentration WN 4.09 ‘
2) thFn & g Recovery acid weight kg 14. 91 ‘
RN E D SEIE 10 CRAE X FL 7 FeiR : ; Cell efficiency % 62.6 .
10~30 kg %, <y 73 T hfi% 7o 5 | Recovery base concentration WN L7 |
Jeo 7 B U 1A T AEE G gy L 7= KOH - 8 Recover)./ ‘base weight kg 41.05 !
e - ! Cell efficiency % 71. 8
Ww S LT 7 AR ) TR ORS w | e T
i, — IR B pH SERE = — & Leaked acid and base Mol ‘ acid 5.09 1
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2. 4 EBERBIUER

1 [EDOKRBFER30 kg FHLTLEDO 7 X F%1T 5
oo TDO—HORBRIEFRIIEIR, FTRICR LI BT
Ricam Uizt 5 i ATMIEIC L » TEDNEEBROEE
L ERIEREF E DALE 0O BHEAIC AN B IR OBRIBE D24
ZizkEsd, Test 10+ Run 44+ Test 11 4o BETH
HEHEDCRIRBEYEDL Z LN TEI, ZD4FEDOERD S
b, Bo2E0ER (FE) BIOCBEE*BTHR T,
Test 10, 1lic & 5 TEBNIz ENER O LA % E 6 X
Zrte. BIRRLOEIRFOBEEIPREERC X
HEEHEECHBEARUTCRDALDOTL S, BEXR
AT LB LD TH D, BHTDOEEND B,

ATAEEEBROBEEIIEDAHI X - T F-/NOg~ =
NMEABDNERTIRO X S ICBBEDOLORED Z LA
BETH BN, TOBEBEDaY v~ VILEGEHBRCERTE
BRIEAET HKEC L > TSIFHEE D, FHRCAHER
BAER D AT Ui, Run 4 o@Thhd L 5 CH
ERBEAEDIIETER T A Y ~NOBRD Y — 7 BE2% L
Y, BEPERIETETTH I LIXBNTWTHAS ),
o Run 4CEBENPLR S0, Run43m A TALER
THH I N D EY D H ReE | Lizicdic, #
RO BEN EL ol st kDD ThbH, —F
NOz- 3Test 10Ci% 64.6 =/, Test 11 T 80.1 =
G FRAI DR S & RO BMS D) 287 LT
Whe ZAURIERERRT O NOg~ D72~89 %It 45,

DIl EoofERA TOHIT AT %5 X% EDEBOFERMAED
TR F-/NOs~ = v ik Test 10G133.8, Test 11T
7.1 780 AT AR & o THED CTHFE LWREE S 2 5
TWb,

EEERTOF-+NO;~ (1164. 2 v Th 5 2%, E DA
Y S TATHBECATF B2 = v0E Test 10,11 TR
Fhoo. 4er, 91.8EMERY, 40 %, 44 BIRL, FO
HATUREOLERERRBENBS§ 2. BiceviED7 » 7
&k BBHRMEOHREL ML D DT, ATHMEKERIIE
LA L, BFEEDECEWWTERD THRIC %,

¥ 7oF- o ENER/ R o Rz ik & oKL 7 — *
CAFNHHIND & oA e XD T95 % Bl E
(3% (N

Koeg v 2EBETERODE Test ok 5ic input oFEER
BLIZIEREE Do KT Y RXATRUATAEGD
i A E D OERPIC L 5T, BTEBHIEL I LHF
BETH B, MINERFICY — 7 +2ELBIXEER L T Fe,
Ni, Cr olEic2~4 g/¢, 1~3 g/e, 1~2 g/¢ % b Input
INFFEBFRITESE XN b DR /35 % IXERRIC 3~7
%, 16~34 %, 9~13 % & 7c b, NiZBEMERWAERE
FHITFEHICE N,

ENERus g1 Test 10, Test 11w \~T5.835 N, 6.03
NEAOVHREINDIBE L5 TWDHN, FRITEEKTE
B A b0 K oBIARTEI L CEEERNE
BNAZELRBDThHbD, KERTHERBLALIFRARAE
v 71310V TH B -2 REE AT 2 EHER GERE
LRRESR) DM A HRIIAEL, B TA K 13
DEEPK X NN, FERE T2 VEH100~200+1 v & 72

ENCRE
EE b | tet10 ] Testll
(2/© F- 4.14 | 45.43
Table 6 NOs~ 244. 8 287. 2
Recovery acid Fe3+ 2.32 4.12
composition Ni2+ 2.75 . 1. 05
Crs+ 2.00 | 1.24
K- 27. 31 26.01
Free acid 5.35N | 6. 03N

NEZOFEIWNI L RYFIIEOEBRERNERIND Z

Elin b,

UL LBEBE TAZXAMER 1 OBEINTWb, ik
BBERAEDERDOKEOFMTH Do AEBMHHINT
WABIIBIRBERINIETH ) FOEES I\, EFM
ORECELCEA ~2 4 #i%HF TH Y, bhbh 0K
BREBTUTCEE T R P TR TH D, HEDE ZAK
8 BMD 7 X F TIREBEIZARWE W IFREREIESLNT
WBHNR, SHOMEET R P OIFHEEECIIFE L Wb DTS
bo —HbhbhdEEMGCEZELY 5 2 I WREEERS
A& BREREPUE O LA & FRA O T rb bIHERE,
EHERIB~OBEEBA A Y D) — 7 8% L OBE CTHRAH
RO HDBENRD D, 2% ) EDERERCKSNT, Zh
B DRF- AR 72 5 EHER DO RS AR IBE 3 5 0%
E2b b,

Bl b, SSROBERBLEICATY 27 22 EBETHIC
24y ED+AT Combined 7w & X DWTHE L Ih
WHRELTELDDERDERD TH S,

1) FEEfRH @ F-/NOsg~ VAR WRIC A T BUHILE
X, BRMERR L OEINBEEE S, BEM, EAM%
" R<o

2) ATBMHABI S 5 CEEINLREABERAHEDT
EE L CENBEEAYED LI bELBRAEA, ED
DERNBNMEL KOBHENRL 2 B EZERT S

ZEMTEIN,

3) ED+AT% Combine L7z7 v+ X%, ATHNHE
Wrho F-/NO3~ =/rba B CERSEX MW EZY,
FRATABCHTHEMERTHIELNTELHDT,
B CREHNMAE 7 v+ X Th b,

4) ED+AT Combined 7" v+ X DIREHI/RIK/NT ¥ R
iiﬁﬂ%ﬁtﬁb‘o

5) ED+AT Combined 7w+t xD%EM(it, EDED
#4r, ED ORBEBRFCHETREIERINTUIND
L DDESEDBEX DRI THFDOERIDORE A ERE

TEDHHDTH Do
C 9 U
DX D BN MEAER & > Bipolar BAFIH L 2

SBEERTE, SROBRBERER OME DL BT, BRIETOE

FEHRHCERLUICERTESTH D OMER Y — X RBWEA~D

WA, 5 WELEERTELDDOHE7 v B~OBEAB R &

BRERELTHEETH Do X BIOERINICIZ /A A 08

TOHMAMER ORI & AN A FEREMN T X 5 EME

BAEERE LTHRETZLLDTH o

14 M7 7Y F T —E#H
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EFIVT R NARERREED X7 ADOHFE
Newly Set up System of Experimental Equipment
for Model Tests of Agitation

(Bl BREERR
M A& = &
Yukimichi Okamoto

Recently, a new system of experimental equipment was completed for the purpose of various
model tests of agitation by Shinko-Pfaudler. The system is constituted by two sets of
transparent mixing vessels of 80 liter volume with variable speed drives of 3-600 rpm, two
remote control boards for manual operations, and a microcomputer system for auto-monitoring
and auto-operations. This system is expected to serve many customers who have such pro-
blems on mixing operations as to be solved through appropriate model tests or comparative
view tests in which the two sets of mixing vessels are operated simultaneously under the
conditions to be compared.

In this paper, the experimental equipment system is outlined about its constitution and func-

tions. It has been ready for the utilization in the technical services.

¥F Z M =

BRI T D2 - VEAOERNEE/LT 55 H
W LD O TIRIES DS BELERED & L N
P EORBENEZ DDb B, £OL D HE~ORIGE L
T, MFORS Y EFNVERCTERE LMEOAEXINEL
e BT U S AEOR M A HER T 5 BN E B D,

Mokh TIEER B Z OBEDOFIN Y — € A& |HELTET
Whe SO, IOV — KT X SEIET5ER
THEPEFNVT R TERAORREBE N L

Tk RRER O EY T 5,

1. EZROEN&ERE

BEEONBEZEERE 1 WRT,

HENEERIL, RIUHEROEMRBRE M, Thiho
FERRERO - ORBHEE, U CHEFARES LU
HEREROODY A 78« aY P a—X s YRATLIRK
BB, EIBHEEE L 2 v e — Z R 2O R
BrETAHHECERINTWS,

2D EPEREIT Wy 72 v v Blo HEE
iZ.3~600 rpm OREEF T A 7HEMLALDT,
Fa Ry~ )X THE IEDHZETE, ~v7
NI Y OB ERSHC LT3, 2EIFIFEOHE
Hi, {REDORLDODRMIRAEY EELET 5
HTH B,

EiRAIEERC X, HER X OBREEABEX 5 R,
Fo47E7 — ) v XORRE R X OH#EER,
FLTCHEBEOAY X~y 7 ERPERIAENTNS,
HEEI AR OX 1HETOb Y, EEHEEOF
B L 2 EGEREY RIHED, FOBRERED—
L, WA BT 2R BREBCBT I ENTE
b, ¥z, ERAEBOSTORERELBRD 2
Par FREBTELTES, ThiX, $ESER
SR A O INE SR O FHRE Ty, RLUFE

ANVER2=y FIBI/OR~F,2—F—TF, 75 —-7
ARTVA, VY E-0DbRb, B X OIS
DEFIZ2ED I Vv —Ry 7 25N L TTbNb, AHS
BEER AR 2 v v o ~ XA RIIBRENBEN X ORFES v 7
CHHINT WD, 22~ X RO ERI XSRS
DYERR, BEREE=X ~, EEEE PV 7 OHAIE 7~
AN, EBCHEERw 77 ADRETH D, 508, 5t
W, 77— 2NEEERFEERRCLFATE D, £7'm
I ulE, 22~ REHBOVARE AL T4 R
TV A EDLFEBIRFRNCTETL, FL-FEDRALTER
TR nX DREEETFIET A RAENE L BN TN 5,
Dl RSB L EBLRD 7w v 7 EER 2 B1IRERT,
2. BRT|OBME
2. 1 HEHEBH
EFNVERCTREKOBENRTEERFZE 2 I3, 2R
HEEUTHMEEZ 7 7V vBI2 L, SHCASEORT
WEIE 2B RICHRCHFZN REBL M B 12D, HE#EO

Computer system

Control board

IRDSRBR D B/ ke B LB & » &t
LT, ava—27ar7 7 Ak bEEhERTH Mixing vessels
ST BHEEE L 57D TH B, B E 1 R

IV~ FREERE, N—FT 4 A7ERBDT

Photo.l Experimental equipment of agitation
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Ne7 7y vBIEEART, KefiL T
YELHBIET 5. MEEZANE 400 mm &
1% 700 mm CEFEH O THEEX .
BREMEE T e — &, BN, R,
HOBRE 7 7 v F bbb 2HDI T v+
LR PR A ZE RS B & OB i Ry
WD EZ Db FEAIND, BEREHS
VIR DERNY ThH B,

BiiiEss 30~600 rpm 4~2 kgfem
Rl 3~60 rpm 20 kgf-m
EERHR OB A ZEHEE TT 5 72, BROEM
B 7y FHEORRGEI Y Yy 7 v v b
HToTnWb, 72, PV I7HIEEELS ~

Branch board A

Guide & Result
« Record of experiment
« Monitor & measurement

Selection & Entry
» Progrom menu
+ Conditions

Program & File
- Measurement
+ Auto operation

« Display & print + Auto adjustment » Operating message
» Emergency - Filing {} ﬁ
Increased file unit _,—-‘ Color display |
1 Key board |—-—> Micro-computer
Extended 1/0 .h‘-—-' Printer J
Relay boxes
T

| board
Conlro}l\board Manual operations =} ControB oar

Branch board B

XD,
PR, ~o TN, AV EOTHIL, 18

Y~V Y X TCHREIRTTH, AKX b

r— 7% 800 mm THBICE L, A7~

Operating signals Detected signals
On / Off, Direction Motor o Totor
5 /(S)?feed Variator - —>»1  Variator
= Cuutch, 1 o Cluteh, B _p————]
Red
On /Ot Reducer “ [ lucer ]

YELEA v~ 7 OLRE, TEESCHR
ITEBY Iy F-RfFBRATHS,

.2 ERETIELE

HIEBO 8L, BE1RCREMNEL51
A BT A A B OFTHR T L B 5E
GEEERREDRIR T h B, AJBIEOEBIEILS
CREAYTHREL, FOEBNLT v 7O /T T
EBRCE D, ¥/, HEHkeARMBOREZ
=X B XNV BLO TRV RER T
s, FO BRHER LT Y 2V RREC RS
Yo MEY, TR, RREROEINL, ZEH b
i, 2B TIRIEFRCEET IS EREEE

Clutch, L

Strain gages

Mixing vessel A

Torque

Clutch, L
Strain gages

Mixing vessel B

! Elevation

Up, Down, Stop _| _‘

e b EAESIC I 5 Tnh, Fin, HEd
2B EWIBEAND, ABEREREE 4
" —wv oy 7 EBREAKAALTND,
BIEBEED S B T v F LY — VU Y FDBERE Y
RBERERBC LRI N TWDB, By 7 VORHD
YWERY — Y Y EDY 39 F—RELXEELLLDT
Do
EHBOBBOEIIIGIEE, 2o —-2REFLTH
HRERED SERADIBSIND N, FORSHEFTLER
ARSI R ORI E X BN T WS,

.3 aAyrFaL—4%

SE, 2vea—2RERTIBNDO—DI, KRG
(BRI R R ERSRROT S I b — F Y
YHCHRCIRET D RICh D, ¥, FOEMT LA
ST TR o T B I & B R 2 B o0 B ERER O HEE
(PR R O BB BIET O HR A RIET 5,
IV s~ ZEROERICOWTIET TR L, &2
HEFED T v 7T A DWTHIAT 5, B TIRKRD 4
ED A =2 ~BBEEIN TS,

(1) BHRUSETALE - ovooeoe SRR

@) EHRIERERE e FERFEERDENF

@ s HREEE 2R ) ORE
@ EET R b A BB ORI

HPIETUE 7w 77 A DESEEIRD LR ) Th b,
(1) KERREREN

1R EREERO7 vy 7EKEN
Fig. 1 Block diagram of the experimental equipment system

@ SfTatlle~r

a) [EEHK v HlE (FHEER)

b) EEHEIEED v e (BERER)

HEHAE O FERE o ER B B e R RE
o) BisEORER vy HlE (HEER)
2ERRCH I BERE

EfTEHlE ~ F Tk, E3 a, b, c D& T~ FHbEIR
LCEE#HE v 7 2 EGERET S, &9 > 7Y v TR
X0.01F B ETHRETE, v 7vEZ1 000 TH 5,
FRIX7 7 7 CRREN, ARCEEES, Bk Ed
KREND, BN TCOF— 23 E1L YA~ F
FLARAID7 7> A VIEEREE N, FERFFEOH L CEIRIT %
ZEMAIRET H B,
CA I N 6 3
EROEHEOERFH TIX, BN E T 58EXEET
0, ¥DOLXDRHROERY DX 5 AR ECEET
DONBRBTHAENE NI HEEABETLI ZLEIEETH
%o

BB U ERER Y X7 2%, Tk 5 nigE
NORGE b EDFRERETHZ LREFEND, =~
FEMOSBEOFBEBEUT, & VOB EEO
BB oW 5 T b,

5 Mg 7y ¥y —E#H
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Type 6-1 Wiped Film Evaporator Pilot Plant

)T B3 &
= K
Yoji Miki

This article introduces a pilot unit for lease, “Type 6-1 WFE (Wiped Film Evaporator).”
This unit is available for test operation using a real feed material at customer’s factory or
laboratory, enabling evaluation of treated material and evapolation capacity.

The unit consists of a Type 6-1 WFE and all other piping necessary for complete unit. The
adoption of control panel system allows easy operation and date collection.

T Z h =
EEDBREIERWRBAEREEL LT, EBEIFERIT
UHaRTE, EERATERIOEBLESELTED, &
OEFWRRE L & ARIEARRE BIERD BN T W5,
BEDT7 7 477 I A NVGHECHRERECOERNSE T
FTHETHY, BREMORETFMDID, 2—¥hbd
DERBOFELL {5 Td,
LHTHE<OKREBERFEL, =vI=7Vv ¥
~tx%ngfhém,::fmu~x%A4nyr%ﬁ
R 6-1EWF EEREEEERER” WOWTHEML, &
E I OWTHES 5,
1. EREBOBE
6-1AWF E BEXZEREBIZ6-1 B WFE (Wiped
Film Evaporator) #Z#&s322=y +ThY, HlH48
BIOHEZHEREBIBIBANET %, EE1C6-1HAWFE
2=y PRI UHIEEAE RS
1) EH6-1 BIWF EiZE ¢ 150, MEVEEESS 0.1 m?2
T ) EENEE125~50 ¢t/h Th B,
2) NRENVERERYRFLILLY, BIERIVFT ~ £
BRBGTH 50
3) 2=y FADZ—F 4 V7 4 EEIZ, ~v X —-ES

X, 2~ FORELRTEHHEID R,
4) BEERBIVEBCY Y 2y FRI 5y 7RERAL,
LR OO, MM EEThBo
5) &SN ELZSTEL 15 kg/cm2r L, 200 °CH
FMRF — L ECHERARETH %,
6) 2=y F&EEar s FRL, BERIUEEYS
(R TICHIENTBET H B,
7)6-IEMWFE=2=v  LHIEELHIEE L, SEBRER
DVATY FRBIOCBEEEL BERLCEBN AIRETH
Ao
2. EBREBOIO-—
6-1ZWF E HEKE EREE 7o~y ~ 1+ 2 81
Z, WEFEz2=y FOEEBN*E 2 RCFHT.
FEiriE (FT) A ENA0ERKIZ, FREEHRRY
7 (FP) RXH6-1BIWFE~NER 7 4+ — FE¥N 5B,
WEF EN7 4 — FENANBRITERER S & FELRFEN D
BN, FERFERMIEERZEH(RT-01, RT-02
~, ZERSBIWFERBEaY 7y ¥4 —BIOPa~VF 1
797 (CT) RIbEBIN, ZHEZE (DT-0L,
DT-02) ~ELHN D,
BErEHSEBIIINE R (4 70, BIEEEEC XY HYk

t
[ Steam TWR
CWS
(R
Vacuum
! unit
:
N
5]

6- 1§;WF Ea=, v H;%El FT FP
g Feed tank
Photo.1 Type 6-1 WFE unit and
control panel
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Fig. 1 Flow diagram of type 6~-1WFE pilot plant
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Type 6-1 Wiped Film Evaporator Pilot Plant

OB SR 3 &
= K

Yoji Miki

This article introduces a pilot unit for lease, “Type 6-1 WFE (Wiped Film Evaporator).”
This unit is available for test operation using a real feed material at customer’s factory or
laboratory, enabling evaluation of treated material and evapolation capacity.

The unit consists of a Type 6-1 WFE and all other piping necessary for complete unit. The
adoption of control panel system allows easy operation and date collection.

£ A h =
BROBREIEAWRBAREL LT, HEIELIZ
LRI, EERTELRIORBLELELTRY, 2
DOEWNAE & ARBEARREBIERD BN TS,
BREDT > A4 ¥ 7 I ANGBCEIERECOERNET
EFTHEECTHY, BHEERBOREFMD D, Z—Fhbd
DERBOFELL o5 Tnd,
LHTIHE2ORREBELRMBL, = y=7V¥ 7y
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RIE6-1EWF EEBREERER” € OWTHEML, &
E I DWTHIET 5,
1. EREBOBEE
6-1ZIWF E BB EEREEIL6-1 B WF E (Wiped
Film Evaporator) # £+ 4+52=v +Thh, HEPE
BIOEZEREREENBIENE T, BENC6-1EHWFE
2=y PR IUHEERE R T,
1) E#6-1 BWF EiZHE ¢ 150, nEVE2EERS 0.1 m2
Th ) EENEE1L5~50 st/h Tk B,
2) MANVEFRERYXFLICLY, BERIUOF - R
BRBSTH 5
3) 2=y PRODZ—F 4 UV F 4 BEEIX, ~vF—iES

X¥, 2~ FOREATHEGEND R,
4) BBEBIVRSC Y Yy R o FRX 7 Iy 7RERL,
LSOO, MBS THBo
5) FHEBED M ERSITE L 15 kg/em2 e L, 200 °CH
FRF —nk CHEBAFETSH 5,
6) ==y t2fE v 7 PiEL, BERRIVEEYS
B3 ICER DA BE T Do
7) 6-1EWFE==yv  LHEBEXHIEE L, EBEH
DVATY F BLOBENY BERLULEEBEN ARETH
50
2. EREBOIO-—
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' - S v Ll N
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e,
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(TR |
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] &
1
\!J
‘[\ —ﬁ
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EE 1 6IBWFEz=y H_'%ﬂ FT Fp Residue Residue  Distillate  Distillate
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Photo.1 Type 6-1 WFE unit and

control panel
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Fig. 1 Flow diagram of type 6~1WFE pilot plant
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Fig. 2 Layout of type 6-1 W.F.E unit
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BETES + Rtk -1 kg/cm?2, 4#{&15 kg/cm?
BeEMRLEE ¢ AR 200 °C, #4%E200 °C

2) Eettiarr 7 (FP)
B K:FAv77aK
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¥ B &RE SUS316, #E S S41
FTETET + & 3 kg/cm?, 4z 5 kg/cm?
HEHEEE - KK 150 °C, #4E 150 °C

3) 20 st FEpHE (FT)
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BRETEDS : Rtk AKE, 4% 15 kg/cm?
SEHREE 1 Ak 200 °C, FME 200 °C

4) 10 ¢t EwEeE (RT-01, RT-02)
%) B A&k SUS316, /E SSsdl
WETES + K -1 kg/em?, 4z 15 kg/cm?
BENRE A 200 °C, 4iE 200 °C

5) 10 ¢t Bz (DT-01, DT-02)
bo) B &E SUS316, AE SS41
BEHES + £ -1 kg/cm2, #i& 15 kg/cm?
FEHRE - Rk 200 °C, A& 200 °C

6)03m2 a—VF1r597 (CT)
#  H:A&fk SUSS3I6 AE SUS304
BETES + &4k -1 kg/cm?2, #& 5 kg/cm?
BEHRE &4 100 °C, 44& 100 °C

4 FE R T #H

1) GERAEER (FIS-101)

32
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Vacuum nozzle N
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1100

Wiper

Residue outlet |

<
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Fig. 3 Outline of type 6-1 WFE
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Welding Technology of Carpenter 20Ch-3

ITHREER BFR
=4 B &
Koshi Miyazaki
(4&)%1%&%’3& IS

L 01|
Kazuyoshi Watanabe

Carpenter 20Cb-3 is useful for chemical industries, because of their excellent corrosion resistance.
We studied susceptibility to hot cracking of Carpenter 20 Cb-3, using method of Circular
groove test, varestraint test and overlay test by large ring specimen.

Then we found that full austenitic suructure, low Nb Content and multi layer are responsible
to the hot cracking Welding rod having low Nb content is to be selected for welding Car-
penter 20Cb-3’s succesfully, and special alloy should be used for first layer to build up defe-

ctless overlays.

This paper described the technology recently completed for the welding of carpenter 20Cb-3
as well as its characteristics of metallurgical and corrosion resistance.

¥ Z M 2

A =Ry 220 Cb-31%, oA, WEELXFRAL
THREFER (EBZ, ARLE AmEERY) ©
HAubiTinbd, RESIXEM BT D4 ~R7FA &
Bkt REE (MO HEE FCC) 2RL, BES
BRERLNERELRLT L, BEEOBWHELADN
BHo TDRDBEECE LU CIIBERXRGIZ L L LY, BEN
B, BEFELR S ToBE L GESLENRD D, RITH
— Rz~ 20Ch-3 DHHE, BEXHECRN, btz
DL, MBEREZORBEDONWTENTHRIZN,
1. H—~va2—20Cb-3 DT LEE

I BWLNAEREMEAE1IRD rdTe 2D
A h Ry 2~ 20Ch-312ENi4+—~X7F+4 1% X7
Y VRED—ET, REED I raifiEny = T4 VR
IBEAEEGERNZ EhD, BEF—XTF+A FPRRTY
VAL LTHOR 7Y VASIERXBIXND Z &b B,
(B1EDEEL LTI $ONi %24 A TW5D DN

(whER, MHERL E)TED TEN, BHRIELAED
BERCRSWTEWSHEASNER 2R T, (B2EY)
FEIRY BULELIEHHEBERD AN Y Y = v
TeRR =V F v — PER U, B~y £~ 20Cb-3i%
Bt A EE R CBIEERCA L TENTWS Z & bh
5o LinL—RicA 7> vElichd Ni &FE KT
L RALERERSKE Y, BCAEROMLEFIES
MEET IS, ZORERETHDEREGETIT Nb
mmEh, WEREEEDLEER/NEC & LD Tinb,
WAt e X AMFLAME, thoRetr -7+ 4 MR
A7 vRHRKE L, Cr, Mo ORMENRS E D &< 7
WZEhdph SUSSIBL X hETRWEE ThbH, G
49) RASIIFHRBITE/r & Thvie D DEFREEND 5,
2. H—~va-—20Cb-3 DiFHE
2. 1 BESFE

— R DR BN T DBEHFEDIZ & A EDH
~Ry 2~ 20Ch-3LBEHAINSG, LALanbEED

g1 X HWEMH

Table 1 High corrosion resistant material

(1) Super ferritic stainless steel
(2} Duplex stainless steel

(3) Austenitic stainless steel
{4) Nickel based alloy

Code

:tﬁ) _‘I T T 1 1 1 T T T T ) T T T T T T 1 Ll i A”Dy Tradmark .

44 Incoloy 825\0 5 Jis ASTM
e 7 (o] 19G-2Mo NTKU-2, NAR192 SUSH44 | A240 S44400
?3 gg: Carpenter 20Cb3 A 30Cr-2Mo Shomac 30-2 SUS447J1 | A240 S44700
x asl © Sanicro 28 (o)] 23Ce-8Ni-Mo (Dopl SUS329]1 | A240 S32900
S ur 22Cr-5Ni-Mo-N plex) SUS329J2L | A240 S31803
Q 30k NARZDZ5MT 18Cr-16Ni-Mo NTKM-5, NASI44MLK | SUS317J1
x gg: (BMTI—g 20Cr-18Ni-Mo-Cu Avesta 254SMO A240 S31254
s O Austenite 9 L——o0 20Cr~22Ni-Mo-Cu NTK224
z 2r 20Cr-25Ni-Mo MAR-A (20-25MT5) B620 N08320
S 2k 20Cr-25Ni-Mo-Ca NAR20-25LMCU B625 N08904
! 13: ® 25Cr-30Ni-Cu Carpenter 20
z 20Cr-30Ni-Mo~Cu-Nb | Carpenter 20Cb NAS305X, NAR20, MA20Ch
3 1 20Cr-35Ni-Mo-Cu-Nb | Carpenter 20Cb3 | NAR20-3, MA20Ch3 B463 N08020
5 0p 25Cr-25NiMo NAS204X
= g 21Cr-33Ni-Ti Incoloy 800 NASHV30, NARS00, MA800: NCF800H | B409 N08810
3 g 21Cr-42Ni-Mo-Cu-Ti | Incoloy 825 NAS405E, NARS25, MA825| NCF825 | B424 N08825

2 .| 27Cr-81Ni-Mo-Cu Sanicro 28 B709 N08028

0§74 6 8 10 32 14 16 18 20 22 24 26 26 30 32 34 36 38 50Ni-25Cr-Mo-Cu-Ti NAR-B(25-50MTi) B528 N06975

72Ni-15Cr-Fe Tnconel 600 NAR600, MAG0O NCF600 | B168 N06600

Cr Equivalent = % Cr + % Mo + 15% x Si + 05x%Nb {4)| 61Ni-21Cr-Mo-Nb Tnconel 625 NAR625, MA625 B443 N06625

_ Ni-16Cr-16Mo-6Fe Hastelloy C-276 B575 N10276

B1R v=77—REX | Ni-16Cr-15Ni-Ti Hastelloy C-4 B575 N06455
Fig. 1 Schaeffler diagram
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Time to crack initiation (hr)

1 10 100 1000 — T Rodom:
0 T T 1}
d”f L Glass-lined steel
Tantalum
O o o
Tp316L Q g Q0 [oc} mo R o ° [ Fluoropolymers —
To3ITL ™ 8% ° @ o0 . oy )
254 SMO © 2 00 Qo 0o o = _ [ Hastelloy B ]
Udd 04l = =
Sanicro 28 2 & 00PQgy 0 %% 82
Carpenter20Ch3 £ 2 00 ° % °6? ° 8 s
& ° o B — _ JMonel |
Incoloy 825 © 40r = °° § - I Togonel i
g [ Alloy20 CB-3 ]
IARZ5MTI 2 S o+ Crack Lower bound = -
- 3 [ Nkl 1]
Hastelloy C4. o> No crack after 30 days o] 3 I TocsToy
Inconel (325‘:?[::> 60 [ Type 316 stainless steel | 325'::::"16: steel
o+ CType30% stainless steel |
Hastelloy G
Tnconel 600 £ o .
80 L ! o

B2R A—AFFA ' RAF Y VAHIOISTIEERENSFRER

(Fis42 % MgCls)

B3R vvazy7 e RAX~-VOWMER
Fig. 3 The bishop-stern chart

Fig. 2 Stress corrosion cracking test result of austenitic stainless steels.

(Boiled in 42 % MgCls2)

NEBES e BB EARYELH 2, FRITHLTR
BT5CE0%\0. ML bbb WHNHBEHEIER
DERYTHD,

1) REW®S AT ~ 76

TIGKIUMI GEEEZ Y~V FF AL LUTHAI(E
il Ar+-He) # BB 70, VAXED NREFOE FHE
&B LB, LI AL TihkBEL HELRTWTEE
DEHLEEND LDICIE, ZOHE (LTI GHEE)
NESBWDND, BEME, BEPHEELD, bo K
ELRFTH D,

2) WE7 -/ BE

FRIDOTHBRHN L S ThNE2FETHHN, BELE
AL TWIEENREG L EENDHEEIFOHEERB LR
METhb,

3) YT —VT -~ IBE (N T - 7BERET)
7=y &~ 20 Ch-3 1L AMRREN ZE TR\,
Lz TABDE WY 7= — V7 — JEERTT H BEIT

HABEIZ, FE#, "AHERELECHLDLZ EBE

ThHhh— Ry Z—20Cb-3 ITIIFRAZXTH b,

2. 2 BEVH

B =Ry £~ 20 Co-3 EEEMBIHME & L Cid—iRie 0¥
DED b ORFIAINTN S,

1) WE7 — 7 BEE

ASME SFA-5-4“Specification for covered corrosion-
resisting chromium and chromium-nickel steel wel-
ding electrodes”

2) TIGRIUOMIGHEERAV v :

ASME SFA-5.9 “Specification for corrosion resis-
ting chromium and chromium nickel steel bare
and composite metal cored and stranded welding
electrodes and welding rods”

ZDHBTH~ v &~ 20Ch-3 BN 5 LS
KO ER320 3 X0V ER320LR T4 %, ER320 :
BEOENML2 % Cr, 34 % Ni, 2.5 % Mo & X
3.5 % Cu KiRALFRRAN % 5 % 570w ic Nb 23gim&
NTWDo Z OFEIMMIFRE L OHEMBReL T boEs
GATOARBUWERERL 5305 B0 B FAX

Test condition : 3 % FeCL3 at 50°C for 48 hr.
T T L] T
&—NTK U-2

T T T T

5

ES
~

=
= Tp316L

§ 4 B D l 2 ]
£ | Campenteraices s D)

3 - i
£ Tp316LN NTK M5

3 7 Udd. $04L
3 2 Incoloy 825 Shomac 30-2 1
g 254 SMO
S 1+ NAR-25-50MT1

Inconel 625
3 1 1 1 1 1

40 50 [
Pitting index Cr + 3.3Mo + 16N (%)

F4H ABREABEHOBMR
Fig. 4 Relationship between pitting corrosion rate and pitting
index.
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EERWBARBREEEBRNMEYLENYE L b,
ER320LR: z 0440 EXMMIZ ER 320 A Th
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et —ATFF A FRATF Y VARBESENEET AL
BELBOGRENL I 7 nE e RS 385,
2. 3 AECHBITIBES

W =Ry &~ 20Ch-3 DFR L BEEA BN &
T TR R, B RERIZEEEGESHEERED A
—A7F A MRRIENSDTHHZ LR LD, BREEND
REFRL LT - &b LABNTWE DX, EERC
HEOERMELEYMSE D VL ERESEBENEIR 7 A v &
LCHIRESCREE TRy, ek s Tlads 4
DTHbHo ISP L DOHEHIMERMS 2R L ERE
NEBELTWS® 72 Al, Ti, Nb 23 Ni & 38 LTl
S v FA(Ni3AlL % 7243 Ni (AL Ti, Nb) #4#TH{L,
DTN S ARER CRBCERET T2 L L 58
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Table 2 Chemical composition of welding materials

! !
No.|  Trademark | C |SiiMo| P | S |Cu| Ni|Cr |Mo|QP \K |®}/
20 | Chromenar 320 | 0.0160.230. 35| 0.016] 0. 002f3. 17]33. 09[19. 55]2. 18[0. 50 I
5X | Weltig 305X 0.03 [0. 46/1. 72| 0.012] 0. 003(3. 45{29. 78120. 64{2. 16{0. 76 450
X3 | Weltig 305X-3 | 0.02 [0.392. 00/ 0. 009 0.0043. 64]34. 0120. 21}2. 49)0. 40 o
LR | Weltig 320LR 0. 001 0. 0023. 34(33. 97,20. 51(2. 4600. 13

0. 012|O. 09,1. 59
0.0160. 55‘2. 71| 0. 007,
0.02 IO. 072. 91} 0. 002

30 | TG-30

82 ! Inconel F.M. 82

0. 004:3. 50|29. 73/20. 41{2. 49
0. 061/0. 03(78. 17|20. 33] —i2. 53

A : Carpenter 20Cb-3
B : SUS304L, SM41B

25 ’ Inconel F.M. 625 0.02 10.110. 06! 0. 006| 0. 001/0. 15/61. 91|21. 76/3. 96/3. 51 £5 O B s BR
B2 | Hasteloy B-2 <0.01 0.050.2 0.01 0.01 | —| bal | 0.5 {26.7] — Fig. 5 Circular groove test specimen
dimensions
3 F HABM 0PRSS (%)
Table 3 Chemical composition of filler metal (%) 100F -
Trademark C Si Mn P S Cu Ni Cr 1\60 N}I)\ICb -
SANDVIK 3.26 |0.008 & I [ Carpenter20Cb3 — SUS304L
SANICRO28 0.017] 0. 036! 1.66 | 0. 015[<0. 002| 0. 91 | 30. 82| 26.55 0. 0067] 0. 037 _§ B F 7 , —_ SMAIB
ARCOS 217 |03 < [ i =204 )
320LR 0. 015 0.073 1.70 | 0. 009<0. 002 3.17 | 33.20| 20. 130' 0024 0. 015 g st (Speed 12~ 79 /i
WEL 2.43 10.38 &
320LR 0.018] 0.42 | 2.02 | 0.007} 0.002; 3.47 | 34. 37| 19. 88| 0. 0072 0.015 g |
WEL 218 076 = |
305X 0.024] 0.49 | 1.76 | 0.012; 0. 003| 3. 33 | 30.29| 20. 66 0. 0065! 0. 037 m
WEL 2.30 | 0.44 e (b2 o [
305X-3 0.031] 0.40 | 2.03 | 0.009( 0.003| 3.16 | 34. 34| 19. 880. 0037] 0. 029 0 S S U o % il
TG-30 0.016| 0.55 | 2.71 | 0.007] 0.004| 3.50 | 29.73 20. 412 3378<8' 000 |EE FIENAEERER
: : Fig. 6 Circular groove test results
s | BITER SURbvLy
35, 40 45 B R FEMTER
W‘"l Cj;L Fig. 7 Varestraint test
— =1 specimen
300 .
dimensions
e R LT s L O 7 EEMMTL, 8
M AR R b?f-_%)lk;h J:U‘#;‘f@ Pﬁ}ﬁﬁjﬁﬁﬂ‘ 19& iTL,
| OPTHE 2RERLUBEME B CEBERMEC IV TIGE
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L, Nb & Mn 3 GHECESH L CHEENAERE D
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Cb-3 oI E 6 0 EEMERERTRR T oW TN T
};,08),9)
3.1 MAEESESR (W—F23—-9NL—TFFXH)
BEMEE L THELAVWEE, BIUVEBLEDOES
DOEEEIN BRZME C RIS B8 fAET 500, £5H

FEERHBBN, Cb BNOE HDWEEEINT Win\hig
&, BIUOE NI 4&Tiz7 v~ 2R ENORE T
DB,
3.2 "LRbvaUHE

By 2~ 20Cb-3%x5E LABET I GREME
OEREINERZM® LB 2 0), BELBEOKSMITD
WTIRFI YRRV UL Y, BESEOHAZ DS
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7o

3.2 1 2BRAR
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Table 4 Welding condition for varestraint test specimns

S5 K FFUANVR VAL VRRES

Table 5 Trans varestraint test condition

Welding current 150 A NO. of layers Welding current 200A

: TIG Weldi ) F
Welding voltage 15~13V welding elding voltage 7v ™ v |

- Welding velocit 10 cm/min| e +t
Welding velocity | 8~10 cm/min condition id d / [_l___—ff?; i
s Welding materials | ¢ 3.2 mm R
H 3 TN PE i
Welding material | ¢ 3.2 mm N2 Radius bending 400 mm Overlays
Preheat temp. No Strain Strain 1.95 % iChieck :E
Interpass temp. <20°C addition | Strain rate 300 mm/s
Strain addition time| Agar :éz start

Total crack Jength of welding materials {ga)

§28 ALR WLR WoX WX3 TG3

FPIIANRNVRF VAL VS
oV DI EME L AFTEIN
Ea0E

Relation between welding
materials and total crack
length by trans varestraint
test

Total crack length (ma)

s—
1

0

FIE

Fig. 9

$28 ALR WLR WhX WX3 TG3

ARy FAAVR PUAL VT
ol DIBEMELE AFTEIN
BEX DM

Relation between welding
materials and total crack
length by spot varestraint
test

WLR

EHE2
#

TG3

FTYANRVR P VAL VICRT BEIN DS

Photo.2 Results of trans varestraint test

BWEL AT, BAESETI GRETHEBEE L. &
BEREE2EARCR T, RBBECE LRARKROERA %
Rl TIGBERTERES PIEIMIL B L
Foo EIePFYANRVRAPVAYBELTREFOEEDY
AT, ARy FAVAFUAYEELTE, 50 mm g
EAEIL TENENRBRICH L 7

3) NuvRtvAvyRBEE

T 1 GHBEROEEFECHEI L BRFCAL,
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YEBAEFT e FFY ANV UL YERBIIR, BB
ERTHTI GHERSEREFACTIG7 —7iIcky 2
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M2 FETHY, BRESBOSRENELXFTET 2L
DThHHo —HARy PV R T vAYBEIZ, RBRAC
BIHTIGHRERAYTIGT7 — 7/ CABMIRTRE,
7~ 7 Z{ER XD TEICRBCTE O EL S MT 5
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BREUAEDRICR T,

3. 2. 2 EBRER
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o
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New Aspects of Electropolishing
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Recently “clean” surface in process equipment is fequired for high purity products. Our
Electropolishing (EP) method gives more smooth and chemically stable surface than electro/

mechanical polishing.

The surface conditions or properties of EP surface such as scratch,

roughness and corrossion resistance can be detected by using various new surface analyzers.
It has been applied not anly to the equipment of petero-chemical industries but also to the
equipment of nuclear, semiconductor, food, medical and paper manufacturing industries.
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Table 2 Results of measured residual stress by X ray

Residual stress (kg/mm?2)
Surface treatment Parallel in Time | At 90° to
with buffing uffing

#150 29. 6 —40.6
#150+ACY 9.6 —43.7
#150+ EP2 (EP-1) —10.5 —19.5
$320 11.8 —39.1
#320+AC — 6.8 —63.5
$320+EP (EP-3) - 7.5 -22.5

{Notes) 1) Pickling 2) Electro polishing
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Photo.5 The high vacuum evaporation equipment
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Advanced Treatment of Organic Wastewater by Bio Contact Filter(BCF)

(BB HefiR
g B fF

Shinichi N ona:l'{a
e B R

—_—

Eisuke Sato

Organic wastewater is generally treated by biological treatment system. And from the view-
point of the purpose, this system is classified into four groups, discharge 1) to sewer, 2) to
river or sea, 3) to closed water region or 4) reuse.

BCF is found to have availability to these various purpose of watertreatment, under main-
tained suitable operating condition on account of remarkable characteristic points...... greater
biomass concentration on the porous media, higher oxygen dissolving efficiency by its counter
contact of air and water in the media filled reactor and having no sedimentation trouble.
This paper reports BCF application to advanced watertreatment for discharging to closed
water region or reuse which is required to degrade severely BOD to 5~10 mg/¢. The outline
of domestic wastewater facility and test results of advanced treatment of other wastewater

are described.
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Fig. 1 Typical BCF treatment process for various application
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Fig. 2 Schematic diagram of the BCF
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Fig. 3 Schematic diagram of the pilot scale test plant
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B 1R AETHEHKILHERRRE R
Table 1 Test results of domestic waste water
\ H |
. | BOD [} 1;c Tem- pH BOD COD SSs
. loading ' loading | perature|-- e - el TR - : ‘
LV o 3 Influent i Effluent; %  |InfluentEffluent: % |Influent:Effluent{ %
\\ kg/m?-d m/h ¢ Influent Effluent mg/¢ | mg/¢ Removal| mg/¢ | mg/¢ Removal| mg/¢ mg/¢ Removal
Rwl| 05 ' 1.0 | 280 | 7.17 | 6.87 | 7.54 | 150 . 80.1 | 154 | 106 . 3L2 | 20 01 9.0
Rw2| 1.0 | 20 | 27.7 | 656 @ 642 | 7.88 208 . 73.6 132 9.9 250 | 50 . 20 ; 60.0
Rin3| 15 | 30 | 270 ' 7.02 : 7.05 | 1570 | 2.84 = 8.9 | 144 - 12,0 . 167 | 3.2 | 0.1 . 969
Run 4 2.5 5.0 24.5 6. 95 7.00 10. 60 4.14 60.9 12.7 10. 8 15.0 6.4 0.8 87.5
Run 5 3.0 6.0 24.7 7.00 7.07 13.90 4.20 69. 8 16.2 13.7 15.4 10.8 3.2 70.4
Run6| 1.0 | 20 | 135 = 7.11 | 7.42 |10.50 | 3.36 . 68.0 | 15.6 = 12.2 . 2.8 | 2.3 : 1.3 | 43.5
Run7| 15 | 3.0 | 195 | 7.28 7.27 |10.50 @ 3.68 & 65.0 | 13.9 | 1.7 158 | 45 05 889
Run8{ 2.0 4.0 13.5 : 7.00 7.20 12. 80 5.20 59.4 15.2 13.6 10.5 4.8 2.5 47.9
| H
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concentration efficiency
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Table 2 Test results of chemical waste water

Fig. 8 Hydraulic loading vs. SS removal

Fig. 9 Hydraulic loading vs. head loss

T ] Run 1 Run 2 Run 3
Flow rate O md 1.75 2.33 Co1s
Hydraulic loading(LV) ~m/h | 10 1.4 ' 0.8
Target COD loading kg/m?+d 0.75 25 | 10
' e 7777#  Min.  Max. | Average | Min.  Max | Average | Min. Max.  Average
Real COD loading  kg/mied | 0.51~ 1.06 |  0.81 | 176~ 4.17 288 | 0.87~ 1.23 ‘ 1.03
- pH - 6.9 ~ 7.3 7.2 6.9 ~7.1 70 67~73 | 70
_ ‘_CODlng/e_ 20.3 ~42.4 | 324 | 558 ;1%5 8.5 | 46.1~65.4 | 5;7
} SS  mg/e 2.3 ~45 18.6 59. 8 — 23.7~30. 0 26.8
i BOD mg/e 15.8 ] w9 | - o | —
| oH - 6.7~ 7.6 7.3 6.6~ 7.1 69  7.0~7.2 1WW_;;4”
| COD mgle | 8.7~244 5.1 19, 1~62.2 42.5 16.5~19.7 | 1.8
Effluent || L e |
I SS mg/¢ 1.5~ 4.0 2.6 7.0 — 1.6~ 3.6 2.6
BOD mg/e | L1 WW‘ — 9.7 _ 62 ~
- COD 39.5~66.1 ; 51.6 42, 3~63. 8 B 50.9 62. 7~72.ﬁ(; 67.5
% Removal | SS C 7ri~e05 | see | 83 - 8.7~94.7 9. 3
‘ BOD 92.6 - 819 - 90. 4 -
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ThbHo CODBEILONT FNFN FHE TLD &,
Run 1 Ci2COD#% 0.8l kg/m3.d o & XFE/KCOD
324 mg/e A L, MEAKCODIX151 mg/eTh hErE
#151.6 % & 75 CWB, Run 2 GiE7kC ODIx 86.5
mg/¢, CODAT2.88 kg/m3-d Tk Y Run 1 i3
EENFN2.75, 35FELMoT DY, ZDE XML
EKIZ425 mg/e &b, BrERIX50.9 %T Run 1l &
IBIEEL & - Twb, Run 3 Gix, Exk COD B
Run 1 & Run 2 oo 54.7 mg/e T, COD &
ik Run 1 » FRRED 1.03 kg/md.d TH B, D&
EMHEKCOD 12 17.8 mg/e, BBEEE7.5 %Lin-Tw
%o Run 1 X 835 & BrkZEiE Run 2 o 5 RE < ko
TWB2, MK COD iz Run 1 0F2MEWEE 7 o T
Who REEKTIZC OD OAMFENRERFEX 10~ 15
mg/e LE %X S5N55, Run 1, Run 3 0 & 5 izfRFIE <
AT ABEAIIFKCODBEDE W NERERILE
< 50

BODIDOWTH, £ Runiwk\ T 18 2 oflEE
Th D2, FkFIUUEADOBOD & BODEKRERILE
h#h, Run 1158 mg/e, 1.1 mg/e, 92.6 %, Run
27109 mg/e¢, 19.7 mg/e, 81.9 %, LT Run 3Tix
65 mg/e, 6.2 mg/e, 90.4 % L7x-T D, WIhy
CODBRITHEND LEWBERIMELN T WA,

Fiz, SSEOWTHAE Run & LB\ BrERngess
LTEBNTEY, FuKBIOMAEKS SEBELS SEKE
LoOVHEZZNFh, Run 1¢186 mg/e, 2.6mg/e,
84.6 %, Run 2-¢59.8 mg/g, 2.6 mg/e, 88.3 %, +1L
T Run 3¢ 26.8 mg/g, 2.6 mg/eg, 90.3 % & 7 5T
%o
2) CODRrEMAE

ENMEI COD A& COD BRERDBHREY RIS,
CODAT 1.3 kg/m3.d LIFTTIZCODAMNEL B
1BECODBRERII T o-TxD, 1.3 kg/ms.d I
TIREMAE N EBRERIIEL Lo TWbH, ZHITERR

Lk die, ARMEL, EWc X 5 0EBRIE < ¥ ©F
KINDHEE, EKBERBENIESWERERNELND
7edThbDo FUKBECHEIND Z &in BrEMEEY &
5720, CODEMECODBREEEDOBHRTELELY
DORBI2ATH o
ZZTCCODBEFRERIROXTRD DN, MAARE
x4 HEREYHRTLOTH S,
C O DRk (kg/m3.d)
_ Qi+ (COD;~COD,)-10-3 @
Vi
COD;,COD. : Fyk¥s X 0k COD #E (mg/e)
EB12H i, COD&MLS5kg/md-d #3852 LC, Ei
DEENEALTEY, ZOEAYEE U THRERRENMET
LTWwb, F12RCIZBODDF ~ 2% BB L TW5 78,
BODAM36 kg/m3.-d FCIiEKL-TkY, MaE
DETIRLZLNARW, ZDXL5KE, BOD&:CODTHE
PREME D Z L 235 D oD B Iz » TITRARIK O
RCEETHUENRD B,
4, VYV —bFERFIVEKNIBHEERADER
DV, KFANY ATEM@OBFUSBER LAY YV~
FRF NV, FREBT A X VKT VOEKLAERRC, B
BRI O—E L L TCBCF 2 HRE L. AMRI31987
ET B X OEESBEBRINTNS, ZZTIEBCFEHL

ELRBOMELENT 5,
4. 1 EtEEH
1) EAGHE
STEABEAD T 2950A
s E 75 Kk B 0 B¥FH650 m3/d
BB R 2R BREBRSSX
V7% —FA ¥ RT
AXI)E%)
X1 g ) vERREY
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200 : — PR 1 P—
Q 5 8 «
= ° g [ m
- S 6f oo
< = °°
4 S F o
K4 S gf %o
2 g
2 g
= = o

o L

&)

0 1

00z 04 U5 08 10 0 i

Removed SS  kg/m+d
#10 S SRR & BIIKIEO R
Fig. 10 Removed SS vs. Head loss
efficiency

COD loading kg/m- d
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Fig. 11 COD loading vs. COD removal #
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NH4-Nmg/¢ 20~30 10 1

. . : - i T T T T T T T T q

© Run 1 & 4 |°Run1 //_

o Run 2 E | |eRun2 /

* Run 3 * Run 3 _BOD |
£ / L 1

° é Z: //// /D/UCOD:
S £l ]
O | agf © B

N L R B S

COD loading  kg/m¢d
12 CODEAM L C ODREIEEDES

Fig. 12 COD loading vs. COD removal rate
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Fig. 13 Flow sheet of the domestic wastewater treatment facilities
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Advanced Treatment in Drinking Water System
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Katsutoshi Yamamoto

1

Diversification of the environment in the head has caused taste and odor problems of ser-

vice water in recent years.

We have carried out experiments on biocontact-filtration, Ozone

and Granular Activated Carbon (GAC) for the purpose of removal of ammonia nitrogen,

earthy-musty taste and odor.
As results,

1) Biocontactfiltration system has high-rate ammonia removal.
2) Good results were respectively obtained in order to remove odor with combination
treatment by Ozone and Granular Activated Carbon.
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R¥E (TOC) WET, #HWBEEHE THM=<01 mg/¢
#ZT5,

Tk, THMRABCED L 5 nPEYRITTDOTHA
5 he 7 mmam v n(CHCI) 12, &10T HAE A o 7ot
&, hRDOREE L FISL T w25 (COCly) i En
BHo ZDRAFSVIE, H—RHRKICEY 2L LT
bbb DT, MEFDOCOWMEL LFHXE, XbH
TR RYEREETH LI VEWREYFERT L EINT
Wh, HAGREKE (WHO) Tk, 5Kk —4fEL
ToRFICHE CORIC$ A RERNR, 105400 1 & b BEAEY
KREERA b LT, HEANCHEE L CR® & (CHCl; ©
30 pg/ODHRLT D, BRICINTIE, g H19814
3 AKEARFOTHMO YEOHMEEM/E LT, FEMT
BET 0.10 mg/e &b, AEERFECREL 720
1. 3 HURPED
FDLATIEN L 5l MEOEREL XD #E
BOEFAL, FhIC X DKCE N (WDE) 0L, 20
RDOWE, KPemnEET 500 B THAEINT
B, KEKCE > THENEYED—FRMEE L5 TW5
DRPNCRPEDOY 2 A A I (BT Ge &Bg) &, 2-2F
NVAYENVEFF = (LITF2MIBER) Thbd, ohbd
DEENEYE 2RICRT, BRT—FEIHMHL, #HMT
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H1) THY, #0EETHNVRIZ2MIBTSH 5, 5
EEEH cGek LT 5 Anabaena I 5 L 5icih
S>TWB2, i Anabaena macrospora (BE2)
THREHCHIR S5  Anabaena affinis (E) OB E %
BEAEL b,
TNTIEZINE DO RYEOBENHGEKIC ED L B
WEFENDHE, AMIEFREEY 5250TH55 b &
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Fig. 2 Structural formula of musty materials
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WHUHD A/WRVARVFETwy 75 HR Lz, B1
R 713y 7-GOYEELRT. BIRCA/WA YV
ARNVE 7wy 7 OFER, WHEREOKEZBROTNER
—3.0
2. 1 EBREBHIUEREMG

BARCER Y v —% RT. &EWEMEERE, AR
200 mm, B X2600 mm o#HEHlY 5 L TH D, ZDFEE
Mo R 4mm, HEERL 000 m2/m3 o/ 7+
3y 7-GA5, 1500 mm FELTH b, EBRIC LAk
BNEKTHY Ry 7, BEFT*E CHiEEREE T
h, BTHCHRBELTLS A/WRUVARVFET vy 7 X
DERBREIN TS, [UREIZAK T, EBREH
FEEEE (LV) 120 m/d c—5 & U, ZeiiEsih mRg
(EBCT)18 min, Ze&E 1Ng/minGh %, 7r BiFEHEO
WPEILZEKINTE, ZERUKAIRFIALE, ZKMgtoIEE cHE 1|
DIFEE TIT, KERITEENBERKZFER Ul
2. 2 EBRER

BIT AL TR~ % NH4-N &1,
WA THEHET Do

NH,*-N =L (g/ms-a)

81X SAEFHOWYE

Table 1 Property of porous filter media

NH4"-N FrE@#EEZ

Material " SiOy  Approx 70 %
Specific gravity ‘ 2.5 ~ 2.55
Apparent specific gravity 0.3 ~0.4
Void coefficient Approx 85 %

Pore diameter 3.4 pm
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Fig. 3 Collection of water and aeration
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77w 3y -G (BIEFH) %EHL - EhEmE
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1) NHy -N A0 2 aE s/ wEeicid, NHy”
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Table 2 Removal of earthy-musty taste and odor by biocontact-
filtration ng/¢(ppt)
| RUN-1 RUN-2
| _
| 2MIB | Ge |2MIB | Ge
_ | . ‘
Raw water | 130 | 20 | 208 | 69
Biocontact-filtration treated
water i 32 1 19 92 ‘ 12
Removal rate (%) ‘ 75 34 : 56 ! 83

B3 X IR
Table 3 Pilot plant specification

Coagulation and sedimentation basin

’ Retention time 60 min tube settler

Ozone contact reaction basin

’ $350 mm X 2
Ozone genarator 15 g/h

GAC adsorption basin

" (Fluidized bed) ¢ 260 mm X2

Rapid sand filtration basin

- - $210 mmx2
{)r;t;;medlate chlorination and re-flocculation Retention time 90 min
160 m/d

Filtration rate

Other equiment

Ozone dosing equipment
Chemical dosing equipment

pH chlorine controller

Intermediate,
chlorination and
re-flocculation
o basin
gj(;:t(x/rptiuu Cte (Free) lf?ll?fd}élud
N0l filtration

basin Alum basin

Ozone Ozone
contact reaction
basin hasin
e ]
D-1
(125 m/d)
*

D-2
(12,5 we/d)

5 E 3 mELHSERYT MR
Photo.3 Pilot plant
Coagulation and
sedimentation hasin
Césy ({Comb.)
NaOll
Alum
Raw —x Fl F )¢ — % —
water <> % @
(Tube settler)
*  Sampling point
<> Sample No.
E16 X
TR LR 7 v —
Fig. 16
Flow sheet
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Table 4 Removal earthy-musty taste and i
odor by advanced treatment system E s
(Unit; ng/@) 2t
No. Water ‘ O3 dose | 2-MIB g 50?
2 L
11 | Raw water —_ 153 =]
12 | Sedimentation —_— 95 ol
Treated water {
0.5 ppm 37 volume
13 Ozone 1.0 ppm 23
2.0 ppm 27 %17
3.0 ppm 7
14 03+GAC 2.0 ppm 4
- 1001
18 GAC 0.0 ppm 18
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H 42 E: 43R%]<c50 ms
B E B BERIE LCHiBR Sy F, TvaVAEIEL
T NaOH % {#/ L, HEEARIILEKT
FEABEEE Y b TR TEEEAT %,
A V¥ i@EIR 2 ppm FEAL, BRI % 15 min
&35,
EMERERE : LViz10, 15 m/h o 2 ¥, et
1% 6 min T %,
B E: Sv— 2R ALY MERTY, BEBS
Y FEEAT 5o
3. 2. 1 »MUEERECZOWT
RERERZRE T Phormidium tenue ¥EHWEHIEAL, &
MHETREDO 2MI BOBRELEH LA F0REE4ERC
R CHNIDEKD2MI BEEM 153 ng/¢ D4,
FYVvE& 2ppm HEATHZ LT, EERAEKTO 2M
I BEiEIL 4 ng/e L97.4% DrER Y Bir, & Vv DI
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Th Do
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Cooling Tower for Industial Use

(MBS B

&5 I E I
Hiroyuki Yoshikawa

Basic theory and types and history of cooling tower were described in the previous article.
This paper describes tower components and some designing points to be paid attention for
noise reduction, visible plume abatement and power saving etc.

“Some of major tower components have been replaced by plastic materials to achieve design
requirements for weight-saving, high performance efficiency and long service-life.

Once much effort was consumed to develop low noise cooling towers to meet governmental
regulations. Now, power saving and visible plume abatement have become new concerns.
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Fig. 1 Structure and components / ‘
of crossflow cooling tower [~
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Photo. 1 Splash type filling
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Photo.2 Film type filling
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Fig. 3 Directionality of sound pro-
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Fig. 5 Cross path wet dry cooling tower
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Fig. 8 Daily change of average wet buld temperature (observed
at our proving center in March, 1975)
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Solving for Re:

_ hy—ha
Re = h,—he x 100
h, =Enthalpy of the discharging air
he =Enthalpy of the inlet air stream
ha =Enthalpy of the ambient air
G =Circulatry air quantity
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Fig. 13 Difinition of Re and heat balance
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