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A combination of the electrostatic precipitator and the scrubber
has been used so far for the disposal of the exhaust gases
containing submicron particles and hazardous gases. Shinko
Pantec's “ION SCRUBBER ¥ features a dual function as the
electostatic precipitator and the scrubber, thus enabling a
single unit to serve for the simultaneous removal of both dust
and hazardous gases. The photo shows the “ION SCRUBBER ”
recently delivered by,Shinko Pantec for the removal of both fumes
and hydrogen chloride from the exhaust gases in the copper
fusion furnace.
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In the field of powder handling, electrostatic gives not only negative phenomena as dust
explosions or impediments in product, and but also positive plenomena as applications
for action controls and measurments of powder properties. Electrostatic has many kinds of '
forces affect to powder, and can be used effectively. Therefore we have to make efforts

in its effective applications.

In this lecture, the introduction to electrostatic of powder is shown, and then the electro-
static formation of ceramic membrane which we have developed is refered as an example

of applications.
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Table 1
The triboelectric
series

(Positive end)

Silicon elastomer with silica filter
Borosilicate glass, fire-polished
Window glass

Aniline-formol resin (Acid catalysed)

Polyformaldehyde N

Polymethylmethacrylate
Ethylcellulose

Polyamide 11 (Nylon 11)
Polyamide 66 (Nylon 66)
Ock salt

Melamine formol

Wool

Silica

Silk

Poly-ethylene glycol succinate
Cellulose acetate
Poly-ethylene glycol adipate
Polydiallyl phthalate
Cellulose (Regenerated) sponge
Cotton

Polyurethane elastomer -

Styrene acrylonitrille copolymer Earthed cover line
Polystyrene tsﬁle'}i-ﬁ““ — P]:)sitive
Polyisobutylene nim charge

Polyurethane flexibie sponge
Borosilicate glass, ground surface
Polyethylene glycol terephthalate
Polyvinyl butyral
Formo-phenolique, hardened
Epoxide resin @
Polychlorobutadiene

Butadiene acrylonitrile copolymer
Natural rubber

Polyacrylonitrile

Sulphur

Polyethylene

Polydiphenylo propane carbonate
Chlorinated polyehter
Polyvinylchloride with 25 % D.O. P.
Polyvinylchloride without plasticizer
Polytriduorochlorethylene
Polytetrafluoroethylene (PTFE)

(Negative end)
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Three Phase Fluidized Bioreactor with Agitator

BROATA
¥ O Ww % B
Masahiko Kikuchi

Gas-liquid-solid three phase fluidized reactor for fermentation using urethane foam is studied
on its major performance: Kra. As the results, Kra is more than two times higher than
that of aerated column type reactor at the same aeration power. And also Kia can core-
late over wide operaion condition by using two region model which is proposed for gas-

liquid agitation.

Minimum agitation power to fluidize the content fluid increases as the increase of urethane

foam holdup.

¥ X O =

FRE A AN EEEE UTHW 285D oy 7 7
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Fig. 1 Experimental apparatus
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Table 1 Draft tube diameter and impeller span of experimental apparatus

Aa/Ad ]Draft tubu diameter|

Impeller span

(=) Da (cm) d (cm)
; .I Aa: Sectional area of
= 3/1 20 , 18 annulus
2/1 % 22.5 | 20 Ad : Sectional area of
- 1/1 | 28 I 25 draft tube
D'I'
‘ & —Do sensor 10 [ T T T T T T T T T T T

/) —
He =90 {em) =
Dr = 40 {cm) \E"
Dd : Draft tube diameter N>}

d : Impeller span = 881 (mg/)

d @] T = 20.3(C)
. - " 2181 (g o
— Air or Xs =181 (rpm)
Air or Ny Q =100 (N ¢ /min) | |
o 0 100 200 300 400 500 600
B2E Bk ’
Fig. 2 Mixing vessel t (s)
File name

o T B, REREREPIENE 40 cm, WKL 90 cm TRERIC
BEX65cm OFs57 P Fa~7%REL, ZOREIC
WIEREND 4 M 45° /AT VEEY, ¥V 77 7 2
~ T TSR BINO 6 AR 4 R 78— v HE
BT e ERRICHAWEF 77 b2 7 REBEEE XN
VEE1RICET. £, THX -y RO FAHICIXE
4dcm, EX10cmd7 ¥ &2 73y 70D 4 BESTR
KB AR BRTEY, FI97 FF2—~7HERICD, B
2cm, EX20 cmOA ¥ vy Foy 7 IVREEERIC 28
RIS SY (A QAR

BEIEEIICHRT ~EE BB OER 8 cm 020 4 »
Yo b WEBELTITo e i, HEKROT X MIEHE
BMOMGIKREET F T 7 9 2 — 7 FEIMIORRERIC, V
VA~ — (HE 32 cm. HKIHER 1 mmx 78{E)
ZHAWTIT o 70
2. 2 HERESHN

BEPEFREERL L, DEREEN LoV 2 L EERER TR L, HH
Utzo Bk b v 7, HERENCER S e b v 7 Bt

(SUS 304 # #EFI00) IKEEINL ATV VY
~ Y DEHIEOE{ LA BTEF A A TIE Lice PV 7 E
RS END B e, BEIFHIIE Y 3 VICHIAL,
1085 (1000 D7 — £) OFHEE AWz
2. 3 HEYEBHERMRE KLa) ORIE

W EBSAREER OT, FERKETS) Kaod
Hlse 2B EEm L A BERFER (0 —90 %ICERH
20 ) AMAULEAF I v 7HRICEY RDI

EEA L, ¥ TREMERNEOBRTRAYERN A TS
~v L, BHOBENAKHNEZ %, IEEDESE
BE L, BREBEREORELLy BFBETHC L) HE
Utre %72, BEBEFOHIE A/D LA L TR
_—y F Y a— 2B AL TR LU LE AT
720

REEKRE L) EHOHE & 7 2 BEFBRFEN IR TE
Xhb.2

900 112.002 DATA No. =300 40—140 Ky,a=75.13(hr™*)
FIE AFRRBEENE S XU Kua FHA

Fig. 3 Example of disolved oxygen concentration measurement
and Kpa calculation

%tCi_KLa(CI —-C)¢ (1)
czic, C=WERmERE
Ci= 0 OREHIE LTI FRFRIE
¢ =R EBIHE D HRE

AFOBIERIC I 5 WEHHE TR, RERIIE
MTxbEExTo=1& L7
£ 1 &8s LRQ%EE %0

LH(CI —C) = — (KLa)t+ LH(CI — Co) ( 2 )

5% 1, Kra iz Ln{(Ci—C)/(Ci—C}vs. t © 7' 7 7 DIE
XL LTEBNS, 22TC BRFt=0 TR 2BEHFR
ERETH 5. BIR CHEERE DO) WEHRE LU
Kra BHEREI% R T
BAF 3y 7EiC & 3Kia BBk OB TR FRET O
SEBNIC L 225, & OBNERE T 3 o dIiC B FERER
Wk B EIRE EWAT LR A v~ 7Y » 7L, Winkler
7ok Y v Ak (JIS KO0102iCHEEN T B8
FEBENEAE) L flEL, Kra 23HUx MR
KrLa<0.05[s 1 JORTIHT & A BN T & BFER I
N-OT, BREBFEICLIIBEEIDPERLAL Kia &
HFOEEHRA L. F/z, Kua BREICEIVELSL
B, REWCHE-T20 °C DIE&T 3REBEAFT - 725
(K12)20=1.024 @D (Kra)r (3)
s e, (RKua)w:20 °CTod Kea
(Kia)r: T °CToD Kra
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€L €5— Table 2 Increase of agitation power per Table 3 Impeller span and power number
unit mass to fluidize by enp Impeller span’ Np ‘ Rem (—)
E eop ‘ Agitation power per unit d (em) =) em
5 mass (cm?/s%) 18 3.3 | 1.0X105~2. 0% 105
Liquid out of ! Liquid in Porous 0.37 0.2X104 ~
porous media i porous media | media 4 20 8.4 1.0X10°~2.0x10°
i 0. 46 0.4X10 25 | 3.2 |1.0x105~2.0x10°
i 0.55 0. 8X 104 -
]
(Liquid) (Solid) for water: 104 (cm2/s3) =1 kW/m3
- 10_‘__ T T T T T T YT T
Chp - ]
B4R RS- T 5 7 OER oL ]
Fig. 4 Definition of porous media holdup - E
1.0 ~ T T T T T T
%\\ Key| A./Aq T
08l N s | 3/1 -
T aBY ©12/1 = 10-2- i
\ - -
— N (\)\ o 1/1 © L e 0.37 E
- S NA %] L bp = U ]
0.6 u] \\\ o o Py o sE An/Az =2/1 ]
§ e ?__ ] B O Py =520 -
o - &Py =3900 |
L 0 : P, =2600 i
0.2f b { o0 P =1300
103 1 (R N B | 1 AN
! 3 I~ 5
% 4 & ¢ 10 1z 1 10 5o > 1o
Na x 102 (=) Pee  (amt/s?)

BSE EKEEERETOBR

Fig. 5 Relation between agitation power and aeration rate
—————— : Disk- turbine with 6 blades®’

2. 4 EHE

BRICE, KEKCFEREORIEGARMUI 0%
Hic, FRkE LT, BRELT E) #MPM-vvE Y
74— AERBHRLZODE AN, T, BXEFOHAY
B, BIAGBHEAEGK I B -0\, BEREEAE L
THAW3 vV 2 ¥4 (EEEEEOH KM-70) % 200
ppm AL 7zo

2. 5 HaEK—ILEZoS

FISEBME L UTRDO LD ek~ Vv F7 » 7%
BALle 0% D BAESHICHNT, EHERREIELIR
WORT &5 itk (EEES), FRENTICD 3 %E
BLOREUNL L 2 MRC D THE2 D ENTE
B0 FI T, FEBEGINEE UTHRAk @EEES) Ok
~VET7 o 7RIV, FBIEEPHRICH BEED K-V ET
v 7% FEIARTIE GRiafkrx—~VE7 o 7 1) &L
o
3. EBRRERBSLUEER
3. 1 #HEsHH
3. 1.1 ERKRGEAEFER
EHBROBARBRIC T A EBAEEY D OEREFTE
B (Pev) 13, BIAFR-VF7 o TIWILAEEEIN
Tehotze TH&Y, FABE SLBOREB LT3R
b, KEGIERIUEE, Z2hTHEL2RTIOEELDN
3, Lml, WBULD - DLERBEEIIIE, RiAatks —
NET o ZOEMICHES> TERT B ENEBEI N, B

FO6R Kpa #EEIOER
Fig. 6 Reletion between Kpa and Pgv
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BREME TR, KEBOFEEICK > THERR IO
RO RENFEENMET 3 2 2 DESEICE U RE A
ETT+2, BKEXHHOETE, RWOTEHEINIBES
MR EABETHEREDOTH 3 BERE Na # BwT—
wicEI 3,

N,=Q/nd? (4)
ZZit, Q:BExE (cm®/s)
nocEERGEE (7Y

d : EHE 2,2 (cm)

K7 2 P EBOBSKENS N2 BKERE BCORT
EBSBICY, 6KTRT 4 X7 2 — ¥ YRIGEWEE
HRT Z EDDN B ZhEART X+ BB O KA
THE -~ LD DBTONTNBDEEL BN B,
3. 2 FERY
3. 2 1 EHEHCLIEE

F6RICKra BEAHAEEY Y OEESFEERE ) Pey
K LUTRT. 7ds, Pew BRONC LD EHIN B,
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Fig. 7 Relation between Kya and Pav

Pgy=Npn3d®/V (5)

ZZig, V:EEERAE (cm®)
BHMENTENESE, Kinal@BRoHEDLE T 5
EDbnhb, ZORETRKLaNBERICEE I W sRaE
HskaEE# 2 bh,
KLaOCngo (6)
DRI H %,
Uisl, IR s biF 3 EKea 3B HOREA K
{ZT 22 Epbhnd, ZORETERKa BERICKEI
NEREELEEZ BN,
KraccPy, 08 D)
ORERICH 2. ZD & HicKralc 3 2O BIEIBR
BEONRTryRiCLD, ngo nbH ngo'8 if%’ﬂ:jhé Z
&‘.i)fibﬁkéo
3. 2 2 BRICKIEE
#7RicKra a8 EEM Y OBKE/] Paic LT
o 72¥s, Pur 3R@ICEDEH I N B0
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I, U BRkEEE (cm/s)
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e e iR B AR, Kia BRSO ENAEL, &
DR\ RE T BRXEREETH,
KLaOCPavl-o

(9)

DORRICH Y, KEEOHRTHDLNIKER L RKOBR
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<
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I AN |

102

P,o= 5200 Enp = 037
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Fig. 8 Corelation of Kya by two region model

£ 4 BRIERXUHEHSEIRBICAYT S Kra HHBER
Table 4 Ka corelation under the aerated tower condition and
the agitation-controlling condition
Aerated tower condition : (Kra)a=a(Pav)1:0(Pgv)?
Agitation-controlling condition: (Kpa)g=b(Pav)173(Pgv)?-8

Aa/Ad'—:-z/l
Evp | a i a/ag ‘ b ‘ b/bo
0.00 | 3.5x107 ‘ 1.00 ‘ 7.6X1077 | 1.00
0.37  1.8x107¢ ' 0.51 4.0%1077 0.53
0.46 | 1.3x107¢ | 0.37 ‘ 2.7%1077 \ 0. 36
0.55 1.1X1076 ‘ 0.31 | 23%1077 0. 30
ag : a at €pp=0
bo: b at €bp=0

ob, BEHEZERETIE,
KraocP,,1/3 (10

OB 2 Ebbhrbde DX KKl 28K
OEBEEHRE LD AT Y AT ED, Pud? b Poyl/?
FCELT B2 Ebh - o
3. 2. 3 Kia @y/74HE8
BHOBRERHMOBER L UEKIC L 3 HEBOMEY £
LB E, BRIEREOFERE : (Kra). ko LU R
FERRED R EIRE : Kra)g 3, 4 BAIEEYS D OESK
B Pav & BB Pev & AWTRW), ) THBEI NS,

(Kra)a=a(Pav)0(Pgy)?
(Kra)g=bPar)t/(Pyv )8

an
(12

BEA4FRICRW, QOEE a, b R

ZD kB R W - EEHROBRXEAREES B A ER
REA IR, EAEXTEURIEICh A 28B4 1T 5 f2did,
TS RREE O # A BINAEZRBOMBEIC TSN T, BE)IH2
€ LD HRIB X iz =i E 7 v OBEAEY RE Uiz
THEBETVEE, K REHEEERLBRD T F IV
¥ - OEALEKICE- T,

(1) MERLSEICTHEAERIT & b 5 EREXEIREE
(2) PEREShE AR < KR L B OBKR IR AE
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Fig. 9 Decrease of Kpa by the porous media holdup
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R TRI N5,
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(15)
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Fig. 10 Relation between Kja and draft tube diameter

Eﬁzzgﬁexp(—z. 0 Ebp) (16)

3.25 FI97r+a~7TROEE

—EEXSHEYE BRI AVGAL) € ki) 3 Kua i3,
RINEWTER (B8 KBTI 3 nHEINTH
59 ZNEHRRAL I ThHS BRI H AR~V ET
o TR TR CHEFI 7 b Fa~THF AR~ NVET
o 7ED BARENLZDTH b. AEREBICHNTDH, ¥
77 a2~ 7THABRREEEEE V77 2 — IANE
BOH (A/As) SREL MBI Klal3AE< 3, 8
10T A —Pgv, Puv T TAT» I EROER LR TH, 12T
FREOEANRE D e BI0BEICZ DEEART, EBRIZ
F— Pgv, Pov T TITo7z0 COFREKL2DF77 V- a
— 7R (As/A) DEBRAMITRINS Z & pbh - iz,

Kra)a,1=(A/AD" B (K1ra)1,1 (18)
Kia)n,1 : Aa/As=n/1 ©® Kia
(KLa)n/l : Aa/Ad:]-/]- D KLa

4. % & 1)

A7 A FOMRELY, R ELE K - B0
WEIEY 7 7 2 —iF, IEEBSRETOISELEY 77
2D SEATBREH T T2~5EBDOENIH RBEYNEE
T193% B ZD-DFAEEEEMEFT AT 47 & LTHEA
UTCOBBRBEENDOET /NI S BhEBEE L LT
W3 E08TE B,

[ El U

K7 R MERED, FakAEg®icon U TEEmER
V7 72~ DFRAMENSHERTX It SHRRAEERNOD
ERAGICER DA T B 4BINEREERIL A 4 7V -7 &
FHFETHy P72 (EEEF AL REEABUT, KY
772 - DRFEEEDTUTL FETH %0

BEIC, XKHFZEO KratfBEic B U CHEIFEE W 7275\ 2 7L
INARFZIEWISAERFETER PE)IIES BEEIC B0
BExELET,

(BE3HED
1) IS, (LFETEHLESVELEEESE, 1303 (1986)
2) Nishikawa, M., et al: J. Chem. Eng. Japan, 14, 219 (1981)
3) W. W. Eckenfelder, Jr., D. J. O’Connor, EHHEARN, B

IKOAEERBE, a2 w4t p. 88, p. 108 (1961)

4) (L TEE, 55 5HK p. 901 (1988)

5) LT 2F 7 =HvvFE— FNo. 9 KIS « BRBSaSoR
2 p. 95 (1985)

Vol. 34 No. 2 (1990/8)

W T Y 2 EE 11




FAEGZROCEGFEERERCELD

glucoamylase DFEIREE

Semi-continuous Production of Glucoamylase by
the Solid-State Fermentation Using Urethane

Foam as a Carrier

HABAZEAER
N B 5B
Tetsuo Kobayashi

By using the soft and porous material of urethane foam as an immobilizing carrier (UFC),
which was impregnated with a liquid medium, we have studied an effective solid-state

cultivation system of Aspergillus oryzae.

The system was designed that the separation procedure of enzyme could be reduced only
to squeeze of the UFC. Furthermore, it was found that the enzyme production activity of
molds on the UFC remained after the squeeze, then enzyme produced repeatedly by feeding
fresh liquid medium to the carriers. Namely, we have developed a semi-continuous pro-
duction method of glucoamylase by feeding starch solution repeatedly and obtained about
5 times higher enzyme activity than by conventional wheat bran fermentation.
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K,HPO, 10 g/¢, MgSO,-7TH,0 1 g/& 2~
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Fig. 1 Column type of solid-state fermentor.
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Fig. 2 Time course of the cultivation by using wheat
bran medium.
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Fig. 3 Time course of the UFC process by using basal medium.
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Fig. 7 Schematic diagram of semi-continuous operation by the UFC process.
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Table 1 Comparison of glucoamylase production of the UFC
process with conventional wheat bran fermentation.

Repeated-batch operation by Couventional
UFC process. Composition oflwheat bran
medium (starch/yeast) lfermentation
100/0 100/50 100/100 Batch
g/8) [(g/@) {g/0) operation
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Amount of glucosamine 2900 2850 3070 1,670
[mg/l-bulk volume]| (1.74) (1.71) (1.84) (1.0)
Average moisture
content 197 84-86 82-84 80-82 55-60
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New Application of Wiped Film Evaporator

(LBes Rt R
= K OB =

Yoji Miki

Recently Wiped Film Evaporator (WFE) is widely used in many new fields such as enginee-
ring plastics, fine chemicals, pharmaceuticals etc., because of its outstanding features. To
meet the increasing requirement of high purity level, it is indispensable to cope with.
high vacuum, high temperature and, or high viscous conditions.

This paper shows some unique application of WFE.,
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Low vacuum wiped film evaporator

FhT A R—CIMTIT LB, VA 22— Bl COWDIREK
R S HRICIER A LT 2EA LT 5

BARICRT L5, v~ XCETREKRRKRS - AiciE <
DEBED IR T2V~ XRBYOMNTBNBBENRD 5o
IR PRV =2 EANRNBEICIENT, EiET 2EH
EBREDWOT B ENRD B, BEFEFICKE L TOREK
EfEE TR EMNTE Bo 7277, iAW 2Bl %+
AT 2 ETMERE I E S, IR P Rtv— R EREE
50
2. H &

WF E#EBeRgEi i g s B L, BET o
ICEGE S BT X I\ & 5 RIEIR T, DD\ EE R R
TEHEIWCIERTH S, RETIIWE EEBEREEED
B A & h LI Bl O FRICOWTRAT %0

FTE~DARIBFELZTTVWYEADOEATH
3o —MRICEEEA (EHET A ERIZIRE, BE, N2
THY, BHIORE L FONBERETH 5, WF EEREKE
EE OISR ERIZIEEICES, LUEEREND
olzh, BENEBWCEL h3E, IS ERE
BELb. LT, BHENE L, LrLBEED
HMENE M EE1L, BEELZTE kb, £2 T
D& 5 BER 2 A ANBEEIT, BAEIEM ) OB
BEHREIERICD R bRk 5T 5 ERNEE L
Wo —RRIVIC, HHE I % DL EDEAE 2 <X UBEDH|
BN

80D R D ZEFERE T TR R /S R R LB 1

Feed inlet
Distributor plate
Evaporator wall
Wipers

Entrainment separator
Internal condenser
Scraper

Residue outlet
Vacuum outlet
Cooling water outlet
& inlet

Distillate outlet
Vapor outlet

CRCICISICICICIOXOXC)

®6

High vacuum wiped film
evaporator (Molecular still)

Vol. 34 No. 2 (1990/8)

Fi AR A 17



(@) Type A wiper
holder

Wiper

Wiper support

fittings

e
® 6

Rotor
Wiper
Support fittings
Jacket

Evaporator wall

CYCIOICKC)]

(b) Section of type A wiper holder
Positive wiper contact is assured by
centrifugal force provided by rotor
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wiper contact is assured by spring
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Glasteel wiped film
evaporater
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Fig. 5 Flow sheet for rectification of acrylic acid
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CGrindability of Scaled~up CoBall-Mill

UEYERS SRR
s 0o 4+ —
Toichi Taniguchi

H F %
Hidemi Tanaka

Stirred ball mills have drawn the attention and been used in several industries for ultrafine

grinding of solids.
have the most excellent grindability.

CoBall-Mill is one of those mills with annular grinding chamber and |

The influence of operating parameters on comminution results of small-scale CoBall-Mill
is already reported. In this paper, the results of investigation for scaled—up CoBall-Mill are

described.

The throughput to obtain the same mean particle size can be estimated by comparing the

effective volume of grinding chamber.

The grindability of CoBall-Mill can be controlled not by processed passes but by residence

time of the ground material in the mill.
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Table 1 Experimental condition

Type of CoBall-Mill MS-18 MS-65

Media diameter ¢ 1.5~1.9
Material Glass (Toshiba)
Filling rate 70 %

Grinding chamber gap 8.5 mm 9 mm
Volume 1.53 ¢ 22.2 ¢

Rotor speed 13 I}}/S (1300 rpm){12.1 m/s (360 rpm)
— 530, 770, 1 200 rpm

0.8~1 kg/m 7~10 kg/min

rpm of media return
impeller

Feed rate
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Introduction of COMPABLOC® Heat Exchangers

GH)EER HMFE 1R
5 JII B
Hiroyuki Yoshikawa

The plate heat exchangers have shown the greatest promise because of their proven per-
formance, compactness and low cost, but still have the problems associated with the.
temperature and pressure limits for interplate gaskets.

COMPABLOC exchangers developed by VICARB S, A. are new type heat exchangers —
welded plate heat exchangers——designed to dispense with the need for gaskets, which
are essential to the conventional plate heat exchangers. COMPABLOC exchangers are now
receiving much attention because of their excellent performance.
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Development of Biological Deodorizing
System “B-DO system”
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For waste gas containing high concentration of odor components (NHj, H,S etc.), gas
treatment equipments by absorption and adsorption process has been mainly adopted.
However these process has some problems in handling chemicals and equipment mainte-
nance, and increased running cost as odor concentration increases. While soil deodorizing,
typical of biological deodorizing, can be operated at moderate price, but presents another
problems in compression of soil and short path, and taking large area as a result of its
lower treatment velocity.

B-DO system, using adsorbents as a media on which microorganisms adhere, has been
newly developed for treatment waste gas containing high odor concentration. It can be
easy controlled, and operated at high gas flow rate and lower running cost.

As a result of field test, we have more than 95 9; removal for the waste gas from sludge
storage tank containing 20~30ppm H,S and more than 80 9 removal for the waste gas

5

from the scrubber in the sludge drying system.
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BT 25, EEHBE1IPATS % L EOkRERET
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Time courses of N and S biological oxidazing rate
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Table 1 Organisms metabolizing sulfer and sulfer compounds

Part 12 Gram - negative pll range Temperature
chemolithotrophic bacteria 1 9 3 5 6 7 3 9 10 C
o . optimum  6.6-7.2 optinum 28
Genus 1 Thiobacillus thioparus arowth 4578 (10.0) il i A groth
. ] 6.2-7.0 28
neapolitanus 3085 8.37
. 2.0-3.5 28-30
thiooxidans 05 6.0 10- 37
denitrificans
. 2.5-5.8 15-20
ferrooxidans 116
s ' 78-90 30
novellus ‘ R
. . 6.0 - 7.0 30
intermedius 1050
. T 30
perometaholis 03 68
e 2.0-3.0 T 70-73
Genus 2 Sulfolobus 09 58 53 - 85
Genus 3 Thiobacterium
Genus 4 Macromonas
Genus 5 Thiovulum
Genus 6 Thiospira
100 T ‘6”~:§ oo T rey T T 100 r 8 —OT T ] v QT
sl . . o 7 90f $ - . !
~® ® 7
or * Tl o y 80 o -7 7
L e~ ° ~  0F ce e i
< gof R 1 = gob o - |
s 50 . T 50F * 7
2 40F 1 ERET S i
& a0k O | NI; removal 1 ~ 20k O | NHj 4
20k e | H,S removal 4 é()~ o | HsS i
1of ] 10- 1
L A— 3 ¥ % 1
pH L/G/n
#13 BUK vy pH & NHj, HeS BRERDRK 14 NHs, HaS BERICEIETEKERO/G/n) DEE
Fig. 13 Relationship between drain pH and removal of NH3 Fig. 14 Effect of L/G/n on NH3 and H2S removal
and HzS
HENRLIC AT 22, FHEROBUKSMH T, BEHM RS pH MR- BB/ 4 YBENEW) BEk->T
OFEEIRTHERD, BEMOBEICELRWHS D W3, —RIC, EHIHETCIE, ERELOOBRMLIC KBRS

WHARBD B Nice L L, BUKRHLER SBRLEEMN
REic bR L, HoSERFEFL 5 L ECEELL, &
i, BUKEEARICIDEE LT SRRo0mE L,
SER LB OIEMATD b il L R h b, —F,
NER{LEERSIL, FHAIEE W EL MR LT\ 555, SER{LHE
BODERT 3B A 4 vick 5 pHET GEEMEREKS
pHZ, Bk Fv oy pH L0 bEL/h->Tnd s E2
bhbd,) ickh, NEBLEED £EFINEEINS DR
YICETF LTS, LL, BEXFxF0O NHs ik, SEIt
ME DL T 25 % & 1o f& PH KIC/EERINE 5 72
NH; BEFRIZEWELZERE LT\,

2) pH 0%

F13RcHIK Fv o pH & HeS BrEFRDOBIREZ R,
SR LM DIEMEATE <, BUk Fv ¥ @ pH 2MEW (pH

R E nAEMEEED pH 2ME T (pH 2 B8 + %728, #13
RotERED, B-DO ¥ 27 4Tk pH 2¥EEICET L
RWBRD, pH FREOLE N~ & HWT S Nz
AEBRICEB T, PERHEOEEREIRIT > T
A, 45 pH, £FEELVE 1R WRT Thioba-
cillus thioozidans 7z ¥, MEBRMOHMEYIEES LT3
EE2BN %,
3) BKEOEE
B4RIC MEREIC RITT BOKED BE4RT. 22
T, Lix#uk&E(me/d), Gik#xEE (m3/d), n ix#
KEEK(1/A) TH b, AWMICL>THEEINDILEZD
a0, REROAMOGHETIE L/G/n K8 EThh
1£95 % LI EDERENREBETSD - 720
3. 2 EREBBRISNN—HHIDHE

2128, HoS BERNFWC E2bhrb, Eiz, NH; —T, SREITKBRO Biky — %% BRI 58
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A, BB D 7o o BERIEFE Sy R U CrBTB O T 2
B Thbh %, ZORRET 2 BGITER S HHELINC,
FEET I v, BREBER7 v e ¥, BEBL xSt
EEZ bR, HEHREELE TS EOBRERSE
DURNZ W D ETHIM TR+ %0 7 2 C, IESRBEDOR
MBEE L UC B-DO ¥ 27 2 DBEEE B Lo
3. 2. 1 BRBEYERIVHEILYV
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Tid, WEMBIEREL D & Y MRREN LB MERE % IR E L

100 T

FU % BACHEREE 5700~31000 £ A % <EBLiAS, 4wl P T S
H7 A RSREEERIVRE L TR, @IE300LTF (B 5o st YW Removal ]
HH B0 95) KR UIco £y A7 2% EERTEEON ¢ 1 I
e LT A MR, EERROFME 4 EERIn 5 ] ) ‘ ]
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{E » 7 : CHgS), DMDS (Zfiift 2 71 : (CH3)1S5y), Fig. 15 Results of treating waste gas from scrubber of sludge
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Fig. 17 Relationship between pressure drop and flow rate
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The Large Scale Experimental and Demonstrational
Plant for Hanshin Water Supply Authority

(BHMZE '
i T == T N 3
Hironobu Nishio

M R # K
Toshinari Nanke

The large-scale expzarimantal and demonstrational plant for Hanshin Water Supply Authority
has been operated satisfactorily since March, 1989,
For the present, the following substances are removed enough by this advanced treatment

process.
1) Odor-causing compounds

2) Organic substances which will cause thrihalomethanes.

3) Heavy metals (Fe, Mn)

T X N =T
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Photo.1 The large scale experimental 1R 2AKEN (RKECERBSEGLES v /v 7V y FBEIRD
and demonstrational plant Fig. 1 Plan view of the large scale experimental and demonstrational plant
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i (BREEX, MR 4 hr) o B ERER OF PISENTE + 3500% x 3 500" x 1 800D x 2 100P
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Vol. 34 No. 2 (1990/8) My =y 2 39




100 . .
W. Temp. j\lb" 30

50 -120°C
40 Raw —110C
301

201 Set.

GAC
10 W

0 Apr. [ May [ Jun. [ Jul. T Aug. [ Sep. I Oct. | Nov. |89

5 b U Ne R 2 v ApigE (THMEFP) O HZED
Fig. 5 Variation of THMFP

THMEP Conc. ( xg/8)
NHs-N Conc.

£/ 13.9 min
(B4 E 1910 m® i L)

2.12 BBk
e Ri#g&mparyry - @) EEAR
HIEFEE ¢ (L3 5600 x 3600 x 4 000WP
x 4 500°
(FEB) 74007 x 3 600 x 500WP
x 1200P
BFrisg o (%) 80.64 m
CF#8) 13.32 m?
2.13 HpkiE
B R:i#marry - &) EEEAE
PAE~FEE + 4500 x 8 000 x 1 200WP x 1 900P
(—3 3400)
HRE 1 43.2 md
2.14 EEEERE
1) &EA
Jid f#: 3.6 m* ¢1600x2000%E FRP
EARY 7 HEFA Y7728 3A
2) 7H Al
B 18 : 3.6 m®* ¢1600x2000%% FRP
EARY 7  EELAY 7728 35
3) HEHEA
By f# .36 m* ¢1600x2000%% FRP
EARY 7  EHEXA VY77 LH 5H
2.15 EBREtERE
n ® E GFREBEEE 36
@2 B K F:BAREEEFX 248
(3 pH A7 2EBEX 5B
4 iz & B §:2%8
(6) ¥k 3 BREEE 46
6) WEEEREmEEI  FRERX 34, EAEX 34H
(7 WERYHEET FAER 346
8) # vV v ®EG BABBIRSMEE 146
WAEA 14

EM R EISR mREEE  BEEAX
3. BEZTOREHRY

WIT, 89484 B BIED KFEFET 7 >~ FiCRIT 5 0HER)
Bt onwWTiH~R 3,
3. 1 HURPHEORENR

8046 A O wINBUKERK (BRKR) K iToeh®
By (2M1B) OMEERE, FUK 31 ng/e, #v v
AUEK 4 ng/e, BEAEKO ng/eThh, Vv - EE
RO CRECHEEI N T\,
3. 2 HMEEBERLEY (MUrnxz VEREE) DR
ER

(mg

0.6/~ W. Temp. o P 5 —30°C
05 T 7~
0.4 —10°C
0.3f - 0%
02 £ GAC

/ Qutlet
0.3 a—

o O o 0o n.-.o«d’/d
0 Apr. | May | Jun. [ Jul. [ Aug. [ Sep. [ Oct. | Nov. ] Dec. ]'89

BOR 7re=rBEROBHARLD
Fig. 6 Variation of NH-N

ESBEIC T Y e 2 X &RfE (THMFP @ 245:[1E)
O RELERT, THMFP {3, 7mw 2 £ &L,
79 % DEEEE LI > TWb, FOPERIZEKICKH LTk
BAHET0 %, £V YAUHET6 %, EHERAET, 23 %
&l o T B, EERNEKOTHMEP OZ5#EI139 pg/e
ThHY, BEDEZANRDEW VANV E CTERINLTH
b0 DL, REFET T ¥ FATKIEIO 12 DIEMRD
BIECLDRIRNIARENZ EICL DB EEL DN D,

3. 3 ZUyEZTHEZOREMR

A7~ CRNTIE, 7rye=7WEETZ4Y v AET
BETIRIE LA EBREINARND, HEERECOEYZIR
Ik BER (8L i TX 3, B6RIC, EHRET
BT E7 v Ee=7HEROBREEERT. BAKMHICIISE
CBREZINTWRWA, BKES0R BE, SER (REL)
BRI bz LL, KEBICAD, KIELS °CLT
W75 EBRERMET Lk, KIRI0 °CETTIXIZEA
EBRERINLL Ao &1, BKO7 ve=7HEER
EnE L AL LT, EmERECKT 3T Dn
T, B AED BULENRD B,

3. 4 8% TUHVOBREDR

TEMEREBRIC, RNESSJERUELY T, BEEEES
G LB TR RE T > T b 729, IITRLICKEE
XT3,

[ ER 43

BlE, FREKBEAEFBADSE G KMBEEIE 77 ~
FDOEEIC DWW TRz IMEMEIC > T3, HhUE
BLOBEERERLEY R ETOWTL, HEDEZ S
BIFICAEENTRY, SRERMOBHELONE, &
IR S IR O S AEIE 77 ¥ MCRT 2EEICR S
bDEBRbND, ok, KEF ~ 2 EICONTIE, PR
HESEFBIVKIETMEREZRXICB N THREELOAR %
glﬁg b{fﬁjl\b?’:o

(BEHE)

1) EAKES : HFILWEKY 27 M BT 23—, —4Y
v, TEWRREIE R XU LB BEA—E40m 2 EHAR R
HREHEEE (1989)

2) BRENS : B4 vy, BEREHEC L EELEER
(D— 27 1RO RE S ERREOIEKR—, $F40EEEK
JE R HEEE (1989)

3) EaKES - FRRBR 2 AW BB EEE, SaEe
EKE FerE R mEE (1990)

4) TEERS : BEA vy, EERRREIEC &2 RE LR
(V)—5EE7°5 v b2RWCRE— HAAKEHEEEE X
e33R L BELE (1989)

5) REHES : FlEA VY, EER REEICKEELEER
(IDD—55E7°5 ~ F2RAWCHE—, S4ERSEAKEPTRRE
SFEHE (1990)

40

Ry Ty 7R

Vol. 34 No. 2 (1990/8)



é

BIE RIS R B

Fluid Characteristics in a Fixed-Bed

Anaerobic Reactor
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The flow pattern in a fixed-bed reactor is very important to clarify existence of dead space
and short circuit flow in a reactor. while direct and accurate measurement of flow
patterns takes extraodinary manpower to collect the data, a numerical simulation of fluid
analysis has been realized by a computer. The simulation by a commercial fluid analytical
software “STREAM” demonstrate a good fit to the data obtained from a small pilot scale
unit. This report is discribed about the relationship between the void volume ratio and
the configuration of reactor, average flow rate and length of weir of a fixed-bed type

anaerobic bio reactor.
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SPAFLON® Fluoro Carbon Sheet Lining
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SPAFLON® Fluoro carbon sheet lining products has been used widely in chemicals, medical
supplies, semiconductors and plastic manufacturing field. .
This paper discribes the property evaluation and application of fluoro carbon polymer

sheet lining.
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Table 2 The process and basic factor affected on the material ’prop'ertyir

1. 1 W7 v{tx=F L v#ipg PTFE
PTFE X 2 b TEkstER ) = — (104 R A X8

Basic factor Process

FE at 380 °C) ©, BRAEMENEDNRV. £D
7e®iC, PTFE Qs & UCERERE S b —i%
NiaFETdy, ¥—1F, Tuy 7REZTOHE
THREINS, HFics4=v 7o PTFE v~

1) Molecular weight Sintering condition
2) Crystallinity
3) Void

4) Molecular orientation

Cooling speed
Preforming pressure, Sintering condition
Preforming, Sintering condition

1R 7yRRRX)<—0EH
Table 1 Floro polymers

¥ 3 % BAEROYHICEZIEAEROIED
Table 3 The basic factor affected on the molding materials

Floro polymer Abbreviation \ Crystallinity Void content
Basic factor - :
Ultimate change | Ultimate change

’Il"olyt;trafluo:seil;hylene B N PTFE (45 9%)—90 %g) 0 %—6 %)g
cthorcomlymer e pertiuore-elyiviny PFA Flex life —100 times | —1000 times
Tetrafluoro ethylene-hexafluoro-propylene- FEP Property of | Compressive stress — 50 % 0
copolymer molding Restorative function — 70 % —_—
Polyvinylidenefluoride PVDF materials Permeability of COj — 30 % +1000 times

Flexual modulus + 5 times | — 30 times
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Constant rate drive

Molding

[‘ | ! Ram
powder

Void

Pressing
ring

Core rod

|4 Sintering oven |

Fill up

Preformed
billet

Compression

The polymer in the cylinder is first pressed slowly to allow air to

escape. A maximum plunger speed of 10 mm/min. is recommended.

' ~23°C. PFA
150F 7 -
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) / 23°C. PTFE
~
£ 100F / .
2 : .—100°C. PFA
§ 100°C. PTFE
B 501 ] .
B 200°C. PTFE
—" 360°C. PTFE
1 [} L L
0 5 10 20 30
Strain = (%)
B2E BIERUEE

Fig. 2 Tensile stress
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Sintering

Skived sheet

Skiving

#1® PTFE &~ | QOBEGER
Fig. 1 The productive process of the PTFE skived sheet
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Vent exhaust to outside

Hopper dryer Vent exhaust to outside

= 1000%_ _1 PFA fluorocarbon resin / Exhaust duct
] E E Hopper
= . TR D I S I O -
= L
2 ] ANV
< E ] Gear TN 1T T T 1 .
% train Screw Adaptor die
I
10 , . ) \
0 100 200 300 40 N
Drive motor
Temp. (C) De)
®IE BERVEE WAR LSRN
Fig. 3 Tensile strength Fig. 4 Schematic diagram of typical extruder
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B 4K PTFE 2—NVT 4 VI /08—
Table 4 PTFE molding powder

BES5%F% PFARVy L
Table 5 PFA Pellet

Manufacturer Trade name/No.

Manufacturer ‘ Trade name/No.

Daikin Industories Ltd.

Du Pont-Mitsui Fluorochemicals Co. Ltd.
(Du Pont)

Asahi Fluoro Polymer (ICI)
Hoechst (Hoechst Japan)

Polyflon M-14 M-15
Teflon 7AJ 70]

Fluon G-163
Hostaflon TF-1760

B Strength of glass cloth

Laminated (Glass backed) sheet

Tensile strength ( kg/cnt)
[o%)
=3
=3
T

/ PFA sheet

Elongation
F5K PFAY~— MOBERYRE
Fig. 5 Tensile strength of PFA sheet t2.0mm
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4. Y—=bS54=vIMLT
FA=Y IMLT B3I M- T, I A =Y 7 EHOHR

Neoflon AP-230
Teflon 350]

Daikin Industories Ltd.

Du Pont-Mitsui Fluorochemicals Co. Ltd.
(Du Pont)

- Strength of glass cloth

Laminated (Glass hacked) sheet

300

Tensile strength ( ke/cn)

’
’
’
4

Elongation

$6XF PTFE v~ +OBEEDERE
Fig. 6 Tensile strength of PTFE sheet t2.0 mm
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- ]
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Table 6 Nozzle length : s
Size ‘ Length
Under 2B Under 150 mm x i
Under 21/2B Under 200 mm BTR /XN

Fig. 7 Nozzle

\
E8H 7wy~
Fig. 8 Accessory
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[ Surface treatment ]
Surface to be bonded shoud be clean and free of oil,

scale, anb loose foreign matter.

Adhesive spray

(Epoxide adhesive or polychloroprene rubber adhesive )

Sheet cutting Nozzle

accessory

Automatic welding

Adhesive spray

(Sand blast)

»] Adhesion

TLAnESO _
Setting
Welding design

Groove
operation

Rod welding
Inspection (Pin hole)

Ribbon welding |

Inspection (Pin hole)

[ Heat cycle test |-+ Clean-up]-+ Final inspection |
(Quality assurance )
BIR vy~bo4=vr TR
Fig. 9 Sheet lining process
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Treatment
PFA (PTFE).

PFA rod

Glass cloth

F1ER BEHE
Fig. 11 Welding method
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Photo 1 Rod welding

By FY &gy
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“Photo 2 Ribbon welding
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welding
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Electrode
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Bod
m%\ 3 o

Continuity tests on linings shoud be made at a voltage _
potential of 20kv DC.
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Fig. 12 Discharge current
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Fig. 13 Standard Curing method
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Fig. 16 Absorption curve in an ideal diffusion
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Fig. 17 Weight change
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Fig. 18 Lining tester (Corrosion test equipment)
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SBIKENEY, 7yE=ThELBEAERNS 39,
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B UL, 74 e (v~ 1) OELRICELA
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3o 17 X FRENE, KA FrAgERBEY X2, &
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W bkt =—V, RF vy, FTEIZVREDE) 7~
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Fig. 19

S5 2l 2r 2 zig  Lhe Relation of den-
sity and permeability

Permeability Grams / 100 in2./ 24 hrs. / (atm/mil )

0.1

PTFE density (g /om)

BT R 7yREMETANVAOERED .
Table 7 Chemical permeabilitity of the fluoro carbon film

at 25~30 °C Unit: kgemem—2es-1
Polymer Chemical 35 9 HCL | 50 % HF | 60 % HNO;
@® PTFE 7.3X10712 6.2X10-12 5.7x10~13
® PFA 1.5x10712 2.6X10-12 1.5X10718

Sample ;: Extruded film 80 mm dia, X 20um thickness +++++- ®
Skived tape 100um thickness::::++@

Method : This value was measured by following system
(Chemical AQ. /Film /Water) measured the con-
ductivity of water phase. ’

Lice/ v —-RNRY~<—27b, ZOEBEIEML, R
<~ REPEREIC T 2L P12 %, ZDLH T~ X
EENT7 v BEIES A=y FIRERTERV. BTHRIX
PTFE, PFA 07 A v TOH R HBilgks RT5H DT,
PF AN PTFE 01/3~1/4 L /&<, WBIGH:, gk
BEoBnRAESHTH S,
11. 72 9FBESA=vI7OERH
7 v BEBOH CIHRESNE, WO K T, BhPF
ABIELER LT, YHETIEOoXDL5 S DLHTE
BWOFA =V FEEBHEAL TN 5,
1 %77 > b, (EERSATEHERGEERI N
BEGTE, REIER v 7, MBRHAR 7 v~ —,
By pavyFrnE,

Q) pE{AEIEMEY, = 7> /M, BENERRA
Y7iRE,s

YHRZNSLOHFTCHT LA—FE2EES,
12 BERES A=y IFH*%

T, RO 7 vFEBifRz -7 4 v 7, 7o BT A
SV TERES MEORIEC LB T A = TERTIZT
BDTnB, FNETA =7 LED & 28EMOBITEE
BRENN, 1EE 2L 28 CERBI AN BERFERT
MBS, H—RELORBEABRSEIHETH
B, I, BEEBRIC R Y = v v BilgE w5 T
35, RBR, 7A4=v7B7 o ERRBREFEIH, &
MR OWTHLEBHCHEEO R WERO T A= 7
PEREEL Inofoe BICEERE S =V 7 i & RN T
50 FA=YTRIQI Yy IR R, ~AY YT RE
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2000 ¢ BLIGHE
Photo 3 i
2 000 ¢ reactor

B H 4 30 md =AM
Photo 4 30 m3 polymerizer

REE, By 7 vw~ViR, N RT -8, 2EERERE
BB BESHFENER F4=v7 (FHE) BTH 3,
(8520%0) '

13. BE&ESA =V /A7 - EHEER
HEFBICHTONZ01E ECTFE (7reu by 7v4 o
zHvy—zsvryEELSHE), ETFE (Froordw
T vy—xF v yIEESLSE), PVDEF (BRyr=y 7
IVATFATF), PFA (FyYo7nvtduwzsFrvy—rim
TNARTVENE= Ve - T VEBESE) CTHBN, P
FARDREERN K& 2T EBERBOAIC MBI TH
3, SBOPFARAWLRERT 1 =¥ 7O, 4i
LOEE AL IRZDD 774~ —D MK, IEEK
OHEL FHEED B\ PFA BFEOBERIC KEI N5,
ETFE #ifg%x & b WiEiRs 4 =¥ F#G5s BES I
Rdo BEMIEEN, SURIXBIOMEE L, SERSIEREMNMT
LEDTRLTEE L

© g v

ek, 7 o BRHEETHERAME L UCHRAT IR ADHE
HE LT, 7o EBEETRITNE LN EWIZETH
o7ze LAULeMb 7 o REBOBEELEL, EOMIE
b LIEWICHEL SN, 7 » REIROMME & CERS X

o | U
Rock'n' roll
(Vibration and rotation)

5 H 5 ETFE W{EEES 1 =7
Photo 5 ETFE rotational lining

-

I

o

@

Biaxially rotary

|

Y
|
i
i

Axial inline at 4 degrees

B2R [FEES A=
Fig. 20 Rotational lining

UDT&ien, 7o BBIENTELNSELT, Thzih
FALBE L AR BbN 32—~ FEE LN DI
BhzDb HEETCHZ, ARV~ FFA=v 7% Fik
IZ, 7 v BEIBOMISEADO—2 &L \w5 & & CHEEREN
L& EDTRWN, FhbikFEATICHD bT 7w
B RARICEE < 5 2 THEEL TR K0T A — 2ICHE
T B L EBED Lz,

(BEXE)

1) R=ovtuh—~RrBiRT 7oy EZERANY Py 7 =30
FaRrzaalyr Ahveh (1989.3) p. 30~31

2) R=onFuh—RUEEF 7o yEBAYF Ty o Sk
FaRrzanl i hvep (1989.3) p. 30~31 _

3) = Et R —RYBEET 7 e Y EANY FTy 22
FaRrzauy i v (1989.3) p. 36

4) /=7 vFuh—~ R BRT 7 e yERANAY FTy 7 =5
FaRrzany  HE (1989.3) p. 49, p. 51

5) FIFHER FAEMRETERERIZR #Briav.xcy
Y= ) g (1989. 5 BE) p. 41~42

6) =T Fduh—~RYERT 7R EBEANY FT y 7 =3
FoRyruny i hiveh (1989.3) p. 66~67

7) N=TFah—RYEET 7R EANY Ty 2 =
FaRyzawl 3 /v (1989.3) p. 69

8) F4 FrIEHTFEVH— b No. NF-620416
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FKE S 27 LARIFRAPBER

Disc type rotating ultrafilter for wastewater
recycling system
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“New SP 95” for providing products of world
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Exhibition
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The 2nd Seoul Int’l Chemical Plant Exhibition
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The International Food Machinery Exhibition
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