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In the polymer chemistry where development of higher quality
and performance polymer is booming, there is a growing Jdemand
for more economical and higher efficient equipment suitable for

processing more highly viscous and higher temperatuie products.
To meet such users' needs, Shinko Pantec has developed the
“EXEVA” the new type of film evaporator for handling such highly

viscous liquids. The ,EXEVA” is capable ct removing solvent,

monomer and volatile products from liquids having ultrahigh viscosity
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This is the abridgement of the lecture given by Dr. H. Yamamoto. .
To estimate a classifier or to confirm the sharpness of particle size distribution, it is required
to measure particle size. The wrong way of measurement leads to the scattering of products

however.

On this abridgement, principles of classification are introduced and then the estimation of
classifier and the measurement of particle size are explained.
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Table 1 Materials and spheres of particle size

Materials Spheres of particle size
Powder metallurgy 500~ 10 ym
Fine ceramic 1~ 0.1 pgm
Toner for electrophotography 15~  5pm
Resistance, dielectric substance 5~ 0.5 pm
Magnetic substance for sintering 5~ 0.05 um
Material for menbrane 1~ 0.01 pm
Carrier for electrophotography 0.1~ 0.01 pm
CVD 0.8~0.005 m
Ultra-fine metal catalyst 0.05~0.005 gm
Magnetic fluid 0.01~0.001 pm

Geometric classification

Dynamic classification

B2E IR

Fig. 2 Classical methods to regulate particle size
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The flow structure and mixing mechanism in stirred tank with paddle impeller have been
investigated. Navier-Stokes and scaler equations have been numerically solved both in laminar
and turbulent flows using firiite difference method to obtain the details of the velocity field
and concentration distributions. The computed velocity field and mixing process well agree
with published data, and they showed that mass transfer between the large scale recirculat-
ing flows are suppressed when a number of recirculating flows are generated in the tank.
This result suggests that higher mixing efficiency can be attained by controlling the number

of circulating flows.
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Mesh system for

laminar flow in

stirred tank {1111}
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Fig. 5 Boundary and calculating conditions for turbulent
flow in stirred tank without baffle.
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Fig. 7 Boundary and calculating conditions for turbulent
flow in stirred tank with baffle.

RVYS 2 canuni
NV Z o
J e
RN
|l|\\\‘/////// /
RERASis g
ST t 58
BT iuy ~ HRUPNEIRIRS 7 v
TI‘{“/ IS N Fig. 8
AR \\\\\\\ | Computed velocity vectors
i \\\\_,\/\ b of laminar flow in stirred
1 \\\ \\\\ﬁ_/: // : tank.
VAANNRISNSNS— L,
B N — 5 4.46E-01m/s

(DT ABRD, 7~ 22k L U@ 20 BT H - 7o
2 HRBEIUEE
2. 1 EEERNER (REBBHELIURSHER)

B8 Ric s FVEY AW BN ERRE OB E < 7
B TRY, BOEERIC X » T4 Ui &5 M DR
i, MBI LT L THANDERRC O WEDORN
s @b, ZnHERBOHER, BoBBEECLD
NRTNE B NE/NE WY, BORBEISAR L o TROH
MERTBHERELR>TL b, FIRCEEFERNOGE
BB A OSBERAY RT . AFTETIE, HEWHEL
EEOEREEE,DBENCEA L (27 v 7IE).
BA S N BB R OB & Ricid 5> TEE
WNAEND L5 BB L, BECE LAREYEIZED
HERic & - THE L B REEHrebHRe & ) BRET L Ve
HEXhTnbd, Lirl, ZOHRBIRTIE, BRI DR

Vol. 84 No. 3 (1990/12)

e 7Y o R 11



7

=
7
==

BIR HAEAOSRER
Fig. 9 Contours of the computed concentration
distributions.

Lower
impeller

Upper
Wall impeller

Wall

— Exp.
=-=--Cal.

s\
2
7
4

[em/s]

w

20t ® —_—::_F Uppelr1
impeller
@--f--iZ

[en/s]

w

[em/s]

w

— 30+

—o0f
—30p q —-30F
L \ L 1 Ll 1 P B T Exp.
0 2 4 6 8 10 1415 0 2 4 6 "8 10 12 1415  --=--~ Cal.
r [em] r fenl
30 T @ T T ] T 30 T @l T T T T T
201 1 20 B

[em/s]

W

r  [em]

—>0.2m/s

%10 HREENELR Ny 7 v
RU) OWRENZ b v

Fig. 10 Computed velocity vectors
of turbulent flow in stirred
tank without baffle.

BERA X N BB I RS O & LB EE
FEHID STHNEIBE LTk, ZDZ ik, kI
DYERN & TEHOMERE & O THEREINE LA LT
NN Z L ERT L ERRC, MACEEOERENEFET
LBEEVCIIERAEDEREFD ODBHHONE I WEBEE
BF2BERCARD 2 EBRBEND,
2. 2 HEEERER GGaBEsIURAES)
FI0RNZ /< » 7 VB EA ORI ELR R E DR E

| 1 ! )
EIS 10 12 1415 0 2 ¢4

! ! | I 1
6 8 10 12 1415
r [em]

F11H REHOFRELKRAES O K

Fig. 11 Comparisons of measured and computed velocities.

N7 bvEkRT -z, -0 ). BIRDBEE L FERT,
RoOBEEIC & » TEULERFANOHHIFE, MEEmIC
BELUCLETEAPNEBONAIIR S E5, ks, T OHEPE
RIERBNTITEHNSEC 4 D2OXE R IEBEE VR T 5.
BRI X D RO IEESEBEOTNE —B LT DHnE
HSEBREITAZLIRERTH S, BERFTE TIXELTK=
FEEAWTKRRT = VI bibd7a -2~V EHD
ZEHEHELTCWARI END, Ttk T7u =R~k
HEXNEZE LT, FO¥ I a3 YREEENERIE
LWEx 5 2 T3 2ERBREE Ll Ea b v, 22T
i, MAREY Y~~~ ¥y 77 —¥EE (LDV) %
FAWTEAN L0 L LT 5100, FMRHEMEEE
FHEA i Lz b D% RT . BADHM L3 SomEk
EHME & BT —B LT 50, BEhBEER TN

12 KR T 7R

Vol. 34 No. 3 (1990/12)



~—

| I

B2 HEEHENELR Ny Tvig
L) DOI#~RZ v

Computed velocity vectors
of turbulent flow in stirred

Fig. 12

tank with baffle.

LA TOWBIEHAESBTNTL o COFR—BUL,
BEEE 1078 % L SRS I B 7o, LDV ORISR
WBET3T 2 ciERTS, Lal, @fDrm~/x~
Y SEPMED & —BT B 2 b, HEEEIENTES
LHEFEN D,

BRI o 7 V0B B GHEOEBEAERRE D 7 =
R~ ERY (CZ T, -0 ). Ny TNV LOBE
LRBRO 7 v~ REZ—EBRLTED, £@F07 e -8
2~ VEEREDY & L BT 5, B10R & B128% s
T B LNy 7 VS TIXTEREOMEN 3 SEECHRE -
TED, Ny 7 VOEFEL LD 2REEELEZ TEEHMN
BELBETRILSbh b,

RIC, HEEAOEAEELMS - ik, BAREHOR
B LR RERDT » FR2— 2% FH3 5 L TEETH
Bo I T, HEWK X VRO ILMEST % AW CREAERE
HFR Uico IBEBRBROTHICIE, 75T a7V X
L7 FA4 P EFNVDERABEERE Uice 07 VTR
HENBCEA LB~ — b — 2R iC L 5 BmEE L5
TFIBOMEEATBEII D itk h, v —b -8
BAT DL ZBEITH0% BBMCTS ZEMNTE
BHo TDEFNTEZIE, 1, 0,2 FED <~ 5 —DAEIX
RAXTEZ BN,

dr=u-dt+1D,-dWq
df=v.dt+1/D,-dWq (18)
dz=w-dt+vD,-dWq

BFRO~ ~ 7 ~ORBIIKTEH R CERHEINSEESL
AL TRD 7z, BRI EHEERSDEA LY~
~ RSO L Hic ¥ D & 5 KB A ETE LcEiEfx
AT, HHER L VFAIN Y —F ~ 12 LEE RO

<Ld 0 - L
5 secs. after

E13M HHREXVBRALLEEY - — O

Fig. 13 Trajectories of the marked particle thrown into free surface.

1.8

15 secs. after

— S e ¥ <™

10 secs. after

Dead space

B4R BEERLDBALEE< 7 — Ok
Fig. 14 Trajectories of the marked particles thrown
into upper and lower impeller regions.

REBTEEBERL, £0bs LFRETIHERRRCRN
BAATWD, Thdh, SBEEY A EEERNECEk
DIERIH E U HES, ~—F—REBEBEMSEA L
LT, FOREABEEE LTI EBREEEEDTERIRR
HBIER T HOERBBANBESG LT R 521285, 8B
ARG RO HRBRIC A Lic< — 7 ~ DB Ch 5,
AN~ — I ~ i3 F N FNDOERGR L ME S 7ER L,
—WDO~ 7 —HRE LETHR, 0% ERRMET~~2
~DREBRANBZLBEBDSNR, Ehic, REREELT
BRE L oMo ERRE L NEET AR L O T T
= A - RRANCEE TSRS (F o FX—2) 24
ETWD, 2D i, BCHRERC L-BARIZ, Hh
Ml & 2 BIRTH » THHERTIER E LA EEOTERIER
TOMBELTEIVEHE I NRELD B, BREF v FxR
— 2B T HERENRDD ZLERT, ZDIELE
RN T B0 1 D0OFEE LT, WHIKE

Vol. 34 No. 8 (1990/12)

g 7Y 7 18



ETHHEBO BEREE S ¥ avte—vTHoL kL P : RFESEBE S (Pa)
D, ERERTOTEL CEALEF AR LTRUILIVWE 4 P BFELE arss
ERRBEND, FE, Komori HIMIEMMEC R NTIH  Rex LA/ X#(-)
BEhd cxrx—-E=P-T (E: M=z rx—~, P r B ILEER T AR (m)
PIERENS, T BARM) #HEUCSBRENROMEE : EEER T FE (m)
A BE LR, SBENRCE N TERNCEROE T  BARM (s)
REPFEETDHETE, BRENVRCEACENTHE  u D BRI ¢ FAE RS (m/s)
PSRBT B L L HBR LT B, o : ERSEEAER T 5 R R (m/s)
(4 El 43 u D BRI R T F AR ERS (m/s)
SNENVRE S HRERNRE O B b ELRIC KT SV : B EEAESR 0 5 MR B RS (m/s)
BEY I 2v—v s Y2, FRLOKE - BAEE: V : [HEREEAER 0 5 s B (m/s)
DWTEE Lz, €OMRE, RILRTHREE . v D R EBER 0 FARMTESEERS (m/s)
1) BESMEY I av—v e viC XD EEERNOHRS 1B W D B R 2 F M RS (m/s)
EHEAYELNCT B LB TE D, BHRITECIEFL W : [EEREEAER 2 B ERS (m/s)
V7tV Raveya vk, fcikkeervaEE 0w BUEREER 2 FARMTSEERS  (m/s)
THZEREVELNHERRR, EHELRLEREF 2 B EEEER 2 Fl (m).
C—B L, AAEERERNCERATHAZ LIRS 2 : IR 2 H A (m)
o FV ¥ XF
2) NRFARE Ao EHEROBEARERL, B, LR e DT ROV E —JEEER dJ/s)
DANFHRERNTHRR T ~ VOTBBRKIC X - TXRX 0 T EEEBER O FH (m)
NBH. BEBHROEHNS 5 LIERGRELSTEHE LY ¢ : EREBER 0 5 (m)
EBEHSIHEINDIELD b, BRCT y FPX-2% v : BpRAMEGRE (m?/s)
LU AHEHRENRE D & &R E NI Ve : EEDREE R (m?/s)
£ = 0 L R (kg/m®)
AFELITH bz h, MINRETEBEEMRTER o =7rveElk -
N EFBEE, NEBEDEELY B BEEL Wiakn  of PET VR
Too SCREELUTCREE LE S, Tro P vA VRS (m2/s?)
(ERES) TP VA VRIET (m?/s%)
c e (mol) Tar P UA I VRSN (m?/s%)
G EFLEN w DA (rad/s)
C. TV Superscript
Cs D P n HE 2 A
D DR (m)
Dn D TR (m?/s) CBIEXCE
d P EE (m) 1) E/IUAES : {LTHE, 14, 6 (1988)
d D IR E R LR (mol/s) 2) Ohta, M et al.; J. of Chem. Eng. J., 18, 1 (1985)
AWy : Y XDEEB /4 X7 e & R (s1/2) 3) Hiraoka, S et al.; J. of Chem. Eng. J., 11, 487 (1978)
E  PebEr A I 4) ibid ) | 12, 56 (1979)
5) HREZES : #ER B, 54, 505 (fF63)
g’ : FEREEER v F AE R E (m/s%) 6) Placek, J. et al., AIChE J.: 32, 11 (1986)
g : EEREEEER 0 FEEInEE (m/s%) 7) Harvey, P. S. and M. Greaves; Trans. IChem. E., 60 (1982)
g, | EIEEER 2 FAE T IEE (m/s?) 8) Middleton, J. C. L%Cer:l; Eng. 1}es. Des., 64, 1 (1986)
Cmmmae () pERE T w
n : [HEE 11) Komori, S et al.: AIChE J., 34, 6 (1988)
P CES (Pa) 12) Sawford, B. L. et al.: J. Fluid Mech., 106 (1986)
14 WY T Y 2 ER Vol. 84 No. 8 (1990/12)



PMX-98 {t275 >

b A~ D& R f

PMX-98 Application to The Chemical Plant
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A lot of computers are used for the production control of batch process recently in a chemi-
cal industrial field. Although many of them are a large scale computer or specialized com-
puter, personal type computers are growing to fill the operator needs by the development of
software, economics, multiversatile and enlarging capacity.

This paper shows a batch plant operation management system, using a personal computer
(PC-9801RX41) and a process monitor PMX-98 for a process operation and monitoring in the

- fine chemical factory.
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B 1R ZERBR-EE
Table 1 Equipment list

Item no. Name Capacity Press. | Temp.
R-101 Reactor 8 md FVee1l.9| 280
V-103 Receiver 3 m3 FVe1.9] 180
T-101 Feed tank 1.5m3 FVeel. 9| 100
T-102 Feed tank 1.5m3 FV.1.9 | 100
V-501 Hotwater tank 2 m3 latm 100

DC-101 | Decanter 0.3m3 FVeel. 9| 100
E-101 Condenser 30 m? FVe1.0| 180

V P-501, 502| Roots vac. pump %ixmmHgabs
P-101 Feed pump 3.6m3/h
P-102 Discharge pump 8 m3/h
P-103 Discharge pump 10 m3/h
P-503 HW circu. pump 16 m3/h
P-504 PHW feed pump 10 m3/h
P-505 HO circu. pump 30 m3/h
P-506 CW feed pump 60 m3/h
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Fig. 3 Example of graphic display
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Q'ty

Personal computer
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* Programmable logic controller
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Table 3 Example of operation schedule
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Troubles of Glass Lined Equipments by Static
Electricity and Countermeasures against It

UEYBS SRR
R o

Masamitsu Sawada

In the last decade, about twenty five cases of troubles have occured on glass lined equip-
ments by static electricity. This static electricity is produced by three ways; collisions of °
contents themselves, frictions of contents and lined glass surface by agitating, and carrying
from outside of a reactor. Then straged static electricity causes various spark discharges at
the interface of contents and a lined glass or between a lined glass surface and a base metal.
These spark discharges break the lined glass like as chipping or pinhole.

This report mainly shows the examples of these troubles and countermeasures against the

static electricity.

¥F Z M =

SRR K \WT, BEAFEERFNIIEEH O LA
YR X 2 EOWE Y EE I CTEWS, FORBX
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Table 1 An example of series of frictional electrification

22 Pk A

Metals Fiber Natural matter Synthesis resin
) (3] (7] (3]
Asbesto
Hair
Glass
Mica
Wool :
Nylon
Rayon
Lead
silk
%otton
em|
P Wood
Skin
Glass fiber
Zinc Acetet
Aluminium
Paper
Chromium
Ebonite
Iron
Copper
Nickel
Gold Gum Polystyrene
Vinylon
Platinum Polypropylene
Polyester
Acryl
Polyethlene
Polyvinylidene | Celluloid ” -
Cellophan
Vinyl chloride
Polytetraphloroethylene
] ] () (=)
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Fig. 1 Relation between agitating period and potential
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Fig. 2 An example of relation between agitating speed
and potential
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# 2 X HEKICKIEHHE—LEE
Table 2 The list of troubles by static electricity

No. | Ve 3 Tip speed | Temp. ¥ 1 w2 ) Tip speed | Temp. #1 2
o Ve Contents m/s ‘C | Location of defects | Phenomena of defect Remarks No. | Vessel M Contents m/s ‘C | Location of defects | Phenomena of defect Remarks
Ligroin, Dipping pipe and level Polyethylene, Pinholes occur at the
1 2 powders, - - |ABCG P, S (Numberless) | sensor were made of | 13 35 | hexane, - - |ARH P (Many) downstream of nozzles
ete. metal. etc. with vessel wall.
Benzene, N-hexane, powders, ) Ch liminatioz
2 2 sulfouric acid, - - |A P, S (Numberless) 14 3 n-cycrohexane, - — |AB P, C (Many) arge climinaling
elc. ete. agent was added.
Polypropylene, toluene Polyethylene,
3 2 acetic anhydride, - - |[BC]J P (Numberless) 15) 16 carbon tetrachloride, |17—33| 130 {AFH P (Many)
pyriding, benzene solvent, etc,
Heptane, Benzene, toluene, A worker observed
47 55 butanol, - - JIJ P (Many) 16 18 | heptane, powders, - — |ACGI P {(Numberless} |spark discharges from
etc. efc. view window
Carbon tetrachloride,
5| 4 x@m%m - | = |EF P (Numberless) 17| 7 | polyoropylene, 55 | 120 [ABGEI | P (Numberes)
polvethylene, etc.
Toluene, powders, ‘Toluene, nitrobenzene, .
6 15 | hydrochloric acid, 16—61| — |ACFGI P (Numberless) 8 3 methylethylketone, 19—6080-13)D,G, H,1 P, (32 pieces)
e, polyethylene, etc.
Plastics, . Pure water; clorine, Pinholes i di
7 4 | hydrochloric acid, - — 1ABC P (Numberless) 19| 13 palyethylene, surface - - |BC P,C (Many) oes Mnereasec in
elc. active agent, etc, spite of Ta repairing.
Salvent, Xylene,
8] U powders, — — |B P (Numberless) 20 3 powdets, —  |170-180; D P (6 pieces)
ete. ete. "
- . Hexane, . .
Polypropylene, _ _ | o . Pinholes occur just
9| 60 e, F P (Many) 21| 15 :glvent, powders, 53 mw |C P (2 pleces) below inlet nozzle.
. Hexane, " .
Plastics, ! | Pinholes occur just
0 — - g 3
1 3 ete. B,G1 PS (Many) 2| 12 Z(l)ivem, powders, 50 60 |C P {3 pieces) below inlet nozzle
N-heptane, Hexane, ’ Baftles de by
1| 6 |solvent, - — |aD P,S (Numberless) 23| 20 | globular silica, 21-67] 130 |G P (0 pieces) atties were made by
ete. ete. metal.
Polypropylene, Paraformaldehyde,
12) 4 butadiene, - - |GF P {Numberless) 24 8 sulfouric acid, - — JACFEGHI] P {103 pieces)
etc. etc.
%2 -
A : Vessel wall near liquid surface
. . g —D
B : Middle hight of vessel wall Glass ) C
C : Bottom of vessel Base metal
D : Drain nozzle
E : Inlet nozzlle s S Glass |l = P
F : Shaft of 1mpeller Base metal Base metal )
G : Blades of impeller
H : Shaft of baffle
I : Blades of baffle = 5
J : Tip of baffle ]
Q@H A Static mark
0
. Y — o
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L7zo
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- CHERREN B B Z L B L EMT DR,

No. 13 DIFEIE, MO (KWREMAE) ©FRTbh
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NDOBEEL L AHNOENBBEBEEEOCDWEBITE b,

No. 14 TIREBEEX L ML TWiit b b b3, %<
DEYF—NVRRET 4 9 7T —IRFELTWS, BE
Hik, SREEEL/ N LTE2HBRITEDL, FORMER
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- Welding Engineering in Reactor with Inner Jacket

REEEEE  AERNR
W B s xR

Kimio Yamada

Reactors with inner jacket have been designed to achieve higher productivity of PVC
(Polyvinyl Chloride). Although the design of the special jacket has been proved in field
operation to give better heat transfer rate, the fabrication of these reactors imposed several
welding difficulties mainly because of much amount of weldment in closer joints.

Therefore we reviewed welding engineering in reactor with inner jacket and performed .
several tests on welding parameters by means of test model vessel.

This paper describes these test result and automated welding.
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Fig. 3 Twin electrode welding equipment
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Table 2 Welding condition in actual reactor
Welding Ampare | Voltage Speed .
Layer comsumable [A) v } (cm/min) Built up
= e i s 100 1.4 40~ ~ 20~ @
PH 2 HEABRECLINGUry o b | VK (149 | 240~260 | 32~35 | 20~30
B ‘ 2 | DW309MoL(1.2¢) | 200~230 | 32~35 | 25~30
‘hoto. 2 Weldi i i in- ;
oto. 2 Welding of inner jaket plate by twin: 3 |DWS16L  (1.26) | 200~250 | 32~35 | 25~35
electrode welding equipment
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Table 3 Comparison of various welding processes

5 R NAVIT-ITFAMER
Table 5 Test result of band arc welding

P

- Welding process | pcaw [GTAW tauto) | BAW
Wire size (min) 1.2¢ 1.2¢ 0. 4t X 50w
Ampare (Al 200~240 |  200~240 | 750~800
Deposition rate (g/min) 60~75 15~20 =200
Layer 2~3 3 1
Quality of welding bead Good Good Excellent

Note FCAW : Flux cored arc welding
GTAW : Gas tungsten arc welding
BAW : Band arc welding

B4 R NV oSt

Table 4 Welding condition of band arc welding
Base metal | Welding consumables Axgzggare V%l\t}:;ge rcgf}en?:iinj

SS41 | PFBI/USB3IGEL | 800 | 25 12
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examination (n=2) C Ni Cr Mo
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Photo. 3 Overlaying macro-structure by band-arc welding
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The Evaporating Performance of The Thin Film
Evaporator “EXEVA’” for High Viscous Products

(RYBORE HETH 2 HE

LTI - S - G ']
Tadashige Yamasaki

«“EXEVA?”, our newly developed thin film evaporator is much useful for highly viscous
solutions which Wiped Film Evaporator (WFE) cannot process.
This paper describes some test results with various solutions offered by our customers.

The test results show that « EXEV.

” is ideally suited for the evaporation of large quantities

of solvents or monomers from low viscosity solutions and also for the evaporation of small
quantities of solvents or monomers from highly viscous solutions.

“EXEVA” is going to be used in the polymer industries to improve product quality and .
productivity, and to save energy and capital costs.
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Fig. 1 Flow sheet of test
Vac. 1 % EXEVA 7 X }5~2&
Table 1 Performance and operating data of EXEVA
Feed Discharge Operating
No. | Rate [PolymerSolventViscosity| Rate [PolymerSolvent|Viscosity|Pressure| Temperature
kg/m2h| % % P  kg/m2hi % % P Torr °C
1 175 38 62 2.5 67.2  99.0 1.0 440 264 220
21 220 0 4 4 86.8 96.3 3.7 4500 244 i’
3 220 M 4 J 88.1 94.9 5.1 6700 240 J
4 95 32 68 2.5 30.6 99.2 0.8 1300 265 J
5 | 140 { 4 \ 45.4  98.7 -~ 1.3 3000 265 {
6 175 \’ N ¥ 60.3 92.9 7.1 2300 760 A

B2R RNVw~-Efo7e~y~1
Fig. 2 Flow sheet for polycondensation
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7otk FORECEY) < ~BEEEA L.
@ BEEEALEYREY 7TREL, RFRE2F v 73
¥V~ (Yo7 v ERF—2 B RTRY <~
WA DM LT, =7 v icHh Ui
@) T 7T ERREBO BEEND v 70k ERL
T, SNEFRIRR T TTF7 4L THN LTS
FHEESERD I,
2.2 3 ZEBRER

B2LRCERERE TR,
BERERNS T 7w L, BV~ F LD EBENRE
W, BOTFEIIV~FORFVYRE) v —RBRAEMEL
T, B5guEs 3200 Pa.s (32000 P) o Skb w4 B G X
BT EETRLTWD,

Eir, ARV <~ w4 %E T 400 kg/m2h L LETS
ZEMNTE, MEEE LTCLRLSDRWERAELR
7o
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Static mixer
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Refrigerating

Refrigerating \EIT1ge
liquid inlet

liquid outlet

=5

=

Material

Hot water inlet

{Steam drain}
Hot oil inlet

3HE FEvw—v~—1
ig. 3 Flow sheet of test

3 RFVURBIEORRER
3. 1 =BRE®

TR D 2 7 v RS fe Sl & CREHE
'~ FLESFES Y~ ¥ 28E
HELUT, T 7 e NTCRICEZENS%
CECEBRTEDNEENS,
3. 2 EERREEER L OEREE
BARCKBRER 7 v — %2R T,

tank

Vacuum
pump

Distillate
tank

¥ 2 & EXEVA FRI5—%
Table 2 Performance and operating data of EXEVA for polystyrene-acrylonitrile

Feed Discharge Operating
No. | Rate |[Polymer|Solvent|Viscosity| Rate Polymer‘Solvent ViscosityPressure| Temperature
kg/m2h % % P kg/m2h % % P Torr °C
1 150 49 51 500 76 96.8 3.2 32000 507 260
2 250 ¥ ¢ 4 128 95.8 4.2 26000 502 N
3| 400 4 ¥ v 206 95.2 4.8 30000 | 503 J
W UCBREEHK S Z Rd i,

KRB EX, R+ vy REERvy PE—EREEcE
BB LT, =7 esicihl, RREB, BREISY
WEBE Uiz CNEFRAIu< 77 4L >TH

'3 % EXEVA FAI5F—X

2. 3. 3 EBER

FEIRONL, 213BHEE S v — F, N3, 4 XELHFES

ible 3 Performance and operating data of EXEVA for polystyrene-acrylonitrile

Ve FORF vy REEORBRERY
Yo :
B3R CEEENEN SRR E X

Feed Discharge Operating DEL o TWB DKL, EREEIC LS
b. | Rate |[Polymer|Solvent|Viscosity] Rate |[Polymer;Solvent|Viscosity|Pressure| Temperature AT RZNVE — T & - TEEHREDN
kg/m®h % | % | P he/m™hl % | % | P | Towr] 7C LR Uit THB, 20X D Lt
L 110 99.75 0.25 25000 110 99.9 0.010 10000 5 235 N7 =R > S AL
2| 130 978 025 80000 | 180 9.9 0.015 6200 | 30 196 WRED TR S B 2 VX ~ 535 <
135 99.83 0.17 65000 135 99.9 0.015 20000 5 236 % , CD TR )EF ~B
4 135 J 0.17 65000 135 99.9 0.035 10300 30 236 —5:K‘ Bn ﬁﬁé ;‘(_‘_‘ 75 ﬁ%
KECERT 50T, BEMERCE
{ Hot oil outlet}
Condenser
Refrigerating Refrigerating
lid T liquid
Material 1 ¥
ateria
‘ Dl o
&/
i o
Single screw extruder 1 65
'1?1{ ; I‘-I
s A
S
: Residue E
'l'_l{
EXEVA Distillate Vacuum
tank pump
SR %| 4B SEBRT7w-¥—1r
ot oil inlet — Fig. 4 Flow sheet of test
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% 4 & EXEVA x5 —%

Teed Discharge Operating
Table 4 gerformance and operating No. | Rate |PolymeriSolvent|Viscosity| Rate Polymer‘SoIvent Viscosity{Pressure| Temperature

ata of EXEVA kg/m2hl 9% % P kg/m2h % ' % P Torr °C

1| 100 60 40 2200 60 99.8 0.2 2000 21 120

2 | 130 v v NS 78 99.5 0.5 2000 N N

3| 145 v v i 87 339 81 é%o i 130

.. TN - 4| 175 4 106 .1 .9 800 3

WTHENRAEREE TS 2 5 95 % 40 300 57 99.5 0.5 2800 6 92

D, EEREE, Y7 v OB 6| 125 | ) i) 76 99.2 0.8 3100 | | i

BELIVELL-TWBEDT, Vi '
v PBDEGERAT I VE — XN L% ot

2hhb,

AERAERIL, = 7 &3z 6500 Pa.s (65000 P)
bOEMEREER LT, SUELHE, Thbb
TRO R+ vy REIRMRYERE LT, E v~
FCRERS % 1/15~1/B, BHTFES Vv~ FT
REFEDE 1/5~1/11 T TCEDLZ L ER LT W5,

T 7 RNk, R SBICE A ERER DT
BARRLUCEERC R YEL B TE BT 0
DT, ZOXH, BREOIEECDIRCEEE
Wb I OB ER I TERERR S HED
TENTESD,

HEE, R+ vy REIETERES A BE%15 0.3%
BTt 5 iR 7w+ xic, 2 S8

ENTWBEERD D, 2EIHEL, BV~ ~%&
WK ERM UCEE LT IVIEBEER D% 0.3 %R T
TT %I ENEE LW, KOBRME, KRAEmeEL, K&
DHEBPEFB LT B, ,
AFEMEREIL, WEEE LBEENSY, 2EEHEEOREL
W= BRI DTC, EREREBILTE LW, =7
PR DEIN: UCHER X D1k 5 oD i WEBEERCT
HLENTEIZ LMD, 2EEHTHE L » ERERZEN
TwBEWE B,
ARERAERIT, =72 NEE 2EEIHEREA XN T
WHBEERER»D ORKER 7w e ACHEATEDZ &
BERLTWD, =7 w0k, BREMERSHD CTREE
T2 b4 2 BRI I CE AETH B, #
v~ e IR ABRER e R, 2EH
HMEREE BB THBZ Ehd, =72 OBEA7
T RSB NEE 2 TWB,
2.2 L 23 DEBRERIY, = /e BANnkAFLY
REEOEF 7o v 2B 5 HCTET,
E7wrAE, BEABORY v~ ~FEL =~ 7 w1 BE
TEREBERES B YEEE AR LT, 2RETEEER
5% 0.3 B TETCERETH, FLTXYRY T CREL
TR 7 ¥, vy MEUCEERL RS, FYRY T
Tk BRER, HHBICLERTCENT, HoivE
TRENTHD. DL ), KEMEOENIT 7 23
LEFEREIOBNI- XX Ry 7O/, FEkD 2
BB HERT, f=vervaxt, sv=r 72X r0NE
X, BRERESENELNDRELZLDRELX b o7
R THBENZ D,
AK7vw2ld, 2+ vy REBEHE v & 2 DEFED L
TR hORY v~ LA TH S LEL T 5%,
2.1, 2.2 £ 2. 30FEBRERND, T 7w DEFETE R
REFR R OGERESEY, WEE, BERM, HETOR

Monomer
solvent

EXEVA-IT

Pellets

BEE ERESRY <~ RETE I~y ~

Fig. 5 Flow sheet of polycondensation for high viscous products

BERSREXEE LT, 7w ] BTS2 B0
HRBREINDB Z 2B,

2. 4 BEEOEREE

2. 4. 1 EEHEHHW

R v~ (RV~~ A.BD2EE HirgiEhs
A0 % ER LT, 2FBEEEY 1 BT t%,
2. 4 2 RREERURBRGE '

KREBREE 7 v - B L UOERRA®EIE, 21.2E1R) &H
BRCHEIN, vy 7ME, FRIZu= P77 415> T
DT UCREERS % Rd e,

2. 4. 3 ERER

BAFETN L ~412KYV ~~A, No5,6F, RIv~—
BORBRERY R T,

02m2 =y w72 FPEGIIRY v—A, Bic, B
1 % TehiE L c@gmcrh2n20 kg/h, 15kg/h
MBS 5 2 EAVT &,

2 W (935 mm, B Y ~ > 3 2B ToORY <
—~ADEFT 2 MERIZ, BEHKT 25kg/h ULHAET
BBz DZ L THbB, 2EHTHEBO 7 X F R0
ERETREET » 7OREORMMNS D L#E2 T, =
7 e NN TR DR LERETH 5,

ZOXD, =7 OEFBEMRIIHER X OREED
RWEIETS, 28R L D IRBRCEN TN S,

2. 5 BlE0ERER
2. 5.1 5=BREB

RY v —RiegEndE/ <~ 0.3 %k L OB SR
0.6 BB LTE/ ~~%0.2 % T (HE0.1%)
PN A0. 1 %I T (BEH0.05 %LLTF) 1%,
2.5 2 RRBREERIUCEREE

ARRER B LU RBHHRIZ, 2.3.2 (F4E) LAk
‘G%éo
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# EXEVA A b5 —& Feed Discharge | Operating
Cable 5 Perforfnance and No. | Rate |PolymerMonomer[Dimer [Viscosity| Rate |Polymer| Monomer|Dimer ViscosityIPressure Temperature
OE;eI;;Kg data of kg/m2hi % % % P lkg/m2hl % % l % P Torr °C
1 75 99 0.3 0.6 35000 75 99 0.07 <0.01 8000 10 235
2 150 4 150 99 0.07 0.03 6000 30 233
3 150 d N J 62000 | 150 99 0.08 0.04 5200 30 215
£ 6 F EXEVA # X 5F—& Feed Discharge Operating
lable 6 Performance and No. | Rate |Polymer| Monomer | Viscosity | Rate |Polymer| Monomer | Viscosity |Pressure| Temperature
operating data of kg/m2h | 9% % P kg/m?h | % % P Torr °C
E_X‘EVA for 1 60 86.2 13.8 2 000 52 99. 61 0.39 3000 0.5 190
silicon-rubber 9 55 47 99.75 0.255 i3 4 220
3 51 97.3 2.70 3000 50 99. 57 0.43 ¢ N 190
4 44 N A 43 99. 56 0. 44 4 M J
£ 7 F EXEVA 7257 —2% Feed Discharge Operating
Fable 7 Performance and No. | Rate Suii‘i’glc iWater [Methanol|Viscosity| Rate - Su;i?glc Water Methanol‘Viscosity Pressure| Temperature
operating data of kg/m?hl_ % | % % P kg/m?hl % | % | pm P Torr °C
EXEVA. for 1] 240 49 45 4 50 121 97 3 37 170" | 760 198
surfactant 2 | 150 4 J J N 76 97 3 0 150 i
3 | 250 v \ ¥ \ 128 96 4 79 250 ! 196
4 | 159 ) 2 4 \: 81 96 4 59 180 l J
L 5. 3 ZERRIER BEAEEDLB RNzl b, BHEY Y = — B
FEHRICEBREREZRT, DERBEBIREL, ST L D REEZEE L BERIR

BERNLDT 7w, BEe/ ~—~BIUOBEXA<
~FC BEEAZER LT 5, N1, 2, 3 CHBREE/ <~
DI LA EBNRTTONRCEEZ, KR <~ 2038R
REETIE, BY v —DBB LT/ v~ RETHDT
$bho T %, KRV <~ DR, BELAA <~
DEEETHMTHZ LNTE S,

T 7w, BRYV v ~8EEHELC BEXA <~
¥1/16~1/600C 3% & & R T &E iz,

L6 PVUI~UBIEDERER
L 6. 1 KEBREM

EHERW13.8% D) 2~ iEiiE (A) & HEHLT
1%BETET%, ¥z, &HEHEL2.7%0OY ) 2 -5
B (B) #EELC, EIWEENRECETTRE%EH
’\“ % o
). 6. 2 SERREEE R XURERLE
EREB7w -3, 23.2 (B4 LERTHS.

EZRFEE, vV a—-rBiEA, BRREER%ZFA 7T
K4 en B B00T LT, SR IR LAA CEEiL, 200°C
CERLTT 7w SRS Line = 7 2 NCEFER, BY
WSy 7V LT, i BN T170°C i
I2RAREE LT, WEX Y BEERDE KDk,

2. 6. 3 EREAHER

vy a2~y (A) OFBREREEERONL, 21T,
vy a~-rEilg (B) OEBRERANS, 4 1TRT,
BORON.1, 208FEHW13.8 %D D%, No. 3,
ADEHEEBEW2.T7T %D LD, = 7w/ NTUEREIL, B
BIEBMRIRICII 0.4 B THH Z b, T 74 DM
HECILEHEBNDED Z Lhibhb, Zhik, EBREE
TRz & 5 A~ D ¥ ) 2 — v BIfgF D HHR1F
BDich, T 7w NOERENFIRINABERD N
BRERoIedTH D,

No.3 &No.4 1%, WHEEBENENFNELDR, BY
EERSETH - 720
BEREOE N 2 NEEERDLRE LD, X, HE
CEBERBT 298, 3 XM LT BB EREET

BETREEND,

2@ Ty Y 2~ BilE (B) OfiET = 1+ %EH
Ureds, BERSCEEERFER LT, BEEY BFb &
MTES, BEEBEER2%IVEBLS hbhhotz &
DZETHbDo
2. 1T AEEEHIOFERER
2. 7. 1 =BREH

REEERRCESEND AR — VA BHEERELT, B
BWAD AR/ ~vE&EFEY 200 ppm T35,

2. 1. 2 FHEREERIOERBRFE

EREERLUERERL 21.2 (B1R) LtAETH
BN, FYIPNEFRIRR LT TFT T 4L - THHTLT
B AR ~NVEBERD,

2. 1. 3 SERRIER

BTRCERERETT,

ETHRON1, 2 2N.3, 41F, FEiEEn&Exb, Bk
NG CIRENREILRIFCH B, BEEIE, <2 F —~X
DX D HEEMME S THREMERE L Tahvo 7o ds, = 7 kss
PBIE R b~ XCH T 5 2 LT &, BREEHD A R
JeveFER, BMEERTHZ LN TE I,

YR, FERCEEMENRS D2, HREOBEERIC
&, ke LORFERD DN T2,
iy El (63

IR EEREE (7 ] ©OWT, BETH
DERBRIE CORFERBRER 4 —WBA Uiz, b
Ty, ESEHICHEANRT [ 7 28] OERMRER N ICE
NTCNBNEIEBN T BHEEBDH,

&S, RI~—-DEBECE b AR-T, /v ~Fk
OBBOHFEEELETETE L A>TLBTHHH L,
RO, Etlt, o3 vE — (LRI KD BT
K%, [z7w]i%, H#LOFEE HLTRY, Zhb
DERCTHAIETESD EEBELTRY, Zhhrbd, &
BEROERCEDL > TEbND 2 - VEROBEE IS 2T
l(\%fcll\o
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Full Size lon Scrubber

RV N—-—REBBN

(REER TaRE—R

T T -
Sadahira Kawayoke

The paper presents the ion scrubber recently manufactured and delivered by Shinko Pantec.
The unit demonstrates a dual function of efficient removal of fine particles less than 0.05 ym

as well and hazardous gases and ;deodorization,

which have never been attained by a single

conventional wet dust collector. Described here is an analysis of the performance of the ion
scrubber ranging from pre-order test using a pilot test unit up to selection of a full size unit.
The full size unit has succeeded in obtaining outlet dust concentration close to the design
level despite the concentration of inlet dust in exhaust gases substantially exceeding the

design level.

¥ Z M &

PHF2 T EEEI R EAKBCRETLIHEE LT,
EREESE G E iRy F a2V ~ X7 T /5~ LG
B ks 2BHFRANRNE TS » /oo B FNT, BESR
P & BRSSO R X Ao Bk R LR [ 4
YR7 T8~ | OIRFEEBS L, B 2 £2M5E Uiz,
oM, T U CEEFEEYSEINR, REERBAER X
OSBRI END O R E L, £HEASA
Ryt 7T T ELBIAZEDT -2 ERELTE T,
_@ﬁ%mmﬁmmﬁf@¢¢%ﬁbéa9%%ﬁxr
Wb,

AfEciE, Jt/x&7A—@m%ﬁaomﬁx¢7,
TRIBIFHEH ADNRA m 9w Y 7T PV EBTF R FREY
REBAENT Do
1. 4AFVRI5K—-DOBE

L&Y R7F5-1%, 0.05 um LUFoEEE 3R A%
BF% bBERELD, PhvzivE-BERECHRETS
BT L0 ThHHH, ikl um N EOMET,
FEVABIVERTR LFARCAETHZ LNTE D,

EBERNTEEINRABLVOEBR Y R IISHERET 2R N
HTERBCEIN I NG, ATk L OEBRITEETRC
LyERN, EFEHROLDOIXA A -~ PEBAC LY
E£ENB, ZOA A~ JEANL, FHEINRTFRFHE

Scrubber zone for
" removal of particles
and gases

T f

RERERE (Wlmm) 32 &H4E1L, KABEOBESR
®HE| L, WMTFRFOEECB|EHREDND &\ 5 EET
bH5Bo

BERBEREHE S 2 2 BT 554
BSELEADETERATS,

iz, AFYR7 T A-RBEBERARCESRERYBL T
BY, 24<~HHECLD EHNCESE 2T EEE -
TWBDEBRNTDOLR T, BEOERENS/NECRE 2
BAvFry REBLEL B LN TE 5,

1. 1 EBOHEE

EBERAXL 29070 v JEAA N TR FIEOEE
EA A VLB BIED R 7 78—~ WE O ERIN TN Do
(EBE1R)

PN R ORITFIRETEHEEA 4 ¥ LB CHERWCH
BN, =Bk 7 v—trE, BOIEZRI FN~ECA A~
AN E2R) Tk Sk rE cBEI NS, B
BEBIZETT v~ MIEBHBRE o Thwb, 77V~ FiX
BNIRLE> TR YEERBMFOR 7 — VR L&
5 EEIBREEE LT B oD RE Lin T D A + > {LRE]
HmTEB,

AFY R TR~ EBVESERESFOBRETCh
> THTHEAETD 5,

y AFYRI G~k

—<«——— Charged particle

“Image force”
> attraction

+
\ -\

|~ Neutral surface

“Mirror image”

of charged particle
g o eatices \\\\\+\"‘*<§§\
Circulating pump \\\\ \
BIR Y27 I713—HEN F2E A A-YIERT
Fig. 1 Construction of Ion Scrubber Fig. 2 Image force
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4%/177/\—/\/{ w oy b
Photo. 1 Ion scrubber pilot plant

BEE1

.2 295588
A F AR DO R 7 7 8~ ERER R L OB TR R

Gas cooler
rnace Q

.

Jet collecter

/L Fan
p= dampe1
Measurement point
Measurement point 7 K / .
— — T i
‘ Fan
WS pllot plant
FIW FAPTE~-
Fig. 3 Test flow
NR=Yx7
b —x—: 3kW
WB|l7 » v :FRP 70 m3/minx 250 mmAq

RILBETHOREBEOK S N TEM BRI TY
Bo BEH RTFEE & AR ) RREIE BEE LF
PO THNRNT WD, & O E LBz, £ A~
VHEBHC LV BEIN, FhLFARCEEY R SUEER
ERINE D, TR LI EEA Y 7 4 xTE#ok/ X
MRBRBEINT WD, Buk/ XV BT 15 KHRE
INE WD THEE D H A RIRE EHED DN D,
1. 3 ek

A FY R FN—EREKEDHF RPEEEZER LD
FERPIA = FHTERINTED, —RELFRPD
HENERE 90°C % CIIEIAE (REHE) R LTHI %8
TELARTAETH D, L UBBED X Rica UTikA #
YARTF—FIERICTINE L, SRREBICIE D TR 513
PR /NI, EEERIUT ABNGES
BEDHETHEE L, B4R E HEEMT 5 &BEME
SUS316, SUS3IBL, #2¥yRBEIVUNRTFufChE
S BEOF A bREAHEYBE LT N5, .
1. 4 EHEX
K%ﬁ@&ﬁ@%i%ﬁﬁﬁukiébmﬁ%mmml
f&D%@ﬁ%&ﬁbf%¥Wanmmq&Ef&éo
FIDERY F ol — X7 T8 LT B L EREIE
ENCRMTHD, BREOEX 1~ 2ELTHEEIND Z
ERHEIVEBR TN, ,
2 MRV y THEBFEONRAODYy FFR B
221 FRb

224 7y ML 30~60 m3/min UHDRES A FFoTH
DEFERM B L OHEREXRDO L BY TH 5,

P 7N : FRP 6460 mmL X 620 mmW
X 2380 mmH .
P
7v—1F 1508316
W' B iaARFEALC
Pl =) :P.P
NEEE :FRP
SN EE :C-PVC
ERR 7 :PVDF 500¢/minx15m
X 3.7kW.

x 5.5 kW

CAf By PR, BEBRIVORY TIRIEREEIR
RTXOIR2=y FRERS>TED F T v 7 TOWMENRE
GiEEL o TW5b,

$ART 7 v THRIBIFEL DV RETHIHENAFOLZ PR L
O, HCl 5 2prka B ETAA A Y R 7 FNN~DH L X
BRETBIDIET X FEEE L, 7 X M, FIRKC
RTEHCEERE 7 P EDANSARRAR Y Y ERIT T R
NERLUTRE L, EEEOBASLANA RRE7 PR &
DA AV RIFN—%EHRL, BEROERE~V~FE2RL
Twb, iz, SEOEBL RN TIERANDEEK & 4R
ENTWDew, BOERERT S Z LR 7w~k
CBRERIZ IR Ui iBE& OIEER L OBk S STE%

bEDETHELT > 0
2.2 FAMEE
REBORETRM
LIE 5 = B : 15000m3N/h wet
B 7T AR
BLOUKS :50°C £IF0
ACDBE
L : 0.5g/m3N dry
HCL : 50 ppm dry
HOsE
LR T : 0.03g/m3N dry
HCL :3ppm dry BT
Bk E : 2.4 m3/day
FE R I B X X PBREZEIL 94 %, HCl 57 =ppE
L% ThbH, ZORGRMETHRERE Y RETEYE

TAERDET AV EEH U T2 FREBWTILETOR
B % Bb & Btht & e CTRBREAT - 7o

7R FHEAND H REARIL, A RZRED SV R BN
13, 15, 17 m3N/min wet & Ujzo F7zo HCL # 2 RUX
ERL, R77—7ERREE NaOH k%W & L pH i
LV BEDO BB ZT > o
BEHAOHREYEI R, A4 R7 F—TDEER
EEFEARC, A AY 27 F - ADRBIOCHOTOREE
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Table 1 Original gas charactor Iy g
=
Item to be measured Reasonable Burned wire g [ . ]
material . S [ e ]
= E . 3
Dust concentration [g/m3N dry] 0.03~0. 04 0. 26~0. 42 % 90F ) E
Sulfur oxides Cppm) <1 <1 =
Nitrogen oxides (ppm) 8~14 6~9 e T T
HCI (mg/m3N) 1~3 12~168 S T ]
Clg (mg/m3N) <0.1 <0.1~0.3 & 50k ]
Smell concentration/index [—/~—) N - 410/26. 2 OE ) ) ) 3
Gas quantity (m3N/h] | 14800, 16800 | 13900, 15100 .30 35 40 45 50
Gas temparature rc 52, 49 95, 65 Gas speed 100 vel. [sec./ft]
B4R 7R COEHE L EBEFEOER

B 2 F EEESRDWEE

Table 2 Results of gas analysis in full size Ton Scrubber

Fig. 4 Relation between gas speed and collection
effioiency in pilot test

Item to be measured - 1 Inlet of TWS | Outlet of IWS
Actual gas quantity [m3N/Hr wet] 13 500 13 200 (mgg; T T TTTTIT T T TTT7TT 3
(m3N/Hr dry) 13 000 12600 r o Inlet 1
Design gas quantity [(m3N/Hr wet) 15 000 15 000 3 ~ Outlet| T
Actual dust quantity  (g/m3N dry) 2.26 0. 04 I 7
Design dust quantity (g/m3N dry] 0.5 0.03 o 10k 4
Actual HCl quantity [mg/m3N dry) 934 38 % 3 5
(ppm dry) 573.2 23.3 8 o ]
Design HCl quantity [ppm dry) 50 3 s F b
Actual Cu quantity [mg/m3N dry) 56. 6 4.6 .:Eﬂ " b
Bl 3
0.1 [ WAl Lo L1l
0.1 A1 10 ()
Particle size
HS5E HEROTHHERER

B
B E 2 A4YR77-\—EZEERUEEY

Photo. 2 Full size Ion Scrubber and precipitation vessel

etk - N Liavas Y
2. 3 EE

BESANE BT N, K2 FBE R L0 HCL BENE
ExRLUTH Y EMBOBERKRE . A AV RT T /8-
DIRIEEB| 7 » v EHOOEDF L —D>DFIEERE &
LfCo

EBMoBEE, BRAZ I - TLROEELFEELTH
T EIEEIN T W oo THIA A Y R T T8~
AT S L, EE 930 meN/h wet iz o\~ TEIZELI
e LA 2 PR 0.01g/m3N dry BT & 7o oo
e DBAIE, EE 990 m3N/h wet ick\WThF s
CHEDEE T & DORFD X 2 FEE 0.05g/m3N dry
BHUVBRERIL03.6% Thol. BEBEEE ON 0B4
o s OFF o0& & w #+5 &, &k ON ’C:b?“f)w"

Eﬁf%é&ﬁf&b(EF@%Awiﬁkt&U?m&T

o fee

AF Y RTTA-ARR L OHOR I B RE %ﬁm
FIER—T® o720
3 = ¥ B

NAvy PR TOBEREARCEEBYMALLOTE
ONBEHBEIL, 7u~¥— 2B 6RICRT. REE
ERTHFAMFEE2LIRCRTERYTHD, EEMLD

Fig. 5 Particle size distribution

from Furnace

Ton Scrubber
[
ATATK
5 = to Fan
Gas cooler
| NaOH tank
— (T
Sludge pit
udge pi Precipitator

BOoR FEEEO 7w—¥~T
Fig. 6 Flow sheet

DEEN 212 BRAAEED, DT RINDBEC TN
2 e
(& El v

BRIP4y X7 FA-RBNTIE, £ K
?5%Eﬁ$k;0ﬁx@%f%z,_mﬁﬁﬁﬂﬁwﬁ
B35 LD CEREYA XBREEIND. L LERD, £
R T DEEHBILHT AP 7 — X —D L 5 RSB
<, WM LY RELEARY, A—BRETH->TIA
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Sttt m o 7R FORBEMEND B,
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Aptitude Tests of Newly Developed Spherical
Media at Anaerobic Bio Reactor (AB reactor)

(B REEI S
Wk o

Kenji Urakami
(BOBIRE
Al ;O

Kohei Masuda

A new plastic spherical packing media (HEC BALL) was developed for the use in anaerobic
treatment. The HEC BALL was compared with other conventional media in strength and
sludge settleability to and separability from the media. The comparison tests demonstrated
the availability of the HEC BALL for commercial use. The HEC BALL is superior in sludge
separability when packed at random and there is no problem in strength and settleability.
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Table 1 Loading test of one unit of media
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Table 2 Loading test of several units of media
(Filled in a box measured 488L X 488W x 700H)
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Fig. 5 Distribution of packing media

in tank (F company)
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Table 3 Volumetrical deposit per unit volume (N company)

(3 months after filling) Unit : g/m3

‘ V media ‘ M media HEC ball

! [1100/m3) | (380/m3) (591/m?)
Bottom layer 9900 ‘ 8360 | 5910
2nd layer 17 600 7 980 ‘ 8 865
3rd layer 19 800 ‘ 13 300 14184
4th layer 14 300 ‘ 14 060 19 503
Average 15 400 i 10925 12116

B 4 R BAUAELD OFRMNER (NAD [FEREEI0AH]

Table 4 Volumetrical deposit per unit volume (N company)

(10 months after fillng) Unit : g/m3

'V media M media | HEC ball

¢ [1100/m3) | [380/m3) (591/m3)
Bottom layer 1 203 500 ‘ 137 560 158 388
2nd layer ‘ 20 900 10 260 13593
3rd layer | 3300 | 5320 | 8274
4th layer 18 700 1 4940 “ 17 139
Average 61 600 39520 | 49349
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Table 5 Volumetrical deposit per unit volume (F company)

(3 months after filling) Unit : g/m3
|V media ’ M media ‘ HEC ball
(1 100/m3] (380/m3] (591/m3]
Bottom layer | 457 600 ’ 285380 | 458025
2nd layer | 372900 ¢ 358340 | 411927
3rd layer 330 000 i 334020 : 432021
4th layer i 306 900 : 359 100 432612
Average i 366 850 | 334 210 433 646
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Blower Specification of
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Table 8 Arrangement of media and removal rate
(HEC ball) (M media) (V media) of sludge (F company)
(at air backwash rate: 70 £/min)
&7 FERFOF ™ i i After 30 .
Fig. 7 Direction of packing media Before l minute Media ‘ Removal
Type ! backwash | backwash weight ‘ rate
|' J ¢ ) €3] (%2
B 6 X FTEMTBRE O 2 DB RIS KT 2 H TR V media (Vertical) | 342 221 41 40. 2
(N£E) W& : 42(8/min) (Holizontal) | 275 | 108 41 71.4
Table 6 Arrangement of media and removal rate (N company) M media (Vertical) ! 671 249 106 75.9
(at air backwash rate : 42 £/min) (Ho]izontal) | 640 ‘ 308 . 106 62. 2
! Before ‘Angt.er t30i Media | Removal HEC ball (Vertical) | 667 | 201 71 | 78.2
Type i backwash | baci{n;a:h | weight ‘ rate (Holizontal) , 611 230 71 ‘ 70.6
_® | @ | %
V media (Vertical) | 196 101 | 40 | 609
M media (Vertical) | 461 , 325 109  38.6
HEC ball (Vertical) ;| 319 176 70 . 57.4
BT R BEMBRBON 2O K9 B TE BRI RS
ot Z J0E= U0 15 UERIBESR j
(F#b) #EmEE : 42(¢/min) . i\(f) fﬁ?ﬁgﬁ&‘ GHEaD

Table 7 Arrangement of media and removal rate (F company)
(at air backwash rate: 42 £/min)

‘ Before | Anfltigfltgo | Media ‘ Removal
Type ‘ backwash | backwash | weight | rate
ERCENEC I CORECS
V media (Vertical) 317 | 23 | m | 159
(Holizontal) | 397 . 212, 40 . 518
M media (Vertical) 705 580 ¢ 107 ¢ 20.9
(Holizontal) ) 841 762 ' 107 . 10.8
HEC ball (Vertical) 666 | 354 ' 71 | »52.4
(Holizontal) | 657 ' 400 71 43.9
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Improvement of Impounded Water Results Achieved

by Use of Hypolimnetic Aerator

(BRREHER FHEE
B H

Hajime Harada

(BREHEEN HEH2R
a X =3
Yutaka Ishimaru

i S ¢
Tokuhiro Fujii

Installation of hypolimnetic aerators was found to be effective in supplying dissolved oxygen
to the hypolymnion of a reservoir which was suffering from eutrophication. The water
quality was much improved as a result prevented leaching of NH,*, PO,43~, Mn2+, etc. out
of benthal deposits without disturbing thermal stratification.

¥F L M &

— RO T RIS » TRAFE DM A I ER T B
BB E, ik LHRBCAE LT, S E TR EBRE
BRIKEDOKBED NS EINTWREBR X &, FFKi
TX 2 Y, FTEOEHLR 7w - VEEOREIET LN
P, X BIC LA BT X s B TR BEK, Tk
7k, BEEHKA EAMNALC EERD, BROELEE
% L¥ b aIERY, SEEENEKIBRNCERINT B
R ANDEBE R » FL L EDDDDH 5,

Ask, E¥EMNMRSE, BRAOEYRBMEGHOMEE
LT, BEENDHRTEOEN % 1 THRAREEL T
HDEXNTD, WHEAFIC L5 EEFRHOEFEL
kb, MBS T X o SEERLRECEENT %
CEEmb, FORRE, SeEBEFEEEOEINEKTEDNE
75y 7y OREFRER T LDKEBEBEOMERS| X
s W A Y Fl

BED X5 ABESSERBLEELEN BEAOBRRE
Hic & 2 EHELEXBIT B 10, ABRNERELEWF
b, BiEbhbhsHEE T2 ERENL, 3L
AEMTDABNERBILTHD Lo T,

CDX DRI DI « £ &« Bk & OXEAESF
DHDHNIEETHLOIE, BB EREFETELN
TnbBECATHD, FOEERIT DWW TIIBIBIC A #RD
TGN LI EDdD, FhIL LD ERFILT,

(DR : FEBTEA: B A TR DA B 3

A (B TAGEDSEM.
QBT BN RISE © KA ERE LcBED 2 R R 7
Do AW, KEEHET D Hik

B1H SERSREORER
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Fig. 2 A full air lift, hypolimnetic aerator used in Wahnbach
Reservoir, West Germany (Bernhardt, 1974)
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Fig. 4 Setting points of aerator in Sengari reservoir
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Application of New Emulsion Type

Synthetic Flocculants

M FY I o 3 H (R
= K ®E =

Tsunemi Mihara
N

)t
Yoshimichi Mitsukami

Numerous kinds of synthetic flocculants have been used not only in water and waste treat-
ment but also as ingredients of products in many industrial fields.

However, most of the synthetic flocculants, being supplied in the form of powder or gel, are
not easily measured and dissolved in water in short time.

Contrasted with these disadvantages, new emulsion type synthetic flocculants are liquid and
can be fed by a measuring pump, eliminating a measuring instrument and a dissolving tank,

and dissolved in water immediately.

In this artcle, application procedure and examples of new emulsion type synthetic flocculants _

are described.
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v SF 3560 B 1% oy YEBESTFEEROEE
10k SF 15811 Table 1 List of the emulsion type synthetic flocculants
‘ SF 1360 Brand . Ionic Mol. Wt. | Effective
= SF 1300 Tonicity | Series No. The main component potential approxi. pH range
- Nonionic| 2300 Polyacrylamide 1600X104 3~10
&
2 2341 Polyacrylamide 1900 X104 5~12
2 10 . Anion 2650 - 1300x104 | 5~12
> RIomE | 9360 . > 1 1600%104 | 5~12
2541 o> 1900104 4~12
1360 Polymetacrylic ey 500X 104 3~10
1560 acid ester o> 500 X 10: 2~10
1380 400X 10 3~10
011 W St 0.5 1300 350 X 101 3~10
: . - - - 1500 350X 10 2~10
) . . .. 1600 250 104 3~10
Dissolved concentration [%] Cationic 1581 400X 104 2~10
FIR TN 2 v 2 4 7 OREIME SR 3230 | Pelyaerylic acid > Tooxd| 30
Fig. 1 Viscosity vs. dissolved concentration 3560 s 500 % 104 2~10
of emulsion type synthetic flocculants gggg -------- > ggg i %g: g~}8
............ — ~
L XTRNT 5 vEIES p | BE496A | Polyacrylamide 2~10
3 [ VI s YVERS TREAOR BF496£ Metacrylic acid 2~10
y; Bi-ionic | BY496 ester 2~10
. o2y N BZ496A 2~10
TRNY gV B TR EMED B B E BE110A 2~10
DT, BIEEIERTHL, =<y g VILE
BHR\NDT, 1o LAERM TS ET
) f7§> QAN Delay for ON
N N oo elay for
BHEEEBELTh, EHEY 70sb o4y Note: M--==—=—-= [T]--~4  Control
Emulsion shall be iDelay for OFF anel
IRVY STEHERMBEL, TOEFHEATE agiatedfor 10min @ rTTTTTTTTT (T---q ®
ina day; less than i
H5DT, B 70EMEERETHY, v 100 rpm, ' I Note : )
- t Supply of emulsion shall be delayed
A7 A ELTHEBMEICHIG LAV, Closled type } ! to dilution water at the mixing point
B o — ) 1 torage | ! Fe—————
WK R TET 4 2= P g — B T H mlll{swnsorage : i ‘5
MM TEDYS, 74 RSN~y =D ) XN S ﬂ !
<y . = i
P, KRR ETHEREY B LTeRMELE jChemial fed.
5T EMHBHDT, THHK F < v 7 LTER :m;urmg M -,
PRLETH D, T, N~ R 2L TDEE) ) + To supply point

BIERIRTEETH D, LD, =zwNvT gy
BA TR, BIERY JBFETHEHTE,
FhT A YIRIEC LD EHEEATACESH Dilution water

X < _— Note :
BBTCHB, B2~4HIc, =T ayirq Dilution water pump JLEE' ii?xeear velocity of emulsion
TOWBET E € ADEF NV E 5T — = Linear velocity of dilution water

BORIRAXT 4 v 7 s 59— %FIBLT, f,z iﬁ?’émyjfj\
@ﬁﬂ/\ﬂc 54y VC?’@EE L, 79} VCE%:EE 1g. ntinuous dissolving system
ATB7E 2R THbB,

BIRI Ny 7T, BREA 72— 2 ot Contrl

- s ote {ro.

F2a 7 ERER, BER Y 7 CHEHEBRETS Emuision shall be b panel

o N N £ 5
TRERTHD, 12721, WIREDT, ASE -fnglaadzy;(i;stgglOOrpm. i : |
CXbF, £y TTEATERDT, W | e
R\ - THEBTH S, | |

BARIIZ Y 7BIBETIERL, T4 VIRIRE ecxl:sgotrfls)?orage E
L, IFERy 7 AND FETh b, tank : To .dissolved chemical
kﬁﬁﬂ%@%ﬁ&l, 5{6}7}{547"7‘5&?’5%}\‘/ " . storage tank

| Chemical mixing tank © .
Dissolved chemical

7% QMBI TEICHIRTHM, =<

b VHCHEC L s D - _'L_C_l]g]mwal feed pump . transfer pump

L TINY a2 VEESTREAOR 1 i S g s e 5 o
gl Dilton vater e e g ok s 3 i,
TN 2 Y RIEHSTFEERIDOERREG A Dilution water pump

2RICRT, BE1RZHMRZO—FER LD BIW Ny FEBYAFL (F—21)

DTHDo Fig. 3 Batch wise dissolving system (Case 1)

50 TR 7Y 2 HER Vol. 34 No. 8 (1990/12)



Note : Delay for ON o;p | | ______
Emulsion shll be [Delay for OFF = | Control E
agitated for 10 min. r-7-- PP --—{ panel =" :
in a day ; less than 5 | : |
100 rpm, | : Note : [
I Supply of emulsion shall be delayed 1 :
Closed type : 1 to dilution water at the mixing point. [~ !
em\lxlsmn slorage | | fe=m-—- - 200-2[50 TP
tank [ ! .
! ! T Level switch
; |
| Chemical feed
I measuring
j o XXX ——
_____ a4 -
! Line mixer L - A
: Dissolved chemical Tyigsolved chemical
storage tank supply pump
Dilution water
i L[ Note :
Dilution water pump —l_l-—_—> Linear velocity of emulsion
— =Linear velocity of dilution water

BAR Ny FBRYATL (F—22)
Fig. 4 Batchwise dissolving system (Case 2)
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Dt & Atz h b RSt D KFIER TH
B0, KSR D, m=NY g v B TP
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TRIERMEBEBNTE RNz, =NV day
FATEEETD EPKBERARESFEIL, B
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EAFBERIDT VT 2 v # 4 TILHEE &
LT, ERHEMNEL, RHALE < hnws, Big
DEGREBETED L DEERENLT, 7
ne XDEEMEEEIEERD 72, iz, PH
DOEAGEDOIRX &0 LT, BERABRAEAN
DOHEAR ESBIbICKRE 2 ML, FElGEE LT
RSB % KT &7z,

(BEX#)

1) LR THEE 0FER

2) ABEEAR, KIEGEM MHfKEESTFo<

WV s VB

3) ABIRSEAR, ETHZEEM MKAERY v —D%

EMHRKE T VY 2 YL U EOBSET

4) RJER, BryAGR, L8 M7y

7 £54 | vol. 33, No. 2, 38~42 (1989)

EHE 1 zIVvarR)<w—kbi 18ke
EE

Photo. 1 Emulsion polymer and 18 kg packed
can

B 2 R =y a VEESFESEAIER

Table 2 The application examples”of the emulsion type synthetic

flocculants
Techinical item ° M Inc. L D Inc. A Inc. S Inc.
1) Kind of sludge Excess ‘ —dittg; —dittg; Floatation

sludge*! sludge*?

2) Influent sludge ‘
volume (m3/h) 1.5 2.3 4.0 1.5

3) Type of dehydrator Belt press DI\’I/‘I’lli.ID*?’ RDP*4 | Decanter

4) Chemicals

@® Before alternation Mix ; PAC 2500 FeCgs
FeCgs, pom & 700 ppm & | New plant
cationic  |cationic | cationic
& anionic | polymer | polymer
polymer*5 | 1 120 ppm | 785 ppm

\
® After alterpation Superfloc : | PAC 1 250/ FeCgs Superfloc :

3851 : ppm 700 ppm, {1581 ;
500 ppm | Superfloc: | Superfloc: |1 300 ppm
1560 ; 1581 ;

280 ppm | 140 ppm

5) Sludge properties
H

P 7.0 6.6 7.2 6.0
Electric cond. (¢S/cm) 6 800 5530 5510 —
M-alkalinity (mg/£CaCOsg) 2 250 — — -
TS (%7 1. 45 2.30 2.09 —
SS %) 1. 00 2. 02 1.75 5.5
VTS/TS (%) 65.5 58.9 79.9 —
VSS/TS (%) 91.1 60. 8 88. 4 82.9
LSS*/TS (%) 0.1 <0.1 0.63 —

6) Dehydration perform-

ance
@ Water content —83.5 |87.5—>86.080.1—>79.5 62.7
of cake (%)
Transpearency
of the filtrate Good Good Good Good
® Cake exfoliation Good Good Good Good

*1 Pharmaceutical manufacuturer *4 Rotary diaphgram press

*2 Food industry (Mayonnaise) *5 The operation had been impossible

*3 Drum type thikener *6 Large scale SS more than 100 mesh
and multi-roller press
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Porous glass ultrafiltration system for chemi-
cal and food industries. .
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New method of repairing GL equipments by
sol-gel process under low temperature.
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