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The picture shows a fine chemicals manu-
facturing plant consisting of 6 units of 10~15m3
glass-lined and stainles steel multipurpose reactors
achieving various operations such as distillation,
resolution, reaction, crystallization, etc. by means
of a single vessel.

Recently, Shinko-Pfaudler received a large
number of orders for such multipurpose plants
for fine chemicals composed of equipment made of
glass-lining, stainless steel and other corrosion
resistant matérials. B
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Scrap Preheater Exhaust Control System

BB B 1R
S-S VI 1 '
Kazushige Hinokiyama

Scrap preheating is highly contributive to energy saving. However, the exhaust gas of electric
furnace which is utilized for scrap preheating brings the air pollution of white smoke and

foul odor.

Absorption or scrubbing can be used as an odor abatement device, when odorous

molecules and gases are soluble or emulsifiable in a liquid or react chemically in solution.
This paper describes our newly developed anti-pollution system for scrap preheating.
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Fig. 1 Scrap preheating in the electric furnace steel making

system
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Table 1 Organic contents of the scrap preheater exhaust gas (ppm)
Sampling Ethyl n-Butyl m-, p- Isoamyl | Monochloro-
point No. Propane | Acetone acetate Benzene MIBK Toluene alcohol Xylene alcohol benzene
5 1 >50 <0.5 10~50 >50 10~50 10~50 <0.5 10~50 10<50 <0.5
__g T'g 2 >50 <0.5 10~50 >50 10~50 10~50 <0.5 |5 0~10.0/ 2.0~4.9 <0.5

3
A 3 >50 10~50 10~50 >50 5.0~10.0, 10~50 <0.5 .| 5.0~10.0; 5.0~10. 0, 2.0~4.9
1 5. 0~10. 0| 2.0~4.90.5~2.0|2.0~49|20~49|20~49]|20~49]50~10.0 5 0~10.0 5 0~10.0
- . )
C%) 2 2.0~4.9 1 2.0~4.9 <0.5 | 0.5~2.0[0.5~20|2.0~4.9|0.5~2.0|0.5~2.00.5~2.0 0.5~2.0
3 >50 0.5~2.0 <0.5 [50~10.0 0.5~2.0(2.0~4.9 <0.5 [20~4.9(0.5~20 <0.5
#F 3 X =RHBEESERIC K2 EREERES

B 2 K BEF 2RO HIER
Table 2 Contents of the scrap preheater exhaust gas

Table 3 Sensory ‘evaluation-of the preheater exhaust odor
" intensity with 3 sample bags comparison method

Measurement Item 1 2 3 Odor intensity (Dilution factor)
Gas temperature °C* 225~305|147~190{293~303 Ne- Bag house inlet Bag house outlet
Styrene 50 40 50 1 17 400 9770
5 Acetaldehyde 75 10 50 2 55 000 30 900
g B Acrolein 30 10 50 3 5500 4170
& 8
23‘ Carbon tetrachloride — — — 4 17 400 13 200
§ Chlorine 5 2 0 5 — 93 000
i:: " Hydrogen chloride 0 2 2 6 — 950 000
; SD Vinyl chloride 1 0 2 7 — 398 000
E% Sulfer dioxide _}(i = — 8 — 71 000
Nitrogen dioxide 15 — — 9 5 500 3090
Formaldehyde 0.5 — — 10 7 240 4170
*Sampling point : preheater outlet 11 13 200 7 240
12 22900 17 400
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Fig. 3 Standard flow of the scrap preheater exhaust gas control
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lable 4 Oil mist control of the scrap preheater exhaust gas

No. Oil mist bag house Oil mist bag house
inlet g/Nm3 outlet g/Nm3
1 — 0.014 8
2 — 0.0126
3 — 0. 0500
4 0. 324 0. 0500
5 0. 401 0.0310
6 0. 257 0.0190
7 0.173 0.0210
8 0. 370 0.0370 -
9 0. 328 0. 0400
10 0. 279 0.0360
11 0. 506 0. 076 0
12 0. 285 0.026 0
13 — 0.0214
14 — 0.0167
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Photo.l. Scrap preheater exhaust control system
at Godo Steel, Ltd. (Osaka Works)
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6 97.7 15.3 0.19 0. 05 12.9

7 98.0 17.6 0.18 —0. 05 12. 4

8 98.0 18.3 0.21 0.07 14.7

9 95.5 17.6 0.17 0. 06 12.0

10 96. 6 16.2 0.18 - 0. 06 12.2

11 98.9 15.0 0.20 0. 04 13.1
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I A B 1500 Nm3/min
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Hm 7 0.02 »
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‘Plioto.2 Scrap preheater exhaust control system
at Nishinihon Steel, Ltd.
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Table 5 Reaction of odor compounds with water and sodium
hydroxide solution

Odor compound water NaOH solution
Hydrogen chloride soluble HCl+NaOH—NaCl+H,0
Hydrogen fluoride 7 HF +NaOH—>NaF+H20
Sulfur dioxide Y SO2+2NaOH—Na2 SO 3-+-HO
Nitrogen dioxide 7 NO2+2N a—qgaNO2 +NaNO;
Propane insoluble _

Acetone soluble E—

Ethyl acetate v _

Benzene insoluble e

MIBK soluble —_—

Toluene insoluble —_—

n-Butyl alcohol soluble —_—

m-, p- Xylene insoluble —_—

Isoamy! alcohol soluble —_—
Monochlorobenzene insoluble e
Formaldehyde soluble —_

Methyl mercaptan 2 CH,SH+N agEIHa SNa--Hs0
Hydrogen sulfide 7 H2S+2NaOH—->Nas S+ HoO
Phosgene Y COClz +_Z>§§g§ +C02+Hs0
Chiorine v | R N0+ 0
Styrene » N

Ethyl alcohol v _

Aaniline 7 —_—

Hydrogen cyanide 7 HCN+NaOH—NaCN + H0
Isopropyl alcohol 7 —_—

Carbon disulfide insoluble —

Carbon tetrachloride 7 —_

Methyl bromide 7 —_

Bromine soluble —

Acetaldehyde 7 —

Acrolein 7 —

Vol. 30 No. 1 (1986/6)
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ble 6 Evaluation of oil mist removal efficiency Table 7 Sensory evaluation of the odor intensity removal
— efficiency using 3 sample bags comparison method
Oil mist content g/Nm3 Removal in odor control system
Date Tnlet Outlet effig/iency Odor intensity Washing
0 (Dilution factor) Removal water
Date efficiency blow down
0.0007 trace — Inlet Qutlet % m?/h
1984. 4.28
429 0.0013 7 - 1984, 4.28 1740 230 86. 8 1.4
0. 003 4 P _ 1740 230 86. 8 7
1985, 5. 7 0.0015 ” . 1984. 4.29 1740 170 90. 2 7
1320 170 87.1 7
1985. 5. 12 trace 7 —
1985. 5. 7 1320 230 82.6 2
1985. 5. 14 0.0016 I - 2290 310 86.5 V
0.0214 0.0003 98. 6 1740 230 86.8 ’
1985 119\ s 0.0003 % 2 1985. 5.12 1320 170 | 871 ’
2290 310 86.5 7
0.0102 0.000 3 97.1
1985. 9. 4 1985. 5.13 1320 170 87.1 7
0.009 1 0.0001 98.9 1740 230 5.8 4
0.096 5 0. 006 8 93.0 1740 170 90.2 4
1985. 12. 26
0. 0459 0. 0035 92. 4 1985. 5.14 1740 170 90.2 7
1740 230 86. 8 7
2290 230 90.0 4
2.3 IEiEpAe 3090 230 92.6 Vs
REMILI984E 8 A L v BB L, ERICEIRT TH B M 1985. 5.28 1740 230 86.8 ”
DOHBEIX DX DED THh 5o 2290 310 86.5 ”
) AANIRTREHR - 1985. 5.29 2290 310 | 865 ’
FANVI R F@%f‘ﬁﬁﬁ%%!;%ktm?o xnb, AO 2290 310 86.5 »
ANV 32 1F130.0126~0.000g/Nm3 > Zg L, HOBEE 7 19 70
- 1985. 7.1 9 980 90.0 0.7
#rEE 0.02g/Nm? L Tx+oc Tll-» T b BEIRSE
. % Y T 30900 2290 92.6 2
Y N
Rx o 4170 550 86.8 v
) %iﬁ% . B 13200 | 1320 90.0 7
ZREA BRI L S AMEYE IRCRT. D . 2
> ~ =) . . . %
8549 A1 BOF —~ ZIkF A vy +FEh, 1985410/ 23 198. 8.1 17438 ) jig 23 f) ’

s N Py - A 7
DT — ZIXEEFT AERTHAOBETH D, ADBRERE 13200 1320 9.0 ,
LT3 0ERERIT W URERHO Hig2 2l L T 13200 1740 8. 8 .
° . _ ~ 9770 1320 86.5 »
3 ARHEMASHIERELEPT AR P— 5500 o0 - "
3.1 BRIEEEE ST ‘ )

R 4170 980 76.5 Vs
7240 1320 81.8 7
4170 720 82.7 ”
3090 720 76.7 7
1985. 12. 26 4 200 720 82. 8 0.7
5500 720 86.9 V3
9 800 1300 86.9 7
B 8 K AN VIEEMEE
Table 8 Evaluation of oil mist removal efficiency
Oil mist content g/Nm3 Removal
Date efficiency
Inlet Outlet %
1985. 8.30 0.014 8 0.0045 69. 6
E 3 AR A AR 1985. 8. 31 0.0126 0.004 6 63.5

. h

hoto.3 Scrap preheater exhaust control system at Godo 1985. 9. 1 0.050 0 0. 003 4 03. 2

Steel, Ltd. (Himeji Works)
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Table 9

BEMRE (SRIBERRER)
Sensory evaluation of the odor intensity removal

efficiency using 3 sample bags comparison method
in odor control system

Washing

Odor intensity R |
(Dilution factor) emova water
Date efficiency blow down
Inlet | Outlet % L
1985. 10. 23 2 300 l 420 81.7 1
4 200 ‘ 550 86.9 1

AREIVTERET By < WERE T, 205z
BEICRT.

3.3.2 ElEEHE
N T R & 1300 Nm3/min
ALTRABE 150°C T

(H50 0.03 kg/kg-gas)

Bk e —& 2ms3/h
A4 A4 r 3z rgE 0.05g/Nm?
e v 0.02 »
Bl R &h=R 85% L)

3.3.3 EEMERE
AERMEIZ19854E12A X b BEIIC A D 198648 2 A & D &R
BihTh b, FOREBEEREIEZOEORAD - TnD,
1) A A3 R FEREHR

ALV IR OEREREEFBIORICRT BhLDAA IV
I A FOAOBEEL0 0058 ~0.0270g/Nm3 & ZE) LT
Kb, HOBEEZ0.02g/Nmd 2% TEhboTnd. H
L BRENAWREB L - TWWb,

2) BiEdERE

EHERRC L5 EFEEOHIEHELZBERICKT. A
O ESHEE313 000~30 000 & KIBIZEBI L T\ 5285, T
Fr32285% &\~ 5 Bl BRI EOER AN THE D, A

FBI0R A3 R MgREMERE

Table 10 Evaluation of oil mist removal efficiency

Oil mist content g/Nm3 Removal
Date efficiency
Inlet Outlet %
1986. 2.14 0.0101 0. 005 6 44.6
0.0058 0.0050 13.8
- 1986. 2.21 0.0270 0.0030 88.9
0.0200 0.0010 95.0

/BN R BREME (3 AHERESHE)

Table 11 Sensory evaluation of the odor intensity removal
efficiency using 3 sample bags comparison method
in odor control system

Odor intensity Washing
(Dilution factor) quoval water
Date efficiency blow down

Inlet Outlet % m3/h
1986. 2.14 13000 2300 82.3 0.7

17 000 2300 86.5 7
1986. 2.21 30000 1700 94. 3 7

23 000 1700 92.6 7

A A D RSB DAL T B U T X D BEZHEE Dt
HLTERTE B,

v U

Lk, BSEHACKSTHR 72T 9y 7TTFED A o F &
FEIT & b I o THLET D RN EBNBRFEDO RS
WTHANTzo ZOPET AMBRBOBFL LD X275 v 7
FTHBE LOMBEYIZITHHETCEL LI k-0, S8
X HIEMEOMBEEORFITE D iz,

Vol. 80 No. 1 (1986/6)

R 7y Py —ER 7



B E K TODMIRA

FRXRA4AF X #

Counter-Current lon Exchange in Fixed Bed System

Btk s v—7
' & A
Shigeto Koga

The ion exchange process has made use of co-current for many years, of which flow in service
and regeneration is same and downward direction but counter-current which has the opposite flow
direction in service and regeneration is superior to co-current in the economy due to principle of

ion exchange process.

Then Shinko-Pfaudler Company has reseached and developed a few counter-current ion exchange
systems during a decade and sold some kind counter-current systems named “Demineralizer with

Counter-current Cation and Stratabed Anion Excha
This paper will review the principles of co-current
some of the equipment in use, state some of the r
field results.

T A M =

A F YA HRR A TR ERB I NS & 5 i - TR
BHECh b, HIENEEEOREMCH 2EFIHER/S
AF 7 I A NEIBDEF - KOFEER, RIBEE, %
T, B EESE, BARIESE4AHHPPLITHETAA
VAR A W EBEAEE L T D,

A A A OBEN D, HABEKOFHENE A & RER &
LTOB4ERBOBNTRANYTH D ERBEFTER, K
SO ST ENTWAZ & LRSS B b Tw
fro L LR XN BB, HAEKOFmh AR &
BAERGOBENFALRFKIC TAE THLIEHEBESIRANTH
D, HMYRHIChH > THASNEELHHEIN TN %,
CTHIRIEECEWERY L O REBOBB LY 0T E R
KD Z2mb, BHC A4 yHERBCSHINDL
DEE2DH, LML THELERE Exxv¥—0OMH
B A4 yBEIROFIAESRE SN, AREELT
BOMRE S Fre LT [HMEBMKER] © [R—
~7u—MkEE] AR BRE LTEERCIFABERE
WTlhB,

AR TIRAGEEEEOERY Y Y a— L, REEHTH
D LW AREESROBERC OWTL Z0—H%
BT 5,

1. MWHRBEEELMRBEE
ik~ & 5, R4 (Co-current)

nger, and Super-Flow Demineralizer”
and counter-current method, indicate summarily
ules for optimum performance and give typical

RIEINIc A+ v THBAR LTS, BETNL 7V
vy uaCa), =7/ xvvaMg), 7rVvvaNa)is
DAFF Y HEALKERAZIRED &, 75+ ¥R
EERADHNBMA A v BIHCHA A+ v & EEEH D
T, BRMAOBEW 1A 4+ Y FTHENHLHEIN, R
ELTHA2CRTEIR, F )Y AL+ V2B
OB TAC L IZ D, CORENRE DA A ¥ ATHARER
B o Ef s (Breakthrough point) ¢ b, 7v—7 Lk
A A BRI BRIE T 5 0 SR G GERR - iEk - R
&) CHAExThbRE bR v, AT AKORLA A ~

Raw water in Regenerant in

Treated water out Regenerant out

(Service)

B1E pREAEL

Fig. 1 Co-current ion exchanger system

|

(Regeneration)

Backwash

Raw water in
water out

lRegenerant in.

R 1 EoRT X 5, gaEkofn(Ser-
vice) H # & T4 3.5 oo i (Regeneration)

FANKCTEE TH D, o TAA4 3H
KR & T T 5 A A4 3o, BRomEER
HFETAEBEREIZ LA ERA—DOREY
L, BEFE LTHAWDERONHE RS L
B DRE BRI R L0 (NE
EBOBAIENR T5EE4LH5), B

HEEMLEZB LA TLR T FAFy 7 R
I A= I THENRLLIBEETSH S,

BHELEETD, 4+ THEIRBAA
VEMERLEZONELRATH D, Kizr+

+ o ZHBIR O EBRRAEE YA Lz b DT, =2

(Fully regenerated)

l-Ca
A\ —+Mg
T < = -Na
l l’l\‘::?etfiut IBaCk‘V?Sh lRegeneraﬁt out
water in
Al A2 A3 A4

(Breakthrough point) (Backwash) (Regeneration finished)

WA DU GEEZAL

Al RELECEESNHI A 4+ 3B

Fig. 2 Co-current operation

7 7 v Vo —FE# Vol. 30 No. 1 (1986/6)




DA DSy, BI2 EBEAEERTWIIE, AR 4 >~
THEIREREIC TN D IHER T 50T, ThuxkET5
febic, WEEAKE BTHL Y EMiCiT vtRE 217

Do A3 IXIATELHE o I RAEEX R LT 5D,

—EBROBAERERAE A + v SEIEE L LY, Tax
CH UK 7 RBER TR U DRA 4T, 4 # v THEE
THIZA2DNRE~ Y2 TEMLUB B L 5 B TR
FEE3nimng & YSHBIERETE - T b, b bAAM
AT5EE42SECHE I, BETHIERA A4 Y252k
A4 BB VBWNVHLA L CRLUZREBZRTZ & it
AJRETH 508, REMBE TS LETOATA 4 ¥ OB
e EB RO T, FHLTWHONREETH B, o
THBEERIIINSOBTFEAMA A YRETYV — 27350
T, LS SMBEDKEREL , ha R B A% R T,

—%, M4 (Counter current) Tl LK D 5
WATHEROESE (B3IRA) ¢ FAcE4s (B3EB) ©
2D Do - THERROHNIIBIEL LA Z, B
FEXTAZX LMD, LD2ODAKBEEOHEN YR L
DRBIETH 5,

WATKIEN S LA & OBED, 4+ HBIREOR
FRREAZRLAONFEARTH S, BlIXEL2CHEIN
e F A4 VBBIIR A EH Lic A + YRBETH Y, £T
DA A BRI HBME o TWbB, BTEHL VB A =+
YHhEATIKE EREEHETE, WHBEEOBSIARN
X AR 2MDA F VTHLAINY T LR T RV L .
A4 YW TFEOH, FrIYALFYREFDOEE NS T
DETENTNDOBAUNT 5, TLTECB2DX51IC
FLrY Y LA yRBARBVWHEND, &0O&ERTHED
BRTHED, A4 vXTHEERIREIE5-08E LT
LA B, MREEEOBET, BET 50U
HLONERTH D, THITAEMA A4 AR X b El
NBZEERBESIDTHY, MRBLEE, BCAEMKDORE
nhrk@moe, WABKFOBEBIZTREREY P35
ZEMRLETHD, BEEFIBLEL VKA, BTH
DESMCHEIE NS, REBEMEAZEZEERLU-BOFEER YR
L7-tRERIZ, B3WRRLAL SIEA A+ v HBIIEETEI
BAA YRETREREL TS, L LA+ v isE
LIRS H A 4 VI BBRENTWSE DT, RICARA
BRIC /e 5 78B4, B4 0 4 ) i MBEUKH 084 ik A A
A VOEENRIE DT, HEOMEKIESND Z LA
BHo ZODNRE e~ SNIMBKDOIEN N T @ X D BREEET
bEEET, BEALMEKENRESNDEET
»BHo

FRAOIRSENRD < T,
5) BEROBERKEND W,
6) FARFERE W,
Vi
1) BHTHREA A v SHBIEER S e b,
2) WBEIIBERYLE LTV, BEE2TT - 8
ARBEEOFERL DV EERS LS 5 BER
BB, (HLEafT->BEIERLELHEETS)
3) EEFBTHKE OB K H K & B 5 BB
5o
Bl Eos, AEAIEEAEIKD A + YA + VBEE
DOEEERYZFiInER, EBELEECAERNTHD,
2. AFUXEEEOREEEE
W FERC ENAFEEENEROCENRTWS Z &
WBELSADELN TS, WHEA - ERYE CRENRS
BIebBRAINED 5T FOHBD DA 4 ¥ Mk

FROWmEIETH Do
A B

Raw water in Treated water out
D —

Ton exchange
resin

Treated water out Raw water in
e —_

(Service)}

Regenerant out Regenerant in
— 5 —

Ion exchange
Tesin

Regenerant in Regenerant out

{Regeneration)

BIE MREAL

Fig. 3 Counter-current ion exchange system

‘Tma ted

Regenerant in
water out

Treated
water out

BlLEREHRECAREEEOMETH D,
WRBER L MREEEREER—OABRGCH
B LUEE, BECRROL S REREVE
e 5,

B

——H

1) B 4 A > ) ~ 7 pgEE s
W (LEKEBRTW5)
2) HEEFOEND N,
=E)

CRERE -4

Raw water in Regenerant out Raw water in

Bl B2 B3 B4

. (Fully regenerated) (Breakthrough point) (Regeneration finished) (Service)
8) BAROIKEAD R\ BAR D A o+ ¥ WA DL
4) BAHEKCERAIEFENL DI D T, Fig. 4 Counter-current operation
Vol. 30 No. 1 (1986/6) MHE7 7 v V7 — Bk 9




A F v IR ORI RITAIE16~50 # » ¥ 2, E7KEIX
S0% BT, leEIE1. 07~1. 3BETH D, HRBFEEDO LD
CTHEXENOEE, A4 ¥ B I BERK & b0
TSNS, EREREARS D & A 4 e sigE L
DEMTA & ¥ IR B L LSBT 5 = Lk
Bo (WX ZNAFIH U CHR L ABE RS v B8k
HIEDLDTHD) A4 VIS NE 2 BLE 4 iR
Ltk i@, &4 4 vOEimiRke i LTl 7w
AN/ AAP N s 3 k- s o IEIITIE ZEEFBLIDNA F
THEBLR DT, ZOWHRENLD, (4 ATHEIER I
ZER MRS TR LR AT L
Bhwnwz &k, BEEGICE 5T
A & Th B, oS

BPlziE, & cEeRS A ~
T &, BAFEMIAKL Y HERK

Raw water in

5 BDK(EE 6 B A ANDHER, B EH M Ao X
5 I RHRFTBE /B RE & 31, BREEARE A A > T HARHHR 23
BELAWIRE LcbDETRD, 5 WX (ESE)D X
ST, LEENC BT 2 M4 8L L, #dko D 0B
EUEH A BIRICET B I Y ESE K OBENR R I Tn B,
WNBEKOHENE ERE T 5B, BERSEKD
FEEMBTAER T 52, BAERSY R THE AR A OE
KA BNRECHETLENRSHDT, AL LS A 4 V3
WD BB b, COMELERL BE4E
BAELZLDE LTHEMTR_REINAONBIR TRT

Backwash water outlet Air in

Inert
resin

W s bbb, FAREomEs
ANELLTH A 4 IR D
ThENRBEBEL, A4 3o
B Asr 7 v 22 Fl s At C R AR SR,
L DOERMMBERNEL i), BED

Treated water out }

pro i ki

Regenerﬁ/ Regenerant
out

Backwash water inlet

$75*1ﬁ?? 5o ﬁi%t‘ﬁ'ﬁ *KJ:W X (Service) (Backwash) (Regeneration)
T A, A4 v THBREOR $5HE e M o o ERREIRE

BEAKE < 7 bt L b 2e s (8 Fig. 5 Air blockage system

Air in Air out
Raw water in Backwash water out Water in /l_—\‘ Diaphragm
el N A/\ Raw
b I ,’]r _W;at_erin
Regenerant
Regenerant _92!1)
\\ Ion exchange //
resin
QR
LT 1111 I _

Treated water out Backwash water in  [Regenerant in

{Service) (Backwash) (Regeneration)

B KEC KD IEREILE
Fig. 6 Water blockage system

Reservoir
+———and———»

Backwash space

Regenerant
out
ol

Raw water
in

Treated

water Regenerant
out m
|
(Service) (Regeneration)
%8 -V AS iR i Fa

Fig. 8 Backwash system with outer vessel

\](enerant in

BTR HREAEEL A ¥ 7 7 LC KD EBHRG LB
Fig. 7 Air blockage system with diaphragm

Regenerant in Treated water out

—_— = e ol o e O o e
l 1 l 1 l IRENESEES
EEEEEEN
M Fixed bed T
s PES
N [TFTTTT
3 T
S z
= o
— =
= ey
g =
-5 H1dFixed bed 37710 S Fluidized bed
|3} phe)
£ 5
a .
l [
Regenerant out Raw water in
(Regeneration) (Service)

#IR SCHWEBETT ik
Fig. 9 Partially fluidized bed system (““SCHWEBEBETT"")

10 W 7Y F T - B

Vol. 30 No. 1 (1986/6)




N

SCHWEBETT ¥:Ch %, =D
BTHHEEREE TR ECH T
THHCRIEIL 7o\ 28, $haVEE K 4
ERExwcfticw, A4 A5k
N EBA L % o—2s ki & ok
DFRIC & D e TR FE romules T2

Raw water in

SIhEER (Fixed bed) %%+ Ton

Bo B CTEBR LD FOHAC, X Change
WELTW5 A »THE A E
ERINDH, = ORBEIE

LB 7 ER % I L, BRI
BARY) Yy rEE LTEL DT,
MFRFEEEDO B T0EB51 %,

RERE
Treated water out

Regenerant out

Backwash out

out

Regenemash water in

{8 LB RS A4 T & (Service) {Regeneration)
R R B A R B & & T g1 ANEPEFEEAIER F D 1A AR

N N Fig. 11 Blockage system with inert granules
L, C0ELAEIHEDA
* YRR E CEREER L L, B EEIcEE X $0n N
BRI R U HIRT, A4 ¥ ZHRE i BEE s I ]
% 1B Wik ke BB 7o, ABIRE OF » 7 R Method Docage
(Circulation pump) % > T\ 5, 2 I A. Co-current 300%

EDI, A F THEIRL D LIRS, R b2k 3 B. Counter-current 1302 ]
WA MEFRHA] (Inert granules) # E¥ZERfic ML, 2 i
WGERR XM Bt 7o Bl DS NS A A BT 55 z | |
R bb, (B1E) £

B3RO X 5 AREEEICIES DB S D B A, ER 4///
B HERROFERENYREEECHEAEDOTY L, * ; N A ]
feAFd YD) — 7 PMEBE VAN TH » THEMCA N2 E o
ENBFBND. EOMEL R L0 2EB12HE LU 2
13 T 3;) %) o B B 7
3 HHORBHEEZDER T,

BB A A v BRI B I E - O CHEARS I Percent of

. ercent of run
REWTT 5Be, LASCHLTS FROBHIRE BI2E ZIRC B B U O A OB
XY EmmEiEECREIND) Fily 2~ 3 m/hfEeE ﬁgm&m '
IR, 4 4 v STBBIRomENLIZ & A 5T, B Fig. 12 Typical exhaustion patterns with multiple beds
BRI BB A R4 2 L ix A, (BB OEE & (Cocurrent and counter-current)
D EE ST D), A A Y SHBIR TR 1 m/h R gD S0
4'0 L T T T T
3.0
Regenerant in Treated water out 2.0k
_\ = 1.0
el : |
bl g 83
D % 0.3
2 o2k g
Partial L
circulation 9 0af 4
pump A
0.05F J
0.04} i
0.03} Couy .
0.02} ~iter “Clirren, T
B 80 90
Regenerant out Raw water in Regenerant dosage grams IICl/ liter

(R tion) (Service) 13 Wk AREELE COELEVSVEF Y v

cgeneration ervice BB (RERYE 7 A > SRR

F10E BEKR 72ET DM ELE Fig. 13 Effect of acid dosage on sodium leakage,

Fig. 10 Partial recirculation system

cocurrent vs. counter-current

Backwash water

Vol. 30 No. 1 (1986/6)

M7 7w P -

11




EHCHLETORBERETDH 2 B L, ZORERAE
4kt T, BB A A4 R IR LBk DN A Ta X, B
ST LA E & UAkEEErY, i 4 o35l
W, BESEATD D 0, REN L REEER A 4 32
WEIE % 1 B EH L -EEEREEEOmM A v HeE
T MREEMKER 2 BR- Rt Lic 2 O FRDOEE
FIREES ERCEE LS  ORBERCHEHRHEANTW S,

BIRD & 5 e FEREEFD L DL, BEEA 4+ v
RHEREHEEEREEARATHZENEE LWDOT, 20
L P A SCHWEBETT & (i) # HA &
Ufz, RS THAE, HUEKOENE FfE e L
[R=r— 7w —] R LIz [R—r—7wu~—] O
oW TIE, F#®Vol. 28, No. 1 (1984/2) T @M Li-
DTEREINIW,

[Re=s8= 7 v~ | (TR D FidE % 35~40m/hl]
CT5HE, 4F THBIEORENESRERDH D, 2D
REEFD Jowd, A+ w34 LT, B2
IREERER, TEIXRHEK L 45 MkBEEOrRRLEEFE L
Tolco COFROEARBSIE B AREFIE 56-9750M 12
DD TH LM, (ZOEFFIITEH A = viiciRES
2D ThHD) HEBLTHERTHEBEDO7 4 770K
WAL < HPIABFERALAESER L 7o
4 Z—EXRFEEE

BUURc =X MEFEEOEEN Y RT, LeF T
SHAC A+ v—FEHE LSRN FET SN, EEX T
V= ROHEE A b v - TERCE, KIS AN YERS
fRA&7IE, b LicA+ v iR X5 X + v~
EARFFIELTWA, ESIREY v 7 D%Ex b OEER
T, BE, BRI EREL TN 50FE A EEBRENL S
A # B FREL TN D, TEiR EEice2finc
XD LA THBIRATREL, H A VB F v
AEHAEIE D W LR FTRE e B ST 7 » T B, BRI D BN
IEETERLYE RS~ LA CEN S0, FOROET %
RLUIZORBISETH B, TELFTEIN A & VZTHE
e lrmzomhc VB L, To—ExFMEIERD
TCHEERE LY, YDA 4 0BT T2 Tz
HIRET D, MALLBERA A+ ik, FOHBLTWSA
A VASHERR & B, ZCEA T T 08 B B E R & 35 R
FOEatEdr, B EEOEBIRICHEA ZHLIKIE, BE
CHEINIcA & BRI T 50T, KY v
FENIEECRCKE & DB R A v h Bk eE L
TN D, (BISRE)IFTE DI L & IREFEH D A
A CHEIRE, FLAEINY Y AERIET TR VY A
B ind, GUEKCEESNGENTWIUE, TEEE
RECHERE T2 2 i, KBEAROMOZEE X LR
T 5 WNEKFGE R ILdE, TEDA 4 v THRIRBILE
4RO L 5 BT wET 5, FHSHEKETCH S /
KNVCERE Uz x B, BBk AETHRL VEATS
CHEOTEOA 4 yREMEIRIIGEER L, B
U= BE MBI N D, BEIE Z O gEEc 1
SRR L BE S A BINCHRT 5 2 e NABETH 2. B
S LI E DEBA XN, FEEBREAE T TR
RO, BT LA A4 g e 4 8 b g
Hahz, (EBI5EZLE)

Treated water out

Backwash water out

Inert resin

Backwash water out

Ion exchange resin

4

-

Raw water in
Backwash water in

F14E —BHXEREAR

Fig. 14 Two compartment type counter-current system

Regenerant in Treated water out

OO O O o o o o

Inert resin

Regenerant out Raw water in

(Regeneration) (Service)

BE15 B A4k

Fig. 15 Counter-current system with two compartments

BIRBELEOMBENIEFCEN TS 2k, B~
7O THERIET S & 852, HHREERIVERCHL,
106~130% R EDOBEEIESRE A NIETHTH 5 2 LMK
FEINTW5B,

FKCEEFNTWHEEOMERBICRILL X5, 2
~b5 W AMBEKERGT S E, TELD Y -2 L&Y HH0
ERCHEL, BEARODOERE Y LRI ED 2 e0b 5.7
D & 5 IAREEN A U240, TSR st s h
7o/ ANVCEG T HF %, LEOA F o BEEY T
BLEHTBREI®DL, (FEC L HHEBACE EEBLY
VEOKEYBATH) TRCEMNEL kb EA5EHL,
S HARIB TR 12 7 X VICEEET 5 Fk L O T

2 M7 7 v F T -

Vol. 30 No. 1 (1986/6)




Steam
LS |
Hygrochlorip
= acid measuring Caustic soda ——— e T
tank for CT measuring tank i
for AT
TIA)
T ot |
Fume
scrubber |
JI
y
——— 3
Return water Deionized
—)— water
8ls 2l 8
Degasifier —5——. o
Treated water
N (Deionized water)
I)ejzasiﬁejd' C Blower
water tank
o glzl L zle.
FIOE HEAFMAEAL 7w~ Rt Cation
¥ —F tower h
Fig. 16 Flow diagram of €Y bexasitied nion
counter-current
system with two com-
partments Waste
neutralization
system

DHFEE L, LROMIEAITNHER L - BE 0% B+
Bo WEENKIIL, BEBLED2~3BOREYH - CHE
EL, BENETITNETREDOA 4 v THEIE4* B0 L8
EBEL, EHEERABE IS,

BLESSER AR OB TH 525, FoOBEL LTIIR
DFELDVBTOND, (——BOmMREEELEBEETS
M—ISFER T 5)

1) BERRORARER (FaER) &, HRgED

105~130%

2) REFEROUEKEIED TY i\, A +

THRIED 3 ~ 5 5 R

3) WMEUKE AT D A 4 VMR, 4 4+ v BEOE
BaR) R, RELKEAESNS, (EEE
+IRBIE OFR)

4) BIRHABENR LD T, BRIV TERER

N AEERICE D, (O0m/hiEE F CHAE

5) @A A YEBEONE Y ATgE (TC=1000 mg/¢ as
CaCO, #25)

6) F—ENTHEL2ATHE GEBEKEE % BIEC 3T 506
BEh )

RICFEE 7 v — O—Flx FI6R, F-EBOLES
BE1TRT,

BH 1 BEOLR Gell7 =A%, AlsF+ )
Photo. 1 A plant view (Left: Anion tower, Right : Cation tower)

G- M 6 3
WHRBEFRD A #+ v THREB T KIT 2 HERSVER
1, BEERED250~400% 5B Th - 120 FIRELEF X%
AT, FERRUERYERTES 2 LI1EEHE AL
MBNT =03, B THRITE < OMERE - f20 &
DRRILER DA L MEHESRCER L, EEOEYE
CEZBNLEBHLESARE S TWD,

SENI AR EEOEES & M50 4 W B e 3% L
fed, FMEER T ~ RECOWTIEESA S BT, BWd
HTETH 5,

Vol. 30 No. 1 (1986/6)

W7 7w F o —HH 13




it TkhkFBB ROy RXPMLER

Sludge Composting of Community Sewage Treatment Plant

(BOBRBIRE
O (T

Yoshinori Kajiyama

An advanced sludge composting system has been succesfully in operation at the Tategaoka

community plant.

Sludge from sewage treatment plant is converted into stabilized and harmless product of
compost through the product recycling composting process which maintains high efficiency
in fermentation with no additional bulking agent.

This sludge composting system has confirmed its advantages in reduction of sludge volume and
space requirement and producing high quality product. And it has also confirmed saving energy
and easy operation control by utilization of solar energy and automatic operation control system.
An outline of composting equipment and result of operation are presented.
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Photo.1 High pressure beltpress type dehydrator
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Photo.2

Heatless dryer (Heat
pump type dryer)

Sludge + recycled compost

Dumper

Condensate trough

Upper fermentation cell

Lower fermentation cell
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Screw feeder

Flight conveyer
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Fig. 3 Vertical two stage fermentation tank

humidity control unit
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tical two stage compost
fermentation tank)
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2.2.7 BRI
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FBTKAEDY, FOLLay R PEIG S LEAIHEL
T BRI A X FE D - R L Y 3 5,
3. B E #£ B
31 —KBOKBOEBEER
KEBIL, fERBONV 7 v ABKEAERL, Zi
TKEEA RN BCH ST EERNFMO LM T, BRET
L BB EDBEE S A R T HEREL B L CW 5D,
(E1%
MBI, MEEH X7 Y — v 2@ L0 BIITFRMEN
tET->THD, IHEPHKENRBEL A-THWEHEEZD
NAEPEBECHKEOES A HE L THhB &
HRX o fE Dw
Dw=Cn(Fs+ Vs1) x10-2

e
Z i

Cm @ 24RFTHIVEIE X & 7o BIRIBTB D S S BERE(%)
Cm = S S %E=1' 38%
Fs : @#BES S holksr(%)

1

C =9.40(Pt)"™
R =0.935

%

2

—

2
T

Cake solid contents

L L 1. 1
100 200 300 500

B

Pt value Pt kg-sec/cm

F4R PrELBEEYETROBIR

Fig. 4 Pt value vs. cake solid contents

£ » - ..
B H 4 il BRI
Photo.4 Maturing tank (Horizontal circular compost maturing

tank)

Fs =17.4%
Vsu B ER B R (%)
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L35 LHBIRDOEIZ
Dw=0. 287

P AN IS

ZOFRERNDE 1 ROHEBELET L 5 X I I EERK M
HBRTHDZ ENbhD,

—RIIKEE (BESV 7 v XA BUKES) oEinE Ry
BIRTRET. EARC PLELIBERYDSEEDOEFRY =
To ZZTPL{HEIZ, 2HDATICEHKENHBRNAE 2 —
F D & ERT HERES & B OB ORI TE
ROZANVE ~ % RbIHETH b,

BEANVF 7V AGKEOEZ e — 7RG HEREHP
(kg/cm?) s L OVE#R t (seciz = NFh

P=T/R 2>
T : AfitkSH (kg/cm)
R:u~7¥£& (cm)

t=27R6/360 v (3)
v I AEE  (m/sec)

0 ATOEHARE (&)
THEbIND, FEERTOEREES P(kg/cm?2) 1

B 1R HRIKEOES 2RI HEENE
Table 1 Judgement for sludge dewaterbility

Slud Cake solid Dehydrator
Dw d tu ﬁ?l‘t contents capacity
ewaterbi 1377 9 kgDS/m-<h
Dw<0.5 | very difficult | <20 <50
0.5 <Dw<1 difficult 20~25 50~100
1 <Dw<2 | easy | 25~30 100~150
. . | . I
: |
2 <Dw " very easy | >30 >150
i

5 H 5 SEERE
Photo.5 Packing equipments
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P'=(T+T")/R
T \mESrv RS (kg/cm)
E B
BEAVE 7 VARKESTIE—BREHor - 5B kX<
L, MiRke — 7 B&%/PMNILEBHL(2OZXDHBOR AN
FTBZELY, FEEDR TEBESNMT 4 L
(ORDHF TH+T %KX TH2 LI LY, FEESH
BREL LIKEREKEL LTWS, +& CE#HEHE
EARMoBORTIE PtEE L, 2h e 7 — *EHB4S 0B
FRaif~s 2 BA4BD L5 KIFFC B EEE R L ATE
H, HHEE, BESNV FMEHOMES —TTHICTE T X
DIEDBLNDL, BETHERRO v F 7 v 2 ikigo Pt
fEi%, 50~100kg-sec/cm2BETH 5,
3.2 ZTIRBKBOEGRR
PERGIBUIETIR 583, 0% & 85.3 %Dk Bk 7~ — % % 82.5

(4)

kg WS/h CH:#E Ui a0 ZRBIKBS D&% B 5
Blicids Zhicks & Bl 0 o BikEix, FhEh
57.1, 58.4kg/h & in v, MBSO E S D Dtk EiL 2.85,
2.92kg/P-h L 7%, ZhBOMEIXSHO BB 405
BLTWBL0TH B,
3.3 RERR
1) REHREE
BABRATHIHEROBE XX 20cmBETHL I LBOR
BEAERCE $5Z I BLW AN BE X -
i, B ORICRT LY Thbd, HEAKRATAERIL,
BABZHECEE L A4 HBD, ROBCHEAXIND X TIC
#BE°C O~ 7 T Do k- LML) TEECET
L7={67B1%, XHIEELF%MHD 70°C @ F TERLTW
b0 M, REHE~DETOREREL, REMHNOER
Im324 9 # 0.2Nm3/min <% %,
2) HFoHk
BT 2 brEORG R [HR kR

B2 R 1 RBUKOEERRR
Table 2 Operation data of high pressure belt press
- . High
.. [Polymer | Filter | Filter gh | | Cake 90 r .
Capacity ’ consum-“ cloth | cloth ‘pressure fPt value, solid o w5 .
. ! h 1 “harge 2.5kgws/
‘\ ption speed | tension | tension ‘kg-sec /| contents % Liquid oot 6547
kg DS/h| % DS | m/min | kg/cm | kg/em | cm? % - of charged cake 9537
‘ | ; o " 83.0%
65 0. 83 0.5 52 | 140 | 220 | 16.1 o
I S N ! _ E
i i s 60
70 0.77 0.5 7.0 21.5 306 17. 4 _:
R R U SIS T S
91 0. 60 0.8 4.3 14.0 . 120 15.6 2
B R R S R S ST
|
48 0.93 0.4 6.1 21.5 | 347 17.3 L
D - 0[ 0 A0 60 80 W0 0 o 10 020
64 0.69 0.3 4.3 21.5 366 17.2 . .
Time min
54 0.71 = 0.5 5.2 14.0 220 | 16.2 £5 (ISR B R B
! | ! Fig. 5 Performance of heatless dryer
Dumping Lower cell
0 E
©\
60 AN
& ‘@
50F \\©
o B
E 40
g Ist charge
=1 301 2nd ” 1
% 3rd . ] Ist Batch
=l X dth  »
= Ist charge
, Upper cell nd o :
BOW FRANAO KRR 1of e srd JAMBM“-
ISE— 4th "
Fig. 6 il 1 1 L 1 ] 1 L 1 1 1 1 1 i 1 L
ig. 6 Temperature profile L S (U VS 20 E o ¥ 1
in the fermentation
tank
Time days
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FBRIER O B EREIE

Table 3 Regulation value for toxic contents of the specific

fertilizer

B4 R 2VRRMEROERSHE

Table 4 Nutrient contents of compost product

Maximum admissible
concentration @

Maximum admissible
concentration(®

Element Total analysis (Dry Leaching test (Test
matter) ppm solution) mg/¢
Arsenic <50 <15
CCdmim | =5 | =os
Mercury <2 N <0. 005
Lead — =3
Qe 3 =
Hean : <15
Cyanide — <1
PCB — =<0.003

Alkylmercury

No detection

(1) Based on fertilizer regulation law for toxic contents of

the specific fertilizer

(2) Based on industrial waste regutation law for toxic con-
tents of leaching test

5 K avExIRBEHRRER
Table 5 Leaching test of the compost product

! Concentration

Element i mg/¢ test solution

7Mercury or its comp;und (as Hg) 0. 0032

Arsenic or its compound (as As) N 0.16 B

Codmium or its compound  (as Cd) 0.013
__ieaa or its compound (as Pb) <0.05

Zinc or its compound (as Zn) 0.82

Organophosphorus compound <0.01

Cyanide compound 0.04
4I:Iexavalent chromium (as Cr) <0.01

Element Product
Water contents % f 24, 8
Volatile solid % | 808
pH - ssaro)
Electric conductivity ~ #S/cm 2300
“Totalnitrogen (as N) % 8.13
Total-mercury (as Hg) 7 mg/kg 0.98
Arsenic (as As) mg/kg 0. 86
Cadmium (as Cd) mg/kg 2.2 -
7Lead (asinV)m - 7 r;g/l;g 16
 Zine (as Zn) mg/keg 1200
Ammonia:N (as NHj3-N) 7 % 1.33
Potassium (as K20) % 0.27
Phosphorus (as P2Os5) % | 4. 83

(All values of content are expressed on dry compost solid)

Y iR % e B A E o DI S (19734FEMBERF S8 5
7)) O HRE=O BECBEBETHL0) L HEINTE
D, FRERIBENC S UCREI SN BB ERS & OB
ERXBEIRDO LB TH Do B LIHRBDITHER LB
4R, BHFBRERLESRCRTHANT L HGIEN

CA-TWb, ¥ By s EE(T-N), # Y
(K20), v v (P205) o&HFEXENENS. 13%, 0.27

%, 4. 83%‘(3) ko] fCo

& 9 U

BlE, H#TRBED 2 ¥R X MEBRBBEOHMEAL G L
TR OREFE I DWW TN S & TRIXES b - 7o
&, AREOBENRI L BY LEIRT — 2 #EHT5 &
LT, XBIEFHBOB NI Y EX MMERIEETH DD
HEAETRFTEL Do

b EABRBOER, EBCBRLEOMFLH %
Wz W e (BRI — v 2 O BIREERICER S B0 B %
KTDHRETH Do

(BEXH)
1) Rg—XK, REK—H : 171 N AGEFRHR R HEE(1980)
P633

20

7 7 v VT —HH
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BEZEREBECHBIIAWFESHEREBEEE

WFE for High Vacuum Distillation

U)7>s v +v#8 77 rRETER
o H = M
Yukio Ikeda

Among various methods of chemical separation recently being developed, vacuum disti-

llation is widely applied to new fields.

In the fine chemical field, the requirement

for a higher purity level is accelerating technological exploration in vacuum distillation
aspect and also the improvement of equipment performance, which is in turn expanding'
the application range of vacuum separation, Shinko-Pfaudler has succeeded in manufacture
of Wiped Film Evaporator (WFE) for use under higher vacuum. This paper describes the
applicability of WFE in term of the mechamism of evaporation under higher vacuum.

¥ A N &

HIEREOBEIE S hOITbR TR, BLTERE

ENIRE e XEXERDBREFENBFEIND LK
o CHREHLWAFCBERIN TS, BED7 74 ¥
rIIVHHFTRENT, MEoMER L AMEEOAECH
BROPAL ECHES L THY, BEKENTRHTHEEX
NBERE ST, ZOARIIBLIEARL TW5,
BiEMtto Wiped Film Evaporator (LI FWFE) &
SEY B OMEN D, BERETERNTHEBL 2N
EDIFEL S, YHADT X REEBYySHEET
THEATEHLIWETHI Lot CNEBARS
BETERT AEROWHELE L w0, WFEBAOH
AHCONTBAT 5o
1. DFORIBELEBER
KELOFOBIHEE L LT, BEERC W TIKE
WERRBEREERL, T LTHEERICRWTIZEIER
N, BEEBEBWCIESTRNERS LT bR TWh,
TbbERER T, BRESTFLREREEDEHHEAE
TTHDRENEC LD DT, FOMNBREIXERE A
BEBGREATRT. SEERTRESSFNEEAEEELR

Condenser

Feed line

llﬁmm
|| shaft seal

Rotor drive

Oil diffusion ejector

Residue line

Distillate line

\r
N

Feed pump

Residue pump Distillate pump

FB1E ELXK
Fig. 1 Type centrifugal thin film

e, SHZEHOS W ECBITERESEL T, B
T BERREARC Lo TRED, EESTRLTHRNCRD &

INTW5bH,

L N—RICTHEZEEE L FRFE L T3 Dik1072~1074
Torr ‘Th %28, HERER & Rin ) KEE & GHE O M,
BRI R &2 b TEA S FHRNAES T
BEREXTS WAL BB, T TRID LS AEhic
AHLTCEZDZ LT H,

BEZERCWTE, B1HEBLIO0E2RCRTROR
ThdED, 7x~) Y774 oK (BRER) DL
) CIRFEHE & GHE AN » 72BN, BEZEC LT
ETHHFHENCRLT, FELWLDOTHD L INTE
7oo TinbbOTFHREIERAT L HHEINEB I N TS
%, R CEREL TR —FHCEHIE RT3
HRRETHB EEbNTWbH,

ZDEEWFEROWTHTIEDTRSE, EIHEE
ZERCRT & D ICHHE & L TIREE ¢ KRE & A
BT sc ek, FROBELELTHD EELD
hoo BERNOPEITHAEOBBARE CERIND D
T, MR PeNE FEHREN KELRDOTHEELET

. Feed inlet
(=}
)
ﬁ (9
=1
S4
e =
N
L= B
]
[
I
1|1
Cooling medium l : Vacuum
inlet ; ! outlet
T

‘ / Distillate
Residue outlet outlet
Heating midium inlet & outlet

B2E 74—V Z 74 VvaR
Fig. 2 Type falling film

Vol. 30 No. 1 (1986/6)

M7 7Y Py —~EH 21



o WFERIXBIROMBEL v L HKRFEE & $HHE & O
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HFEERFMCRBIRIEISTHE L DND,
Fir, BEE THERE IS DLDITBRRENEDOBRE D
B0, WEOEKENEWBEN—BHTH 2. Thb
DFEPB O THFIIMERCHERE S, R L5
OHCTRIBEND DT, ZThbDIZ &nbEEERIC
FRT 584, BBROBREVCZFOFE, &L OH
Bor D BRRET L2 id-HuiE 7 B,
HRREEOERH L EBRIR
WFA MBS 5 L ERZEBIC B\ TSR R LR
B350, BEEBIC D LIEBRRERC TEREITTD
Do BIETIRA - X 5 WERE L HHEOBEZEC L -
DFHENE IR > TEFETHZ LIRS,
CNREBEEORE ST i E L SAAE g L TX
BEM LAY, BRECEHINDDIXEDOERED S &
h, IEEETCOKIBREELR L, BRELDDOHDIE
MR LD LELDND, o THEET CHELE
T5HZ LIk, WERE CERBCLELEEEET S0,
AT LY MBAETO KR EL A, BHE, &
NEREDEFEET D, BORBOLIC X - THRH
WL B TARRTHY, 7+~ U V77 4 Va5
FENEER) 1, MEEAWEIRT THEC X - CHEY
KB TH S,
ZZTCWFREEGHBELTRDE, 72—0 Y77 4 VA
ET A= "ML R EEL DR, BERMSAS
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LD ENEEAMEDND, R, YA L - THET
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_Feed inlet Distributor Feed inlet
) TI.L plate
\ L i

=N

Fi3Iz bNESRE, S EMECH L TCBRWHIRE S
25 & EDR, BHREIRRE~OBOHERMNMEEIN
%o
3. MR EEBEREIRR

WEERERATHET +— V¥ 77 4 VAR TR
FEL Y, BEEBICHE S PEEZZEIC BT H RN
DL b, BORCR T LHEEDE—ME L W5 FEHAs
SHEBE, FORIIEMNERIEEEEL Bb,

— R E SRR LT, FEE i o R 2R B

Heating face

/\
T~
Liquid film Liquid film
e
L_/N
L
Type falling film Type WFE
Wiper
/(?
FA4E REORRE

Fig. 4 State of liquid film

Evaporator
wall

Scraper

Residue
outlet

=~ outlet

(1) (2)
31 M EELHAEEREEE

Fig. 3-1 Low vacuum wiped film evaporator

b

[ s /
'E"Wipers
#1" Entrainment f M
separator
Internal
condenser i
P Vacuum L

I

I\ Residue yegt 9 [ i
Cooli = outlet /"E J
“ooling water = |
outlet & inlet == T
- | 1
Distillate outlet Residue outlet Digtillate outlet

Vapor Feed infet
outlet i
=l 45— = =iy
H Internal
3 B condenser.
N Vacuum

—i z:3 outlet

|4

“1T Cooling water

outlet & inlet

1IN 1 T

B2 H FHEZHEBCEREEE
Fig. 3-2 High vacuum wiped film
evaporator (molecular still)
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HoTZ D REFRE, Wh EBEKESY EHEE 247
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KEERA R~ A LHERTEDN, HHEFBAORED
RN DERERC KT 2 ESENEIE, 2 vyTFFyR%
ExhHE, BHEBOBMNIFHHELCTIRIMBLETSH b,

Micict & 5 e B HEEESRIE, WFEEEERE-
RERBRNCRT CTEHIRSR L DR L, BEEESHERHR
WBICERIT S 2 208, BEENERIX A Y TF YR Ehbd
HFE LW
5. BEFEFTILHIFAER

AR TIE, BEWEANDEE & KK OBREIEE
LB, PEELET CORRTIIERE . D ORFHE
LERELUARTIER B,

S & 5 B EE T CORBIERE L BHE L
DIBBEOREIC L > TEADT, Z0k5 hRETcnE
RE N DOERFBEEITRATREN D,

W=2110f APV M/T

iil, W: BRE kg/h
T ERAREK
A EFEETH m?
P : fARESE Torr
M: 45FE
T : B °K

HEES & BRI LT % 0 BEFRE~ 0BT 23
TMTA B & 5 B R  ThUE, nEE OB A B
BEREVXDETHSTEDLZ LD D,

FKFEREK £ iwD\WT Burrows [ZEFE L e FOTEIZ
BEUIfER, RATELDBND & L

f=F+(1-F)(2e-¥—e~2K)

B K=d/k-2
i, o EBREARK
Fo@iems/ (ERmEE-+-EmEEE)
K : 45 FOVPHEBHTRCER LR
d : RFEWE & EEE OFERE cm
k : PHEHTEOMEREK
Oil diffusion A RHEEHRTE cm
. PP B1REIK, FOERLD f 238 DEEE
: — ™ ETBIRED 2 LNTED, FliE, K=
B N Yo (PHEBHTENHEEOMERED 44%) DR
WFE Eix1EL, K=4 (EHEHFERY
] M OIEEED Vats) DRI f OENERET
q; g Oil-sealed B 1R ERREL LK, FOBR
rotary pump Table 1 Distillation factor f vs. K & F
Mechanical booster £
pump
§:1E> e K (F=0.5) | (F=0.7) | (F=0.8
é_j} Y% 0. 98 0. 99 0.99
% 0. 92 0.95 0. 97
(:E;-I {—:¥ 1 -~ 0.80 0. 88 0. 92
O B5E R B 2 0.63 0.77 0.8
Oil -sealed Fig. 5 Construction of vacuum 4 0.52 0.71 0. 81
rotary pump pumping system : i :
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Investigation of the Grinding Behaviour of CoBall-Mill
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CoBall-Mill, the new generation of stirrer ball mills, is getting reputation in several industries
for ultrafine grinding of crystalline solids and dispersion of agglomerate particles.

Up to now, few results of investigation on stirrer ball mills are available which reveal rela-
tionships existing between the operating variables and grindabilities.

In this paper, we try to do it. Grinding tests of CoBall-Mill were carried out and reported as
parameters of solid concentration, flow rate, circumferential speed of rotor, filling rate of

media and media size etc.
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Fig. 14 Comparison of grindability between CoBall-Mill
and conventional stirrer ball mill ; solid concentration
Cv = 0.2; circumferential speed of rotor or disk
u=10ms"1; mean residence time r=1.2min; ma-
terial CaCOj3 ; media lmm, glass
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Drift Measurement of Cooling Tower

(BEER  HifisR
& W A

Noboru Fukuyama

Together with noise and visible plume, drift is one of the key factors in cooling tower
operation considering the environmental impacts.

This report outlines our technique for measurement of drift droplet flux and size distribution
developed in parallel with that of high efficiency drift eliminators.

It also describes some drift measurement results obtained from operatinal cooling towers

which were installed by us.
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Table 1 Data sheet of drift loss measurement

® Marks show the
measuring point

Sompin] 1095 St Wt fon | Dz of | Gy of
point pou:rtl/s hr m3/h wa';a;m g/h
al 3.7 1 2272/3cell 19700 7. 24
a3 4.Q 1 2205 »# 20700 10. 04
ab 3.0 1 2106 »# 21 300 13. 12
b 2 4.8 1 2169 » 20 300 10. 43
b 4 4.3 ) 1 2178 » 20700 10. 66
b6 o 3.8 1 2223 7 19 300 8. 04

) f 4 5.5 0.5 233% 7 20700 14. 44

Eif;_— 5.0 0.5 2349 »# 20700 15.72
Ave 4,32 2 232/3cell 20300 10. 41

Vol. 30 No. 1 (1986/6)

7 7Y F o —HE#R

87



6) WEMBROHES

WELBIEX 7 » v 229 7 THEHE L, BEARSERS
bREL KIMEED FHEC BbHEU LA 45 & Ui
(ESHEUCEES)
7) s~z

BHET — 2 %E IRICTF TS ’
WIEBRKIE, RHEEEED v 7Y v 7 s BIrh
Rr, HHER, RTRCEASEHERL, &20BESEEEH
BEOVHELFRATAZ L L Lz
8) Fy v rEnse '

FU 7 rEOEHRIRORIE LB

— Ca—0Cr L 1 e
@01 (S5 o e

(DR)r=-Lx A, x 3! (DR)»
n =)

> > s
[

DOR)e; IKFa~T1ES VD FY 7 + B

. g/h.m2
 (DR)r; Total ¥y 7 + & g/h
7 ERAKOHEE(LO) g/cm3
Cr s BEKOES B ps/cm
Ca ;s Bk EXEEE 4
Cr; Mk BREEE 7
L; Boko& ml

Ap; 1K# 2~ 70ORB| NEMERE m?2
(=4.906%x10"%)
T w7y v /R hr
FZHEEDIKF 2~ 71 XS0 FY 7 B
B2KLID

DRYw. —1 (1x 2.52-0.9 200
(OR)p1=1. 0X = = X 506 x 102
1

_ L = . 2
X078 2908. 2 g/h-m

Rk LT
(DR)r2=3005. 0
(DR)r3=3006. 1
(DR)rs=2996. 5

.(DR)z =% X 69. 609 x (2 903. 2+3 005. 0+ 3 006. 1

+2996. 5) =207 245(g/h)
=0.058 kg/sec<0.44 kg/s
st ry 7+ B
TEBKERN TS FY 7 r BEoEERL)%ix
7EBKE Q=17 816 m3/h.5cell
=3563.2m8/h-cell

 (DR)r 207 245
9/ = ) = T ==

DL % === > 100 = e w198 < 100

=(. 0058%<0.05% (&Fztrv 7 &)

5.3 =HB =03

1) MASE ERTE (rv-v7)
2) X tM#iR 19854 9 A
3) KB
BRIFE 6715L-3-08 R (8 )
TERKE 24600 m3/h
{RKIR B 42.0°C
BRI 32.0°C
BRI 29.0°C
TEBRIK TEAK
BETFY 7 &R 0.06%
4) Wehk R S R

5) MWHEEEERAY:
FERPFNL, SHE O AT (No heat load) BEIC5E
L7zo

BEHEG6 BERLE (Rv—v7) IKF3 FY 7 MHIEME
Photo.6 Measuring point at top plane of fan stack
(Fertilizer plant in Malaysia)

FE2FR FV7rlles—#

Table 2 Data sheet of drift loss measurement (By isokinetic sampling)

No. of sampling point 1 2 3 4

Time of start 11:00 13:20 14:25 15:25

Time of finish 11:45 14:05 15:10 16:10

Recireulating water 176 17816 17 816 17816

Recirculating water 305 310 |; 310 310
S/eme25°C | 300 113953 35 1307.7 54 (f311.00 55 (13120

water

Conductivity of pure
¢S/eme25°C | 090 0.95 0. 92 0.91

R=4765 r1=4126 rz=2383

Conductivity of sampling

& 2.52 2. 65 2.64 2. 63
water  ¢S/em+25°C "
BSH 77YA&y 7 bW, HESmES Velocity of exhaust 11 1 10
‘Fig. 9 Arrangement drawing at top plane of air m/s 0 L - 1.0
fan stack Power input_to fan 148 147 147 146
® Marks show the measuring point motor
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Photo 7 Stain of drift on sensitive paper
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=%><71. 33x%(0.079+0.17+0. 503+0. 111
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+0. 143) x 3600
=58 207 g/h-cell
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Table 3 Data Sheet of drift loss measurement

L Measuring points
Measuring items

X1 (X2|X3[X4{v1{v2]v3] ¥4

Sampling time (second) 1 sec

Circulating water 24 600m/h-8cell 21 600 v
flow rate (m#/h) 9:57 164
Temperature of return 26.8C 27.0;"0

=}
_
o
oL
3

cooling water 10° ll

Temperature of supply

25.0C 26.0°C
cooling water 10:00 1{:04
Velocity of éxhaust
air (m/s) 8.0 [125(12.0] 9.8 [12.0]11.5] 9.5 [ 13.0
. Ampere 3204 32.0A.
Power input (A/cell) | 10:00 11300
to motor Volt (V) 393:5155%V % 13:55500V
5.4 XHF ZD4
1) A% 7ve=vTH CKER 9
2) 7ATH#H 19854E 5 A
3) EENEARR
BRI 5 662-3-08R (8 )
EEKE 12000 m3/h
RAKIRE 40°C
BKIRE 30°C
BRI B2 26.5°C
PEERIK TEAK
BEFFYV 7 rE 0.2%
4) WEFE VYT TR
(BB
5) HEEHE

AEFHNE, FRPOREAY ¥ ISR —- VBT Y 33~
Z=hbd, PVCHBIN=DI L) 32 ~-2-CEBTHZ
LiED, VY7 MERMECHELEM L LT
bDo ETE8 NP, RECHEHLULAFRD 2 A %E
U, —F%PVCZY I3 —&—CEE, —~FERE~NY ~
FE-VEIY I3 -2 - b ERAOEE, MERA—-RET
BET 5, COROHSHOKEE 2y VT 4 TR
DORERMAYRA—: LTHEL, T0EM2EE L VM
EEBLT, KRR YHETHZ & & Uiz,

B4 F ENRTEE Measuring point ‘ X1 ' X2 X3 ’ X4 ’ Y1 ' Y2 Y3 | Y4
Table 4 Results of ESC’s analyses
of collected drift stain on DRT ' 0.079 } 0.17 | 0.503 ‘ 0.111 ‘ 0. 0854‘ 0.399 | 0.323 | 0.143
sensitive paper g/m=es
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able 5 Out-put data sheet of the measuring point X3 by EDP. (E.S.C)

I D(low) D(cen) D(hi) Mass flux Count flux % Mass 9% Count s:ltggr;g Impaction
pm pm pm pg/m?/s g/m2/s smaller smaller m/s y efficiency
1 10 15 20 0. 00E —01 0. 00E —01 0. 000 0. 000 0. 007 0. 491
2 20 25 30 0.00E —01 0. 00E —01 0. 000 0. 000 0.019 0.772
3 30 35 40 2. 96E +03 1. 32E+05 0. 588 40. 408 0.037 0. 875
4 40 45 50 3. 80E 403 7.96E 404 1. 343 64. 816 0. 060 0. 922
5 50 55 60 1. 82E +03 2.09E +04 1. 704 71. 219 0. 088 0.:947
6 60 65 70 2.96E +03 2. 06 E +04 2.292 77. 527 0.120 0.:961
7 70 80 90 5. 44E +03 " 2.03E+04 3. 373 83. 746 0.175 0.7974
8 90 100 110 4.13E+03 7. 89E +03 4. 193 86. 163 0. 259 0.7983
9 110 120 130 1.03E 404 1. 14E +04 6. 240 89. 652 0. 353 0.:988
10 130 140 150 7.49E +03 5.21E +03 7.727 91. 250 0.453 0..992
11 150 165 180 2.45E +04 1.04E +04 12. 594 94, 442 0.585 0.99%4
12 180 195 210 2.35E +04 6. 05E +03 17. 263 96. 297 0.748 0. 996
13 210 225 240 1.55E +04 2.60E +03 20. 342 97. 093 0.912 0.997
14 240 255 270 7.50E +03 8. 64E +02 21. 832 97. 358 1.076 0. 997
15 270 285 300 2. 09E ++04 1.72E +03 25. 983 97. 887 1. 236 0.998
16 300 325 350 3. 10E +04 . 1. 72E +03 32. 141 98. 415 1.444 0.998
17 350 375 400 4. 76E +04 1.72E +03 41. 597 98. 943 1. 691 0. 999
18 400 425 450 1. 04E +05 2.59E +03 62. 257 99. 736 1. 926 0. 999
19 450 475 500 0. 00E —01 0. 00E —01 62. 257 99. 736 2. 146 0. 999
20 500 550 600 0. 00E —01 0. 00E —01 62. 257 99. 736 2.455 0. 999
21 600 650 700 0.00E —01 0.00E —01 62. 257 99. 736 2. 829 1. 000
22 700 750 800 1. 90E 405 8. 60E +02 100. 009 100. 000 3.167 1. 000
Total mass flux=5. 03E +05 pg/m?/s Count mean diameter=68. pm
Total count flux=3. 26 +05 g/m2/s Mass emission rate=5. 03E —01 g/s
Maiss mean diameter =473. um =({DR)p
'
"
£
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Stain of drift on sensitive
paper in case of herring
bone type wooden eliminator
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Photo.9 Stain of drift on sensitive

paper in case of PVC

honeycomb eliminator
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Fig.10 Arrangement drawing at top plane
of fan stack
® Marks show the measuring point
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Small-scale plant for fine chemical industries.

...... Double amount sales increase is expected in 5

years. .
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New bio-contact filtration...... for use in a treat-
ment of landfill leachate.
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Bio-contact effluent treatment facility in a landfill site.
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Application of Belt Press in Higashinada se-
wage treatment plant (Kobe City) ...... Prepara-
tion for further incineration of total amount of
sludge cake.
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