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Table 1-1 Physical properties of NO-FeSO.-edta- MgS0O; system

No. Temp hgndcmEgﬂgﬁam?Mcsoﬂ P ,1x10211x10: D\x1gsvﬁi7ii* ko X10° k& 2X10°
oy ETLy BT i () (poise) (RIS (T oy (BTl m,
cm cm ey g-mol sec cm?- sec -atm’ sec

1 30 1.ox10* 1.0x10°° 2,15 1010 0.853  6.05 3.84  0.409 7. 59 2. 06
2 30 5.0x10°° 5.0x10°° 215 1011 0.85  6.10 3.83  0.410 7. 59 2. 05
3 30 7.5x10°° 7.5x10°° 215 1011 0.855  6.13 3.83  0.410 7. 59 2. 05
4 30 1.0x10° 1.0x10°° 2,15 1012 0.8  6.15 3.82  0.410 7.59 2. 05
5 30 8.0x10°° 1.0x10°° 215 1020 0.879 6.95 3.61  0.422 7. 59 1.99
6 30 2.0x10°° 2.0x10°° 2,15 1.017 0.880 6.15 3.78  0.412 7. 59 2. 04
7 30 4.0x10°° 4.0x10° 2.15 1024 0.910 647 371 0.416 7. 59 2. 02
8 50 4.0x10°° 1.0x10°° 2.15 1010 0.611 842 838  0.286 8. 04 3.02
9 50 1.2x107* 1.0x10°° 0.8 1010 0.601 843 8.54 0.283 8. 05 3.05
10 60 4.0x10°° 1.0x10°* 2.15 1.006 0.520 9.47 123 0.240 8. 24 3. 68
11 60 1.2x10°* 1.0x10°° 0.8 1005 0.511 911 125  0.238 8. 24 3.71
12 70 4.0x10°° 1.0x10°° 2,15 1004 0.460 9.96 166  0.210 8. 46 4.27
13 70 1.2x10°¢ 1.0x10°° 0.86 1.003 0.452  9.89 169  0.208 8. 46 4. 31

0, ¢ - density, viscosity of absorbing liquid, respectively, H ! Henry’s law constant, Da, Ds !

liquid- phase diffusivity of NO, Fe (II)-edta, respectively,

for gas-film, liquid- film, respectively
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Table 2—1 Experimental conditions

Dt L/Dt Ni Us n £ system pm X 10* Cav temp.

fm] (-] [—1 [m/hr] [rps] [—] [atm] [kg-mol/m*]| [TC]
0.159 6 3 556-1260 3.8 0.40 NHaH:S0O, 50- 70 0.82-0.91 30
0.159 6 6 482-1189 | 3.8~ 7.2 | 0.20-0.60 NHsH:S0O, 24-160 0.28-2.0 30
0.19 2 2 264-1634 i 0.8-13.4 | 0.29-0.40 HCN- H.0 E— 0.042 20-30
0.19 2 1 162-1954 " 4.0 0.39-0 .40 H.3-NaOH 9-11.2 | 0.21-0.25 | 21-23
0.19 3 2 175-2090 4.0 0.37-0.40 H:S-NaOH 5- 10 0.16-0.26 | 20-22
0.19 4 1 229-868 4.0 0.50 H:S-NaOH 3- 5 0.25 21
0.19 4 2 229~868 400 0.50 H.S-NaOH 2- 5 0.25 21
0.19 4 3 198-2148 | 1.2-15.7 | 0.19-0.70 H.S-NaOH 3- 10 0.2 -0.3 21-23
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Nomenclature
C = concentration of liquid component

[ kg-mol/m®]

D: = gas-phase diffusion coefficient[ m*/hr]
D; = diameter of impeller [m]
D, = diameter of vessel [m]
Fr = Froude number (=D;n*/g) [-1
g = gravitational constant [m/sec?]
H = Henry's law constant[atm-m®/kg-mol]
H' =Henry's law constant [—]

j©  =modified jo factor defined by Eq. (8)
L=
K.a =over-all volumetric coefficient based on
gas-phase [ kg-mol/m®-hr-atm]
K.a =over-all volumetric coefficient based on
{1/hr]
K ' ,=dimensionless factor defined by Eq. (7)
[—]
[1/hr]

kea =volumetric gas-phase mass transfer

liquid-phase

k =rate constant

coefficient based on the liguid volume
[ kg-mol/m®-hr-atm]
k.a' =volumetric gas-phase mass transfer
coefficient based on the vessel volume
[ kg-mol/m*-]

ki.a =volumetric liquid-phase mass transfer

1[‘-atm]

coefficient based on the liquid volume

[1/hr]

L —length of vessel [m]
l =distance between adjacent impellers
[m]

7 =rotational speed of impeller
‘ [I/secl, [1/hr]
Naa =—gas absorption rate
[ kg-mol/m® of liquid-hr]

N; =number of impellers [—]
P =total pressure [atm]
ps« =mean partial pressure of inert gas in

gas-phase [atm]
D =partial pressure of gas componeni

[atm]

R =gas constant [atm-m®/kg-mol-"K]
Re. =Reynolds number (=Dyuz pe/puc) [—]
Re, =Reynolds number (=Di’npi/ur)  [—]
Sc, =Schmidt number (=pe/pcDs) [—]
T  =absolute temperature [°K]
[m®/hr]

ue =superficial velocity of gas based on

Us; =volumetric flow rate of gas



empty vessel [m/hr]
V  =volume of vessel [m*]
V., =volume of liquid [m®]
€ =liquid holdup [—]
6  =time [hr]
K =viscosity of gas [ kg/m-hr]
0 =density of gas [ kg/m’]
{(Subscripts)
ay  —arithmetic mean value
G =gas
L =liquid
Im  =logarithmic mean value
0 =initial value
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Table 2-2 Experimental copditions

D, L/Dt Ni ns ug n € pax10? Ce temp.

[m] (=1 [=1 | [~] [m/hr] [rps] (-] latm] | [kgmol/m’] | [C]
0.096 2 2 4 690 5.0 0.4 1.5-2.3 | 0.17-1.19 25
0.096 4 2 4 690 5.0 0.4 1.5-2.4 | 0.19-1.20 25
0.096 5 2 4 680 5.0 04 2.1-2.5 | 0.23-1.38 25
0.096 5 6 4 690 5.0 0.4 1.7-2.0 { 0.16-1.23 25
0.096 6 2 4 630 5.0 0.4 2.0-2.8 | 0.17-1 .41 25
0.096 6 4 4 690 5.0 0.4 1.5-2.1 ] 0.21-1.26 25
0.096 6 6 4 690-1090 | 3.42-10.0 04 0.9-2.1 | 0.13-1.28 25
0.159 6 2 4 525 3.83 0.4 1.6-1.9 | 0.16-0.67 30
0.159 6 3 4 525 3.83 0.4 1.4-1.7 | 0.17-0.81 30
0.159 6 4 4 525 3.83 0.4 1.4-1.7 | 0.16-0.81 30
0.159 6 6 2 368 2.67 0.4 1.6-1.9 | 0.28-1.28 25
0.159 6 6 4 368-625 2.67-5.83 |0.2-0.65| 1.1-2.2 | 0.15-1.48 25
0.159 6 6 8 368 2.67 0.4 1.6-2.0 | 0.22-1.18 25
0.399 5 6 4 164-495 1.67-3.33 04 1.0-1.5 | 0.13-0.93 25
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Nomenclature

a =contact area of gas-liquid per unit Vol-
ume of liquid [m?/m®]
@' =contact area of gas-liquid per unit vol-
ume of vessel(=a-¢) [m?/m?]
C  =concentration of reactant in liguid
[ kg-mol/m®]
D, =liquid-phase diffusivity of CO. [m® /hr]
D, =diameter of impeller [m]
D, =diameter of vessel [m]
Fr =Froude mumber (=D, /g) (-]
H =Henry's law constani [atm-m®/kg-mol]

K. a'=over-all volumetric coefficient based on
gas-phase [ kg- mol/m*+hr-atm]

ke a'=volumetric gas-phase mass transfer
coefficient based on the vessel volume

[ kg-mol/m*-hr-atm]

K, =liquid-phase mass transfer coefficient
for chemical absorption [m/hr]
k.° =liquid-phase mass transfer coefficient
for physical absorption [m/hr]

k,”» a’=volumetric liquid-phase mass transfer

coefficient for physical absorption

[1/hr]

k, =reaction rate constant [m’/kg-mo hr]

L =length of vessel [m]

N, =gas absorption rate [ kg-mol/m*-hr]

N; =number of impellers [—]
n =rotational speed of impeller

[1/sec], [1/hr]

n, =number of blades [—]

=partial pressure of gas component
[atm]
us, =superficial velocity of gas based on

empty vessel [m/hr]



We =Weber number=D’n’p0,/ 0 [—]
e =liquid holdup [—]
o —density of liquid [ kg/m’]
oy =interfacial tension [ kg/hr?]

(Subscripts)

A =CO,

B =0H"
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Fig.2-23 Fraction of liquid volume on the direction of horizontal axis at lower
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Nomenclature

B  =huildup factor [—]
D =detector output [mV]
D, —=diameter of vessel [m]
h =height of vessel (m]
I =intensity of radiation after passage
through the vessel [r/hr]
Iy =intensity of radiation without absorbent
[r/hr]
L =length of vessel [m]
Lr =dimensionless length of vessel{=L/3D;)
(—1
ALr=difference in dimensionless length [—]
I  =distance between adijacent impellers [m]
NFTZFroude number{(=Di-n? /g) [—]
N, =power number (=gc-P/p-n*-Di*) [—]
! =thickness ' [m]
¢ =ratio of liquid volume to Vessel volume

[—]
e; —gas volume fraction in the y-beam path
[—]

e =liquid volume fraction in the 7-beam
path [—]
#n =absorption coefficient [m}]
]

un =absorption coefficient [m®/kg

p  =density [kg/m?)
{Subscripts)
¢ =xgair

w =water

aw —mixture of air and water
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Nomenclature

A =tiotal contact area of gas and liquid in
the vessel (m®)
a =contact area of gas and liquid per
unit volume of liquid {m?/m?
e’ “=coniact area of gas and liquid per
unit volume of the vessel (m?%/m?®)
D. =diameter of impeller (m)
Do, =liquid phase diffusivity of CO.(m?/hr )
D, =diameter of vessel (m)

Fr =Froude number (=n*D,/g) ()
K.a =Over-all absorption coefficient based

on gas-phase (kg-mol /m*-hr-atm)

k. =liquid phase mass-transfer coefficient
for chemical absorption (m/hr)
k.,  =liquid phase mass-transfer coefficient
for physical absorption (m/hr)
L =length of vessel (m)
[ =distance of adjacent impellers (m)

N: =number of impeller (-3

N, =power number (=P g/on’D*) (=]
n = rotational speed of impeller [1/sec)
(1 /min)
ny = number of blades (—)
P = power consumtion for agitation
(Kg- *m/sec)
P’ = rpower consumption for agitation
defined by Eq(3) (Kg-m/ sec)
P,, ~=power consumption per unit volume of
liquid (Kg-m/sec-m?®)
P, ~=power consumtion per unit volume of

vessel (Kg-m/sec m?®]
Re, =liquid Reynolds number {=n?*D, o,/ 1)
(=]
Se = Schmidt number (= wr/oDr) (-]
Sk = Sherwood number (=%°D,/D,) ()

3 = ratio of liquid volume to vessel volume

(-]
u,  =viscosity of liquid (kg/m-+hr)
o1 =density of liquid (kg/m?*)

Literature Cited

1) Tamaki, Y., A. Harada and S. lto: Kagaku
Kogaku, 38, 601 (1974)

2) Tamaki, Y., A. Harada and S. Ito: Kagaku
Kogaku Ronbunsyu, 2, 154 (1976)

3) Ando, K., K. Endoh: Kuagaku Kogaku, 35,
1379(1971)

4) Ando, K., H. Tabo and K. Endoh: J. Chem.
Eng. Japan, 5,193 (1972)

5) Ando, K. and K. Endoh: Kagaku Kogaku,
37,528 (1973)

6) Ando, K., T. Fukuda, K. Sato and K. En-
doh: ibid., 38,539 (1974)

7) Ando, K., H. Hara and K. Endoh: ;bid.,
35, 466 (1971)

8) Fukuda, T., K. Ando, T. Sato and K. En-
doh: Kogyo Yosui No.219,19(1976)

9) Idogawa, K., K. Ikeda, T. Fukuda, K. An-
do and K. Endoh: Preprint of Hokkaido
Meeting of the Soc. of Chem. Engers.,
Japan, B 20(1979)



(41)

2-5 W NHERREE ORGP RR N & BERNER R

& M = - 5% 7

wE

TR D SRR D 1 & 12 A B 7= iR
BB A % AR 1 B 5k Y EkE A [ o
LS KBS D HE S EARES ATV 5,
AU GV M (BT 2 RN & F 125
TN Oldn & & % i, WS IBEEAR 2 BT 7
A THRTED RARIREE A Bl s 4 52 & 2T
XD, LAb T, AEELICRAROTA 1 A7E
FLUCRVIBADRTEEMEE - LT LB TE
Bo /o, HOBUNE IO MBS O 5B A T

# e

i — k(AT

YL L ABES TR TS 5o AW TURhR
WL RO AT R B 10, ARSI RAR &
WL, BESEM, RERMEEDMFRIIOVTH
FL Ao E 72, FBBEMRAS & 0 HEfhal R BB il o
DHBHITS 5 72,

1ERRES LU E
EIRPEOME & Fig. 2-3512R 1, W 7= #
FERARIIEE D, =0.283m, #E L RO L
/D=2 DFEHT 7 ) WRIEHOME-CH 5,

D

5=
&

@O Vessel

@ Impeller
@ Torgue meter

Dv=0. 283m
L/D|=2
Dy=0. 166m

@ Strain meter
B Recorder
® Gear box

Fig. 2-35 Experimental appratus

T 1 T 1T T1T11

40 | Dual shalt type

0 Dy=<0. 283m
L/D.=2

.\. 1==0. 166m

20 F

“5-0%0 Qo G JFP WD ® I DTN D o

T T T T T 7T

i

N,=4

R b §
. e=1.0 b
= 8 r .
6 + key o(g/em’) | plg/em sec) -
B @] 1.0 0.01 3
1r %) 1.142 0. 06 7
3 F [ ] 1.195 0.18 4
2 1 | L It 11y} L I | S T T T N I | I 1 L
10° 2 3 4 6 8 1o* 2 3 4 6 8 i 2 3 4dox10*
Rer [—)

Fig.2-36 Correlation of N, with ReL



(42)

[EldREg LA F B DFEE RS 3E 5T 5A0&EIC 2
AEAT T WA, @R TR ISPHRZQ. 166 mD -]
By —¥ v D%, Fig, 2-3510RT £ 912,
Zhw 2RomERE FIZEHEI, SHMBTHEE L
TW3, B0BEIEICE, EHEE NV A—-5 2
W 1RO EEEREY Y D vy &3k, €D 2
ELXEREEO MV y & L, BERIEICIEKEKE
IREAKIETE Z AV 72 o ARIEIRIUA B R UL BEAR

v — SRETE— 2R OBIRIEE, 7 ATRRER,
W DR TIT- TRD 72, HEREEY — 5 KBHED
R IX0. 3N, Bl s U TRV 2 BRER R O R
13107 mol /8 Th B o RIGHEAEIF20C Th 5, FEBR
FFEROEN TH B, HEE: =0.3~1.0, &
SR EEEH n=1. 17~17. 7rps, #E#HTHRDE
N:=2, 4, 6, #ADZEMBEE u,~320~
540m*/m? hr& U 7=

2, XBHEF

2.1 BHRICELEFTHERATORE

PN AT L RS (REE =1 0DEh#
Npl Wil 4 /v X¥ Re, & DHfR%E Fig 2-36 12
T e FAEY, NAHEEE & & UWRE 1
FRELBEAIIBWTHRE—ELIZHEREEATY
2, LENST, e =LO0DOE{OEhEE, B
PR L EIRRIIHE L A VA THEEhA Z &
B o ee —F, H AN & OH A0 REEE
mELTAREE T 25T, [ AN

TEETADT, e <1liZHWTIE, BHNEOEE
VIR IR & L 4 W ARTUREER A O TE)
IRFEZ T T LA T, LIFO%ENE, 5
PO AR IR L THICaIEE A SN S
WEE e =0.3~0.7TIT%h » /=6 e =0.5DHAED
BB N, & 70— FE N & DRE%E% Fig 2-37
IR L 7o EEEY, N IZESRIIRERE N, 2
AL TEIMLTWAZ bl s, 4, 8BS
HABREIIEWTYE, 7I—FROHLETEL
AEBERT 2 OOEM TS, NJIEL 57
N— FEAEIBIZLT, 7V— FEDO.5FEE0. 25
WAL T Wb, N 4ERDIBA, « 28 L
HC, NN, L DOEFEELTRLZDHFig
2-38TH B, e H0. 4~0. 7O K TILF BN IRRED
EBEIROON, ¢ PRESEBIILLDP ST
FREPRBEDEZR 12T 5 7 v — FEIZE TR T4 2
EERLTVWE, FRLY, HERKEBORERT
DNp& N, B FNLEN Ny, Nige, & L TRD,
Inb bk et OERETINTH, Fig 2-39,Fig
2-401ZRF o Fig. 2-39DFERD 6 Nipeoog 7
DGR A RO L, EBRX(DAESN 5,
Nepe=0.1" ¢ 77 1
Ner 5578 Nppe K D/BE VA L, KEVHED
fReFny 2RO 71—/ 8 v & ORI 5 1m &
DREREEE L o F DR, Ne<Ne DIHEILD
13, FRORIHEARPRICE - TIL L5 R,
FeBe L CHIE L W E RIBERET 50 £ =0.3D

40

=TT TT T T T T T T

Tt
Dual shalts type

Ne (-]

D,=0. 283m

L/Di=2

Dy=0. 166m

Ner [—]

Fig. 2-37 Correlation of Np with Nrr



Nrre [_]

0.1

(43)

20 T T T T T T T T T T T T
LDunl shalls type
L]
io | Di=0. 283 | |
8r L/D,=2 ]
6+ Dy=0. 166m | T
s
=]
— 2 |
L
-
Z
1.0 B b
C Ny=4
6k 11 0.5 ' D
a 0.6
or = 0.7 E’B{ )
0.2 1 [ B A | L TH T 10 B B W L L J S S
0.02 4 6 80.1 4 6 810 2 4 6 8.0
Nre [_]

Fig. 2-38 Effects of Nrrand & on Np

T [ T [
i Dual shafts type |
- | D.=0.283m _1_7A 1
L/Dy=2 )
i key N; .
A 2
L - ; é 4
O 6
! IR B R
0.1 2 4 6 81
€ (-]

Fig. 2-39 Relation betweenNF and ¢

Nee [_]

20

10

0.6

T T T T T T

Dual shafts type
L v=0. 283m |
[ key N, i
- A 2 -
G 4| 1

O 6
F i
I / _
F /:2 35 ]
r 4
Ll 1 1 | | S ]
0.1 2 4 6 8 1.0

€ {-)

Fig. 2-40 Relation between Npc and ¢

T 4 + 4
= L. 4
2 r
Dual shafts 1ype
1.0 D,=0. 283m b
8 - L/D,=2
0.6 - D,=0.166m
0.1 2 4 6 8 1.0

€ (—]
Fig. 2-41 Relation between Np and ¢ in the
range of NrFr< Nerc

BEliE, REBRFEIO N, O BT, Z0%E)

RE& R 720 Nep > Ne, DB, MHMlE S

WEEALZHEEAN S PN T4 5, B
5 DEERIZ LIS, BACHETmICEE L T A
FEIURIZ o THL LTS MM VI L ¢ 4
220G, JIFE N AT AR 5. Ny,

Ner e DBERE, Nep >N DBED N, & ¢ &
DGR E Fig 2-414 L U Fig 2-42125F U 7=
ROFERD S, Nep<Ner e DBE, Nowoe, Nyy
>Ner e DBAITE, N e DGR TEbENS,
Ny <N DIBED, N XETHEER LD
Be NSNS, N e DMFRE LT ED



key Nrr(_‘] N,
o0 L Py 1.0 2
0 1.0 4
C 1.0 6 2.0
. 2.0 6
10 ]
g L
. 4
L L
z
2 ]
1.0 f 1
8 B Dual shafts 1ype ]
6 r D\=0. 283m | |
i LWh=2 | ]
0.4 ¢ D,=0. 166m
i 1 i A_) 4}
0.1 2 4 6 8 10

Fig. 2-42 Relation i)e[tvieeh Npand ¢ in the
range of NFr> NfFrc
LFig 2-4312R L 20 MTOREE LY, N,
Newy Npy e ¥ELL T, Bl—O8 12/ X 1
TV 2o N> Ner o DIBGORR S Fig 2-44 12
ML 7o Fig 2-43, 4 DARH 5, ZhFnko
FEhk Egs. (2), BIFEE R3S,

Npr < Npre
0.4=¢=0.7
B8, e 0. 3DBEITIE, N DRHET Eq.
(2034 %,
Nrr>NFrc
0.45e=0.7
5 A B O N, N, e O
AR ERETL 245, ¢ >0.408M T, N./c©
ENp e PEDBETRIFICHETE 3 2 #2510
TWhe a, B OMITIBEMN 2 U AL BRSO 37
IIREEDIR S K ST B N 5 LU N, &
e EDRIFELLROEND, 22T, ZOFHikE
ARERIZHEBL TN, /e ™ N EN e
FeE L TRLAEDHFig 2-45TH 5, TED 4
RIEN,,, e, N AFEILLTY, 13E, B—&L
B E T W 5D, $7/2, WEERLMELFE
AR AE AV B S L R0 MBS R b
Do LW >T, Nob N 2B EIET e 0813,
H R - BB S Hik CHIE ha o
Wh’ o/ Fig 2-4612 B2 0 o P,
ENp, EOMGRE, WG & FBEERAT Wfh s
EDOWTIRL %20 Nep < Nepe DFEIHCIE, Bl
LEE B 4 Br D PolddBIE—H LT B, $ 1,

}NfﬂﬁNiVNiw” (2)

}NfﬂwNiﬁNwe” (3)

- —— : ——— —
A 0.3 2
40 A 0.4 2
A 0.5 2
2| A 0.6 2 .
A 0.7 2 ow
=] 0.3 4 o oo
10 | ya
I @] 0.4 1
Br o
sL | 0.5 1
a 0.6 1 A
41 ’Df(f'ix
- || 0.7 q rde®
L 5 0.3 6 %Qﬁ‘
2 2| O 0.4 G
zZ Ay 5
CD 0.5 6 2
A
Lol ¢ 0.6 6 aly —— )
& [ ] 0.7 6 _] = f
s (z] Dy=0. 283m ]
é L/D,=2 4
¢ .e;/8
2 j/%‘a
/Q}A
(S O RN . e . L .
0.06 8 0.1 2 4 6 8 1.0 2 4 6 810 2 40

New=®%Ni'-g " (=)

Fig. 2-43 Correlation of Npwith Nre" - Ni: ¢ "%in the range of Ner< Nerc




Nr [_]

Fig. 2-44 Correlation of Np with NFe®2.Nj . 2

Ne/EM N (=)

Fl key | €(—) N, Nre > Neee
[ A 0.4 2
wi| & 0.5 2
A 0.6 2
A 0.7 2
2+ J
m} 0.4 4
m 0.5 4
10 F 4 | 0.6 4 .
| 0.7 4 ]
PO 0.4, 6
a
st @ 0.5 6 L
aLm
S ) 0.6 5 |
9o 0.7 . 6
2 .
ol £ ]
8 B a Dual shalts (ype ]
- D 4
6 [ A/Ix D,=0. 283m
i A L/D|:2 ’
ir A
D=0. 166m |
0.2 Lt ] 1 L T N B | t L I S S |
0.1 2 4 § B LO 2 4 6§ 810

40 +

Fig. 2-45 Correlation of Np /e”’* - Ni with Nr: "Et\”

Nee? 1N, - £ [_]

in the range of NFr> Nrrc

T T T T T T T T T
key | €(—) |N/| slg/cm-sec) olg/em?) Dual-shafis-iype
- g o.i [ 0.06 1. 142 D,=0. 282m
0.5 |0 0.18 1.195
\% L/D,=2
~ —
@3% Dy=0. 166m
ooty
r s Sy ]
L O
. %ﬁ ]
A -
m 4
by | E=) | W &3& o 1
N 0.4 2 oy Q@ I
R s,
A 0.6 2 a A
A 0.7 2
r [m] 0.4 4
3 0 0.5 4 key (-] N,
o 0.5 4 o 0.5 5
] 2.7 4 @ 0.6 6
[@] 0.4 [ ® 0.7 [
P P ; AR NN :
0.002 4 & &0 2 4 65 801 2 4 6 BLO 2 3.0
Nee ¥ [—)

Prid NoZHEGIL Tk L %oTWa,

2-2 MEBRFRENICSLEFTRETFOR

¥

FARRINE R IR Ko & Np, & DR % Fig. 2
“ATIZR Yo Keald N SIHFIL THEIILTH D,

IBREAR T A B8 0 B TUR— Y DIB A 0, W
BB DL TIR 4 BY OISO K, o 12— 11z
RSN T3, $/:, WHREBDBES, K.,
W, BEETRRER I L THEIL T B,

Fig. 2-4812 Ka & P, E DGR L 70 AR



(46)

&Pv[Kg-mnl/m’ of Liquid hr-atm]

10

T Ty

T T T T T T T LA S e e e i ¢ T LANNN B B B o s

D,=0. 283m

M R

L/Dy=2

[6)} Single shaft type

@ Dual sheflts type

@ With ballles

type D, [m}

o 0.255

@ 0. 166

2 4
10* ]
8 ]
6
4 b J
2 L ]
100 ]
8+ 4
ol @ 6 1
0 + @ 0.5 1
4)(100 1 1 1 1 1 ] 11} i, i 1 1 1 S | 1 1 1 1 ). 1 1 l.'
2X10-? 4 6 8 10! 2 4 6 & 10° 2 4 6 8 100
Nrr [_]
Fig. 2-46 Relation between P. and Nr:
T T T . T T T 1T T
4.0 ~
N D\=0. 283m 1
, L | /D=2 i
= 20T
o
. £=0,5
£ o} -
- s - i
g 8 I (] Single shaft type -
- 6 @ Dual shalts type ]
5 R B
V‘E 4 + @D With balfles -
©
£ - N
5 4
=
5 2 | J
Nl
lype N De [m)
0.1 |- A @ 2 0.166 4
8 a @ 1 0. 166 4
6 L O @ 6 0.166 4
- s I 0. 255 i
0.04 J
L Il | S N S | 1 1 1 TS B | [ 1
0.01 2 4 6 8 0.1 2 4 6 8 1.0 2 4.0

Nrr (=)

Fig. 2-47 Correlation of Ka - ¢ with Nf;



(47)

6.0 — T 1 T
L b | D=0 283m 20t
L/Di=2
5 L @ | Single shall type
@) | Dual shalts type
—_
E
E Lo L [© Wit baifles |
= s | key type | &) N
s type D, [m) a N
'3 6 0.3 2
) L ® 0.255 & @
~ Fa) @ 0.4 2
e 4 r ® 0.166 a D
e & Iy @ 0.5 2
}E 1iY @ 0.6 2
g 2t A ® 0.7 2
;m N
R} 8 @ 0.3 4
&
o 0.1 (] @ 0.4 4 5
5 8 @ () a @ 0.5 4
6 o m @ 0.6 4
4 || @ 0.7 4
A o @ 0.3 &
O @ 0.4 6
0.02 L
O] @ 0.5 5
* | 0 0.5 1
L £ 1 1 101 1. 1 U T T T n L L
10’ 2 4 6 8l 2 i 6 810 2 1X10°

Py (kg-m/sec-m® of Liquid)
Fig. 2-48 Correlation of Ka-a with Py

£ 0, R & AR Bk D K olE, 12IEFE
—B RN 2k b o, LA 5T
B, RO &5 1ITERDEL 2 R O3
FiZHWTY, PABLETHNL, Kalii—o
BHERTIENhho

BE
KBS BHB AT OB AT T 1) b & U GIR
NERGARECAME L, B80T s 23 80T,
BEEMORBEIOOTRETL /2, HlHRGEL 2
DOMII TS iz, N & Ne OBES 55T
KREDIEH SN T 2 Nyo, Neo &3k, Th
HEBRERIDMEERERD -, ZO08R, N, LH
HAF-DERE2ELTRE L TEgs. (2), (3)5H
E/e, WheE 70— FHOMERCE IR
BORFIIHIMK L B FLTHEsh 2 2 &
o7z FHIERINE R & B ARIY Y
DE T & DL, FBBERT RN BB OB 4 &

—HT 5 &b

Nomenclature

D: =diameter of impeller (m)
D, =diameter of vessel (m]
g = gravitational constant [m/secd
{ == distance between adjacent impellers
(m)

Ny =Froude number=(n*-D,/g) [—)

N: = number of impellers (=]
N, = power number=(g.P/on*-D;*) (=]
n = rotational speed of impeller
(1/sec), (1/hr)
Ksa = Over-all absorption coefficient based
on gas-phase (kg-mol/m® *hr -atm)
P = power consumption for agitation
(Kg' m/sec)
P, = power consumption per unit volume of
liquid {(Kgm/sec-md
Re; = Reynolds number (=D’ no./ ) (=)
u, = superficial velocity of gas based on
empty vessel (m/hr)
¢ = ratio of liquid volume to vessel volume
(—)
i, = viscosity of liquid (kg/m-hr)
0, =~ density of liquid {ke/m’
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Nomenclature

C = weight of solid particle in volume of
suspended liquid (%)
D. = diameter of impeller (m)
D, = diameter of solid particle (m)
g = gravitational acceleration (m/sed)
g. = conversion factor between force and
mass [kg* m /kg-sec’]
L =length of vessel (m)
N,, = Froude number (=D, n’/g) ()
N, = number of impeller (-]

va — power number(: Q’c'P/,O-n3 .Dis) [__:I
Ny, = Reynolds number(zpiz.n.p/,u) (]

n = rotational speed of impeller (1/sec)
n, =number of blade (-)
P =npower for agitation (Kg-m/sec)

¢ = ratio of liquid volume to vessel volume
(=]

¢ = viscosity of slurry, or liquid
(kg/m- sec)
o = density of slurry, or liquid (kg/m")
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Table 2-6 Experimental conditions

Non buffle condition:
D, :0.18m and 0.283m, L./D,: 2-3, N.: 1-3
W,:0.2D; and 0.4D., n,: 4 and 8, :0.3-0.9

Table 2-7 Experimental conditions

Buffle conditions :

Dey:0.19m, L./De.: 3.0, Nt 2

Di.: 0.30m, L./D::: 0.33, N=1

¢ : 0.5 C:1.6-10%, u,; 0 -0 32em/sec
Ney: 0.25-3.0
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Fig. 2-54 Flow behavior of liquid in the vessel
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Fig. 2-55 Power characteristics of non-
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Table 2-8 Density of solid particles

Glass bead : 2.57gr/cc
Olivine sand : 2.88gr/cc
CaCO, : 2.72gr/cc
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Fig. 2-68 Diagram of liquid discharger as
a centrifugal separator
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Nomeclature

A, = contact arca of turbine blade with
rotating annular liquid (m?)
C;n = inlet concentration of slurry liquid
(gr/cc)
C,w = outlet concentration of slurry liquid
(gr/cc)
Cy = concentration of slurry liquid at vessel
wall (gr/cc)
Ca = concentration of slurry liquid at radial
direction [gr/cé]
c = average concentration of slurry liquid
(gr/cc)
D. = impeller diameter (m)
D, = vessel diameter (m)
H =head (Kg-m/kg)



No,
Niry

N

N»

Nie

My

P,

Qe

T

= vessel length (m])
= vessel length (m])
= distance between impellers (m]
= Froude number (=n*-D,/g) (-]
= Froude number at B state (=gn*- D,/ g)

()
= number of impellers ()
= power number (=g.P/p -n*-D°) (-]

= power number at B state (=g.-p/p
.nt- Di5 ) [*
= Reynolds number(=D"-n-p /p) {—
(—

= number of blades

= power consumption for agitation
(Kg- m/sec)

= power consumption per unit volume of

liquid (Kg-m/sec-m’)
= volume flow rate of liquid (m®/hr)
= radius of circular vessel (m])

= radius of circular vessel at each

(m)

position

u; —liquid flow rate (m/hr)
W. = width of impeller blade (m)
W, =length of impeller blade (m)
¢ =ratio of liquid volume to vessel volume

(—J
w =angular velocity (1/sec)
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Table 3-1 Experimental conditions

i = 30%C
€ = 0.5 (=]
Ue =216—1336m*/m?* hr
u = 10m* /m?- hr
n = 1.67—7. 5rps
gas components
NOx = 207 —750ppm
SO = 240—1800ppm
0: = 2.8—21%

liquid components
MgS0: = 0.011—0.11mol/ ¢
0.11mol/ €
0.06—0.24mol/ ¢
0.06—0.0lmol/ ¢

FeS0s =
edta =

Fig. 3-1 Schemtic diagram of experimental apparatus
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Table4-1 Detail of pilot plant

sign equipment number material specification
M-1 boiler 1 5541 Niken Saburo boiler $-3, evaporating
capacity: 100kg/hr, maximum operating
pressure: 7kg/cm?, exhaust gas rate:
300Nm®/hr
- 3 ¢
M-2 gas washing 1 $541 30073000
tower
M-3 blower 1 Taiko Kikai RB-50P type, discharging
pressure: 2000mmaq, flow rate: 150
Nm?/hr max.
M-4 packed tower 1 SUS304 2004 X3000%, packing: san packing No.
SPC-16B/pitch 16 mm
M-5 horizontal 1 SUS304 3999 X1995%, impeller: 6, baffle plate:
stirred 4, baffle plate for prevention gas from
vessel channeling: 2, motor: Fuji electric
KS-15 type
M-6 - 5 Shimazaki AG-04 type, agitation
M-10 8T capacity: 5001, 0.4kW X200V
M-11 dehydrator 1 Heikoseisakusho filiter press, max. ‘
disposal rate: 35¢/min max. operating
pressure: Skg/cm?
K-1 liquid level 1 Fuji electric FQR-NO-H095, detectable
transmitter liquid level: 0-300mm
K-2 electric con- 1 Fuji electric ZNAZ2FSC1, size: 25AX10A,
trol wvalve lift: 12mm
Ié:i pH meter 2 Toa Dempa Kogyo HIC-2 type
T-1 liquid 2 SUS304 800¢X1150%, steam heater
T-2 tank
T-3 tank for
MgSO0; synthe- 1 SUS304 800711507
sis
T-4 tank for the
T-5 preparation 2 SUS304  §00¢X11504
of solution
T-6  tank for 1 SS41  800#X1150"
spent liquid
P-1 9 Nikiso Monoflex FRP-1/2 type, flow
P-9 pump rate: 250/min, discharge pressure:
10m ag
P-10 Nikiso Monoflex FRM-3/8, flow rate:
P-11 pump 2

13¢/min, discharge pressure: 10m aq

Table4-2 Gas analyzer used

gas component

method

analyzer

non-dispersion

NO and NO, mfrared method Horiba ENOA-112 type

NO and NO, ;}z’;‘;l“mi“esce“ce Fujidenki ZBX,ZZ 22-1 type
50, ?n"fr;ai‘jé’e;;i‘; . Fujidenki ZAP,Z011-Z5 type
Co, ?fg;‘f;fe;zit;*; i Horiba (S)ENDA-124 type
0, magnetic dumbbell Taylor Servomex type

method
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Table4-~3 Dust content

With propane Without propane
burning burning
Temp. at exit c
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Table4-4. Experimental conditions
t = 40—70 °C
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Ug = 200—1020m*/m*-hr
u; = 4 m?/m?-hr
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gas components
NOy = 90—830 ppm
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CO, = 6.8—14.4 %
liguid component
MgS0, = 0.12—0.29 mof/f
Mg(OH), = 0.13 mof/f]
FeSO, = 0.06—0.24 mof/s
edta = 0.005—0.02 mol/{

300

800

700

600

500

NOx (ppm]

400 2 HOURS

300

I R I B R

200

100

E—

o

I

Fig. 4-2 Variation of NOx level in feed gas
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Nomencleature

@’ = contact area of gas liquid per unit
volume of vessel [m?%/m?]
Cs = concentration of reactant in liquid

[kg—mol/m?]
D, = liquid—phase diffsivity of NO or CO,

[m2/hr]
D; = gas phase diffusivity of NO or CO,
D, = diameter of impeller [m]
D: = diameter of vessel [m]
Fr = TFroude number{(=n’D,/g) [—]
H = Henry's law constant [atm-m®/kg—mol]
k: = gas—phase mass transfer coefficient

[kg—mol/m?-hr-atm]|
ksa’ = volumetric gas-phase mass transfer
coefficient based on the vessel volume

[kg—mol/m*-hr-atm]

k. = reaction rate constant [m®/kg-mol-hr]
L =length of vessel [m]
n = rotational speed of impeller [1/sec]

N,a’= gas absorption rate

[kg-mol/m?® of vessel-hr]

p = partial pressure of gas component

[atm]
P = total pressure [atm]
R = gas constant [atm-m?®/*k-kg-mol]
Re: = Reynolds number (=Dsgps/ 1) [—]
S¢s = Schmidt number {=p/peDo) [—]
She = Sherwood number (=kRTD./Ds) [—]
i = temperature [*C]
T = temperature "K]
Uz = superficial velocity of gas based on

empty vessel [kg/m?-hr] or [m®/m?hr]
up = superficial velocity of liquid based on

empty vessel [kg/m?-hr] or [m*/m”hr]



2z = height of packed tower [m]
£ == liquid holdup [—]
o = dencity of gas [kg/m"]
# = NOy absorption time [hr]
8 = NOyx absorption time at which removal
ratio is 85% of its initial value [hr]
8 = superficial residence time of gas
[sec)
7 == NOx removal efficiency (%]
{Subscripts)
Al.m = logarithm mean value
A; = inlet
Ao = outlet
BM = mean partial pressure inert

gas in gas-phase
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R b, NOBREDERELHET S I & A TRE
Eholie NOx, SOx& IZ0%FEE 2EET S
FoiziE, 7= FEIZ01 D ECRET ANE
Bd Do MIPHEDONOyBINREIE XY F A — D
FERIZCBNT2ME L Lo s BEH AR DOIRE
B5 55 6 BFRE TIIRIEF @ MgS0,£70.2
mol/GLLTF T3, IRILHE D NO HRINEE Jida 2 D%
TT2H4, ThEMBIEEICL A NO I
R ICHIN UG 2z, F 72, ZORINEEIREE
AEL A EHEML 2,

EIMTEHTEE LR T, &2 H & REEE,
NOx, SOxBFEREE 21T - /2o WA A I #3078
BIZT 5 &, NOx, SOx& 1 ICQ%BREEML =N
%o UL ONOLIRINAE & KT T MgS0, & &
R DR SRR EE L B AR Rl
9, MgSO,MIBEFH <, WBENEWIT ENOLIK
IEEIZIRD L me L2225 T, ERBEDOMgS0:%
FA W 72355 OMgS O DFIF &R L FEIE TORR
DFHFFREVD, SBEECESICE, LA, M
BRI BE DO H A K & { & B u[EE: 2 H B,

WAMITE, v VT I vERII L AEE
JWNOy (NO,/NO =1) DFEERERIE R 12 DT
TWd, NOxDBERIIBERMFIZE-THEY
RELBERL TR Y, LAL, NOIWL AERT
NO, DBEZENIEL o> TWwb, ARGHED G
KRS TH Y, LEF-7T, 7 OEMERRE
DWTEHEETEZVAD, NOyOEBREZENDR
FUE AN & 3 O 7, BEOENZ & 5 O 2 HfE
TELWV, ZORIZBAL TEAS®E, &5 I1TMETH
VETH 5,
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Pk

Fe(I)-Fe(ll)-MgSO, RZRFPDEX D4R
WOE Gk 5 M E

LB

Hdb SVITHRRLSHO T W T NEMOER
B U CHEBLGETTRGIZE D Fikdd 347
Fe-edta-MgS0,-Mg(OH), %45 % % W@akh »
DE—, HEHEEORL 2 EREIRY 550,
¥ T, FEBREEROHSITEE LT, JIS-M
8213, M-8212 ik 4EFH L = B — 8k ir D
ek, & 5N, BBk aks T+ 2m
WMEEOM B EREIZ D>V THEL 2,

1.7 %

PLathe LT, A8k (FeSOr 7 H,0),
HEE— (FeCle H,0), HALE 8k (FeCl-

6 H,0) ORIk s H i, B~ 74 v
LIIERE—RREEOSM LD (32 7{LE
8, MgS0,; 6 H,0) #FAvii, %DM, H—8k,
EED G L E LA IISEICE D
LOEFEREL 2,

2L.EBEREEE

21 $MRICE LETHRMBEORYE
TAMEOHE 8k & & 0WiRERF1z, BEfIRD
MgSO, & £ W3 B4, EZSROoRERIC
B HOBITAE L CT <, EE&ONITEIE
W42, 22T, S HOMELSHEMEEES
PIZT B8, FHTREOBEIC OWTHE L 72,

Table A-1 Effect of coexisting MgS0O, on the determination of Fe(II) concentration

recovery
No. [Fe (1)) (Fell) [MgS0sl, MgSO0, ratio procedure
(mol/#) {mol/¢) (mmol) MgS0,/[MgS 0,4,
(mmol)
1 0.1033 0.0555 2.139 1.547 0.723 1
2 (.1033 0.0429 1.671 0.939 0.0562 I
3 0.1033 0.0721 1.353 1.023 0.756 il
4 0.1033 0.0 1.527 vV
5 0.1033 0.0 1.626 v
6 0.1033 0.0 2.102 2.110 1.003 N
I 2(1) Fe(Il)25ml, (2) MgS0,, (3) H;PO, (1 + 1 )30ml
o (1) MgS0O, (2) Fe(ll)25ml], (3) H,S0,(1 + 1)30ml
M:(1) MgSQ, (2) Fe(ll)25ml, (3) HyPO, (1 4+ 1)30ml
IV (1) H,PO,(1 + 1)30ml, (2) Fe(M)25ml, {3) MgSO,
IV 2(1) HPO((1 + 1)30ml, HgCl,5ml, (2) Fe(ll)25ml, (3) MgS 0O,
V' (1) H;POL(1 + 1)30m], (2) Fe(Ill)25ml, (3) MgSO0,
V (1) HPO, (1 + 1)30ml, (2) Fe(Il)25ml, (3) MgSO0,

AR E Table A-11R ¥, B OEEITAD L
LTI » 7o Table-A- 1 o3BT 12, %
T, 0.1mol/¢ BBE® FeCl,25ml #500cc & 4 82
7 7R3 (JIS-M8213) 12k 1, HEEHN A EFEL
ZALNEOELGRZIBABL, KkIZ, FiERD

MgSO;- 6H,ODKH A L, H% (1 + 1)30ml
EOHET - P EDEAL, BE S U THE A AR
T 5. M0 HIRE 5 D, 120C ORE T30
7, CO, %BL A5 MMEAL, BT JISEIZ L
D TH—#E I eBEIRT 5, 48, ERRIC

KL, 500ce D H ALY ¥ 12k FEB A &0,
NERET TATEREELTH, BlIzk-T
SRR, %ﬂiLf.:i‘ﬁﬁ‘[ﬁffﬁllicoztiot/)“(ﬂ?%ﬁ
éﬂ,mMEVCﬁﬁéh%o:h§%ﬁm@y
— S TCHEL, BELAEHESAORESRD 2,
Table A-1HERIO I 26 Viz, REFRERED
JEF& %&b L Tnd, Table A-1L1, T4#51
DIRPEE T, B THAERBIC L - T8 h
Twd, £, NS VoORELFETRE ZHD
BEILAEL TSV, Lad-T, PEtog—
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2% & Fe-edta-MgS0,-Mg (OH), % NO, IR
DO, BOFH 21T I HE, 7, BRRO
AL A SRERMEIZ L T MegSO, 2 ML, S L 2~
SO, & PIEMEAATENE T Z LT L THOE

EXURTH 282 hd o7,

KIZ, B8 & B BB GIE R DRSS
BEIFET MeSO, OBEIZDWTHRHL ., 20

ek #Table A-212577, Table A-2 .k D, #H—

Table A-2 Effect of coexisting MgS0, and NH,S0,H on the determination of Fe(Ill) concentration

No Fe () total Fe [MgS0,] NH,SOH srocedure
’ (mol/f) (mol/¢) (mmol) {mmol)
1 0.0605 0.1242 0 0 N
2 0.0603 0,1242 1.688 0 N
3 0.0604 0.1242 1.654 0.944 - I\
4 0.0600 0.1242 1.694 1.94 I\
5 0.0608 0.1242 0 0 v
6 0.0608 0.1242 2.97 2.06 Iy
7 0.0602 0.1242 5.15 2.47 N
8 0.0608 0.1242 5.15 2.37 vV
9 0.0608 0.1242 10.30 2.26 I\ cecovery of MgSO,
10 0.0605 0.1242 1.367 0 M 1.369 mmol

initial concentration of total Fe=0,1242mol/¢, [Fe(11)],=0.0607mol/¢, (Fe (M)]y=0.0631 mol/¢

IV (1) Fe25ml, (2) H,PO,(1 + 1)30m],

I 2 (1) MgS0O;  (2) Fe25m],

BRE B ITHOBE AITIFS L VIEAIZE, BED
FHRIZE 5T, SO MgSO, AR5 L T w
W EDhAas, 202k T gD TETERE -
& BTG AW BT B s U
DEBb a2

Fe-edta-MgSO, ZM ML NO 2 D K 1-
FoT, 43I FALT 4 VBRI ERT 3 49,
OISR S TIET A Ltk TE
BIZANT 7 3 v ERI2% 3, Table A-212 2 1L
Ty IVEEERFNL, S OBE AR LN

ZOBBIBEE ALRDS NG b 12y

2.2 BERFETIHEWRIEDTES
MRRERRAR I AR CMERE L, T MBI %13 Egs.
(1), 2)F 7=, SO, DF47 {7 1% Eq.3CH 2515,
SO +H* =HSO, (1)
HSO,;-+H* =H,50, (2)
SOz(g)-f-Hsz——‘HzSO;(ﬂ) (3)
FHEHK =[HSO; //[H*SO5 ], Ku=[H,30,]
/THIHS 07 ], Kee=[H.SO;)/ pso, % N & 13k
B, 0T ITHiFA T S, Ki=10%, k,=10%% Kz
=10t % 3, LA T, W0TCIZHIT 3 SO,m
P Peo, 1L Eq.(4) & 72 2
log Pso,=8.75—2pH+log[S0,*] (4)
TRREAR OB SR &> THERL 72 S0, 7 2 %
TGS 212 &> TRAT T, A E Tl e 2

(3) MgS0,
{3) Hy;PO, (1 + 1)30ml

BSODHIHLIEHED TS T B2 L T 50
T, Eq.W) &9, Mo TIERIRE OB A + » 4
BMXTE 52 L12% 5, Table A-10ETIE, %
DU ENRE DR OGS & BT T 2
SEERLTWA, LAENFST, &k Bl L
PITFT B RBIIRD B R O b & O BRSO
ERGGHIRMEETRY 22 212 F - THRET &
DIEDhy o5,
TS
NO IR D8 434712 JIS-M8213, 8212%

T 5 BE0 SR EES 5 U1: NOHE R 7% F
DA O E R I B o7, 2 DEEE,
3‘7’3:@%&Eﬁﬁ?ﬁﬁ‘ffﬁ@xﬁ%é’é\ﬁ}ﬁ?ﬁﬁﬁllﬂ LT
BAHREE TRT 328 i Lo TRBITR T
HEZErhdor,
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Removal of Nitrogen oxides from Stationary
Sources by Wet Scrubbing Technique

Synopsis

In this study, it has been intended to develop 2 new technique for simultaneous remaval of NO,
and SOy from flue gas of a stational source. The study consists of 3 parts:1) quest for NOy absorb-
ing reagent, 2) development of absorber, 3) pilot plant test. The aim of this investigations are allowed
to have function of denitrification to the desulfurizing reagent which have been widely used in the
established desulfurizing process. From a such point of view, quest for NOy absorbing reagents were
focused to alkaline earth compounds. Because those compounds are slightly soluble in water, the
development of gas absorber was limited to the horizontal-stirred type one which is favorable on the
slurry system. A coal fired boiler has been chosen as a stational source, because Hokkaido is coal-
producing district.

In the present investigation, it was found that the reagent of MgSO;-Fe(H)—ed_La system is most
effective for absorption of dilute NOyx. In chapter 1, basic studies of reagents on NOy absorption
characteristics were carried out and in chapter 2, basic studies of absorber on equipment charac-
teristics were carried out. In chapter 3, bench scale tests for simultaneous removal of NOy and
SOy were carried out and in chapter 4, pilot tests were also carried out. The outline of these
results are given as follows.

Chapter 1

Among the alkaline earth compounds, MgSQ; is most effective for. NOx absorption. Maximum
absorption efficiency of equimolar gas of NO and NO,, under the level from 500 to 600 ppm, was
about 60%. Therefore, research on the reagents were focused on the absorption of NO, it was
found that addition of small amount of edta and Fe(l) to MgSO, gave the great effects on the NO
absorption. However, the absorption capacity was affected by the preparation method of reagent,
that is, the sufficient hydration of MgSOQ, is desirable for the preparation.

Experiments were conducted on the absorption rate of NO into mixed slurry liquid of Fe(ll)-
edta-MgS0; system. The results were analyzed on the basis of the theory of gas absorption ac-
companied by a irreversible reaction. The reaction order is first with respect to NO, and is first
with respect to Fe(Jl)-edta chelate. The activation energy of rate constant was negative.

Duration of high absorption efficiency of NQ increased with the increases in the imitial concen-
tration of Fe([l) and MgS0;, but decreased with an increase in the concentration of edta. Fur-
thermore, the duration of high absorption efficiency decreased with the increases of the concentration
of NO and O, but was not so much influenced by the concentrations of SO, and CO,. Empirical
correlation on the duration was obtained.

Chapter 2

Volumetric gas-phase mass transfer coefficients kqa' were determined from the absorption ex-
periments on NHy;-H,S O, and H,S-NaOH systems, and from the desorption ones on HCN-NaCN
system. A dimensionless factor j;' which is a modified j, factor is defined and is used to correlate
the data. The empirical correlations were obtained. _

The liquid-phase mass transfer coefficients and gas-liquid contact areas were determined by means
of gas absorption experiments on C0,-NaOH system which includes a pseudo-first order reaction.
Effects of the operational variables as well as of the vessel variables on the coefficient and on the
area were clarified. Empirical correlations were obtained.

The gas and liquid distributions were measured in order to clarify the contact mechanism between
gas and liquid in the agitation type gas absorber and, at the same time, to obtain informations for
further improvement of gas-liquid contact. The ratio of gas volume to the vessel one in the lower
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portion of the vessel, namely in the liquid pool, reaches its maximum at the vicinity of the impellers
and is small at the point between impellers. From the results, informations for optimum impeller’s
locatin were obtained and the effectiveness of the baffle plates in the vessel was also confirmed.

The characteristics of newly developed absorber which has dual shafts were determined. The
ability of gas-liquid contacting was same order compared with the single shaft type. Therefore, this
type of absorber would be used in the case when [itting of balfle plate is difficult.

Power consumption required for agitation of slurry liquid were determined. It was found that
power requirements would be estimated from the correlating equations for gas-liquid system, by put-
ting the density ol slurry liquid in stead of liquid in the equations.

The characteristics of newly developed liquid-discharger were determined. From the results, it
was found that the discharger would be used for practical applications.

Chapter 3

Bench scale tests were performed in a disposal capacity of 10 m*/hr. Over 90% removal of
NOx and SOy were attained regardless of the levels of those gases when Mg(OH),-MgS0,-Fe (1) -
edta was used as a reagent. Removal ratio of NOy was affected more by O, level compared to the
results in beaker tests. Informations for improvement of reagent and of absorber were obtained.

Chapter 4

On the basis of the experimental results so far including those of bench scale tests for simulta-
neous removal of NOy and SOy, a pilot plant was constructed and application tests were performed
using the flue gas of a coal fired boiler. Ninety percent of NOx and almost all SO, were removed
when NOy and SOy level ranged from 500 to 600 ppm. Fine carbon dust was deposited in the ab-
sorbing liquid, but did not affected the absorbability of NOy and SOy.

The performance of the equipment was compared with that of a packed column. Simulation for
NOy absorption efficiency were made. The result of the simulation well accounted for the real data.
Another removal tests for NO-NO, mixed gas by nickel ammine comple;were carried out.

From the series of pilot tests, basic data necessary for practical use were obtained.
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