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    In the previous papersi)･2) the author xeported the results o£ prelimi-
nary experimenes on pressure absorption of carbon dioxide by a packed

tower, and also of an experimenta] study of water distribution in the

same tower. In the present reportdata are prese,nted on the over-
all capacity coeMcient KZa under various operating conditions, obtained

in a continued study on the pressure absorption of carbon dioxide.

            L Review of Previous Experimental Work

    On the absorption of CO,, by water in packed towers, several studies

have been madeJ;>'")'5)'6) However, these studies were almost all made

under the ordinary pressure, and moreover those usSng large scale
experimental towers are a few.

    Shetwood, Draemel and Ruckman7' studied on the desorption of
CO,, using a 7 foot-tower of 10 inches in diameter, dumped-paeked to a

height of 54-56 inches with 1-ineh earbon Raschig rings (£ree spaee: 74%),
by uniformly distributing the water dissolving CO, from the top of the

tower and by sending air from the bottom. As the result, the gas rate

did not infiuence KLa within the range of 57--314 Ibslhr･fte, although

slight var.iations in water temperature and change of liquid rate L,

exerted remarkable infiuence. Therefore, they reported that liquid-
film resistanee was controlling in this case; the relation of Ki.a vs. L,

was expressed as the following empirical equation :-

       K,a=O,021L,O･SS ･･-･----･･･-･･-i････-･･t-･-･･-,･･･d･d･ (1)

    provided K,a: ..."--1-bs-.....

                      )(ft3) (lb/ft±S)                   (hr

             L,: 800--9,OOOIbslhr･ft2

              t: 240C

Sheywood and HollowayS' studied on the desorption of gases having
small solubility in a tower of 20 inches diameter, packed to a depth

of 8 inches with 1.5 inch Raschig rings, First series of experiments
on the desorption of CO" 02 4nel HL, from water by air was carried out

under the experimental eonditions of t:5-400C, gas rate: 30-1,300lbsl

hr･ftL', and water rate: 200-32,OOOlbslhruftL'. For liquid rates below the

jncipient loading, the data were corvelated by the expression

       -kDS- =. a(-l,l,sr)iM" (p,f.tl)i-S (2)
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or the corresponding £orm

                                   '      ,(H.T.U.).=-i--(-･ft//--)"(.i->.tlZ'i}')e ･･･････････････1･･･-･･････････(2').

               ttwhere Dz: diffusion coeflieient in liquid, //, p': viscosity and density

of ]iquid, respectively,

   Values of the exponents n and s were found to be O,25 anct O,5e
respectively for these data, The equation is not dimensionless and
the proportionality constant at may be expected to vary with the nature

of the paeking material and with the units employed,

   Then, additional data were obtained on desorption o£ e.} Erom water
in the same towesc, with various kinds of packing and with different

heights of packed bed, over a similar range of gas and liquid rates
as in the first series, Aceording to the results, a relatively small varia-

tion of kLa or (H.T.IJ,)L was shown with size and type of paeking,
liquid distribution at the top of the tower and manner of placing the

packing in the tower, Also no variation was shown with paeked height,
gas rate or solute gas coneentration, although liquid rate and liquid

temperature infiuenced k.a or (H.T.U,). remarkably.

    The $olubility o£ acetylene in water is slightly larger than that
of CO.}. Sankaf" separated acetylene from mixture of 20% acetylene
and 80% H2 by using a packed tower, and studied the mass transfer

and the influenee o£ operating factors upon K,a. The towers used
were as follows mainly :-
    (a) Small tower of inside diameter: 11.45 cm, and height of
packed bed: 158.5 cm, packed with 15 mm ceramic Rasehig rings (free

space: 75%); and
    (b) Large tower of inside diameter: 40em, and height of packed

bed: 156cm, packed with 35mm ceramic Raschig rings (free space:
76.3%).

Moreover, the case where bamboo Raschig xings of three different sizes

within the range of 36mm-21mm, were 'packed i.rregularly at three

stages, was experimented £or comparison purpose,
    Sanka obtained following results on the absorption of acetylene by

water under ordinary pressure. '
    (1) K,.a was not affeeted by gas rate and the resistanee ot' liquid

lll'm was controll'ing. -
    (2) The relation o£ Kza to water rate in the case of layge tower
(b) was expressed as the following equation :-
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       K.,a =' 3.3.Z,,O'"" ･･･i-･-･･･････-･---･-･･`･･･-･--･･･-･･･････-･････ny-････ (3)

    provided L,: 5.0-16,3m3!mL'･hr.

              t : 11.2-12.00C

    (3) KLa inereased with increasing water temperature, showing i,ts

maximum value at 25-3eOC, and then decxeased at 35-450C. One had
better use .low temperature water in practice,

    Sanka also reported the result on the pressure absorption of ace-

tylene and a generalized experimental equation concerning the absorp-

tion of gases having small solubility in water in packed tower, This

will be mentioned later.

    Studies on pressure absorption in packed tower have been ex-
tremely few, and two reports, those of Yushkevich et al. and Sanka
are to be found. Yushkevich, Zhavoronkov and Zel'venskiiiO) studied
on the pressure absorption under 1--10 atm,, using a small-scale tower,

inside diameter of whieh was 10.4cm. Iron Raschig rings of 2imm
were packed randomly to a height of 27icm (free spaee:72.5%), and

mixture o£ 20% COe and 80% air was u$ed as the raw gas. The in-
fiuences of the operating factors on KLa were studied, and the results

they obeained are as £o}lows:-
    (1) KLa increases with L, within the experimental range of L,: 36-

17o m"lmachr.'Y, but its gradient is Iowered by the increase o£ pressure"".
    (2) KLa is lowered with the increasing pressure, when the other

conditions(temperature, gas and water rates) are eonstant. The de-
creasing of KLa aceompanied wieh the increasing pressure is remarkable

in the case of great water rate,

    (3) KLa is increased with the inereasing velocity of solute-free

gas under the working pressure of 5atm. and within the range of
L,: 58-130 m"!m2･hr.;F' and G,: 247-890 in31m2･hr.;F"F'*'

    (4) [I]he experiments with the CO,. concentrations of raw gas of
le% and 20%, under the conditions of pressure of 5 atm,, G,: 705 m:7
m2･hr.;'t and L,,: 58--130m:3/mL'･hr.'i: showed that the variation of gas

composition had no effect upon KLa,

    (5) The results ag above mentioned, show that resistances of both

-'tt' YushkeVI'ch'and oehers haMv"e' expressed the water rate and gas velocity as the value

   to space avea in their original paper, and K[a was obtained as the value based on
   free spaee volume of pael<ed bed. But as to thesign *, the author converted to the

   value for total' seetional area of tower.

 '･'･ CL Fig. 13.

 ,t:･,t:-,･{･ cf. Fig. 20.
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gas and liquid films are effective. Assuming that the liquid film re-

sistance is inversely proportional to the water rate and the gas film

resistance is proportional to the pressure, Yushkevich, Zhavoronkov
and Zel'venskii calculated the percentage of resistances of both films

in the over-all resistance.

    <6 )' Data of industrial absorption towers in Bereznikovsky Factory

and Stalinogorsky Faetory were presented.

    (7) The expenimental resultS eoincide with the theory of gas
absorption based on the double film theory.

   The report of Yushkevich, Zhavoronkov and Zel'venskii is the only

report on the pressure absorption of CO, over a large extent of water

rate; the infiuence of pressure was reported for the first time. How-

ever, their apparatus was a smail experimental tower, and the ratio

of the tower diameter a, to the nominal diameter of packings a was
small (eltlcl<5), In view of the studies by Uehida and Fujita,i') and

othersi2) abeut this fact, infiuence may be exerted by tower wall a･nd

channelin'g in such a tower.

    Sankair') packed Raschig rings of 21mm irregularly to a height of

200cm (free space: 70,4%) in the tower of inside diameter 22,35cm,

and observed the influence o£ pressure by changing it within the range
of 4-13 kgslcm2 under the possible constant eonditions o£ liquid rate O,97
-1.22m31m2ehr., raw gas yate 105-132m3!mg･hr. and temperature 18.9-
20.50C, using a mixture of 17,3-26.7% acetylene and HL, as raw gas･

The experimental results were as graphed Figure 1, and in this case
KLa was shown to be not infiuenced by the pressure.

  qo'ktL-

g.･, ij., 30

"si 'tLt 2o

 zi

 z g lo
 tt,

ttl

IWultL,v nde!q96-tt3o-I2
(¥t IG,taAr) A97e

                  456789 10 11 12 13
                          Opevating Pressilva taLrs, lcgfem?)

                Fig. 1 Infiuence of Operating Pressure in
                                          '                       Absorption of C2H2 (by Sanka)

   Then, arranging data on the absorption and desorption by paeked
towers of gases having small solubility (O,, H2, C02, C,,H2, C12) Sanka gives

the following equation :-

,
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       (KLaaL'ID)==O.OO023(u'212gel)-`'･"(eln'p'lg')i･5("7p'D.)O･S ･･-(4)

where al: nominal diameter of packings <cm), u': superficiaHiquid
velocity (cmlsec), p': viscosity of liquid (glcm･sec), p': density of liquid

(g/cm3), DL: diffusion coefficient in Hquid (cm2/sec) and g: acceleration

of gravity, 980 (cm!sec2),

    In the case o£ water p'=1, therefore, Eq, (4) is writt'en as f611ows :---

       KLa [11sec] = O.O0465 el-O･iu'O･7",no･7Doi2 ........................ (4,)

    Fujita,i") studying the relation betweep [H.T.U,)oL and many factors,

and utilizing data in the literatures for absorpeion, desorption, humidi-

fication of air and his own experimental data of ordinary pressure ab-

sorption of CO,. in paeked tower, obtained the £ollowing generalized
equation :-

       [H. [I]. U,],. =: (f6-)"'i( sGoivo)O'2 (l2 ,l,)O''( Z'i.)'t

                 ×(o,3o6(rmMiS,.gmf)-O'23+o.12s(t.LG,,,jDH'b30} .........(s)

where

A part
data in

all data are within the accux'acy o£
tion (5)

spite o£

   The
'1>'l ilurokawa afid T5k6Ya's report at the annual meeting of Soe. Ind. Chem. (Japan), lg4i

   : data of the preliminary experimentsi).

  cl: nominal diameter of packings, (mm),
 elt: inside diameter of tower, (m).
  '                                               'Dz: diffusion coefficient of solute gas in, liquid, (em2!sec).

G]t: total gas rate in towey, (kg-molfm2nhr). '
Gpr: total gas rate in tower, (kgfm2-hr).

L.it: liquid rate in tower, (kg-mollm2･hr).

  I: height o£ packed bed, (m).
 m: gradient of equilibrium curve, (IVoL)(L.,D!(Noe)(GjD.

 n: function of m obtained from figure.
 v': kinematic viscosity of liquid, (cm!lsee).

of author's absorptional experiments' at 20 atm and several
                               ,industrial absorption towers are included in the used data;

                       t-;40-60% to the Eq.(5), Fujita's equa-

is applicable to physical absorption o£ gas in packed towe.r in

the magnitude o£ solubiliPy,

     IL lnfiuence of 0perating Factors upon
           Over･all Capacity Coefficient

over-all capacity eoeMeient K}:a is 'the mean value of the entire
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eolurnn expressed by the produet of ever-all coeMcient KL and the
gas-liquid eoneact area a, It is hard to calculate the numerical value

of KL and a separately, ffowever, as several 1<inds o£ factors act upon
KL and a, the author has examined them individually according to the
literatures,

 1. Gas-Iiquid Contact Area.

    The total area of packings in a dry packed bed is invariable,
provided the kinds of packings, the packing method and the number
of paekings are eonstant, The gas-liquict eontact axea (effective wettect

area per unit volume= ou (m21m3)) in the packed bed, which is available

for gas absorption, is.disproportional to the over-all area of the pack-

ings. It is generally presumed that the area a varies aceording to the

sorts of paekings, the paeking method, the dimension of the column,
the method of the liquid feeding and the operating conditions of absorp-

tion (especia}ly to the sorts of gas and liquid, and their flow rates),

Moreover, as a is supposed to be variable aecording to the position in

the paeked bed (even in case of particular absorption condition), so

a would be regarded as the mean va]ue o£ the entire packed bed,
    According to Sherwood, the pri,ncipa! reasons why the effective
wetted suyfaee of a paeked bed is disproportional to the total area of

the packings are6):-
    (a) Uneven distribution of the liquid over the cross section of the

eolumn. (b) The £ailure o£ the liquid to wet all o£ the individual
particles. (c) Inactive surfaqe at the points of eontaeV of the paeldng

particles, where the liquid remains stagnant and is saturated by solute.

    As fior the distribution of water, some devia'tion (it differs by position

o£ pael<ed bed) from the ideal state is noticed. If proper care is taken,
for the feeding and fiewing methods and inereasing of the liquid rate
properly, the distribution is much improved, and hence a is increased,2'}6)

The experiments indicating (b) and (c), were rnade by wtayo, Hunter

andNash'5)usingcomparativelysmallscaleexperimentalcolumns, They
used three kinds of column (inside diameterxheight was respectively

3× 48, 6×24 and 2× 36 inches), fitted with paper liner and packed with
paper Raschig rings (el: O.5 an,d 1 ineh) at random. After the feeding

with water containing red dye from perforated plate distributor in
steady state within constant time (le--15 minutes), they took out and

dried the packtngs and paper liner, and measured the percentages of
the total dyed. area (aD,
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   (1) The value of a' of the eolumnsurface wasconsiderably greater

than that of the packings, Of the surface o£ the paekings, the outside
was a little more wet than the inside.

    (2) The value of a' increased steadily as the liquid rate was in-
cTeased up to the fiooding point (Figures 2, 3 and Table 1).

     [I]EBi.E 1 Pereentage of [I]ota] Surface Wetted at Various

              Water Rates, ar (by Mayo, Hunter & Nash)
SN->>x
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                                     tt
    (3) The value of a' varied aecording to the height of the packed

bed (l): greatest on the top of the packings just under the water
distributor and becoming smaller as the water deeended; t-hat is, a
tggi,e,".Cg, fex･,ghfi,/r?･X,ist,gO.;OZC.e,nZra,`s.Xg.1:･x, w.a.iL.frgrv,,gg3.ce"ter of

    (4) Comparing the two cases where the packings big and small,
were packed in two corresponding columns in eaeh size (cases of el:1
in., el, :6 in., andl:12in., and el:O.5 in., el, :3 in., and l:6 in,), so that

atlel and llelt became equal, it was found that total surface of the bigger

packings was greater, and the value of a' became sma]ler. For in-
stance: the value in the case of L, :40 t!m2-hr. indieated the difference

as agz=,:45% and a'd=o,s: 70%.

    (5) The rate of air sent from the bottom of tower had no mea-

surable infiuence upon a' up to the £]ooding poine,
    (6) Unde.r various iiquid feed rates and air rates (in the steady

flowing state), the rate of the hold-up existing in the eolumn was mea-

sured and divided by the wetted surface, with a view to find the
average thickness of liquid stream*. The results are as follows. The

hold-up increased with the increasing liquid rate. Any change of the

thickness of stream was not noticed within the range of L,: 9.4-39.0

tfm2･hr., nor within the range of the air rate 128--225m3fm2･hr.(when

L,:21 tlme･hr.), and the average thickness was O,7mm. ･
    (7) The inaetive sur£ace in the ease of gas absorption, though
being not quantitative measurement, is presumed to correspond to 10%

or so of the actual wetted surfaee.

    Whether or not these results are directly applieable to the present

author's intermediate scaled experiments remains uncertain, At any

rate, the £aet that the wetted area a'% does not indieate any noticeable
value in the experiments by Mayo, Hunter and Nash, is worthy of
note,

    In fine, from the above, a conelusion is drawn to the effect that

a uniform distribution and the inexeasing water rate to eertain ex-
tent, are essential in order to increase the gas-liquid contaet area in

gas absorption tower.

 2. Factors ef the Film CoeMcients,

    There exist the fo]lowing relations6' among the over-all eoefilcient

 "E Observing the fiowing of liquid in glass tower, Mayo et al. ael<nowledged that it

   fiowed down on the suvface of packings and did not become drops.



626 Gen TAKEYA
of mass transfer KL and the gas and jiquid fiIm coeflieients

        1IH           = +T-r ---+------------------t---------}---------

        KL k. k. '
       ke=1･DP ･･-････ny-････...･..-.･･....-.....
                 RTp.,,            ta
           '       k.::=;.･DL(CcA.:CB) .................................

where

   Therefore
eonstant,

films, have

   1) Diffusion

   When
expressed

       D

Maxwell
gas molecule

       D ==(

where,

                                           , ka and kx:-

                                           --- (6)

                                           -･-- (7)

                                           --- (8)

H : Henry's law constant.
 'te : effeetive thiekness of gas film.

 tL : effective thiekness of liquid film.

 D : diffusion coeMeient £or gas.
 DL: diffusion coefficient in liquid phase,

 R : gas law constant.

 T : absolute temperature.
 P: total pressure.
pBjt: logarithmic irnean of inert gas pressures at film

      boundaTies,
 CA: concentration of solute in liquid phase.

 CB:concentrationofsolventinliquidphase. '
CBif: logarithmie mean of CB at film boundaries.

     all conditions which have influence upon Henry's iaw
the diffusion coeMcients, and the effective thickness of the

  infiuenee upon Kz also.

    ' coefficientsD,DL,

 gas A is diffusing in gas B, the diffusion coeflicient D is

 as the following equation theoretically6).

   R2T! ･ =attp- b････-･･-----･-･-･-･-･---･-･･---･-･-･-･･(9)

                  '
derived the following equation theoretically, eonsidering the

    as elast.ic solid sphereG).

    vRisi:ii2A) pTz"il yt"-. +M -fill.m (lo)

   A: Avogadro's number,
   Z: distance between the eGnters of two unlike mole-
       cules at collision.
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       ML4,ll4>?: moleeular'weight of gases A and B, respectively.

            al: proportionality constant.

    Gillilandi6' obtained the following experimental equation for con-

venience sake.

                                                      '                                               '       D==O･O043p(v2T,/'2vy,),VziI+-th-i---L,[cm21sec] ･･････ai)

    VA, Vk: molecular volume of A and B gases, respectively. According

to the measured value of actual gases, ehange of D caused by the
temparature T is a little greater than the above mentioned, and it
shows n:=-1.75 in the case of a gas system akin to the permanent gas,

and n=2 in the case of a condensable gas system in the equation
D oc Tn i7).

    In the case of carbon dioxide, Loschmidt and von Obersmeyer'S)

gave the £ollowing experimental values o£ the diffusion coefficiene D,
under the standard eondition (OOC and 1 qtm,).

                     Gas D, (em21sec,)
                    H.-co. o.sso
                   CO-CO. O,137
                   Air-CO, O.138
                    O.--CO. O,139
                  CH,-CO,, e.156
                  N.o-co. o,og6
   The relation between the diffusion eoeMcient in liquid DL and the
molecular properties effeeting DL, is much complieated, as the ioniza-

tion, the association, the dissociation and the convection infiuence the

operation, ･ ･   Hence, any deffinite theory corresponding to the kinetic theory of

gases, is yet unestablished, However, as in the ease of the organic

compounds or melecules, a similar treatment is applicable when the

ionization, assoeiation etc. are negligib]e. ･
   In accordance with the results arranged semi-theoretieally by
Arnold`"), DL at the ordinary temperature i.s generally expressed by

the £ollowing equation :-

       DL:="A,li,II(,itlll(llt7,,,liili`ii'1'IIIII,,), '''''':'''':''v''i`'''''''"'---(i2)'

                                                    '
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where B:constant.
         n4U, ua: molecular weight of solute and solvent respeetively,

          X, K: molecular volume of solute and solvent respectively.

             Ft': viscosity of solvene.

         A],A,: correction factor.

When Arnold derived equation (12), he made the ealibration in the
ordinary temperature or nearby so, using the following equation:-

       D,=D,(1+O,030t) ･i････-･･-･-･-･･･････-･i-･-=･･････････-･･J-･-(13)

    where Dt,Do:diffusioncoeflicient'attOCandOOCrespeetively.

Eqs. (12) and (13) are used for the calculation of DL in engineering
eomputation, when the experimental value is not obtained".

    As the viscosity o£ water hardly changes in the range up to several

hundred atmospheres in ordinary temperature"*, the influence o£ pres-
sure upon DL in the case employing water as solvent might be negligible

within the range o£ the' operating pressure (below 20 atm,) in the
author's experiments,

    2) [(]hickness of th6 gas and liquid films tG, ti.

    The effeetive thickness of the gas and liquid films are presumably
in direct proportion to viscosity of the fiuid, and inverSely proportional

to the ve]ocity and density,

    Gilliland and Sherwood gave the resu}ts about the resistance in
the gas film, when it controls the mass transfer in a wetted wall tower.

The proeess of the mass transfer in paeked towers is complicated and

the results obtained in.the wetted wall toweM are not applicable as
they stand, However, as an analogous equation may be taken into
consideration in the case of packed towers, the author takes advantage'

of their results as a elue.

    According to Gilliland and Sherwood20), the following dimensionless

equation exists as to the thickness o£ the gas film tG under conditions
of turbulent gas flow in the wetted wall tower,

       t//-=o.o23(al:P)O'S3(rmpgrmD)OL"4 ,................................(14)

                                                        '                                                      '
 " For Example, Fujita, Chem. Eng. (Japan) 11, 7 (1947); Sanka, Trans. Chem, Eng.
   (Japan) 6, !h t!942).
 ""ve According to ijandolt. "Tabellen" 5 AuH., I Bd. 137 (1923); Hauser Ann, d. Phisil<, (4),

   5, 597 <1901), the differenee of viscosity of water in O atm. and 400 atm. is about ript!

   (%)=o-±1.6% at ls-4ooc.
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where

   Gilliland and Sherwood confirmed

ofi pressure within th

   In the
empty tower
   The
temperature,
B oc Tl12.

is obtained

2880K)2i):

       g

   The
the case

of a mixed
But, as in the relation between the diffusion eoeMeient D and T, the
gaseous system whieh deviated frorn the permanent gas, shows a similar

deviation even in Eq,(15). In this case it may be regarded that n'l=il,

and it is therefore concluded that (ptIPD) is approximately independent

of T, under a fixed pressure". Consequently, te may be regarded to
inerease proportionally to 7'O-S by inerea$ing the temperature, undeT

the condition that tGocAO'S" and el, G. and the pressure are constant in

Eq. (14).

    Next, let us eonslder the inflcienee of the variation of the pressure

upon tG, Aecording to the kinetie theory of gas, as the first approxima-

tion, pt is independent o£ the density P, and # is also independent of the
pressure P, provided tb.e temperature is constant. This reasoning well

agrees with the fact, except for the cases of the liquidization of the

gas or of. a high vacuum. Hence, by means of PocP and Doc11P, the

                                ' ee Kennard, "Kinetie･Theory of Gases", p. 198･(1938). Raw gas in the author's･experi-

   mentshadthecompositionofN2<mainly),C02,CO,H2'ete. /'･'

 el: ihside diameter of the tower.

 u: superfieial linear veloeity of the gas, based on the eross

     sectional airea of the empty tower,

 ": viseosity of gas.

 p: density of gas.
-D: diffusion coefficient of gas,

                         , moreover, that tG is independent

           e range o£ the absolute pressure 110-2,330 mm Hg,
  above equation, the mass velocity (G,.) of the gas in the
    equals uP, hence te varies inversely proportional to GO.`,S3.

viscosity A of the gas increases more or less, by increasing the

    its range is a little greater than the first approximation,

However, in the case of the ac'tual gases, the following xelation

  experimentally at the ordinary temperature (approximate]y

 .T7tt ........,...............................................･..,(15)

   sortofgas He H2 N2 COL,
   valueofn' O.64 O,69 O,77 O.95

explanations relating to Eq. (15) and the value of n', are in

of the single gas. As for the reJationbetween the viscosity

   gas and that o£ the component gas, it is not so simple22).
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(AIPD) is independent of P and by Eq. (14) te is ind6pendent o£ the
pressure under 'the condition that Reynolds number is constant, The

experiments by Gilliland and Sherwood confirmed the relation up to
3 atm, as above stated, and it can be said safely that pt is independent

of P" even within the range of experimental conditions of 3--20atm.

and ordinary temperature. Therefore the same (that te is to be in-
dependent of P) can also be said within that experimental condition,

regarding the wetted wall tower,

    In short, in the case of the wetted wall tower, the gas film
thickness tG is inversely proportional to Gg;S, and when G., is eonstant,

te is independent of P and varies directly proportionally to TO･S under

the condition at ordinary temperature and 20 atm. In the case of gas
absorption by packed tower, the gas-liquid contact area and the oper-

ating wet void vary in accordance with the liquid rate and the gas

rate. As there are eollisions, frietion, and narrowing and enlarging o£
stream caused by the existence of the packings, or by the complicated

current conditions of liquid, motion of the gas is regarded to beeome

violent and complieated,

    Let the same gas rate and same liquid rate be set counter cur-

rent in a wetted wall tower and a pacl<ed tower o£ equal inside dia-
meter: in this case, as the hold-up of liquid is greater in the pacl<ed

tower, so the operating wet void is to be smaller. Aceording to Uchida

and Fujita23), the operating wet void of packed tower begins to decrease

suddenly, as the superficial gas velocity increases above a eertain yate

under constant liquid rate, and when the gas veloeity is still more
increased, it reaches to the flooding point,

    From these things, it may be conjectured that the lnfiuence of
the superficial gas velocity upon the film is greater in ehe packed tower

than in the wetted wall tower. Further, in the case of paeked tower,

even under ordinary absorption condition, a violent stirring action may

well be expeeted. Accordingly, the film may become thinne)r compared

with that in wetted wall tower (mass transfer is molecular diffusion
mainly), and a considerable influence of turbulent diffusion participates

in the mass transfer through the film.

    [I]he infiuence of D on kG is £ar less in the case of packed tower,

 W Increase of viscosity caused by inerease of pressure from 1 atm. to 20 atm. at ordinary
   temperature, is 5% as to COe, and 1% as to air, N2, and HL) [Landolt, "[I]abellen", 5
   Auff. III Erg. Bd., 189 <1935), ibid. I Erg. Bd., 144 (1927); ibid., I Bd.. 185 (1923)]. The

   viscosities of air, 'N2 and HL), inerease remarkably in the case of 50 atm. [Landoit,
   ibid.; Hayami, Transportation of FIuid, 138 <1949)].
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whereas ka=:(const)DO'Sfi in the case oC the wetted wall tower, combin-

ing Eqs. (14> and (7). Sherwood24' obtained the result of experiment

as kea=(const) DO'i7 in the humidification of air in packed towey.
Fujita26) eombined his experimental results on the humidification of

air in packed tower and those of other investigators obtained in the

cases the gas film resistanee being controlling. Thus he obtained the

following generalized equations indieating the relation between leea

(11hr.) and various faetors :-

       kGaelL'!D=O.0245(u212gel)'O`3i(elup!pt)`-6!("lpD)i･OV.-i･O ････-･ (16)

or kaaa!2e=O.0304(el3gp2!p2)"･"iV.mi･O ･-･･-･････--･･･-･･･.-･.･･.･(17)

where el:sizeofthepackings.
         g: acceleration of graVity,
        XF: operating wet void (%).

   Other symbols are the same as the ease in Eq. (14). According to

Eq, (16), kea is independent o£ D.

   Next, it has been made plain that the thiekness o£ the liquid film
tL is also regulated by Reynolds number" and Schmidt number, Thus
tL is inve'rsely proportional to the superficial mass veloeity oE Iiquid

L. and directly proportional to the viscosity of liquid g'. When the

liquid velocity u' is constant, the increase of the temperature will eon-

siderably decrease tz aeeording to the deerease o£ the liquid density
p' and of viseosity pt'. The increase of the pressure has no clear
influenee.

   3) Solubility coeMcient of CO,,

   Henry's law constant H, Bunsen's solubi]ity coefiicient at, and the
moleeular volume v of CO,, hold the relation of H==alv respectively.

However, H (the same as at) is remarkably lowered with temperature
in the case of CO.,

 3. gnfiuence o'fi Operating Factors Upon Kxa.

    Basing his observation on theoretical considerations, regarding both

gas and ]iquid films, the author examines the infiuence of the varia-

tion of the operating factors upon KLa**.

 ve But, what value should betalcen as el in Reynolds nurnber in this case is not soelear

   as it is in the wetted-wall tower.

ee'H Yushkevich, Zhavoronkov and Zel'venskii also diseussed briefiy the influence of operat-

   ing faetors upon the over-all eoefucient of mass transfer in the pressure absorption

   of C02 in their first report (J. Chem, Ind. (Moseow), 12, 472 (1935)>.
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    The prineipal variable operating faetors in the pressure absorption

of carbon dioxide by water in a special packed tower (a,,d,l, V,, paek-

ing method and liquid feeding method bejng constant), are the fol-

lowing five items*:-

' (1) gasrate
    (2) water rate
    (3) operating pressure

    (4) operating temperature
    (5) composition of raw gas (the sort of inert gas and concentra-

        tion of C02)
    As some of these exert effect upon Vm (that is aet upon kG), as in-

dieated by Eq. (16), the author considers at first br;iefiy, Vl. and then

examines the operating factors.

    Aeeording to the study of Uchida and Fujita!6), main factors in-
fiuencing (V"4Yi) a/ e shown as dimensionless groups (u2!2gal) and (u!ut)-

(cl3g/p'2)'t, where n=O.1 in the ease of water. The relation between these

factors is diagrammatically given by them26). Aecording to them Vb,
is affected great]y by u and'u', as compared with small effeee by v',

in the case of watey; Yrv decreases with incyeasing u' at any constant

u, and'increases somewhat with inereasing tt at any constant u',

    Next, the influence upon KLa provided one of the above mentioned

five items is ehanged while the others remain constant, might be as
follows,

    1) Change in gas rate.

    Fujita's equation (17) being leea=eonst (ulViY), icGa is direetly propor-

tjonal to u, and inversely propo.rtional to Vm. Even taking into con-
sideration that Vi,. somewh'at increases by incyeasing u, one is informed

of the increase of icGa by decreasing ta, which has been shown in several

expe℃iments27) where the gas film is controlling, Many experiments on
the absorption under ordinary pressure prove satis£actorily that kLa
is i4dependent of u, in so far as it deviates from the loading point (or

fioodi,ng point).

    From the above, it becomes evident that the increase of the gas
rate (in case the gas film yesistance substantially exists in the absorption

   N dt: inside diameter of tower, d: size of paekings, l: height of paeked bed, Vti, Vlir:

     dry and operating wet void, respeetively.
     G7n, Lm: superfieial mass veloeity of gas and liquid, te, ui: superficial mean lineav

     velocity of gas and liquid, p': kinematic vlscosity of liquid, g: aceeleration of

     gravity.
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process) reduces the gas film resistance EllkG and inereases KLes.

   2) Change in water rate,

   In case the water rate alone is inereased, the eontact area first
increases and then the turbulence of the Iiquid stream is increased,

and the kL is enlarged a.s the fiIm beeomes thinner, Wh,ile, as Vin

decreases more or ]ess, the increase of ke may possibly be expected
to take plaee'i:.

   In the ease when the resistance by the liquid fiIm is eontrolling,

k.aoc L,O'75 exists by Eq. (2). In the author's experiments, the liquid film

mal<ing a major resistance, icLa increases if the water rate increases

and hence the KLa increases remarkably.

    3) Change in operating pressure.

   The variation of the pressure does not affect kL and acts only upon

ka-

    In Eq. (7), as DP is not effected by the total pressure P and te
is also approximately independent of P*", hence ica deereases showing

inverse proportion to the mean partial pressure of the inert gas pmf.

However, as the pressure is increased under the condition of G,. re-

maining constant, the decrease o£ u is to take place (whieh is inversely
proportional against the increase of P) and it naturally accompanies

the increase of ta and the lowering o£ ke.
    Overlapping these effects, the i.ncrease of the operating pressure

might lower kG after all, and as the result, it might ]ower KLa also,

provided the resistance o£ the gas film is substantially in existence
in the process of the absorption.

    4) Change in operating temperature.

    Although the ehanges of the operating temperature effeet both
film coetficients, the infiuence upon kL is greatesc. As Doc T2 and ta also

increases with the temperature, the effect of T upon kG may not be

very remarkable, viewed £rom Eq. (7) (in the ease of wetted wall tower:
ta is directly proportional to TO'S and k.oc TO･g),

    The gas film resistance Hlka may beeome more or Jess weak by
the decrease of H caused by the rise of the temperature.
    Next, in the author's experiments, as the concentration of COp. in

 N However, aecording to Fujita, in ease only the gas-fiIm resistanee exists, gas-film

   coeracient is shown to be inversely proportional to Ls"･3, and deereased with Ls.
   Chem. Eng. (Japan), 11, 42 (1947).

k'X !n the case of wetted wall tower.

s
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the washing water is really dilute", CA is neg]igible eompared with
CB in Eq. (8); x't follows:-

        --C--,-ilittBi=1 ･･･････････-･･--･････+･･････-･･･････b･･･････`･b-･-･･･-(ls)

                             '
and Eq. (8) may be written in the form

        ?b.=mD-L ...............................,...................."･..(19)

             tL

    When the temperature is raised, both viscosity and density of
water decrease, and D. increases (Eqs. (12) and (13)); then t. will be

remarkably decreased, and kz will be noticeably increased aecording
to Eq. (19).

    In the author's experiment, as the liquid film is presumed to be
the main resistance, KLa is considered to increase as a result of the

rise of the temperature.

    5) Composition of raw gas.

    [l]he variation of ke and kL in the case of dilute solution by the
                   i
ehange o£ solute gas eoncentration is ordinarily negligible in engineer-
ing computations. However, when the CO,% of the raw gas is in-
creased remarkably, the ka might be ineTeased by the decrease of puBif.

    When the composition of the inert gas is changed, the diffusion
eoe'fficient D in the gas film varies in eonsequenee, However, aecording

to Sherwood24) and to Fujita,25) the variation of kea by D is slight.

    As above stated, the variation of KLa as infiuenced by the com-

position of raw gas would be very $light.

                  III. Apparatus and Procedure

 1, Apparatus and Experiinental Procedure.

    The principal parts of the apparatus and procedure are similar to

those explained in the preliminary experiments'). However, consider-

ing the foregoing expescimental resultsi)'2), some improvements were

made to secure more accurate measurements of flow :ates o£ gas and

 k Saturated eoneentration of COg under the standard experimental eondition. (COL, in

   raw gas: 18%, ": 20 atm and t: 200C) is 3.16 (m3-CO,]lm3-Ht,O)= O.141×10-"(g-rnol-C021

   cm3-H20); as to actual washing water, Ca<O.141×10H3(g-mol!em3), CB==55.6×10-3

   (g-mol!cm"), therefore, CA<2,5×10-3xCB. Through all the experiments, the highest
   coneentration of outlet water was 4,36-5,16 (m3-COL,lm3-H20) <Cf. Table 12). Even

   in this case (],i==<3.5-4.1)×10-3CB.
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water, and to keep the feed water at a higher constant temperature,

whenever necessary, than its original temperature. The main series
of experiments was earried out with combustion gas made from coke
burning as the raw gas, instead of the yaw gas composed of C02 and
Hi, used in the preliminary experirn,ent"). The apparatus employed is

indieated in Figure 4 and the photographs. The tower (6), constructed
of a steel cyJinder, had the total height of 4,OOO mm and the diameter

of 450 mm, and withstood normal working pressure of 20 kgslcm2, the
same as used in the previous experimentsi)2>. The packed bed, 2,300 mm

in height, was made up of 6,800 particles irregularly packed, of 35 mm

o
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             Fig. 4 FIow Diagram of Absorption Tower System.

¢ Gas Holder for Raw Gas･ @ Gas Holderfor Washed a{) Plunger Pump.
CD Gas Compressor.
(SD By-pags Valve.
(D Coek for Gas Sampling.
@ Orifice Meter for High
  Pressure Raw Gas.
@ Absorption Tower.
@ Pressure Redueing Valve.
(8) Cock for Gas Sampling.
.({D Gas Meter for Washed
  Gas.

  Gas.
qD Feed Water.
@ Water Meter.
(!iD Valve for Water Feeding.

@ Steam.
@ Steam Valvg･
a¢ Steam Blowing Nozzle.
@ Vessel for Regulating
  Water Temperature.
ig Mereury Manometer.

pm Storage Vessel for Pres-

  sure Watev.
@ By-pas$ Valve.
@ Valve.
@ Water Distributor.
@ Glass Level Gauge.
@ Pressure Redueing Valve.
@ Vessel for Measuring
  Waste Water.
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                    Photographs
Absorption Tower.
Gas Compressor.
Gas Holder (measuring of gas volume).
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(4)

<5)

(6)
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Packings (top of tower).

High Pregsure Water Pump.
CO! Reeovery Tower.
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ceramic Rasehig scings, which were
supported on a mild steel packing sup-

port as shown in Figure 5. The free
volume of the packed bed was 71.8%.
    Water as solvent was underground
water which, once pumped up into a
storage tank, then passing through a

water-meter (12) and a temperature
regulating vessel (17), was sucked into

a triple-acting plunger pump (high
pressure water pump) (19), driven by

a 10 H.P. induction motor. The com-
pressed water was fed, through a high

pressure storage vessel (20), to the
water distributor (23) at the top of the

was of a perforated-plate type, having 67

meter on its bottom plate as shown in
had a rated capacity of about 7.5 m3/hr.,*

tower could be changed easily by adjusting
valve (21) i. e., by changing the rate of

pass. .The temperature of the water
i6-230C throughout the year. To keep
temperature,
hundred liter vessel for regulating the

installed in front o£ the high pressure
pressuye in pipe (14) was sent, through

bore (16), directly into the water pipe to

                                   .

637

                                                440

                                       m-
                                          Fig. 5 Packing Support.

                                      tower. The water distributoa

                                        through-holes o£ 8mm dia-
                                     Figure 6. Although the pump
                                      the rate of water fed to the
                                         the opening of the by-pass
                                     return water through the by-
                                      from the storage tank was
                                       the feed water at a higher
            whenever necessary,than its original temperature, a three

                                       water temperature (17) was
                                   water pump. Steam of 3 kgs/cm2
                                    a gun metal nozzle with a 7 mm
                                      warm the washing water. In
steady state runs, as the water level, m the vessel (17) was aecurately

fixed by controlling valve (13), the water temperature could be easiiy

and aecu.rately regulated by the steam valve (15). The raw gas was

prepared by the combuseion o£ coke in a gas producer*" with steaming,
and was composed of 16-18% Ce,,, 55-75% N,, 8--20% H,, and 4-6% CO.

A three-stage gas compressor (2) was used, with a normal suction

 X The eapacity of the pump is insuMcient for a study over a wide range of greater

   water rate. However, from the point of view of economy of expenditure, the improve-

   ment was lirnited to the renewal of the electrie motoronly. A newinduction motor
   of 10 H. P. was installed instead of the o!d direet current shunt motor of 7 H. P., the

   maximum capaeity of the pump being thus inereased to 7.5m31hn
ee& The capaeity of gasification: 100 kgs of raw material per hour divided by the sectional

   area of grate, consuming 2 tons of coke per day.
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Water Distributor.

capacity of 250 m31hr. and
normal working pressure of
20 1<gs/cm2.

    The volume of raw gas
consumed, was measured by
an orifice meter (5) as well

as by a 280 m3 gas holder (1)

every twenty minutes in a
run, and that of the washed

gas, after its pressure was

relieved, was measured by
a 250m:Slhr. gas meter (9)

and another 280m3 gas
holder (10) at the same time

intervals.

    Water rate was deter-
mined by a water-meter (12)

as well as by measuring the

volume of waste water by
using two vessels (26), the

capaeity o£ each being about
150 liters, every ten minutes

in arun, The,orifiee meter
for the compressed raw gas

(5) and the water-meter
(12) were newly installed to

measure the fiow rates at
the in!ets of the tower.

    When beginning a run,
the gas compressor was
started and air in the tower

was replaced by the raw
gas; then the pressure of
the gas in the tower was
gradually xaised to a work-

ing pressure; the plunger
pump was also driven, and
thg water was allowed to flow

down through the packed bed･
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making a eounter-current to the gas stream under pressure. The level

of the water absoubing 'CO., at the bottom part of the towerc was held
exactly at a fixed point in a glass level gauge thrdughout a run, by

adjusting the rate of water fed as well as by the opening of a valve

(25) for reducing the pressure of the waste water. To make the
measurement of the water temperature in the tower more accurate,
a drain-sampling tube was newly installed at the bottom part of the

tower (at a height equal to the center line of the drain pipe of the

pressure waste water and also in nearest possible positiQn to that
drain pipe). The water temperature in the tower outlet was measured
with a mereury thermemeter through this .sampling tube, The working

temperature of the gas absorption was set at the average of the

temperatures of the water in the storage vessel (20), a portion o£
which was drained and measured at intervals, and of the above stated

tempeyature at the tower eutlet.

   The working pressure of t,he gasliabsorption was set at the average

value of the pressures measured by two Boqrdon type pressure gauges
at positions at top and bottom of the tower.' Gas analysis was carried
oint by HeMpel's method, and residual CO, content in the washed gas

leaving the'tower was rneasured by･alkaline solution at intervals of
five' minutes in a run. After the eoncentration of CO. in the washed
gas became constant under a prescribed operation condition, the appa-

ratus was allowed to run usually for forty minutes in a steady state.

During such time of steady state operation, measurements of fiow
z'ates of gas and water, temperatures, pressures and analyses:i` of the

gas stream at points both of inlet and of outlet o£ the tower, were
takenforthecalculationoftheeoeMcientofmaterialtransfer. x

   The aceuMaey of the measuring instruments was examined as £ol-
lows whenever deemed necessary:-'
   The gas meter £or washed gas, by two gas holders; ･
    The water-meter･fofr,feed water, by two 150-liter.vessels';-

    The mercury theymometer' for the measurement o£ water "empera-
ture (500C, minimum calibration O.20C), by a standard thermometer;

    The Bourdon'type' pressure gauges (40 kgslem2, minimum calibra-
t･ion 2 kgslcm2) indicating the pressure of the tower, by the "Katsuma"

standard pressure gauge (minimum calibration O,1kg!cm2).

    Regarding the error of the measurements, the following were

 N As £or the raw gas, the eombustion gas of coke was used in every expe"iment, and
   the analysis of components of the inert gas was.of,ten omitted.
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considered as the possible percentages o£ err6r:---
    Of the water temperature and of the water rate 1-2%;
    Of the operating pressure 2-2,5% (20 atm, 6ase);

    O£ 5 atm. case 8-10%; and
    Of the gas rate 3-8%.

･ O£theerroroftheCO,concentrationingas,determinedbyHempel's
method, more than 10% was eonsidered as the possible percentage of

error in case the concentration of CO., in gas was under 1%. But
taking the average,

   Of the raw gas, 2-3%; and
, Of the washed gas, 8--10% (maximum)
errors were estimated respeetively.

   Moreover, as part o£ the equipments (absorption tower and gas
holders) were outdoor, the author found that the cloudy or rainy
days of spring (Mar,-May) and autumh (Oct.--Nov.) are the proper time

for getting most accurate measurements.

 2. Calculation of Over-all Capa6ity CoeMcient ]sTL{e.

    For the purpose of engineering computation o£ the capacity' eoe"
ficient KLa, the author assumed that Henry's law was applicable over

the range o£ the experimental conditions, and employed asimplified
way of numerical calculationi) with the £ollowing equations (20), (21) and
(22), instead of the usual graphical integration method,

       G(y-y,)='L(x-x,) ･ny･････tt･････････････････････････････････(20)

                !l ........,..........,,....,,..,..,......,., (21)
       Xa == a.rr

        'fi-di'.d-X.=KLaiS'H '''''''''''''''''''''''''''''''''''''''1''(22)       s

        xo                                           .t
The height per over-all trans£er unit, [H.T.U.]oL was calculated by the

following equation (23) :- '
                       H       [H･T･U･]ozww--e,elte-- ･･+････-･･tt････-tt･t･･･.････,,..,.,(23)

                   Jx. xe=ben

           '
where L:waterrate,(m'`/hr.).
         G: inert gas flow, (mi'lhr.).

         B: ratio of water rate to inert gas fiow, (L!G);
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         x: CO,, coneentration in liquid, (m"-CO,,)!(mF-water).

         y･: CO,) concentration in gas, (m"-CO,)!(m3-inert-gas).

         xi: CO,) concentration o£ the liquid leaving the bottom (gas
             inlet), (m3-CO,)/(m3-water).

         yi: C02 eoncentration of the gas entering the column, (m:`-
             CO,])1(m3-inert-gas),

         xo: CO,, concentration o£ the Iiquid fed at the top (gas outlet),

             (m3-C02)1(m3-water), L
         yo: CO,, eoncentration of gas leaving the top of the column,
             (m"-CO,)1(m3-inert--gas).

         xa: CO,) concentration corresponding to equilibrium with the

             CO,, eoncentration in the main body o£ the gas, (m3-CO,,)
             f(m3-water).
         rr: operating pressure, (absolute atm.).

         a : Bunsen's solubility coeficient o£ CQ, in water, (mfS-CO,,)1
             (m:Lwater)(atmr).

         H: height of packed bed, (m).
         S: seetional area of column, (m2).

The data o£ Bohy!S) taken £rom the Landolt "Tabellen" were employed

forthpsolubilityeoeflieienta. ･ ' '
   All components of gases except CO., were regarded as the inert
gas. The fiow of inert gas contained in the raw gas was taken for
the va!ue of G in the calculation. The less of inert gas was obtained

from the gas balance, calculated on the rates o£ both raw gas and
washed gas, and on their compositions. The loss was usually evaluated

under 5--6% of the inert gas contained in the raw gas. The data
obtained from those experiments indicating a loss of inert gas above

10%, were not adopted for the caleulation of the capacity coeMeient.

                                                        /.t                                                         '
                ' IV. ExperimentalResUlts

 1. Infiuence of Water Rate. ,
    1) Case where operating pTessure is 20 atm. in different tempera-

       tures. - ''
   KLa was found under the £ollowing conditions:-
           CO., in the raw gas 14--17%,
           Operating pressure 20 atm,,
           Operatingtemperature 19--220C,
           Raw gas rate 67-75mfJlhr.,
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           Inert gas rate, G,: 350-422 m3/m2.hr,,
           Water rate 2.61-7.00 m31hr.
                         L,: 16.4-44,Om3!mL'･hr,

The data obtained are shown in Table 2.'i'`

   Next, with a view to examine the infiuence of the operating tem-

perature, the water temperature was raised to 27-･280C by steaming
(other conditions being unchanged); the data are shown in Table 3.
The relations between KLou and the water rate L, in Tables 2 and 3,
plotted on logarithmic paper, are shown in Figures 7 and 8 respectively,

In Figure 7, some values of KLa are seattered a-bove the upper broken

line, although most o£ the values are ineluded between the two broken
lines. Those seattered values of KLa were obtained in the experiments

where larger losses o£ solute-free gas were reeorded, and in those
experiments, there£ore, the raw gas rates were surmised to be over-
estimated because of inaccurate measuring. In the case o£ Figure 8,
the values of KLa are well eoncentrated.

   70
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   ro      /S` ii9atet,iiateiz,lllO(in31m7hr}40 SD gO waLeeRateLs,(tn"tmtht) '

      Fig.7InfluenceofWaterRatel Fig.8InflueneeofWaterRateII
           (2e atm.) (20 atm.)
    The full lines, Li, L., in' both figures show the mean vaiues of KLa,

The diMerenees between the full line and the broken lines are il 1.0%

at maxirnum, The empirical equations of these full lines aye as
followS･

       .llti line: .ILIa==5.7L,O'5(' ･･････････････････-･･･････-･ny･････t･(24)

where L,:i7-43m"/m2･hr.
 N Tables '2-7 & [I]ables 9-13: see p. 657-6S5.

t/1

mt

.1
- f t

'. -
-.

if
'- .--.

/
-

t.

/･

.

't-･/7e"t22.o

rLt/eeN2a2

6st3Sp･ve2z

,l'lo

60

r
Lz

so
< -'

- / ! '

- //
!-

tfo

.

/ /
t:Z7.o-Jas.o

nt:za,z--Zt)S

t7rst3dga･"37

IS,･ ZO3o40SO



    Abso.rptionofCarbonDioxidebyWaterunderPressureinaPaekedTower(II) 643

             t: 19.e--22,ooC

             rr: 19.8--20,2 atm,

       L,, line:'Ka=.6,7L,"'56 ･-･i･･Tt･･Lt･t････.･s.･-･+･･ny･,･.,･.(25)

where L,:20-44m"!mL･hr.
             t: 27,O-28.00C
             n: 20.2-20.5 atm,

   Thus the gradients of both Iines are q'uite equal and KLa increases

directly proportional to O.56 povgTer of the water rate L,.

   Sherwood, Draemel and Ruekman7) explained ordinary pressure
desorption of C02 by the Eq. (1), The equation presented by Sanka"'
relating to the absorption of CL,H2 by water was shown as Eq, (3).

   In the author'$ experiment on the CO, absorption under 20 atm.,
the influenee of the liquid rate upon .K,a is a little smaller compared

with the aboVe Eqs. (1) and (3).

In Figure 9 the difference of
the value of KLa showed by the
lines Li, L2 is not very great, but

by the rise o£ the liquid tempera-
ture, the liquid film coeMcient is

increased, and KLes is also'in-

creased more or less, However,
the changes of Kza by liquid
temperature are not so acute as
in the ease of the ordinary ab-
sorption of CO,.6),s)

    The influence of the water

temperature and that of the
liquid rate, is slow compared
with the ordinary pressure ab-
sorption where the liquid film

show
CQ, absorption,

   2) Case where operating

   As operating pressures' of

industrial absorption o£ CO,,,

infiuence of the operating

sure to 15 atm, and tO 10 atm.

 '
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                       resistance is
an appreciab]e role of the gas film resistance

  2o 3o .eo se
   NVatev Rate Ls, (tn;lm!hr)

9 Infiuenee of Water Rate

  (20 atm.).

eontrolling, Theseresults

     in the high pressure

   pressure differs,

   10-20atm, range are usually applied in

 the author earried out experiments on the

pressure upon K,a,, by changing the pres-
  (the oeher operating factors being similar
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                                  to those indicated in Table 2),
                                  .The results are shown in Tables

   6o The relation of Ki.a and the
 rt so ,water rate in Table4is as shown
g,."' in Figure lO; KJ.a increases with
c-

,i ,rE-･40 the water rate. The full line
 .E) L," ･ . Lti is expressed .as 'the following

 tc''- L,i line: KLa=3.8L,O･7"'
                                          tt   ZbJs.･io pm 4o.to, ' ''=''''''''''''''''''(26)
          .waterRateLs,(m"/ni"hto,...'- where L,:22.0-43,Om31mL'･hr.

    Fig.10JnfiueneeofWaeerRate ･ - t:19.7--21,OOC ,
            III (15 atm･). T: 15,O-15,8 atin,

    Next, the points plotted fxom the data in Table 5 are seattered
(the reason is not clear) as shown in Figure 11, however, the general
tendeney of KLct vs. L, would be indicatect by the broken line L4, and

KLathereforeincreaseswithL,. .
   In Figure 12, the results o£ the above three series of tests (fu]1
lines in Figures 7, 10 and 11) in which other eonditions were similar

and only the operating pressure varied, ar'e eorppared with each other,
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L3

.

7
./

/
'

./

.t

t'"/9.7-,ll,z

re;tSONIS8

:a2lw¢s3

so

cro

` 4
. -sc

se
.

-
no-

30

"rvf,zN2z.o

ra:/e,3'v/e.7

s:317-ipa7

zo tSZO3040SO

-
!

L4Lj

-

Z
L,

L,:2oaftrt.

Ls:15"
L:LOn

lsae s o

'



    AbsovptionofCarbonDioxidebyWater'underPressureinaPaekedTower(II) 645

     ' - As has been mentioned, so far as the experiments relating to the
infiuenee of the operating pressure upon KLa are concerned, only two

reports may be found -- one by Yushkevich and the other by San.ka,
The former treats of the pressure absorption of CO,. Figuye 12 prepared

by the present author, roughly coineides with the decreasing tendency

of Kza with the increasing ope#ating pressure (Figure 13) shown by
Yushkevich and others. Figure 12 shows the fall of KLa aecompanied

by the.rise of the operating pressure £rom 10 a'tm, to 20 atm,
        '                        '                                            '  '          tttttt t t                                '
.1'-'･ 150
    tt tt.t t
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            Fig. 13 Influence of Water.Rate under Various Pressures

                   (by Yushkevieh, Zhavoronkov & Zel'venskii).

    According to the auehor's experiments, KLa is directly proportionate
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other on L,<25 m:`lmL'･hr. range, while on the range of L,>25 m"lmL･hr.

their differenee is gradually noticeable,

    These results qualitatively agree with the theoretical considerations

stated above in Section II; that is, when the operating pressure is

lowered (under 20 atm.), the gas film resistance falls, causing the

relative increase of the ratio o£ the liquid film resistance. ･ The in-
fiuenee of L, becomes greater at low pressure. When the liquid rate
is inereased under certain operating pressure, the ]iquid film resistance

decreases, a stronger role of the gas film resistance being revealed.

Thus the influence of the difference between the operating pressures

(15atm. and 2eatm.) upon KL becomes gradually notieeable as L,
increases,

 2. Infiuence of Gag Rate. i
   1) Case where liquid rate differs,

       Combustion gas of coke (CO,, 15-18%) as raw gas;

       Operatingpressure(absolute) 20atm.;
       Opevating temperature 18-210C;
       Liquid rate 6.7-7,Om:i!hr;
                                    L,: 41,9--44.0m31m2･hr.

   Under these conditions, the raw gas rate was changed within the
range of 55,1-163.5 m"lhr. (inert gas rate G,: 291-847 m"lme･hr.); the

data obtained are shown in Table 6,

                                      If the relatiop between the

  bO
 tt., So

gi9 4,

･L Z,

 tF/ 3o
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b ! . .
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t:zz-;:it1;1'tttert-.2e,4Lst4t.ereve,s

ne4S67gexlo

.showing

    Inert Gas Rate Gs,{]nS/m2ihv)

Fig. 14 Influence of Gas Rate

      I (20 atm.).

 average value, is'expressed

G!i 'line: KLa =: 3,8 G!,O･'"

 inert gas veloeity G, in the empty

 tower and KLa (Table 6) is dotted

 on logarithmic paPer, Figure 14

 isobtained. TheFigureincludes
 the data at somewhat low opera-

 ting temperature (about 180C),
 however, the infiuence of tem-

 perature"would be negligible
 within the 'range of G,: 300-600,

 that･boiRcides as estimated from

 the theoretical considerations in

 Section II, The'full lipe Gi
by the following equation:--

.,,.,..t,.-...s..--.s."..'''k'-'' (27)
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provided G,:300-600m"/m2･hr.

            (L,: 43m3!mL'･hr., rr: 20atm., t: 200C).

However, it seems that KLa shows the lowering tendency with in,creas-

ing gas rate' withjn the range '
of G,:600--800m31m2･hr. Within

the range of G,>600, some tg･,
                                '4gh,fie,g,e,S 8,f ggs c.gu,ntfi.glie,krr:,ng ."]/L,

                                O L-.supposed to take place. Ez'-'.,
   Next,lettheliqUidratebe E-'-"
                                ti-decreasedto5,Om"!hr.(L,:30.9-- ta
32.0 m31m2･hr.,) and to 3,5m3!hr. -
(L,:22.2m!3me･hr.),theothereon- '

ditions being unchanged, The inertGasRateGs,cm3/m2･hr)
yesults' o£thosetwoseyiesof Fig.15InflueneeofGasRatell
experiments ar6 showii in [rable (20 atm･)･
7. Its graphieal illdstration is as Figure 15, the sam'e tenofency as in

Figure 14 is noted again･ though ,the.,gb`.ag7e.d.,e.X.P,e,r.ig?en8ahl.,Vail,U2,S

    bo say, KLa showsatendency to
    se increase with G, in the range
  if,･ o£ lower gas rate, and has thb gi:8/:AO inverse tendency in the range
 "IVL o£ higher gas rate, Figuxe 16 =fft. 30 isasuperposition of Figures 14
  s-= and 15 and by this, support is
  tc zo gained foy the assertion of the
           (vertG:sRntecs,(m`t/niL'･hv) (1) [Vhe infiuence of liquid

      Fig.16.InfiuenceofGasRate rateon1<,awasconfirmed,that
 . . ,(20atm･)･ is,thelinesG,,G21,andG31iein
order of greater value of KLa,
 '    (2) If G.(m:i!inL･hr.) represents the critical inert gas rate over

which KLa begins to decrease with the increase of inert gas rate in

Figure 16, the Eollowing table is obtained (Table 8),

    In Table 8, as L, is decreased, G,, becomes smalleM. The ratio of

the eritical gas rate to the liquid rate and its value under 'the operat--
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TABI,E 8

Name of eurve

Gc [m"/m2.hr,]

Ls [m3!m?.hr.]

Gc1Ls

Go1Ls'rr

Gl

600

'43

 14

O.70

G,
l

i

480

32

 15

O.75

G,

370

22

 17

O.84

z: 20 atm,

.

Ing pressure are :-

            Gc/Ls '= 14-17

           G.!L,'rr == O,70-HqO,84

Then G.IL,#rr corresponds* to an important factor･ ulu' roughly whieh

affects the operating wet void, When the gas-liquid ratio beeomep
a eertain value (O.7-O,8), some changes in the eonditions of absorptioh

(perhaps of gap and liquid contact) seem to take place. Further, KLa

wi}1 be lowered i£ the gas velocity increases over this value.'i"i:
    But no experiments indicate the existence of the influence of the

gas velocity as has been suggested by the present author, Elgin and
Weiss2") sta'ted that the liquid hold-up inside the packed bed is not

affected by gas rate until' the loading veloeity is .reaehed. Sherwood
a'nd HojlowayS), app.roving their opinion, mentioned that the gas stream

does no't appreciably affect the mechanism of fiow of the liquid below

loading nor does any appreeiable spray action occur within the packing

in packed towers. These are statements connected with absorption
under the ordinary pressure.
   tttttt      /tt t   .2) Case where operating pressure differs.

    The influence of gas rate was examined at the operating pressure
of 15, 10 and 5 atm. respeetively, keeping the water rate L, at about

44 m31mL'･hr. and the operating temperature at about 200C. The results

of the experiments are shown in Tables 9, 10 and 11. G4 ]ine in
Figure 17 and Gs line in Figure 18 are obtained by plotting･K,a at 15

 ":' Though ze is superficial mean veloeity of total raw gas; because the raw gas of the
   author's experiments had constant coneentration of C02 (15L18%), Gs!Ls･rc corresponds
   to te/tbi generally.
'X'X Aeeording to the author's survey (1942), the operation of pressure absorPeion of
   COe in faetories of synthetic ammonia or synthetie fuel in Japan, had been praetised
   under the conditions of GslLs.za =O.3-O.5, therefore, it was considered to be a safet;y

   ol)eration with no decrease of operating eapacity eaused by sueh phenomena.
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  :l

                                 .-. 70

g; g" k' E/ ';'
i" i-

         Inert C:as Rate Ctt,(Lv3/in2-lu･), . Inevt Gtts Rate as,{wt3Irn2,hr)

    Flg.17InfiuenceofGasRateIII Fig.18InfiueneeofGasRateIV
           (15atm.). ' (10'atm.). .
        '                      '                                 '                                             ttatm. and 10 atm,, against the inert gas rate G, respectively, In Figure

19theselinesarecomparedwithGiline. ' ,
   Some experimental values
.

,

s "

- .

'
. tte.o--2t.3'c

re.t5P-tS,8"tM'

L,･4t.3-"b.8mM, h

m Figures 17 and 18 are not
so aceurate as those of ex-
periments deseribed in Seetion

IV-1, as they were obtained

during summer when the
atmospheric temperature was
high. The lines G4 and Gs are
expressed by the broken lines,

and the poipts marked × are
obtained by examining the
straight lines Ls and L4 whieh

indicate the infiuenee of the
liquid rate (Figures 10 and 11),

   Based upon these data, the

following statement may be
  (1) Kza increases with the
    atm,, and no decreasing of

    is notieed within the

  (2)The.ratioofthe '
    mental range of G,) to the

       Case ls atm.: -6-O..Q....L.
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   rate in the case of !5 atm. and 10

   as was seen in the ease of 20 atm,,

       range of G,.
   inert gas rate' (within the experi-

!iquid rate is as 'follows:-

-- =-･ O.93

L

'

sa x
G,

'L
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      gas
      KLa,
 experimental
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Case lo atm.: 600 ..!..

                   43              10
= 1,4

       In spite of these ratios over the critieal value O,7 in the ease

  ' of 20 atm. (Table 8, Gt), the decreasing of KJ.a is not yet elearly

   noticed. It may be eoncluded that the conception of the eritical

   gas velocity is to be taken into consideration only in the h:'tgh
  i pressure absoxption under 20 atm. or so,
                                                 '  <3). Aeeonding to .Flgure i9, K.a dec.reases evidently with the iR-

  ' ereasing of operating pressure, thus affording support £or a st･ate-

          '   Yushkeyich, Zhavoronkov and Zel'venskiiiO) repo.rted on the
influen'ee of the. gas veloeity upon KLa in CO,) absorption under
pressure of 5 atm. as ghown in Figure 20".

'.1'･.-''･ ' 'AecordingthatFigure,.the
                                tendency of KLa to increase with
                                G, is greater than that of the
                                author'sexperiment, This would
                                be attributab]e to that, because
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   Fig. ZO'Influence o£ Water Rate
         under 5'atm, and Various
         Gas Rates
     (by Yushkevieh, Zhavoronkov
          & Zel'venskii).

and are in opposition to the

admit the infiuenee of the
                   ,absorption of aeetylene,

200

 results

operating

X Kzce in Figuve 20 differs from the values

  by the author.

the packed tower used by Yushke-
vich had a small ratio of･diameter

to packing dimension and a great
packed depth, and therefore, the
infiuenee of the gas velocity was

presumably greater than that in

author's tower. Exeepting this,
the results obtained .by the author

qualitatively coincide with those by

Yushkevieh, To r'epeat, the result

attained by the au'thor mentioned

in Section IV--1 and -2 coineide
with those of Yushkevich (about
the infiuence of the operating pres-

sure and that o£ the gas veJoeity),
expressed by Sanka, who did no't

 pressure on Ki;a in the pressure

in the original paper, and is recale'ulated



well as gas yate during a run, be-

cause of using a gas compressQr
having normal working pressure of

20atm. t
   As a matter of fact, however,
the industrial absorption is not
practised in so low pressure as at

5atm. The results under such
pressure will serve only as re-
ference.

                             ' 3. Infiuence of the CompQsition of

   RawGas. - .
        '   ,1) Infiuenee of the CO.,

    The CO,･ coneentration of raw
absorptions, differs aecording to

gas and the purpose for which
the raw gas made by the eatalytic
gas (by water gas shift reaction),
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   Next, the data of Table 11, those of the absorption under'5
pressure, are graphed in Figure 21, plotted on logarithmic paper,

this series o£ experiments, a little

inaccuracy in the measurements
was unavoidable, as it was pretty

diMcult to keep the steady state
of operating pressure (5atm,) as
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20 sIOl52aZ5303S         C02, % in Raw Gas

,Fig. 2Z Influeneeof COL)･Concentra-

       tion in Raw Gas.

      Inevt Gas Rate Gs, (m31m2･ hr)
     Fig. 21 Influence of Gas Rate V

          - (5 atm.).

  ' inrawgas.
  used in industrial high pressure

       of manufacturing the raw
gas i's to be used, For instance,

                    and water
  about 30% of CO,,. ･
     The influenee of C02 coneen-

 tration (7-35%) o,n KLa at the
 operdting pressure of 2o atm.,

 was examined in two series: one

 was under the liquid rate of 43

 m3/m2･hr,, and the other was'of

 22 m"lmL'･hr. .     In this case the raw gas hav-

 ing CO,, eoncentration up to 35%

 was pTepared by adding CO,) to
 the combustion gas of eoke. The

 earbon dioxide added, was re-
 covered from the waste water
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3}ScOorkbei?g COs thrOugh the pressure absorption of the combu$tion gas

    The results of the experiments are shownin Table 12 and Figure 22.

    In Figure 22, notes are as follows:- '
       Operating conditions                              I (mar,ks op)                                            II (max'ks A)

           k.(,m)3im2･hr･) ' f,i:,9r,`g:g                                             20,8-24.4
                                             17.0-20.7

           rr(atm.) 19.9-20.4 19.8-20,lr
           G,(m3/m"･hr.) 374-426. 350-507
    From these the following considerations may be formulated:- ･
    (1) The infiuenee of the change of COs concentration in raw gas
upon KLa, is alrnost neg]igible, [I]he variation of the CO,, cpncentration

in raw gas may be considered as havlng no effeet upon the diffusion
coeMcient, provided the inert gas is of the same kind,
    The following data are obtained by caleulating the partial pressure

of the inept gas using, Table 12, in the cases of the maximum and
Mi･nirgg,ll.[l.,Oi.[92.,CeOlggC£,pug`ra`iO",'g,. ./1/1.ti6'S,z,k,Y./ll?i"gt?ae8,g.,ttgetllZ",:e'

          (No･) (atm.) Inlet Outlet Inlet Outlet Mean (atm.)

     (i)(lg9, l812, ,glg g13, l:.･g ?gi,i lg15,l,.,

     (ii)(lg,O ;81g ,gi6, ,gl6, l:Ig' lglg.I21g],4.4

    Changing CO,, concentration in raw gas from 6,6% to 35%, the
partial pressure of the inert gas (in the main body of gas) decreased

by 3,7-4.4 atm."' This corresponds to 19-23% (ea. 20%) of the partial

pressure of the inert gas in raw gas containing 6,6% CO,,. I£ the gas
film resistance were controlling, KLa is to be influenced by the 2e%
fall of the partial pressuye of inert gas. In point of fact there is no

eonsiderable ehange i'n K,a (Figure 22).

' In seetions IV-1 and --2 above, the existence of the gas film re-
sistance has been shown, investigating the influence of the variation

of the operating pressure upon KLa. Judgang from the results, how-

 ':- Th6 differenee of mean value of partial pressure of inert gases <in the main body

   Qf gas) at Che inlet and outlet of the tower is taken instead of the difference of

   f)Bjf in diseussion. .
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ever; a conclusion is drawn to the effect that the gas film resistance

is not so strong as to be called controlling.

    (2) Among those experiments with the raw gas containing more
than 25% CO. a big loss of the inert gas has been observed in Exps. 157,

158and 160. Dealing with the raw gas of high CO, concentration, the
tendency for a considerable loss to oceur in the inert gas may be noticed.

    2) Case of xaw gas eonsisting of H2 and C02.

    In all above described experiments, the author used combustio,n

gas of coke as the raw gas. In case the kind of inert gas was changed,

a change there£rom is noticed in the diffusion coeMcient.
    The value of diffusion coeMeient D in CO,-H, system is about four
times as great as the values of D in CO.,-air, CO.･-02, and CO,,--CO systems,

according to Eq. 7, gas;film coeMcient ka is probably infiuenced by
the kind of inert gas.

    According to Sherwood and Fuji'ta, the influence of D upon the
gas-fi!m coeMcient is very slight (Sherwood) or rather relationless
(Fujita) in the case of gas absorption in packed tovver under ordinary

pressure. The author carried out a few absorption experiments under

20 atm., using hydrogen as the
main eomponent of the inert gas.

The results are shoWn in .Table

13. The relation between KLa
and the inert gas velocity is
illustrated as Figure 23.

    According to that Figure,
the following points are to be
noticed,:----

    (1) Comparing the average
val ue Gi line in Figure 14 (N2 and

CO as the main component of the

inert gas) with the case where

H, is the main eomponent, one
finds that KLa is greater by

perimentalerror.* Therefore,

W COd% in raw gas in experlments
  eomposition' of raw gas
  need not be considered.
  rather apt to decrease as
  in the case of total pre3sure

  raw gas.

 k.
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          Inert Gas Rate Gs, <in3fm2:h.r)

     Fig. Z3 Cage of Hydrogen as
     ' InertGas(20atm･).

  This percentage exceeds the ex-
        of the diffusion coeMcient

   13 is somewhat less than the standavd
  the influenee of this faet on Kia
      was not negligibe, lgG or Kxci is
inereasing partial pressure of inert gas,
     and of low COs concentrationin
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of the gas seems to have appeared qualitatively in the present ex-
perimental results.

    (2) The existence of the maximum value o£ KLa near G,:=:600
m31m2･hr., has been observed, though not so plain as in the case of Gi
line, owing to the small number of expriments.'

    (3) The values of KLa in Tables 1--12 may be applicable to the

absorption towers for the manufactuye of H2 £rom CO,,---H2 mixture with
a rather large safety factor,

                         V, Summary
   The author considered about the factors of ove'r-all capacity coef-

ficient KLdi and of coeflicients of gas and liquid films according to the

literatures. Based on this, the author presumed the･infiuence o£ operat-
ing factors-water rate, ga$ rate, pressure, temperature and composition

ozn raw gas-upon KLa in the pressure absorption of COc. Then the
apparatus and experimental procedure employed were explained.
    The tower, eonstructed of a steel cylinder, had a total height of

4,OOOmm with a diarrieter of 450mm. It withstood normal working
pressure of 20kgslcm2, The tower was irregular]y packed to a height

o£ 2,300mm with eeramie Rasehig rings of 35mm nominal diameter.
    The raw gas was prepared by the eombustion of coke in a gas
producer, and underground water was used as the washing water.
    During the time of a steady state operation, measurements of fiow

rates of gas and water, temperatures, pressures and analyses of the
gas stream ･at both the inlet and the outlet of the tower, were taken

for the calculation of the coeMeient of material transfer,

   The experimental results including the values of KLa and (H,T,U,]oL

obtained under various operating eonditions, were reported 'together

with a diseussion of the results, especially 6n the infiuences of the

above mentg'ongd operating factors upon KLa.

(1)Infiuenceofwaterrate. '
    Changing water rate L, within the range of 16.4-44.0m:'!mL'･hr, and

raw gas rate of 65--80 m31hr., 55 measured values of KLa and [H.T.U.)oL

were obtained from the following two series of experiments :-
 ' a) Experiments undex operating pressure, rr:20atm,, and at dif-

ferenttemperatures(t:200Cand280C);and ,,
    b) Experiments at temperature t:200C, and under different pres-
sures (rr: 15 atm, and 10 atm.).
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   It was found that KLa inereased with the increa$e of water rate
and temperature yespectively, and was loweited- by raising the operating

pressure from leatm. to 20atm. As shown in Eqs, (24) and (25), KLa

inereased directly proportional to O.56 power o£ L, in the case of 20 atm.
Compared with the case of CO,. absorption under ordinary pressure
where the li.quid film resistance is controlling, the infiuence of L,' upon

KLa was less. The influence of operating temperature was no't so sharp

as those reported by other investigators of CO, absorption under
ordinary pressure as well,

   The infiuences of water rate, temperature and of pressure, or the
differenee between the slopes of two lines, KLa vs. L,, obtained
under 20 atm. and 15 atm. respeetively, agree qualitatively with those

presumed in theoretical considerations, and showed a similar tendency

as the result (}owering o£ KLa with increasing pressure) reported･by
Yushkevieh, Zhavoronkov and Zel'venskii.

(2) Infiuence of gas rpate (or inert gas velocity).

   a) Experiments with n: 20atm, and various water rates.
    Changing raw gas rate within the range of 55-!64 m31hr. 1.(inert gas

rate G,: 291-847･m"1ni2･hr.) under the conditions of rr: 20 atm., t:

200C and L,: 43 m31m2･hr., 14 measured values of KLa and [H.T,U･]oL

    By adding the data obtained in the above exper,iments ((.1), a)) to

these ineasured values, the infiuenee o£ G, was examined in the case
21 measured values of Kla in total. As shown in Eq. (27), KLa increased

directly proportional to O.4 power o£ G, within the range of G,<600
m:'lmL'･hr., and that agrees qualitatively with the presumption from
theoretical eonsiderations. But KJ.a decreasecl with inereasing G, within

the range of G,>600m:YnY'･hr.
    'The similar tendency was also dbserved in experiments of the other

twoseries (n: 20 atm., L,:32 and 22 m:/m2･hr.). In the case of absorption

under 20 atm., when the gas-liquid ratip yeaches a certain critical Value

(G.IL,･ n: O.7--O.8), some ehange in the absorption proeess (perhaps of gas

and liquid contact) seems to take plaee. And Ki.a will be' lowered if
                                                         'thegasvelocityincreasesoverthis'criticalvalueG., '

    b) Experiments with L,:43m:VmU･hr, and various pressures.

    Changing raw gas ifate wi'thin the range o.f 40--120 m'7hz'. (G,: 200--

600 m:7mL'･hr.) uiider 'the eondition of t: 200C aiid L,: 43 m:'/niL'･hr., three

series of experiments under different pressuyes (n: 15, 10 and 5 atm,)
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were performed. Comparison was made with the case of 20atm. KLa
increased with the gas rate in the case of 15 atm. and 10 atm. as we}1,

but no decreasing of KLa within the range of high gas rate as was
seen in the case of 20 atm., was noticed within the experimental range

of G,. The }owering of KLa with increasing pressure was confirmed.
    The result attained by the author coincides qualitatively with those

of Yushkevich (about the influence of the operating pressure and that

of the gas velocity), but are in opposition to the results expressed by

Sanka, who did not admit the infiuence of the operating pressure on

KLa in the pressure absorption of acetylene.

    Judging from the influence of opeyating pressure and o£ gas rate
upon KLa, the existenee of gas film resistanee in the over-all resistanee

is notieed in the case o£ the pressure absorption of CO,, although the
gas film resistance is not so large as to be called controlling.

(3) Influenee of the composition of raw gas.

    a) Infiuenee of the CO,, concentration in raw gas.

    Changing the CO,, concentration in raw gas within the range of
CO,) 6--35% under the eon(lition of rr: 20 atm,, t: 200C and raw gas rate:

65--90m3/hr., two series of experiments with L,: 43 and 22m:'lm2･hr.

respective]y, were performed. The influenee of change of CO., con-
centration in raw gas upon Kla, was almost negligible within the ex-
perimental range,

    b) Case.of raw gas consiseing of H,, and CO..

    In all above deseribed experiments, N,, and CO were used as the

main components of the inert gas, In this case, by changing gas rate

under the condition o£ rr:20atm., t:18-200C and L,:44m:7mC･hr., 8
experiments were performed using hydrogen as the inert gas, and
compared with the results in (2), a). Ac'cording to the eomparison, the

value of Ki.a was gz'eater by 15--20% in the case of CO,,--H2 system,
Therefore, in this case (rr: 20 atm.) the influenee of the diffusion eoef-

ficient of the gas seems to have appeared qualitatively, though it is

not very great,

    The values of KLa obtained by the author are applicable to the
absorption towers for the manufacture of H, from C02-Hfl mixture
with a rather large safety factor,
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Nomenclature for tlte Following Tables

        Ls: Waterrate, (m"lm2,hr.)
        Gs: inert gas rate, (m:i./m2-hr.)S" '
        B : ratio of water rate to inert gas rate

         n: operating pressure,'(･alosolute atm.)

        xo: COL, eoncentration of the Iiquid fed a't the top of the eolumn (gas
             outlet),.(me-C021 (m3-water)ee

        yo: C02 coneentration of gas leaving the top of the.column, (m3--COp.)/
             (m3-inert-gas)"
        xi: C02 eoncentration of the liquid leaving the bottom of the column

             (gasinlet),(m3-COL,)1(m3-water)" ' '
        yi: COL) eoneentration of the gas entering the column,(m3-COs)1(m3-inert-

             gas)w
      KLa: over-all eapacity coeMcient, (m3-CO,,)1(hr.) (m3) (m3-C021m3)ee

[H. T. U.1 oL: height of over-all liquid-phase transfer unit, (m)

l

.

ee The gaS volume is calculated at e"C and 760mmHg.
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[I]ABi,E 2(i) Influenee of VVrater

Exp.

(No.)

.

40

41-

42

61

･62

63

64

71

73

 74

 76

77

110

111

112

113

143

175

177

183

185

187

 49

Time of
Steady
 State

 Cmin)

40

40

40

40

40

40

3o '

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

Composition
of Raw Gas
  (Inlet)

CO,i

(%)

14,3

14.0

14.0 .

16.4

16.4

l6.4

16.4

15,8'

15.7

15,6

15.6

15.6

148

14,2

15.0

14.6

17,8

16.2

15.6

17,4

17.0

10.8

15.8

Inert Gas
  (%)

  85M
  8'6.0

. 86.0

･ 83I6

  ･83.6･

  83.6

  83,6 .

  84,2

  84.3

  84,4

  84.4

  84.4

  85.2

  858
  85.0

  85,4

  82.2

  83,8

  84.4

  82.6

  83.0

  89.2

  84.2

 Raw Gas
. Rate

(m"lhr)

Water
Rate

im3/hv) I

Tempera-
  ture

c' c)

75,2

72,8

75.0

69.3

68.4･

73,4

71.2

72,3

79.6

73.0

73.6

73.6

70.5

64.8

59.3

70.5

78.1

66.8

70.5

71.8

70.0

66.7

77.9

2 6.56 21.5

8' 4.00 22.0

o' 3.55 22,2

3 3.69, 21,5

4･- 3.02, 21.5

4 4.03 21.6

2' ;.
2,61 22.0

3 20.5

6 6.91 20.5

o 2.73 21.2

6 4.70 21.0

6 2,65 21,3

5 5.00 19,O

8 4,98 19.5

3 6.82 198

5- 6.80 20O

1 6.75 19,4

8 6.84 21,3

5 492 21,3

8 3.50 20.7

o 4,IJr 19.8

7 6.80 19,5

9 7.00 21.0

s

'
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Rate upon KLa. I

 Gauge
Pressure

(kglcm2)

19.7

19.7 ･

19.8 ,

19.6 i

19.4

19.4 ,

19,3

19.8

19.7

19.8 ･

19.9

19.8 ',

19.7

19.9 ･

19.7

198

19.7･

19,9･･

19,9

19.8

19.6 ･･

19.7

19,4 i

'Outdoor
Tempera-
  ture

(.C)

I

E

33-35

35-36

 33

29-30･ ･

30-31

 33 ..

 33

22-23

26-27

28-29

29-27

 28 ･
16-17

19-21

11-12

12-13

 18

 28

 27

22-23

19-20

 19

 30

C02
(%)

Composition of
 Washed Gas
   (Outlet)

      ' Inert Gas
  (%)

          i
; Washed i
    Gas i
l Rate l
1. 1l (myhr) l

 Loss of
Inert Gas
Calculated

1,5 ,
3,8 ･

4,6 ･'

4.7

6.3

4.8

8.1

5.2

1.9

7.3 -
3.2

-

8.0

2.2

1.5 -

O.7

1.0

1.4 ,I

1.4

20

5.2

4.4

O.5

1.6

<mti/hr)

･ 98,5
,, 96.2

s. 95.4

   95.3

   93,7

   95.2

' 91,9
    94,8

, 98.1

    92 7

   96.8

    92.0

    97,8

･ 98.5
       '
    99.3

    99.0

･ 98.6
    98,6

    980

   94.8

    95.6

･ 99,5

    98.4

   64.7

･･ 63,3
 ･- 64,1

･ 59.0

   57.4

   62.0

   62.2

       .   63,1

 - 66.0

   64.2

   62.9

   62.9

 O.6

 1.6

･3.3

-1.7

 3,4

 2.4

 2,3

 1,O

･ 2.3

 2,1

･1,2

 4.2

(%)

  52.6

  505

  60.5

  64,8

  54.6

  56,3

  57.3

  60.2

  56.9

, 64,1

3.8

O.3

O,3

O.3

2,2

4.3

5.0

O,3

2.9

2,5

i

I

e.g

2.4

･5.1

2.9

5.9

3.9

-3.9

1.6

3.4

3.4

1.9

6.8

6;8

O.6

O.5

O.4

3.9

7,2

8,4

Oi5

4:9

3.8
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TABT.E 2(ii)

        i

Exp. I･

(No.) I
        1
       ttltttttttttttttt

        l
 40

 41

 42

 61

 62

 63

 64

 71

 73

 74

 76

 77

110

1-11

112

113

143

175

177

183

185

187

 49

Lg

41.3

25.2

22.3

23.2

19.0

25.3

16.4

22.1

43.5

17.2

29.6

16.7

31.5

31,3

42.9

42.8

42.5

43.0

30.9

22.0

26.1

42.8

44.0

i

l

Gs

405

394

406

364

360

386

374

383

422

387

391

391

378

350 .
317

379

404

352

374

373

365

374

413

l

l
:

B

r
I
i
1

E
E

i
1

I

L
I

I

O,102

O.064

O.055

O.064

e.os3

O,066

O.044

O.058

O.103

O.044

O.757

O.043

O.083

O.090

O.135

O.113

O.105

O.122

O.083

O.059

O.071

O.114

O.107

n

20.0

20,O

20.1

19.9

198

19.8

20.1

20.1

20.0

20.1

20.2

20.1

20.0

20.2

20,O

20.1

2e,e

20.2

20.2

20.1

19.9

2o.e

19.7

xe

O,OOI

O.OOI

O.OOI

o.eoo4

O.OO04

O.OO04

O.OO04

O.OO04

O.OOI

O.OOI

o.oel

O.OOI

O.OOI

O,OOI

O.O05

O.O05

O.O05

O,O05

O.O05

O.O05

O,O05

O.O05

O.OOI
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E
,

yo

O.O15

O,040

O.048

O.049

O.067

O.050

O.088

O.055

O.O19.

0.079

O.033

O.087

O.023

O.O15

O.O07

O.OIO

O.O14

O.O14

O.020

O.055

O.042

e.oos

O.O16

Xl

1.50

1.93

2,08

2.3Q

2,45

2.21

2.49

2.30

1.62

2.40

2.01

2.30

1.82

1.68

1.25

1,43

1.93

1.47

2,OO

2.63

2.30

1.02

1.61

E

Yl

O.167

O.163

O.163

O.196

O.196

O,196

0.196

O.188

O.186

O.185

O.185

O.185

O. 174

O.166

O.176

O.171

O.217

O.193

O.185

O.211

O.205

O.121

O.188

E
E
E

[
I

Kza

47.4

39,5

41.6

36,O

32.0

37.1

,26.1

32,O

45.1

27.1

38,6

21.6

38,3

40,3

41,O

46.2

50.8

40.0

49.3

39,2

34.6

50.5

49.0

l
l

JE

[H.[['.U.]oL

O,868

O.637

O.525-

O.644

O,593

O.682

O.628

O.691

O.962

O.632

O.764

O.772

O,821

O.777

1,05

O.931

O,836

1.09

O.628

O.561

O.754

O.846--

O.906
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TABnc 3(i) Influence of Water

Exp.

(No.)

  Time of
  Steady
   State
I
LmT(ii.}..ln)

c

  Composition
  of Raw Gas
    <Inlet)

g%02) line(ri)Gas

Raw･ Gas
 Rate

(m31hr)

l
i WRaatteer

.gm3!hr)

Tempera-
  ture

(.C)

78

79

80

81

82 ･

83

84

89

90

91 ,

1
j

'i

i
l

40

40

40

40

30

40

40

40

40

40

T

:

I

i

1

i

I

i

I

I

16.1

16.8

17,O

16.9

17.1

16.9

17.2

17,2

17.2

17.2

l

l

i
I
:

i

I

i
I

I
l
l
'

83,9･

 83,2

 83,O

･83.1

 82,9

 83.1.･

 82.8･

 82,8

 82.8

 82,8

l

l

83.2

79.1

71.7

70.4

75.4

75.7

75.6

76.8

70,3

70,3

:
l
i

l

:
l
i

l
l

 6.97

' 4.91

 5.31

 4,25

 6,83

 5.99

 3,57

 6.53

 3.17

 2,92

L
1

i

i

 27.5

 27.5

 27.8

 28.0

 27.6

 27.3

 27.6

:/ .27.0

 28.0

 28.0

i
i
i
I

I

i

i

l

i
l

j
1

[I]A.Bi-,E 3(ii)

Exp.

(No.) '
Ls Gs B rr

l

l
{

d
i
:
;

xo

78

79

80

81

82

83 ,

84

89

90

91

i

l
l

i
I

i

1
l
1

i

1
l
]

43.8

30.9

33.4

26.7

43.e

37.7

22.5

41.1

19.9

18.4

I
l

i

f

439

414

374

368

393

396

394

400

366

366

l

I
I

l
l

l
t
i
L

･ O,0999

 O,0746

 O.0892

 O.0727

 O.109

 O.0952

 O,0570

 O.103

 O.0545

 O.0502

l
l
I
1

j

I

i

20.3

20.2

20.3

20.5

2o.4

20.3

20,4

20.2

20.2

20,3

r

j
･l,

I

1
1
1

i

1

O.OOI

O.OOI

O.OOI

O.OOI

O.OOI

O,OOI

O.OOI

O.OOI

O.OOI

O.OOI

l
I
E
I
I

L
L

r

'

r

I

1



Absorption of Car bon Dioxide by Water und er Pressure in a ?acked Tower (II) 663

Rate upon KLa. II

 Gauge
Pressure

(kglcma)

 Outdoor
Tempera-
  ture

(.C)

I Composition of
 Washed Gas
   (Outlet)

CO! InertGas
(%)           <%)

2

20.0

19.9

20.0

20.2

20.1

2o.e

20.1

19,9

19.9

20.0

I

i
i
l
I
I

l
t

i
i

 29

29-30

 33

33-32

 26

27-28

 28

 30

 32

 33

Washed
 Gas
 Rate

(m31hr)

l

i'

2,8

5.2

3.2

5.0

2.3

3.0

7.5

2.4

7.8

8,4

/

1

j

97.2

94.8

96,8

95.0

97.7

97.0

92.5

97.6

92.2

91.6

i
]

I
1
]
l
i
i
l

I

I
l

65.2

66.4

60.5

60.2

63,6

64.6

66,6

64.5

62.6

63.0

 Loss of
Inert Gas
'Calculated

(m"lhr) (%)

i
l

I
L
1

i

i

1

'

1

I
i
1

1

I

I
i
1
1

i

1

L

6.4

2.8

O.9

1.3

O.4

O.3

1.0

O.6

O.5

O,5

I
I

l
'

[

I
,

:
I

9.2

4,3

1.5

2.2

O.6

O.5

1.6

O,9

O.9

O.9

'

F
l

r
:

I
I
l

I
E

yo Xl Yl

i

I

I
I
i

l

O.0288

O,0549

O.0331

O.0526

O.0236

O.0309

O.0811

O.0246

O.0846

O.0917

l

l

i
1

i
1
I
1
1
l

i

i

1.64

1.98

1.92

2.08

1.67

1.82

2.21

1.78

2.26

2.33

I

t

1

i
l

i

I

I
[

O.192

O.202

O.205

O.2e3

O.206

O.203

O,208

O.208

O.208

e.2os

KLa

53.8

43.3

50.1

44.0

52.2'

51.5

35.7

55.8

37.8

380

[HMU.]oL

1

1

l
l

i

I
I

O.816

O.712

O.667

O,607

e.821

O.730

O.628

O.735

O.528

O.483
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[I]iABLE 4 (i) Infiuence of Water

Exp.

<No.)

I

l
1

t

Time of
Steady
 State

(rrihi)

j
 Composition
 of Raw Gas
    (Inlet)

CO.) l,InertGas
(%) 1 (%)

1
I

f

52

95

146

147

176

178

182

184

186

191

192

Raw Gas
 Rate

(m3!hr)

1
l

l

40

40

40'

40

4e

40･

40

40

4e'

40

40

1
[ Water

Rate

l

15,2

11,O

16,4

17.2

16.0

15,8

16.2

16,6

17.6

15.6

15.4

84.8

89.0

83.6

82,8

84.0

84.2

83.8

83.4

82.4

84,4

84,6

70,3

80,9

61,O

82.0

72,5

68.3

69.1

68.6

70.4

70,5

68,8

(m"!hr)

6.96

6,68

6.81

6.79

6.82

4,82

5.56

3.54

417

5.41

3,99

Tempera-
  tuye

(.C)-

21.0

21,2

19.7

19.7

21,O

21.0

19.7

20,5

20,O

20,O

20,O

1
I

I

:

'

I

l

1
l
1

TABI,E 4 (ii)

Exp.

(No,)

52

 95

146

147

176

178

182

184

186

191

192

Ls

43.8

42,O

42.8

42.7

42.9

30.3

35.0

22.3

26.2

34.0

25.1

Gs

375

453

321

427

383

362

364

360

365

374

366

s

O.117

O.093

O.134

O,100

O.112

O.084

O,096

O.062

O.072

O,091

O.069

rr

15,O

15.4

15.5

15,8

15.5

15.5

15.2

15,3

15,2

15,3

15.3

xo

r

l

O.OOI

O.OOI

O,O05

O.O05

O.O05

O.O05

O.O05

O,O05

O.O05

O,O05

O,O05

I

i
]
I

I
:

T
I

l
I
i

f

L



Absorption of Carbon D ioxide by Water under I'ressure in a Packed T.ower (IIj 665

Rate upon KLa. III

I
I

 Gauge
Pressure

(kg!em2)

/ Outdoor
i Tempera-
    ture
i

j (oc)

i
i
I

I

14.5

14.9

15,O

15.3

15.0

15.0

14.7

14,8

14.7

14,8

14.8

1
i

1
:
l

i
l
l

i

 36

30-31

 25

 28

 28

 27.

 22

 22

 2J

 22

 22

Composition of
 Washed Gas
   <Outlet)

COL'
'f'%">'

Inert Gas
  (%)

:
E

i
Washed.
 Gas
 Rate

32
2.4

1.4

3.4

2.4

4,O

3,7

7.4

6.2

3,6

5.8

(m"lhr)

96.8

97.6

98.6

96.6

97.6

96.0

96.3

92.6

93.8

96.4

94.2

58.4

72.1

49,2

67.0

57.4

55.9

59.2

57.9

61.0

58.9

59.6

 Loss of
Inert Gas
Calculated

(m31hr)

3.0

1.6

2.5

32

4.9

3.8

O.9

3.6

08
2,7

2,1

(%)

5.5

2.2

4.9

4.7

8.0

6.6

1.6

6,3

1.4

4.5

3.6

yo

O.33Z

O.025

O.O14

O.035

O.025

O.042

O,038

O.080

O.066

O.037

O.062

Xl

i
i
L

E

l

Yl

E
i
1
' Kia I

]

'

E

E

L
E

I
1

t

1.25

1.64

1.37

1.73

1.49

1.75

1,62

1,93

2.07

1.63

1.76

O.179

O.124

O,196

O.208

O.191

O.188

O.193

O.199

-O,214

O.185

O.182

[H.T.U.]oL

41.0

53.5

50,2

52.1

55.5

49.6

43,5

3Z6

43.3

47.4

36.4

1.07

O.785

O.788

O.821

O.772

O.610

O.804

O.682

O.607

O.917

O.691
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TAJIIJE 5 (i) Infiuence of Water

'

Exp.

(No.)

I Time of '
Steady
 State

 (min> ･!

  Composition
  of Raw Gas
     (Inlet)

 C02 [InertGas
･(%) I (%)

l

t
1
I

Raw Gas
 Rate

(mSlhr>
I
l

Water
Rate

(mS/hr)

:
1
l
1

Tempera-
  ture

(oC)

 51

 54

134

151

162

163

.164

165

189

190

40

40

40

40

40

,40

4Q

40

40

40

,15,4

16,O

17,4

17,O

15,4

1518

16.2

16,6

14,2

14A

l

I

i

84.6

84.0

82.6

83.0

84.6

84.2

83.8

83.4

85.8

85,6

l

l

I

I
i
[

I
l

I

1

I
i

67,O

65.7

62,7

84.2

71.4

64,5

63.6

60.8

67,2

68.0

6,97

7,05

6,91

6,87

6,92

4,25

4,83

3,39

5.08

4.08

l
l

I
F
;

22,O

21.0

17.5

19.5

21.5

21.3

21.7

21,5

19,2

19,5

I

i

[
1

[

l
1

l

i

TA.BT,･E 5 (ii)

Exp.

(No.)

l

l

v

Ls

1
1

I

;

:
j

Gs

I

:

R-

i

,
rr

l mztupmthm-stxmpa,

xo

 51

 54

134

151

162

163

164

l
f

l
I
;

I

43,8

44,3

44.4

43.2

43.5

26,7

30.4

357

347

327

439

380

342

335

l
I'

1

O.123

O.128

O,133

O,098

O,115

O.078

O,091

10.3

10.4

10.6

10,5

10,7

10.6

10,7

O.OOI

O,OOI

O.OOI

O.O05

OD05

O.O05

O.O05

1651 213 l31g O,067 10.6 O.ooor

32.ol '363 O.088 10.6 O.O05

366 O.070 10.6 O,oo.r}

l

l

j
I
1



Absorption of Carbon Dioxid

Rate'upon .KLa, IV

e by Water under ?ressure in a Paeked Tower (II) 66'7

P
F
t

l
E

p9eas"sguere

Ckg!cm2)

!

I

F

          1
 Outdoor I
Tempera- i
  tare ii

  (oc) I

compositionof l
  Washed Gas ･i I
   <Outlet) I･
                  'C02 InertGasl
(%) (%)･

E
'

I

I

 9.6

 9.7

 9,9

 9,9

10.1

10,0

10.1

,10.0

10.0

IO.O

 36

 31

10-11

 22

27-28

 27

 30

 29

 20

 21

5,O

4.7

3.6

6.5

4.2

7.5

68

9.4

5.6

7.2

Washed
  Gas
 Rate

･ (m"'/hr)

E
I

r

i

 , Lossof
    Inert Gas
, Calculated

(m31hr)            (%)

95,O

95.3

96.4

93,5

95,8

92.5

93.2

90.6

94.4

92.8

58.9

59.1

51.1

69.6

59.8

56.4

54.6

55,1

60.4

60,9

'

 O,2

-1.1

 2.7

 4.7

 3,1

 2.1

 2.4

 P,8

 O.6

 1.7

 1.2

-2.0

 5.2

 6.7

 5.1

,'3.9

,4.5

 L6

 LO

 2.9

'

1
l

l

l

I
I

l
l
l
1

'

yo

l

Xl

i
1
' YI

r

E

Kza

i

l [H.T.U.]oz

O.053

O.049

O.037

O.070

O.044

O,081

e.o73

O,104

O.059

O.078

l
1,05

1.11

1,31

1,37

1.22

1,37

1.33

1.42

1･21

1,29

O.182

O.190

O.211

O,205

O.182

O.188

O.193

O.199

O.166

O.168

r
I
i

I
1
/

i

i'

t
'

I
1

I
j

54.8

56,1

58,6

65,8

80.3

61.8

55.3

43,6

55.2

52.5

l
E

/

i
f

i

i

/

O.799

O.790

O.742

O,655

O,541

O.432

O,549

O.488

O,578

O.4.88

'
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TABi,E 6(i) Infiuence of Gas

Exp.

(No.).

f

 96

 97

100

105

ll2

113

114

115

141

142

143

170

171

 49

 73

175

187

130

131

132

!33

Time of
Steady
 State

 (min)

40

30

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

Composition
of Raw Gas
  (Inlet)

C02
(%)

14.5

14.8

15.6

16.0

15,O

14,6

15.2

15.2

17,6

17.6

17.8

15.8

16.0

15.8

15,7

16.2

108

16.2

16.2

17.6

17.8

Inert ･Gas
  (%)

85.5

85,2

84.4

84O

85.0

85.4

84.8

848

82.4

82,4

82.2

84,2

84.0

84.2'

84.3

838

89,2

838

83.8

82.4

82.2

Raw Gas
  Rate

(m31hr)

t

 79,3

104.1

157.0

122,5

 59.3

 70.5

14L5

101.3

 97.7

126.2

 78.1

125.0

135,8.

 77.9

 79.6

 66.8

 66.7

110.4

 55.1

163,5

 85.0

Water
Rate

(m9hr)

6.66

6.69

6.73

6,82

6.82

6.80

6,79

6.80

6.81

681

6.75

6.80

6.77

7,OO

6.91

6.84

6,80

6,79

6.83

6.71

6.71

Tempera-
  ture

(pc)

E

l

19.2

19.5

19.7

19,O

19.8

20.0

20.3

20.0

18.1

19,O

19.4

21.0

2LO

2LO

20,5

21.3

19.5

･17.7

18,2

18.7

18.4
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Rate upon KLa. I

 Gauge
Pressure

(kglem?)

l

l
i

 Outdoor
Tempera-
  ture

  (.C)

F
L

E
I
l

Composition of
 Washed Gas
   (Outlet)

cos        Inert Gas
(%)           (%)

19.7

19.8

20.0

19.7

19.7

19,8

19.6

19.7

20.1

198

19.7

19.9

19.6

19,4

19.7

19.9

19,7

19.7

19.6

19.8.

19,9

/

I

L
I

i

l
i
l

1

1
l

19-20

2e-21,

21-22

 18

11-12

12-13

14-15

15-i6

 15

1.6

3.2

7.0

4.7

O.7

1.0

5.7

2,7

2.8

5,O

1.4

5.4

l

F
:
i

1
/

t
1
1
1

98.4

968

93.0

95,3

99,3

99.0

94,3

97.3

97.2

95.0

98.6

94.6

94.0

98.4

98.1

98.6

99.5

96,6

99.6

92.6

98.2

Washed
 Gas
 Rate

(m"lhr)

!
1

F
j

L

       Loss of
      Inert Gas
      Calculated

  (m"lhr) I (%)

i

!
I

i
i

l

1

 20

 18

 26

26-27

 30

26-27

 28

 19

12--13

14-15

15--16

14-13

i

l
1

!

i
i

i
;

l
l

1
t

'
I
I
,
]

6.0

1.6

1.9

1.4

O.5

3.4

O,4

7.4

1,8

i

I

l
l

I

i

l

i
[
l
I

!
l
I

l
1

66,5

 91.1

142,2

109.4

 50.5

 60.5

126.3

 86,8

 77.6

100.2

 64,8

109.3

121.0

 64.1

 66,O

 54.6

 56,9

 85.3

i

l

l
1

i
[

l

l

2,4

1,5

O,3

O.2

O,3

O,9

1,4

5,1

8,8

O.3

1.9

O,4

2,5

2,3

 2.2

 2.9

10.1

:

:
r

L

i

l
1
[

i
1

L
I
i
l
r
L

I
i

3.5

1,7

O.2

ew

O.4

O,5

08

1.6

6.3

8,5

O,5

18

O.4

3.8

3,4

3.9

49

10.9
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     [[EABi.E 6 (ii)

Exp.

(No.)
Ls

#Gs

3 rc xo

 96

 97

;oo

105

112

113

114

115

141

142

143

170

171

 49

 73

175

187

130

131

132

133

41.9

42.1

42.3

42.9

42,9

42.8

42.7

42,8

42.8

42.8

42.5

42.8

42.6

44,O

43.5

43,O

42.8

42.7

43.0

42.2

42,2

  426

  564

  833

  647

  317

 379

  755

  s4o

, 506･

  654

 404

  662

 718

  413

  422

  352

  374

  582

  291

  847

  440

O.0982

O.0746

O.0508

O.0663

O.135

O.113

O.0566

O.0792

O.0846

O.0655

O.105

O.0648

O.0593

O.107

O.103

O,122

e.114

O.073

O.148

O,050

O.096

20.0

20.1

20.3

20.0

20,O

20.1

19.9

20.0

20.4

20.i

20.0

20.2

i9.9

19.7

20.0

2Q.2

20,O

20.0

19.9

20.1

20.2

O,OOI

O.OOI

O,OOI

O,OOI

O,O05

O.O05

O,O04

O.O04

O.O05

O.O05

O,O05

e.oos

O.O05

O.OOI

O.OOI

O.O05

O,O05

O.O05

O.O05

Q Oos

O,O05

L
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'

yo

O.O163

O,0331

O.0753

O.0493

O.O0705

O.OIOI

O.0605'

O.0278

O.0288

O,0526

O,O142

O.0571

O.0638

O.O16

e.elg

O,O14

O O05

O.035

O O04

O.080

O.O18

Xl Yl

L56

1.86

2,16

2.13

1.25

1.43

2.10

1.92

2.19

2.46

1.93

2.02

2.13

1.61

1,62

1,47

1.02

2,16

1,29

2,69

    '
2,07

i
? ' e.17o

  O.175

  O:185

  O.191

  O.176

  0.171

  O.179

  O.179

  e.214

  O.214

  O,214

  O,187

  O.191

  O.188

  O.186

  O.193

  O.121

  O.193

  O.193

  O,214

  O.217

'

-ttt

Kict

E

l

l

1

l
i
L

l

i

I
l
l
i

l
i

 44.4

, 48.2

 419

 46,8

 41.0

 46.2

 40.5

 54.4

 46,9

 52.8

 508

 44,O

 48.4

 49.0

 45,1

 40.0

 50.5

 49.5

 42,3

 53.5

 48.8

[KT.UJoL

O.943

O.871

1.01

O.916

1.05

O.931

1.06

O.785

O.913

O.810

0836

O,970

O,879

O.906

O,962

1.09

O.846

O.861

1.01

O.788

O.865

.



672 Gen [i]AKEyA

[l]A.BLE 7(i) Infiuence of Gas

Exp.

(No.)

t

l

101

102

103

104

110

111

144

145

138

139

106

107

108.

109

 71

Time of
Steady
 SCate

 (I..in)

40

40

40

40

40

40

40

40

40

40

40

40

40

30

40

COMPOSitiOll
of Raw Gas
  (Inlet)

C02
<%)

15.4

15.4

15.6

16.0

14.8

14.2

17.6

17.6

18.0

18.0

15.4

160
15.6

15.6

158

Inert Gas
  (%>

84,6

84,6

84.4

84,O

85.2

85.8

82,4

82.4

82.0

82.0

84.6

84.0

84.4

84.4

84.2

Raw Gas
 Rate

(g}:`lhr)

 46.7

 77.3

107.7

135.7

 70.5

 64.8

 56.8

 91.5-

 48.78

 71.9

 45.5

 71.3

 95.5

132.0

 72.3

        l
        jWater i
Rate

(In.iLi-r")-.

 4.91

 5,04

 5.07

 4.94

 5.00

 4.98

 5.09

 5.09

 4.94

 4.99

 3.55

 3.53

 3,54

 3.52

 3.52

Tetnpera-
  ture

(℃)

19.0

19,3

19.3

19.5

19.0

19,5

18.3

18,6

17.0

17.5

19.5

19.8

19.3

19.5

20.5

[I]'A.Bi,E 7(ii)

Exp.

(No.)

1

101

102,

103

104

110

111

144

145

138

139

106

107

i08

109

 71

Ls

30,9

31.7

31.9

31.1

31.5

31.3

32,O

32.0

31.1

31.4

22,3

22.2

22.3

22.1

22.1

Cs

249

411

572

717

378

350

294

474

251

371

242

377

507

701

383

B

O.124

O,0771

O.0558

O.0443

O,0832

O.0895

O.109

O.0675

O.124

O.0846

O.0902

O.0589

O,0439

O.0316

O.0578

rc

5

xo

20.0

20.1

20.1

20.0

20.0

20.2

2o.r

20.0

20.4

20,3

20.0

20.0

20.1

20.0

20,1

e.ool

OOOI

O.OOI

O.OOI

O.OOI

O.OOI

O.O05

O,O05

O,O05

O.O05

O.OOI

O.OOI

O.OOI

O.OOI

e,ooo4
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Rate upon KLa. II

 Gauge
Pressure

(kglcm2)

19,7

19.8

19.8

19.7

19.7

19.9

19.8

19.7

20.1

20.].

19.7

19.7

19,8

19,7

19.8

Outdoor
Tempera-
  ture

c]c)

17-19

18-20'

 20

 19
16-17

19-21

 14

 18

  9

 10
17-19

20-21

16-18

 18
22-23

Composition of
  Washed Gas
    (Outlet)

C02 - l Inert Gas
(%) l (%)
 O.6

 2.6

 5.6

 8.0

 2.2

 1.5

 O.7

 4.2

 O,5

 2.1

 1.5

 4.8

 7.4

10.0

 5.2

99.4-

97.4

94.4

92.0

97.8

98.5

99.3

95,8

99.5

97.9

98.5

95.2

92,6

90.0
'

94,8

Washed
 Gas
 Rate

(m:31hy)

1

i
I

 Loss of '
Inert Gas
Caleulated

(m"lhr)

 40.5

 66.1

 95.7

122,O

 52,6

 45.1

 75.0

 41.0

 398
 64.0

 86.9

114.8

 63,1

1,O

O,6

1,8

 38'

 2.0

 3.5

-O.8

 H

O.l.

8.1

1.0

(%)

1.5

O.7

1.6

 6.8

 4,3

.4.6

--2.0

 -

O.1･

7.3

1.6

yo

O O0604

O.0267

O.0593

O.0870

O,0225

O,O152

O,O0705

O.0438

O,O0502

O.0215

O.O152

O,0504

O.0799

O.111

O 0549

x)

1.42

2.02

2.25

2,39

1.82

1,68

1.91

2.52

1.74

2 34

180

2,38

2.39

2.33

2.30

ZSI

O.182

O.182

O.185

O.191

O.174

O,166

O.214

O,214

O.220

O.220

O.182

O,1905

O.185

O.185

O,188

Kzes

34.0

42.5

39.2

36,5

38,3

40.3

43,9

44.7

36.1

41.6

29.0

34.3

29,O

22,7

32.0

[H.T.U]oL

O.906

O,744

O.810

O.849

O.821

O.777

O.728

O.717

O,861

O.754

O.780

O.648

O.754

O,975

O.691



6iT4 tlen TAKEYA

[lrABi,E 9(i) Influenee of Gas

Exp.

(No.)

 52

 67

 95

146

].47

148

154

176

Time of
Steady
 State

 (min)

40

40

40

4Q

40

40

30

40

Composition
of Raw Gas
  <In!et)

C02
(%)

15.2

16,O

11.0

16,4

17.2

16.6

17.2

16.0

Inert Gas
  (%)

84.8

84,O

89.0

83.6

82,8

83.4

82.8

84.0

Raw Gas
  Rate

(m31b.r)

L
t
i

Water
Rate

(m31hr)

 70.3

 36R

 80,9

 6LO

 82,O

110,2

120.8

72.5

f
Tempera-
 ture

(℃)

6.96

6.56

6,68

6.81

6.79

6.85

6,68

6.82

t
,

t
f
]

I

21.0

21.3

21,2

19.7

19.7

19.0

19.0

21.0

TABLE 9(ii)

Exp.

(No.)

 52

 67

 95

146

147

148

154

176

Ls

t
i
t

j

I

Gs

i

:

4

B

l

z

f

1
xo

43.8

41.3

42.0

42.8

42.7

43.1

42.0

42.9

375

194

453

321

427

578

629

383

O.117

O.213

O.0928

O.134

O.100

O.0745

O,0668

O.112

15.0

15.5

15.4

15.5

15.8

15.1

15,1

15,5

O,OOI

O.O04

O.OOI

e.oos

O,O05 .

0.005

O,O05

o.oes
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Rate upon Kza. III

 Gauge
Pressure

(kglcmL')

1

i

`
l
1
l

 Outdoor
Tempera-
  'ture

, (eC) l

Composition of
  Washed Gas
   (Outlet)

COL) 1/InertGasi
(%) l (%) i

Washed
 Gas
 Rate

(m:ilhr)

 Loss of
Inert Gas
Calculated

14.5

15.0

14.9

15.0

153

14.6

14.6

15.0

1

l
l

l

g

 36

33-34

30-31

 25

 28

 20

 20

 28 .

 3.2

 O.6

 2.4

. 1.4

 3.4

 5.4

 7.1

 2.4

'

l

1

l
I
1

j
l
i
1
l

1

96.8

99.4

97.6

･98.6

96.6

,94.6

92,9

97.6

 58.4

･32.5

-72.1

･49.2

 67.0

 92.1

110.5

 57.4

<mil.h. r)

 3.0

 -1.5

 1.6

 2.5

 3.2

 4,8

-2,7

 4.9

(%)

 5,5

-4,9

 2,2

4.9

 4.7

 5.2

-2.7

 8.0

mu

Zto

:
j
1
F

T

Xl yt

i

:

t

Kia [H.T.UJoj;

OB31

O,O0604

o.o246

O.O142

O.0352

O.0571

O.0764

O.0246

1.25

O.87

1.06

1.37

1.73

1.92

1.97

1.49

O.179

O.190

O.124

O.196

O.208

O.199

O.2Q8

O.191

l
i

F
'

i
l

F
1
l

I
I

1

1
l
'

41D

33.0

53.5

50.2

52.1

65.9

55.8

55.5

]
i

l

1
l

1.07

1.25

O.785

O.788

O.821

O.653

O,752

O,772

'
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[I]Aisi.E le(i) Influence of Gas

Exp.

(No.)

 51

 54

 60

 66

134

135

150

151

152

153

162

Time of
 Steady
 State

(min)

I Composition
of Raw Gas
  (!nlet)

coi･

(%)
Inert
  (%)

    l
    :
    i'
    l
    l･G as i
    i

Raw Gas
  Rate

40

40

40

40

40

40

40

40

4e

40

40

15A

16.0

158

15,8

17.4

17.6

16.6

17.0

17.0

17.2

15.4

(mVhr)

84.6

84.0

84.2

84.2

82.6

82,4

83.4

83.0

83.0

82.8

84.6

f

I
i
1
I
'
F
;

1
1
1

!

l

I

l
l
1
1
!

1

 67.0

 65.7

103.0

 39.7

 62.7

 41,4

 56.2

 84.2

110.3

123.8

 71.4

Water
Rate

{

        l'

(m"lhr) I

Tempera-
  ture

(oC)

I
:

 6.97

 7.05

 6.98

 6.71

 6.91

 6.89

 6.91

- 6.87

 6.86

 6,83

 6.92

22,O

21.0

21.5

20.5

17.5

18.0

18,4

19.5

19.5

19.0

21.5

- -il

  l
l

  i'

  i

  l
  l
  l･

  l
  11･

  i'

  1
  1
  i
  i
  !/

  l

TA.Bi,E 10(ii)

Exp. '

(No.)

 51

 54

 60

 66

134

135

150

151

152

153

162

L's

l
i
l

43.8

44.3

43.9

42.2

44.4

43.3

43.5

43.2

43.1

42.9

43.5

Gs

357

347

545

21e

327

214

295

439

575

644

380

tE}

n

O.123

O.128

O.081

O.201

O.133

O.202

O.147

O.098

O.075

O.067

O.115

i

I
I
I
l

10.3

10.4

10.5

10.6

10.6

10.6

10,7

10,5

10,5

10.5

10,7

xo

;

1

O.OOI

O.OOI

O.OOI

O.OOI

O.OOI

O.OOI

O.O05

O.O05

O.O05

O.O05

O.O05

l

'
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Rate upon .Ki.es. IV

I

I

 Gauge
Pressure

(kglcm2)

F

1

I

i

L

 9.6

 9.7

 9.8

 9.9

 9.9

 9.9

10.0

 9.9

 9.8

 9.8

10.1

         l
 Outdoor l･
Tetm-preera- :

  (eC)

 36

 31

36-37

 31

10-11

 ,12

 19

 22

 23

 20

27-28

Composition of
  Washed Gas
    (Outlet)

COL) InertGas
(%)           (%)･

5.0

4.7

8.0

L4
3.6

1.0

2.5

6.5

8.8

9.5

4.2

E

l
i

95.0

95.3

92.0

98.6

96.4

99D

97.5

93.5

91,2

90,5

95.8

        l
Washed
 Gas 1
 R･ate '
        :
(m"!hr)

 Loss of
Inert Gas
Caleulated

.58.9

 59.1

 89.5

 34.5

 51.1

 32.2

 48.3

 69.6

 94,8

114.9

 59.8

(m31hr)

 O.7

-1.1

 4.4

-O,6

 2,7

 2.2

-O.2

 4.7

 5.1

-1.5

 3.1

(%)

 1.2

-2.0

 5.1

･-
1.8

 5,2

 6.5

-- O.4

 6.7

 5.5

-1.5

 5.1

i

l

yo

O.053

O.049

O.087

O,O14

O.037

O,OIO

O.026

O.070

O.097

O.105

e.o44

Xl

1.05

1,11

1.25

087

1.31

1.01

1.18 '

1.37

1.46

1.55

1.22

Yl

O.182

O,190

O.188

O.188

O.211

O.214

O.199

O.205

O.205

O,208

O.182

Kxa

54.8

56.1

66.7

47.6

58.6

53.5

60.6

65.8

71.1

85.6

8e.3

[HT.U.]oz

O.799

O.790

O.657

O.888

O.742

O.810

O.717

O.655

O.607

O.502

O.541
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[['ABI.E 11 (i) Infiuenee of Gas

Exp.

(No.)

E
I
i

Time of
Steady
 State

(min)

 53

 59

 65

 69

 70

 94

166

167

 86

 92

136

60

-40

60

40

40

40

40

40

50

40

40

 Composition
 o£ Haw Gas･
    (Inlet)

C02 lInertGas
(%) I (%)
16.0

15.5

15,8

15.8

15.8

11.0

16.2

16.2

16.7

16.0

17.8

84D

84.5

84.2

84.2

84.2

89.0

83.8

838

83.3

84.0

82.2

Raw Gas
 Rate

(m3!hr)

{

1

62.8

92.2

35.3

64.2

95.5

86.4

39.5

45.7

84.4

58.7

40.3

Water
Rate

(m31hr)

7.05

7.06

6.69

7.06

7.06

6.90

6.88

6.88

6.98

6.97

6.96

Tempera-
 ture

(oC>

21,O

21,O

208

-20.3

20.0

21.5

21.0

21.0

2e.5

20.0

18.5

l

I
I

1

TA.BT,E 11 (ii)

Exp.

(No,)

 53

 59

 65

 69

 70

 94

166

167

 86

 92

136

Ls

44,3

44.4

42.1

44.4

44.4

43.4

43,3

43.3

43.9

43,8

43.8

Gs

332

490

187

34Q

506

484

208

241

442

310

208

'B

O.134

O.091

O.225

O.131 ,

O.088

O.090

O.208

O.180

O.099

O.141

O.210

rr

5.6

6.1

5.9

5,7

5.8

5.7

6.0

5.9

5.3

5.1

5.3

xo

i

L

O,OOI

o.oel

O.OO04

O.OO04

O.OO04

O.OOI

O.O05

O,O05

O.OOI

o.eol

O.O05

    L
    I
"-- l
    I･

    I
    l

t

l
1
1
j
:

I

l

I
I
[

l
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Rate upon Kza. V

         1 Gauge i
Pressure j
         i
(kg/cm!) '

 Outdoor
Tempera-
  ture

(oC)

4.8

5,3

5.1

4.9

5.0

4.9

5.2

5.1

4.5

43
4.5

 32

36-37

 30

23-24

 23

30-31

 30

30-32

 29

22-23

16-18

COMPOSitiOll Of
 Washed Gas
   <Outlet)

C02
(%)

 8.6

10.5

 3.4

 8.6

11.0

 7.6

 4.6

 6.2

IL6

 8.6

 4.6

Inert Gas
  (%)

91.4

89.5

96.6

91A

89.0

92.4

95.4

93.8

88.4

91.4

95.4

Washed
 Gas
 Rate

(m31hr)

57,O

83.8

30:1

60.6

90.5

8e.4

36.4

42.3

81.2

53.3

31.5

 Loss of
Inert Gas
Caleulated

(m31hr)

 O.6

 2.9

 O,6

-1.4

-O.1

 2.6

-1.6

-1.4

-1.5

 O.6

 3.0

(%)-

 1.1

 3.7

 2.0

L･2.6

-O.1

,3.4

--
4.8

-3.6

-2.1

 1.2

 9.1

I

yo

1
L
;
I
l

O.094

O.117

O.035

O.094

O.124

O.082

O.048

O.066

O.131

O.094

O.048

XJ

O.722

O.730

O.680

O.717

O.730

O.465

O.703

O.717

O.703

O.690

O.805

Yl

O.190

O.183

O.188

O.188

O.188

O.124

O.193

･O.193

O.201

OL191

O.217

KLa

 82.4

 59.0

 76.0

 70.0

 56.9

 49.8

 70.5

 68.0

 58.5

 87,9

106

[HMU.]oL

O.537

O.752

O.553

O.634

O.780

O.871

O.613

O.635

O.752

O.498

O.413
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TABi,E !2(i) Infiuence of CO,,

Exp.

<No.)

Time of
Steady
 State

(min)

 Composition
 of Raw Gas
    (Inlet)

COL) InertGas
          (%)(%)

73

96

112

113

143

I
:

i
i
l
1
i

4o I      i
      i･
4o i
40 j･'
      '
4o I
4o I,
      L40 i      '      I

4o i      l
      1
40 i      1      I
40
      l
      !
40 l

15.7

14,5

:

:

I

84.3

85.5

Raw Gas
 Rate

15.0

14.6
1
:

l
i
:

85.0

85A

l
t
I
I
:
1
'

l

i

.(paF.!.h.r.)m.

[
I
t

I
I

Water
Rate

(m"!hr)

155

157

159

160

179

187

!
!

!

l
i
i

j

I

I
i

17.8

19.4

35.0

29.0

/

82.2

80.6

65.0

71.0

i

71

107

108

158

180

119

124
'

I
I

i
I
l

40

40

40

40

40

40

20

40

I

l

i

I
I
[
[
I

I
I
i

25.3

6.6

10.8

15.8

16,O

15.6

35.0

6.6

11.4

17.4

j

:
:

i

i
l
I

i

74.7

93.4

89,2

84.2

84.0

84.4

65.0

93.4

88.6

82,6

I
i

l

l

i

i

l

1

1
j

79.6

79.3

59.3

70.5

78.1

70.5

94.0

85.4

83.4

63.6

66.7

72.3

71.3

95.5

85.2

63.6

62.3

67.3

l

1
l

 !

i

 i

 1

 I
 I･

i

:

i

lt

l

I

i

I

6,91

6.66

6.82

6.80

6.75

6.85

6.66

6,78

6.75

6.72

6,80

3.52

3.53

3.54

3.88

3A3

3.52

3.30

;

i
l
I
l
!

I

l
i

/

/

I

I

i
I
j
l

l

        I
[i]empera- I

 ture i        I
        I'
  ..(oc-)...-.7I

20.5

19.2

19.8

20.0

19.4

19.5

20.5

20.3

20.5

20.0

19.5

20.5

19.8

19.3

20.7

20A

17.0

178

i

E
:

I
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 Gaug'e
Pressure

(kg. !.c!I.l2)

E

19.7

19.7

19.7

19.8

19.7

19.8

19.6

20.1

19.8

19.9･

19.7

19.8

19.7

19.8

19.6

19.9

19.5

19.4

 Outdoor
Tempera-
  ture

  (rq).

26-27

19--･20

11-12

12-l3

 18

 22

 25

 24

 24

 22

 19

22-23

20-21,

16-18

26-27

 23

  3

  9

Composition of
 Washed Gag
   <Outlet)

COt InertGas
,gzi{} (%)
 1.9

 1.6

 O.7

 1.0

 1.4

 1.4

 6.0

 3.4

 2.6

 O.3

 O,5

 5.2

 4.8

 7.4

15.0

 1.6

 2.5

 5.0

L
!

d

i

l

!

l
i
J

I
I
l
I
I
I
l
I
I
i

i
i

l

1

98,1

98.4

99.3

99.0

98.6

98.6

94.0

96.6

97,4

99.7

99.5

94.8

95.2

92.6

85.0

98.4

97.5

95.0

Washed
  Gas
 Rate

(m:31hr)

`

     Loss of
    Inert Gas
    Calculated

            (%)(mt'lhr)

I

'
i
!
:

j
!
l

I

I
I
i

l
l
l
i
i

F
l

I
I
I
i
l
I

i

]
i
l
l
1

i
I
l

I
[

l

l

I
I
I

i
[
i
l
l
i
'

i
i
i
l

l
i

l
l

I

I
I
l

l
l
l
l
I
E

   66.0

   66.5

   50.5

   60.5

   64.8

･ 52,7

   58.1

   59.8

   58.9

   57.6

   56.9

   63.1

   64,O

   86.9

   59.8

   58.9

   58.5

   56.1

i
I
f

l
F
t
i

l
I
/

:
1

l

I
I
F

L
t

/

L

G
i

F
I

2.3

.2.4

O.2

O.3

O.3

4.8

6.5

2.8

4.9

2.0.

2.9

1.0

O.1

4.6

1'.4

2.3

E

 3.4

 3.5

 O.4

･O.5

 O.5

 8,4

10.6

 4,6

 7.9

 3.4

 4.9

 1.6

O.1

8,2

 2A

4.1
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TA.lsT,I£ 12 (ii)

Exp.

(No.)

 73

 96

112

 113

143'

155

 157

 159

160

 179

 187

 71

 107

 108

158

 180

 119

 124

I
i

i

I

f
l

l

:
i

f

I

i

l

Ls

43.5

41.g

42.9

42.8

42.5

43.1

41.9

42.6

42.4

42,4

42.8

22.1

22.2

22.3

24.4

21.6

22.1

20.8

l
i
l

     Gs

     422

     426

     317

     379

     404

     357

     384

     381

, 392
     374

     374

     383

     377

     507

     348

     374

     347

     350

'

  B

O.103

O.0982

O.135

O.113

O.105

O.121

OJ09

O.112

O.108

O.113

O.114

O.0578

O.0589

O.0439

O.0700

O.0577

O.0638

O.0594

i

rr

20.0

20.0

20,O

20.1

20.0

20.1

19,9

20.4

20.1

20.2

20.0

20.1

20.0

20.1

19.9

20.2

19.9

19.8

!

l

I

.l

 xo

O.OOI

O.OOI

O.O05

O,O05

o.eos

O.Q05

O,O05

O.O05

O.O05

O.O05

o.eos

O.OO04

O.OOI-

O.OOI

o.eos

O.O05

O.O05

O.O05

l

L

I
E
s

:

E

i
1
l

1

l
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ye

l

O.O194

O.O163

O.O0705

o.bioi

O.O142

O.O142

O.0638

O,0352

O.0267

O.O030

O.O050

O.0549

O.0504

O.0799

O.177

O.O163

O.0256

O.0526

XI

1.62

1.56

1.25

1.43

1.93

1.89

4.36

3,35

2.88

O.600

1.02

2.30

2.38

2.39

5.16

O.938

1.62

2.67

YI

 O.186

 O.170

 O.176

 O.171

 O.217

 O,241

 O.539

 O.408

 O.339

 O.0707

 O.121

' O.188

 O.191

 O.185

 O.539

 O.0707

 O.129

 O.211

KLa

45.1

44.4

41.0

46.2

50,8

42 5

48.5

46.6

50.7'

5e.1

50.5

32.0

34.3

29.0

32.3

35.1

29.1

31.5

[H.T.U.]o.L

O.962

O.943

1.05

O,931

O.836

1.01

O.865

O.913

O,836

O.842

O,846

O.691

O.648

O.754

O,754

O.613

O,759

O.657

'
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TABIJE 13 (i) Case where Hydrogen

Exp.

(No)

17-a

17-b

･ 21

26-a

 27.

 16

18-a

18-b

Time of
Steady
 State

 (min)

[

i
1.

 Composit!on
 of Raw Gas
    (Inlet>

COi ' InertGas
(%) (%)

40

30

60

60

40

40

40

40

   4.2

   4,2

' 8.0

  11.0

  I4,6

  1.3.4

  12.8

  12.8

95,8

95.8

92.0

89.0

85.4

86.6

87.2

87.2

Raw Gas
 Rate

(m3!hr)

127.3

 84.1

1058 ･･

 98.2

 96.4

 47,9

115.4

 66.4

Water
Rate

(mSlhr)

7.06

7.06

6.93

7,05

7.eo

6.97

7.02

6.91

Tempera-
 ture

(.C)

20.0

20.0

19.0

20.3

20.5

18.0

J.8.0

18.0

[[iARI.E 13 (ii)

Exp.

(No.)

17-a

17-b

 21

26-.a

 27

 16

18-a

18-b

Ls

44.4

44.4

43,6

44,3

44.0

43.8

44.2

43.5

Gs

767

507

612

550

518

261

633

364

B

'

O,0579

O.0876

O.0712

O.0807

O.0851

O.168

O.0698

O.119

n

20.1

20,1

19.9

20.3

19,8

20,3

20,8

22.3

aJo

O,O05

O.O05

O.O05

O.OOI

O.OOI

O.O05

O.O05

O.O05

TABLE 13 (ii!)

Exp.

(No.)

17-a

17-b

21

26-a

 27

 16

18-a

18-b

COL' CmHn

Composition of Raw Gas

 Os CO CH4 HLi N,i

4.2

42

8.0

11.0

14.6

13.4

12.8

12,8

o.o

o.o

o.o

o.o

o.o

o.o

o.o

o.o

O.1

O.1

o.o

O,2

O,1

O,4

O,3

O.3

O.4

O.4

1.4

1,2

1.4

1.2

O.6

O.6

o.o

o.o

o,o

o.o

o,o

e.o

2.2

2.2

93.8

93.8

80.0

77.7

78,3

72,5

78.1

78.1

:

i

 1.5

 1.5

10.6

 9,9

 5.6

12,5

 6.0

 6.e
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is Inert Gas

l
l

 Gauge
Pyessure

(kg(em?)

'

19.8

19.8

19.6

20.0

19.5

20.0

20.5

22

 Outdoor
Tempera-
  ture

  soc)

23-24

 24

 17

23-24

23-24

 6-7

 12

12-14

Composition of
 Washed Gas
   (Outlet)

CO,)

(%)

E

1.2

O.4

1.3

1,3

1.6

O.1

211

O,4

Inert Gas
  (%)

98.8

99.6

98.7

98.7

98.4

99.9

97.9

99.6

Washed
 Gas
 Rate

(m:i/hr)

113.0

 69,6

 89.1

 81.1

 79,1

, Lossof
  Inert Gas
 Caleulated

(m:ilhr)

g7.3

56.4

E
I
i

10,3

9.4

7.4

4.5

5.3

1.7

(%)

8.4

9.7

8,5

5.5

5,3

2,9

yo

O.O121

O.O040

O.O132

O,O132

O.O163

O,OOI

O 0215

O.O040

Xl

O.552

O.461

1.04

1,36

!.83

O.920

1,80

1.20

YI

,

O.0438

O.0439

O.087

O.124

O.171

O.155

O.147

O.147

KLa

52.1

57.7

tz4,4

64,6

69.1

45.7

60.8

43.3

[ff.T.U.]oL

F

I

l

O.852

O.769

O.585

O.686

O.637

O,958

O.726

1.00

C02 CmH"

Composition

OLi

of

co

Washed Gas

        CH4 H2 N,

1.2

O.4

1,3

I3

1.6

O.1

2.1

O.4

F

i

F
I

;

o,o

o.o

e.o

g

1

I
1

l
1
l

1
1

l

1

i

O,2

O,6

O.4

i
i

:
1

:
E

l

O.7･

O.6

1,7

i
I

L

I

]

o.o

o,o

1,9

l

'

F
I

/

1
t
t

l
'

91.1

93,6

95,1
L

i

6.7

5.1

O.5
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