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Lo INTRODUCTION

Gas absorption 1s that unit operation or unit process
in which one or more constituents are removed from a gaseous
mixture by absorption in a liquid. Since the problem of gas
absorption involves the transfer of a soluble gas from the
#as phase to the liquid phase, the process is one of 4iffuse-
ion, and whether the purpose be to recover the absorbed consti-
tuent or to purify the remaining gas, the largest possible
surface of contact or interfacial area must be provided for the
interaction between the two phases.

The process of absorption finds wide appllcation in
industry today, most processes being carried out as contin~
uous processes in towers in which the gas is passed upward
countercurrent to the flow of liquid. Yet, because of the come-
plex nature of the mechanism by which the process of absorp=
tion 1s thought to occur, wide variations exist in the inter-
pretation and application of experimental and plant data.
Consequently, there has been a persistent tendency to treat
gas absorption as an art rather then as a sclence.

Although the basic¢ principles of gas absorption were
postulated in 1885, the "two-film theory" of diffusion upon
which present thecretical concepts are based was not ade
vanced until 1925. Much recent experimental work has been

done in attempting to correlate the effect of such variables



a8 gas gomposition, temperature and pressure of the system, the
overall pressure drop through the tower, and the apparent mass
veloelty of the gas and liquid phases through the tower, lHowe
ever, the major portion of this work has been performed on
relatively small size equipment and the resulting data cannot
be acocurately applied to design crlculations for industrial
equipment.

The purpose of this investigation is to correlate, by
means of empirical equations, the oporntins characteristics of
an absorption system in which carbon dioxide is passed upward
in countercurrent flow to the downward flow of water. The
absorption will be performed in a 18" stoneware tower 21 feet
in height, 15 feet of which are random packed with 1 1/2 to

2 inch coke.



dages, Sinoce the process of gas absorption involves the
transfer of a scluble gas from the pgas phase to the liguid
phase, the proce:ss may be designated as a dAiffusional process.
seeording to the kinetic theory, n gas consists of a large
number of individual molecules in rapid motion. iince the
molecules move at random, if two gases sre placed in the same
container, diffusion will result spontanecusly. In absorption
practice it 1s frequently necessary to deal with a mixture of two
or more gases, both or all of which are more or less soluble in
the solvent. shorwood(Ag) develops the following equation for
the steadye-state diffusion of both components of a binsry

mixture
Py
145t
1n ( hdé' = E(v, + Hy) (1)
: :"m(1 4 ~§)xhﬁ. ‘ v
"/TF
where

N, = rate of diffusion of gas "A", gm.mols./(sec.)(sq.em.)
Ny = rate of diffusion of gas "B", gmemole./(sec.)(sq.om.)
P = total pressure, atm,

Ps.® partial pressure of the gas "A" after diffusion, atm.

2
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Pay® partial pressure of the gas "A" before diffusion,
atm,
x = distance in the direction of diffusion, em.
Kk = % where D® diffusion coefficient, em.2/sec.
P® total pressure, atm,
R® gas~law constant, (occ.)(atm.)
TS abaclute temperature, %%
liowever, before the above equation can be solved it 1s
first necessary to define and evaluate the diffusion coefficlient,
sherwood(30) derives the following empirical equation

3/2 '
A 4+ 2
qu 0.0043 P(VA1/3 + Vglfs)a—V/MA B (2)

where
Dg 2 diffusion ccefficient, cm.a/hoo.
T = absolute temperature, GK.

MpoHg® molecular weighte of components A" apd "B"
respectively
P = total pressure, atm,

VA,Vp® molecular volumes

The above equation should be used in estimating values
of "D" only in cases where no zood experimental data exists.
Several methods have been developed for the experimontal'dcu
termination of gngeous Aiffusion ooefrioientu(sl). .

Liguids, Because of the greater density of the liquid
phase, the resistance to diffusion is mueh greaterj therefore,

diffusion takes plage more slowly, The mechanism of molecular
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diffusion is similar in both liquids and gasesj howsver, in a
lizuid, because of the closer spacing of the molecules,
moleoular attraction must be considered., Consequentially, the
kinetie theory of liquids haa not been fully developed with
the result that no theoretical equations for liquid diffusion
goefficlients have been derived,

If the value of the diffusion coeffloient i known from
experimental dnta, then by analogy with gasecus systems, the
following relation for the steadyeatate 4iffusion of a solute

through & astagnant solvent may be developed(sl)

s
NA ® 3= (6o + Op)in 2 (3)

vhere
N, ® rate of diffusion of solvent, gm.mcls/lsec.)(sq.om.)
Dy, ® 4iffusion coeffioient, on.?/sec.
x ® distance in the direction of diffusion, em,
0p ® partisl molal density of the solute, gm.mols/00,.
Cp ® partial molal density of the solvent, gmemols/ccs
632' partial molsl density of the solvent after

diffusion, gm.mols/cc.

Gglt partial molal density of the solvent Lefore

diffusion, gmemols/cc.
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The following empirieal equation for the determination
of 1lquid diffusivity has been developed‘75)

1/2
T
Dy, = “"‘ATI" 5 )1/3]2 (4)

where
» 1iquid diffusivity, ft.2/hr.
5 # molecular weight of the solute "A" and the solvent
liquid "c" prespectively
v L,V ® molecular volumes of the components "A" and "_"
regpeotively
ApeAeB = constants

Vg = viscosity of the solvent



Three Ceneral -ases of Gaas Absorption. The problem of
gas absorption in whioh the congentretions of gas and liquid

are in equilibrium with each other and ars under definite cone
ditlions may be divided into three genersl cases, which are(‘B)t

l. A chemigcal reaotion cecurs between tne gas and the
liquid, and the gns exabta no appreciable vapor |
pressure after absorption..

2, A chemloal reaction coours between the gas and the
liquid with the formation of an unstable compound,
and the gan exerts an appreclable vapor pressure.

3¢ Ho chemical reaction ocours, and & vapor pressure

proportional to the amount of gns absorbed i

exerted,
Solubility of Gasegs A solution of a gas in a llquid

exerts, at a definite temperature and concentration, a definite
partial ﬁroalur- of the dissolved gas. Different gases will
exhibit very cireat differences in the partial pressures that
thelir solution exerts at equilibrium, The solubility of a gas
in a liquid has a limited and definite value dependent upon

the nature of the gas and the liquid, and alsc upon the
temperature and pressure, Two coefficlents ‘ave been employed

to express the results of sclubllity meanuromontl(ae)t



1. Absorption Coeffisient., This coefficlent is defined

as the volume of gas, reduced to 0%, and 1 atm,,
dissolved by unit volume of solvent at the tempere
ature of the experiment under s partial pressure of
the gas of 1 atm, “athematiocally
a= .-;%. | (5)
where
a= absorption cocefficlient
v, volume of gas dlssolved, reduced to S.T.P.
V2 volume of solvent
pe partial pressure of the yas, ata;
::; This coeffliclent 1s
defined as the volume of gas, measured under the.

temperature and pressure st which the gas dilssolves,

taken up by unit volume of the liguid. “athematicslly

be *{“ (6)
where

be goefficlent of solubllity

ve gctual volume of gas dissolved

V= volume of solvent

The effects of temperature and pressure on the solublle

1, Iemperature. &laautonn(aa) states that when gases
dissolve in wantepr, there is generally a liberation



of heaty it follows, therefore, from the Le Chatelier
principle that inoresses cf temperature will result
in a decrease of solublility. The relation between
absorption coefficlents for different temperatures,

at constant preasure, may be expressed as

-4 ()

where
a; = absorption coefficlient at temperature T;
82 = absorptiocn coefflcient at temperature T,
A H = differential heat of asclution of 1 mole of

the zas in a saturated sclution (assumed
to be independent of tamparabﬁrt)

R ® gage-law gonstant

Ty S originel temperature, °K.

Ta g final temperature, OK.

2. fresgure. The most important factor influenecins the
solubility of a gas 1is prannuro‘aaj. gompression of
the gas will tend to increase its solublility. The
quantitative relation between sclubllity and prese
sure 1s given by Henry's law, which states that the
mass of ges dissolved by a given volume of solvent,
at constant tcmporaturo;\tn proportional to the
presaure of the gea with whioh it is in egquilibrium,

¥athematlically
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P = Hc (8)
where
P * partial pressure cf the dlssolved gas
H ® Henry's law gonstant
¢ ®= goncentration of the dissoclved gas
In general, i1f a gas absorption process is allowed to
reach equilibrium, thils will be the point at which the partial
pregssure of the solute in the gas phase 1s equal to its
partial pressure exerted by the liquid phAIO(S)n
Ellm Theoxry. When two separate phases, such as a gas
ard a liquid, are brought into contact, they tend to approach
a atate of equllibrium, At equlilibrium, the temperature of the
two phasca will be the samey but the congentration of the gas
in solution in the liquid will be less than in the gas phase,
and the liguid concentration in the gas phase will be less
than in the liquid phase. shnruood(ﬁa) shows that there is &
sharp oconcentration drop across the interface between two
phases in contact and in equilibrium, The most successful
theory advanced to explain this sharp concentration drop across
the interface is the "two-film thcony“(7*). This theory con-
tends that on the gas phase side of the interface there 1is
a stagnant gzas filmg on the liquid side of the interface there
is a stagnant liquid film, These two filma are the principal
resistanges encountered by a pgas diffusing from the gas
phase into the 1iquid phase., Yonawecok and &akor‘“o’. in ox-
periment with ammonia and water, obtained date that corroborated
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the two-film theory, 2lthough it has been shown that the totel
resigtance encountepred by the tranafer of material between
phases is not vholly offered by s layer of absolute stationary
fluid at the interphase houndery, the film concept has been
of ineatimable service in indlcating the physical mechanism
of gas abuorpticn(sj). Thus, when & mixture of a soluble gas
"A" and insoluble gas """ 1s brought into contact with a
solvent liquid "C", the soluble zas muat diffuse in series
through a film of the inert gas and a fils of the liquid bee
fore it can dissolve in the main body of liquid. Therefore,
the rate of absorption, after conditions have become constant,
is equal to the rate of diffuslon through either fil:-, For
the gas r:xm‘75’

2 » Z::A(%g-m’ (9)
o Pau
where

Ny ® rate of diffusion, 1b. mols/hr.

Dy = diffusivity of component "A" through the gas film,
re.%/nr,

F ® total pressure, atm,

A ® interfacial, or absorbing, area, rt.a

Pag® partial preasure of cgomponent "A" in the gas
phage, atm,

Py partial pressure of component “'" at the gzas

liquid interface, atm,
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R ® gas constant, £4.7 atm./(1be=01)(°R.)
T £ absolute temperature, °R.
Bq® equivalent thiskness of the gas film, ft,
pnﬁﬁ logemean partisl preagure of inert component “u"
in the zas film, atm,
For the liquid film

i, w o ¥ Cop N (A0 Gy (20)
BL.O%m
vhere
Dy ® diffusivity of component "A" through the liquid
£ilm, ft.?/hr-
0,L® ooncentration of component "A" in the liquid
phase, lb.mols/ft.”
QgL® concentration of the solvent 5% 4n the liquid
phase, 1b.mols/ft.>
Cpe® oonaeniration of component “A" at the gaseliquid
interface, lb.mols/ft.>
BL ® equivalent thlokness of the liquid fil:, ft.
Cop® log-moan concentration of the solvent "C" in the
11quid film, lb.mols/ft.”
In the absence of experimental data tLhe values of gas
and ligquid diffusivities nay be estimated from Equations (2)

and (4) respectively.



o] e

Fiim Coeffiglents. The two={ilm theory perwnits the use
of individusl film coefficlents in expressing the rate of
naterial tranarar(“‘). 3ince the stegnant fllms at the intere
face are 80 thin that the amount of sclute conteined in them
at any tirme 1s nepligible compared to the amcunt of solute
passing throush them and all the mateprial passing through one
film muat also pass throush the other, 1t follows that at any
instant the rate of materisl transfer through one film 1ls the
same as the rate throush the other, and the twoefilms cone

stitute two resistances in series, Therefore, it has been

shown thatcﬁ)
4 w Di(Pag = Pat) . Ly (g3 = Oay) | (11)
(p'b)m Bﬁ _ BL

where

W ® weight of component "a" transfered per hour, 1lbs.
A ® area measured perpendiculsr to direction of

diffusion of component "a", ft,.
b s coefficlent of diffusion through zas fllm
Pag® partial pressure of component "a" at one boundaxy
of the gas film, atm,
Pg3® partial pressure of component "a” at the other
gas fllm boundary, atm,
(pb)m' averege partial pressure of component "b" in the
gas film, atm,
® thickness of zas film, t,
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by ® ceeffleient of diffusion through liquid film
8gqq * oongentration of diffusing component et one
| voundary of the 11quid film, 1bs./fte>
B; ® thicknees of the liquid film, It.
 pate for eguivalent filr thicknesses =re practically none
existent for the actual conditions under which absorption 1s
carried out., This is due to the fact that film thicknesses
depend, in large part, upon the mnass velocitiea of the flulds
and the direction of flow, The flow of fluldas in an absorption
eolumn is extremely complexi therefore, it is convenient to
define a gas film coefficient and & liquid film coefflclent.
"The gas film coefficlent may be defined by the

equttion(7)
b
= b 12
s (Pply By e
where

kg ® gag film coeffioclent
by ® coefficlent of diffusion
(pb)m' avarage partial presaure of component "b" in the gas
film, atm,

By = thickness of the gas film, ft.
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Similarly, the liquid film cocefficlient may be defined
by the equation

K _%L (13)

where
k, ® llquid film coefflolent
b; & ococefflclent of diffusion through the liquid filnm
By ® thickness of the liquid film, ft.
Then Equation (10) may be written
...f:.. 2k (Pag™Pyy) ® kL(c,,w.L) (14)

The film coefficlients defined nbove are based upon the
agsumption that for a given absorption aystem the effective
film thickness is constant, |

ca ' \ o« If the gas to be absorbed 1s very
soluble, the liquid film resistance is small, and the gas
film will be the ocontreolling resistance., Badger and M@Gabo(a)
state: "Physloally, this means that the solute gas, when it
once gets throuzh the gas film, 1s sucked in so avidly by the
1ilquid that the liquid film resistance is of nezligible ime
portance”, Therefore, the rote of absorption depends only
upon the gas film coefficient, and Tquaticn (14) may be written

e 3 Ky (Dyg=Pay) (15)
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Ligquid 1im Controllinge If the sas to be absorbed 1s

relatively insoluble, the liquid filw will be the controlling
resistance., Badpger and Maeab»‘a) states "Physlioslly this case
1s the result of the fact that the tendency for the solute

zas to move into the 1liquid 1s se low, beeause of its low
solubllity, that it is this proocess that ig of controlling
effect”, Therefore, tquation (14) may be written

“%"" Ky (0gq=0gy,) (16)
8, Since the driving force through
the liquid dilm 1s a coneentration difference, and that through

the gas £l is a partial pressure difference, two overall
coefficlents can be oaloulated, Theae coefflclients may bde
defined by the aquatiana(g)

W

K, ® . 1
8 MPag=Pyr) (1)

W (18)
E’L ® &(“8‘:’6‘1‘)

where
¥, % overall gas {ilz coefficient
¥y ® overall liquid film coefflolent
Pg; ®* the equlibrium partial pressure rcorresponding to
the ocnoentration ey
a“ﬁt the equilibriuvm concentration sorresponding to

the partiel pressure Pag
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ify, for a glven system, Henry's law holds, the followe

ing equation may be derived from fquations (8), (14), and (17)

iy ..E—}_E | (19)

Similarly from equati-n, (8), (14}, and (18)

. e _ (20)
e o S W
k, ~ Hikg
Alao, the following relation may be derived
Ky ® HEg ()

In the apeoinl sase in whish the zas film controls
Jonversely, if the liquid film ocontrols, then
By, Ky

senoibel(#8) states, "2ased on the assumption that the

gas £1lm coefficlent 1s dependent sclely upon the gas rate
and the liquid film coefficlent is dependent solely upon the
liguid rate, the overall tranafer coeffielent for a gilven
systen should gorrelate to the general formula |

where

i, ® ‘Z'BL"T (22)

B
&8 da ""L

a,5" oonatants to be ovaluated

a, = offective interfacial area, ft.a/ttw’ W
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Npernting dazta may be expreared in terma of overall
soefficlenta, oven thouzh bath gas and 1iguid £1ls reslotzanoces
are involved, provided the cquilibriur gurve ls stralght over
the range of concentrations @ncmunt%r&d(g%).

e Zinmmerman snd Lavin@‘73)

state: "vhen absorption takes plece in packed bLoewers, it ie
@iffieult, and frequently impossible, to estimate the effecte
dve sbeaorblng area, In such ceses, a knowledge of coefflclents
based on area is of little help, Therefors, it is common
pragtice to expresrs absorption coefficients in terms of volune
rather than area, This is done by replacing the aree term "A"
in the rate equations by the equivalent teram "av", where "a"
ie the effeotive area pepr cuble foot of tower volume’

Under this system Sguation (14) becomes

W ® KgaV(pyg=Paq) ® kiav(egq=cyy) (23)

where
kga,kya® 588 film and liquid f1lm soeffiolents, respects
ively, moln/(hr.)(rt.ﬁ of packed volume)(atm,
partial pressure difference)
Ve pagked volune, r$.3
Overall volumetrie coeffisients mey be developed {rom
Fouations (17) and (18) in the same manmer,



e The factors that

influence the value of film coefficients may be summarized as
followst
1. lemperature, Temperature affects both the gzas
film cocefficient and the liquid f1ilm coefficient.
(a) Gas film coefficlent., Increase of tem=
perature results in a decrease of zas
film coefficlents, because gas viscosie
ties increase and densities decrease with
an inerease of tompernturo‘“G). From
data obtained on the absorption of Niig in
water and 50, in water the followlng re-
lations have been derlvod(BI)

? 0.8,'1.“

kE s 0’y (24)
2/3
kg ® 0" w0805 (25)

where
% velogity of the gas
T = absolute temperature
s = specifioc gravity of the ges
nixture
2z = the viscosity of the gas mixture

0',0''s gconatants



erey(46)

states that these equations may bLe
applied with falr accuraey for similar gases, under like gone
ditiona of temperature, velocity, and concentration.

(b) Liquid film coeffiolent, Inoresse of
tenperature results in an increase of
liquid film coefficients, because of both
increased diffusivity and decressed vise
cosity of liquad(‘s). flesults of the abe
sorption of 50, in water and NH; in water
indicate that the liquid film coefficlient
is direotly proportional to the fourth
power of the absolute tempeprature
However, other expepriments involving the
desorption of COp, O, and Hp from water
by aly have produced data that seem %0
indionte that the coefflolent increases
more rapidly than the fourth power of lhe
absolute tomperaturo(‘6)¢

2, Gas Velogcity. Changes in gas veloeity affects
both the gas film coefflicolient and the liquid
film coefficient,

(a) Gas £ilm coefficients, It has been shown
that the relation botween the gas film
coeffliclent and the zas mags velocity

may be expressed al(38)
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kg ® og® (26)
where «
g = mass velooity
Cyn & eonsﬁanmu
?arry(‘5’ states thet in general the constant "n” 1s
equal to approximately 0.8,

(b) Liquid fiim coefriclent, The liquid film
coefficient s affected only slightly by
gas volocity"ol.

Je Liguid Veloeity. Liquid veloecity affeots both the
gas film coorfio:ont and the liquid film céorrio
client,

(a) Gas film coefficient, Data obtained from
the absorption of COg in carbonate solue
tions indicate that the gas film coeffie
olent 1s almost directly proportional to
the 11quid rate(21),

(b) Liguid film cceffiocient, The value of the
liquid film coefficient depends upon the
liquid velocity and relatively little on
the nature of the 4lrfusing solute.

Van Avsd01(71) states thet an increase of
1iquid flow relative to gas flow causes an
increage in the liquid film coefficient
until a oritical flow rate 1s reached, At

low liquid rates the ingcrease is greatest.
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actors Affeeting the Ove cefficient., Comstook and
Dodga(al). in experiments absorbing CO2 from gaseous mixtures
by sodium or potassium carbonate, found that Kga varies through-
out the tower in a given teat, because of tho changing ratio of
bicarbonate to carbonate. Consequently, in comparing results of
different tests, it is necessary to have the average percentage
conversion approximately the same in the tests to be compared.

Although no rigorous theory has been offered to explain
why an increase in liquid rate increases Ksa, it has been
assumed that the incorease in ligquid rate increases the thickness
of the liquid layer on the packing and makes more liquid availe-
able to absorb a given quantity of solute. The effect of gas
veloolty on Kga is negligible, but Kgn increases with an ine-
crease in temperature.

sherwood(61) gives the following relation between Kpa
and the liquid rate

Kza = 0.,01610+92 (27)
where
L = 1iquid rate, 1b./(hr.)(ft.2) of total cross
section
However, other 1nventisator'(25), absorbing COg by water
in a packed tower, found that gas velogity has a large effect
and water rate no effect on Kja, mstok(4}) developed the
following equation from the abscrption of COp in water in a

coke-packed tower
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Kga ® 0,0000153L1%4 (28)
where
K1a = 1liquid film absorption coefficient, 1lb./
(hr.) (££47) (10, /28.3)
L * liquid flow rate, 1b./(hr.)(ft.2) of tower
eross section
Boisture(}5) using the same system as Musiok developed
the following relation

L |
log Xra + 0.00242P (29)
%8 B ® 2066 = 0.544L"

where i;a = overall liquid film ccefficlent, lb. mols
CO2/(hr.) (££.7)(1b. mol COp/lb. mol HpO)
L' = solvent rete, lb.mols/(hr.)(ft.2)
P = partial pressure of COp in inlet gas, mm.Hg.

Donald and Tyaen(lo) state that the overall coefficlent
of absorption in a tower depends on the density of the gas and
is some function of the relative velooity between gas and
liquid.,

One innstigntor(“) found that the overall coefficents
for both absorption and desorption increase with gas veloeclty,
and at a given gas veloeity the values of both ccefficlents
are, within experimental error, the same,

According to 5horvood(51) the effect of tempereture, when
the liquid film controls, ia so great that an incresse, in the

temperature over limited range may increase Kja suffioclently
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to offset the increased vapor pressure of the solute over the
sclution, Under such conditions there is an optimus operating
temperature at whieh the sbsorption should be performed. Thil
optimum may be well above room temperature, so it should not be
stated as a general rule, as sometimes given, that absorption
procesases should always be oarried out at temperatures as low

as are practiecanl,

All equipment for sas absorption 1s designed so as to
bring the gas and the liquid phases into intimate mutual cone
tact and to provide the largest posailble surface of contaect or
interfacial area for the interagtion between the two phases,
rerry statesd7)y "Equipment for zas absorption has never be=
come standardized, nor is there any acoepted classifloation of
such apparatus. Zquipment for gsas absorption may, however, be
classified into the fellowing groupss

l. Apparatus in wiioh bubbles of gas are liberated
beneath the surface of a liquid,

2. Apparatus in which a spray of liquid is injected
into a volume of gas,

3¢ Apparatus in whioh uzas is caused to pass over
pools of liquid held in sultadble contalners, gas

and liquid flow Leing countercurrent.
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4, Absorption towers filled with a suitable packe
ing over which the liguid may flow in films in
order to present a large surface of contact to
the aacending ges.

H5e Absorptlion towera of the sleve-plate or bubble-
cap construction similar te those employed for
rectification in the fleld of dlstillation,

6+ Appapratus containing mechanically driven parts
designed to subdivide the 1liquid and bring it

into intimate contact with the naas.

Paghked Towers

This type of gas absorption equipment consists of a
tower or chamber packed loosely with any one of a large number
of different typeas of "packing” over which the solvent is
allowed to trickle or flow in thin filma, without filling the
intervening spaces between the individunl pleces of packing.
With the packings ordinarily obtainable, the interfaclial area
per unit of volume is much less than can be provided by spray
towers or porouseplate equipment, but since both gas and
liquid phages are in violent turbulence, packed towers may be
used where either the gaa or the liguid film is the controlle

ing resistance!33),
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Tower rackings. To inerease the interfacisl area, towers
have been filled with packings of various shapes and sizes.
Desirable characteristics of a tower pachking are(2),

l. Low welght per unit veolume, In thle connection, the
tower walls must be strong encugh to support the
slde force of the packing.

2, Large surfagce per unit volume, This increases ine
terfaclal area,

3¢ Large free cross section. This permits a low
pressure drop due to friction through the tower
and therefore reduces the power required for gas
circulation,

4, Large free volume. This 1s especially important
in cases in whioch resctions must occur in the gas
phase,

5. Gmall weight of 1iquid retained. This decreases
the load on the tower and removes the ligquid from
the tower as rapldly as possiblej however, this ls
a disadvantage 1f the reaction between the liquid
and gas is slow,

6. “echanical strength and chemical inertneas toward
material to be handled,

The prinecipal types of tower packings in industrial use
areld},

l. Broken rooks, inese have limited use becsuse of

their zreat weight, and they ar: not always
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ghemically inert. (Random packed),

Goke. This 1s light in welght and has a large sure
face per unit welcht, but 1% haas a small free
seotion. (Random packed),

gtoneware shapes. ‘hese find ~any appliceticns bew
cause of the unlialted varlety of stoneware and
shapes possible. (Hoth stacked and random packed),.
Ragohig rings., These are the nost widely used

type of tower packing. One unit consists of

5

6.

Te

eylindrical rings of the same length as the dlamee
ter of the eylinder, with the walla az thin as

the material will permit. (Handom packed).

Lessing rings. This type of packinzg 1s =ade of
metal with a single internal web, (Random packed).
Gpiral ringe. These are simllapr to Raschig rings
but includinz an internal helix which may partly

‘or completely 111 the cross section of the

eylinder., This type of packing 1le extremely ex-
penaive, (5tacked).

Berl saddles, These are a specially developed
patented packi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>