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ABSTBEACT

Memsuresments of the rate of asbsorption of ammonia in
water have been made unaing a 4-inch diameter lucite column
with ,<inch porcelain Rmschigz rings pasked to & height of 3
feet, Tests were made with water rates of 462 and 695 1bs./
hr=ft2 and a constant gas rate of 130 lbs,/hr-rt2 with 11
quid temperature v=rying from 72° p, te 110° p,

At constent ligquid and gas roate, the mass transfer coew
fficient, K.8, decreazes with increasing liquid temperature
and iz represented by strﬁight lines on plot of K.a versus
temperature, The wvariatlion of Kga with 1iquld temperature
ranged from 6.05 at 72° ¥, to 2,5 at 104° P, with a constant
1iquid rate of 462 lbs. /hr-rt2 end & constant gas rate of
130 1bs./hr-ft2, At the same gas rate of 130 1bs,/hr-rt?,
Kga varied from €.55 at 78° P, to 5.28 at 100° p,

It wasz also found that Kqa inoreases with an increase
in water rate, and may alsc be represented by stralght lines

on & log~log plot,
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INTRODUCTION

One of the nost widely used industrial methods to bring
vapor and 1liquid phases into intimate contact for the pure
pose of transferring mass or heat is by means of a packed
towsr, The device consists of a oylindrieal column, egquipped
with 2 gas inlet and dlstributing space st the bottom, =
liquid inlet and distributor at the top, and & supporised mass
of peeking conasisting of inert solid shapes., The packing
provides s large area of contact between the liquid and gas
and encourages intimste contaot between the vhases., The
solute in the rich gasz & absorbed by the fresh liquid enter-

ing the columm, and dilute, or lean gas leaves the top.

Absorption of the solute by the liquid is sccompanied
by the evolution of the heat of condensation and of solution
of the solute that is sbzorbed. The absorption rate is
usually a meaximum at the bottom of the coluamn, and if the
inlet gas is rich, the heat relessed in that section of the
colunn causes the temperaturs ¢o rise appreciably above that

in most of the spperatus.

The design of packed towers for gas absorption should
involve the determination of the most economical combination
of the various factors affecting this operation., The variables
would be the type of packing, tower dismeter, tower height,
quantity of liquid and oconsentration in the exit gas, The



indlvidual film coefficients of mass transfer in paeked

solumn are affected by the following:

Liquid Rate

Fhysical Froperties of Liguid

Gas Rate

Physloal Propertiles of Cas

Operating Temperatures

Opereating Pressure

Nature of Paoking

Diffusion Coefficlent for Solute in the InertGas
Diffusion Coefficient for 3olute in the Ligquid

Howsver, the situabtion is complicated by the fscts that

the resistances are not entirely independent, since the

liquid and gas are not separated physically, and slso that

chemical reastions may ocsur.

To desoribe the abasorption process gquantitatively, the

following must be determined:

1, pMaterial Balance; The law of sonservation
of mattexr applies to the overall systerm and to
eaoh material around the entire sbhaorber or any

portion of it.

2, Eaezgg Balance: Likewide, the energy bal-
ance CAn be apd to the sbparber in 1ts ene
tirety or to any part.

These establish

the maximum transfer that osn be effected in a

gpecifie situation.

B, Transfer Hetey As in other tranafer pro-
gﬁa rn%w a2t which the molute umovee from

SoBEES,

one phasze to the other is determined as the guo-
tient of petential and resiegtance,

The additivity of the mases trensfer resistances is shown

by the ralatiun;i
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where the pynbols have the meaning shown in the Table of

Komenclature,

The squation ueed in the evalusntion of equilibriuz pare
presgure of ammonia for inlet and exit gas 1@;‘8)
B .
log § = 4699 - %‘%gg.]
where the syobols have the mamaing>ahémm in the Table of

Nemenclaturae,

This equation was used by wvarious workers (2,12) whe
gtudied mags~trenafer coefficlents with varying tempesratures
of liquid end with packing of varylng nature.

This work is an extenseion of thelr investigation with
the temperature of the liguid warying from 60° r. to 110° 7,
in & 4e-inch dlameter column with :-inch unglazed porcelain
Baschig rings in @ bed 3 feet high, Runs were made at a cone

gtant ges rate with two different liquid rates,




LITERATURE SURVEY

In the sarly days of chemiocal engineering, informa-
tion on the operation of gas absorption equiprent was
quite incdequate to permit proper estimstes and design for
new ocperations. Lewis and Whitemanl® concluded that the
rate of absorption is controlled by the rate of diffusion
of solute thr@ugh the surface films of gas and liquid at
the gas liquid boundary. They stated that the matlio of
viscosity to density of the £ilm flald s probably the sone
trolling factor in determining film thickness.

The effect of temperature on the overall eoefficient
X.a is eomposed of three individual effects en kg, on ky,
and on solubility (measured by H). sherwoodl¥ concludes that
k. ig proportiomal to the squars root of the absolute tem~
perature at a given Seynolds-fusber. Fror the Gilliland-
Sherwood> equation for film thlokneass, the definition of gas
film coelflcient based upon the Maxwell diffusion concept,
and the fact that density is inversely proportionsl te ab-
solute temperature, it is found that diffusivity is propor-
tional to absolute Lemperature for 2 given mass veloclty,
presvure and alze of packing, and assuning 1deal pases and

low soncantration of solube gas,
{ﬂ}ﬁ#j?

Since viscosity of alr 1s appreximately proportignal to



?Q'?ﬁ, ko ghould be nearly independent of tam?aratur¢.3
However, experimental determinstions have shown that this

is not truse,

Haglan, Hershey and Keané found th&t Kg for ebsorption
of ammonia in water decressed as temperature inoreased and
 from their results dedused the faet that k, wvaried inversely
ag T, Kowalke, Fougen and wataaag conoifmed the fact that

Ko decremsas as temperature Increases,

The effect of different packings is slsgo important te
cenglider at this point., sSherwood compared slsven different
packings, and the overall coefficients Ex a8t G = L = 500
varied from 21,3 to 8.2 with an area ratio of 5.6, For similar
shapes Chilton, Duffey and Vernon! found that X.a increased
88 the 0.5 « 0,6 powsr of the superficial peaocking area per
unit volume, At G = L = 500 they obtained K.a values of 10~
12 for paoking {clay spheres and crushed stone) with an area
of 60 square feet per ouble foot. Sherwood and Followayls
reported L of sbout 12 for 1 inch carbon Haschlg rings,
which alzo have an ares of asbout 60 square feet per ocuble
foot.,

The most reliasble and complete pet of experimental data
are thoss of ?iliingar@, whose dats cover ceramic Raschig
rings renging in size from 3/8 to 2 inches; Berl saddles

from 1/2 to 1«1/2 inchi snd triple spiral tile., Cas rabes



range from 200 1b/({hr) (8q ft) to the flooding point, or
to 1000 1b/(hr) (sq £%) and liquid vates range Trom 500 to
5500 1b/(hr) {(sg rt)., The elffect of packing sirze was found

to be snall,

Table 1 supmarizes some of the work done with packed
solumse of different sizes, with varicus packingsz and for a

nunber of systems.



TABLE 1 ”
ABSORPTION IN PACKED TOWER
“T6l.  racked  PRCEINE el Tig Ral Cas Rate
Investigators Ref,  Dia. Helght lbs/hr-rft2  Solvent Temp, OF,
Sherwood & Kil-
gore {(Ind. & Eng. ,
Chem., 13 74b-6 |
{1926} ! - L 2 Coke=0,435-0,63 323 149-507 Water 7090
Kowalke, Hougen
& Watson 16 b1 Quartz-1,25«1.75 16-570 6-240 Water 68~110
Kowalke, Hougen ,
& Watson - 16 i1 Spiral Tile-3 25.800 6280 Water 68~110
Kowalke, Hougen 1 ‘
& Watson - 16 Bl Partition Bings-4 25-800 6-240 Water 68-110
Johnstone and
Singh - 16 hi Wood Grids 21670 19-240 0.3N8 -
Johnstone and
Singh - 16 1 Wood Grids 1100 1180~2780 HAC,. -
Chilton, Duffey,
and Vernon 1 3 100 Spheres, 1/2-3/4 500 B00~550 Water 7281
Chilton, Diiffey, : :
and Vernon 1 3 1854 Spheres, 1/2-3/h hog L00-500 Water 72-81



TABLE 1 {(CONTINUZD) 8
, e, 2T T FRERINE VETSTIAL —LINOIB TELe Gas nate
Investigators Ref, e, Helght {Inches) 1be/hr-Tt°  1bs/hr-ft° solvent  Temp. °F,
Chilton, Duffey, | | ,
and Vernmon - 11.3 4s Spheves, 1/2.3/4 500 400-%00 Water 7281
Sherwood -
Bolloway i5 10.0 19«31 Bings « 1 £70-830 £ 530 sater 77
Bharvood -
Holloway 15 100 19,31 Rings -~ 1 660710 65700 Water 54
Bherwood -
Hollowmy is 10.0 19.31 Bings - 1 1520-18 50 211 O 5 o 58 77
Sherwocod -
Belloway i5 10.0 19,31 Berl Saddles 784800 3330 1,50, -
Broden and :
Bquires FIBST WORK ON RASCPIG RINGS
Duyera and
Dodge a 12 5 i* Carbon Raschig 100-1000 1001000 Water 7095

Rings




EQUIPMENT

The equipment used in this work was designed by the
author and was oonstructed in the machine ghop of the
Chemical Englneering aeyarﬁmaat of Hewark College of fn-
gineering,. A schematic diagram of the apparatue is shown in
Flgure 1, The apparatus is susmarized in three main sections:
(1) Gas Inlet Systemy (2) Colummy and {3) Liguid Inlet

Systen,

Gag Inlst System
Alr, the gas phase used, was obtained after humidifica-

tion from the inlet gasg line of & wetted wall column apparatus
and was passed through an ailr flow centrol valve before en-
tering the alr rotometer. The ammonias ges was introduced
into the 1/b«inch air flow line after the rotometer with a
1/b4«inch glase tee ag ghown in Plgure 1, The ammonie low
rate was metered by & gas rotoneter. 4 mercury manometer was
ceonnseted into the air-ammonia line to measurs the statie
pressure at the hottom of the solumn, Inlet gas passed
through a 1/4-inch Y with the sazpling tap connected to the

Ye The thermometer for measuring the inlet gas temperaturse

was located hetween the ¥ and the connestion to the colusm,

aelggg

The columy was nade with two gestions of 3I=3/4- inch
I.Ds lucite pipe Jolned with split flanges. The packing
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support plate was a stainless steel grid with 9/18<inch
diameter openings and 3/32«inch webs, and had about 70% free
ares. It wag held between the flanges, The top of the
colunn wag gealed with s flange plate through which the 1/2-
inch water inlet line and the 1/4-inch exit gas line with
control valve were comnected, The exit gas sanmpling line
wag oconneocted to the exit gas line with & 1/h.inch tee. The
botton seetion of the colusn wes sealed with a flange plate
with a water outlet comnection., The {/4~inch zas inlet 1line
entered nesar the top of this section, Preasure teaps above
the peoking and below the mipport plate were connected to a
U type manometer filled with water, The colusm was packed
with 1/b-inch unglazed poreelain Raschig rings with s packed
bed height of 3.073 feet,

Ligquid Inlet Syatem

Water from & 1/2-inch line passed through a flowrator
with the rate contreolled by manual adjustment of 2 sontrol
valve, After the flowrator, the water passed through & Fower's
hot and cold fluid mixture valve where it was heated by con-
tinuous low preasure stean injection, The water tempsrature
wags mannally controlled by adjustanent of the steam injection
pressure with a pressure reducing walve, The water distributor
within the column conalisted of a 3-~inch 0,D. shower head.
1/8-inch holes wers made near the outer periphery for better
distribution.
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The gas inlet and outlet sampling lines were connected
by rubber tubing. The pecking tested was 1/4 x 1/% x 1/16«
inch unglezed poreelain Rasochig rings (1),

{1) A produst of U.S. Stoneware Corp.
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e packing wee placed in the column by first filling
the coluwmn with waler snd then dropping the clean Hasohig
rings into the top of the column by hand. The welght of
packing charged was measured and the density of the Bagchlsg
ring wes determined. The volume of the bed was deterumined
and the vold spsce was calonlated. The ratio of pucking
surface area to bed volume was determined by measurenents on
the pecking and found to be Ayfed = 713 £t2/rt3, The value
from %r&yb&llé for i/b-inch Stoneware Baschig rings is 719
ftszt3. After placing the desired helght of rings in the

colinmy the water was dralned snd the top plate was sealed,

To start up the solumn, the alir and water flow rates
wers set to the desired walue and a liquid level was maintained
gt the bottom of the inlet ganz section of the column to pre-
vent inlet gas Trom emcaping through the liquid outlet, The
pressure reducling valve in the steam 1line was adjusted Tor
each run to glve the desired inlet water temperature., Once
the desired gas snd water rates were obtained along with the
selected water temperature, the ammonis supply was turned

on and sdjusted to glve the chosen concentration,

Steady state conditions were obtained more quickly by
opening the bottom 1iquid dranin valve in the beginning of

each run. Headlnge of weter rate and tempersture gns rate



and temperature, pressure drop and ammonia flow rate were
taken about every five to ten minutesg until all readings

were congtant,

Daring each run, the following readings were taken
before and after each mampling and recorded:

1. UYater Rotometsr Heading
2. Alr Rotometer Reading

3. Ammonis Rotometer Reading
b, 1Inlet Gas Temperature

5. Cutlet Cere Temperature

6, Inlet Lgter Tempermture
7« OCutlet Water Tenmpersture
8., Outlet Liguid rate

9, Gas Line Manometer Readinz
10. Coluwmm Pressure Drop

11, Bsrometer Reading®

* Barometer reading was taken only before sampling.
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SAMPLING AND ANALYTICAL PROCEDURE

The emmonla contents of the gms mixture entering and
leaving the tower were found by drawing a one to two liter
sample through an absorption bottle containing s measured
amount of standardized sulphurie acld and collecting and
measuring the volume of the residual air, The excess acid
wag then titreted with dilute sodium hydroxide solution using
phenolphthalein as the indiecator,

Por liguid analysis, a sample was taken at the tower
outlet and titrated with sulphuric acid with a methyl orange

indicator,
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ILLUSTRATIVE CALCULATION

L-1bs/nr-rt? = By ce/min x 62,4 3 X gpugn o42
™ ]

x 60 min » 1 f£t3
hr oo

- ﬁL x iﬁ??tz
vhere EL = Ligquid volume measured at exit of ecolurn -
em/min.

I = Liguid rate - 1lbs/hr-rt?

bs/nr-ft2 = 5. L3 x 0. 1b 1
Gelba/hr-rt By - ¥ 0.0808 353 * Py [ s x3
» (14@6} {Rg)

where R; = Gas rate - ft)/hr (from Figure 9)
- Cas rate ~ 1b/hr-ftl

€3

How
i = (N} (0.017)
¥here X, ~ Content of ammonia at sxit of tower -
1b/§H3i 1b water
ﬂL - Nermallity of liguid at exit of tower
= Ve (B = Ny} /¥y | -C -3
o= (Vg ~ 50) (Ny « Np) / Va2 -0 i
Where ¥4y y, =~ HMe ﬁgalliﬁ air
vs - Initisl charge of sulphuriec acid - ml
Ng - Hormality of sulphurie acid befere exit
g8 pesged
Ny « HNormality of sulphuric acid after aexit

gns passed



N, - Neormality of sulphuric acid after inlet
gas passed

Vg=50 = After absorptlon of exit gas two 25 ml
ssuples were removed for titration and
balanse of melution (Vg-50) was used
to absorb inlet gas

VaisVaz = Remidual eir from top and bottom samples
respectively ml

;e D3 : 1 ‘ 22.4 131t - O o
U= B Gk (AffeRe) (R iy ¢ -5

¥'= (y,) (7, %) (4.815 x 10~5) -c-6
Y= (y,) (Tp %K) (4,815 x 10°3) “C -7
where ¥' - 1b Kﬁaf 1b air @ temp, T %K

fressure

mm Hg = mm of water / (13.,6)

Bun Nos Be3

Packing: 1/4=inch unglazed porcelaln Raschig rings.
Packed Helghts 3.073 fees,

Cross sectional aree of column: 00,0764 sq. feet.
Chserved Data:

L = U462 1v/(hr) (2q r't)

¢' = 130 1b/(hr) (sq £t)

Temperaturs: 90° 7,

Inlet Gess 812 r,
Exit Gass B87° &,
Exit Ligquid: 90° w7,
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Pressure drop through psceking: 1%.6 mm of water
Barometer: 760 mm Hg |
static pressure at beotten of pecking = 22.8 me Hy
fnlet air: ¥j = 0,00630 1b FH,/ 1b air
SXit air: Y, = 0,00050 1b NH,/ 1b air
Liquid at tov of packing: X3 = 0,000013 1b HH,/1b water
Molality: e,=N,=0,00075 moles/liter
Ny = Hormality of inlet liquid
Liquid leaving tower, Xy = 0,001389 1b NH,/1b water
0p = Ny = 0.0935 woles/liter
Caleulation of the partial pressure of ammonis in equilil-
briuvm with liquid wes made by nsing the fellowing equaw
tion, derived by Melstad, o Kenney and ﬁbba?iz. The

equation 18 baged on Hanry's law,

Ri ] L :#69
Log . b,699 To%)

» 4,699 = %@

%
g_ = 0,025
@1 = {G§625) (Q¢§935) (?Gﬁ} = 1,780

Pa = (0,025) (0.00075) (760) = 0.0142
Total pressurs at botlom of packing =
P4 = Barometer and static pressure at bottom of

packing
e ?60 + 22,8



L] ?83*8 mm Hg
Total pressure at top of packing =
}*2 = Pz - ¥
L ?82,8 w 1.0 = ?31;8 nBm Kg

Partial pressure of ammonia at bottom of pucking =




GRADHICAT, R7AULTH AND DATA



TABLY = 2 23
DATA AND CALOULATIONS

dun Ho, A=l A2 A=3 At
¥ater Rate = c¢/min 400 Loo oo 40
Hater Temp, = %w, ' 78 90 100 110
Gas Bate = ft3/hr 122,.5 123.5% 122.% 122.%
Barometsy = mm Hg 751..0 751.0 7£1.0 V81,0
Colum F = mm water 20.0 19.0 23.0 26.0
Static Pressure = mm Hg 7eb2 7.60 760 7«60
L = 1b/hr=rt2 695,00 695.00 700.00 765
¢* = 1b/nr-rt? 138,00 130,00 130,00 128
X = Lb NHy/ 1b Hy0 x 1077 1.270 1.280 1.27 1.28
Xg = 1b §Hy/ 1b B,0 x 1070 1.188 1.045 0.96 0.873
Y, = 1b N¥H,/ 1b air, Inlet x 107 6.073 6.073 6.073 5,850
Y, = 1b ¥Hy/ 1b alr, Extt x 10~ 1.520 1.630 3.270 6.300
Oversll ¥aterial Balance = £ 106,00 100.00 90.5 98,5
Py = mp Hg 758.62 758.60 758.6 758.6

P, = mm Hg 757,15 757.14 756.8 756.0



C; = moles Sﬁaflit. Inlet

ﬁE = moles Eﬁﬁfiit, Exit
= ma Hg |

Pz = mm Hg
*

p&amﬁg

ﬁzﬁwxﬁ

APryw = atm multiply x 10~3

K. at liquid temp. %gfug%a:tm

TABIE = 2 (CONTINUED)
Ael

0.00075
0.07
7750
0.195
1.0000
6.01012
2.390
6.55

m
0.00075
0.0615

775

0,344
1.170
C.0142

1.750

5.80

21y

)
0.00075

0.056%
7475
0.425
1.435
0.019
270

5.28

Axh
0.00075

0.05125
7.75
0.803
1.550
0.024
3.36

3.96



Bun Ho,
water Rate = oo/min

water Temp = 97,

¢ag Rate = rtl/hr

Barometeyr = mm Hg

Coluzn P = mm Water

Statlie Pressure

L = 1b/hr-rt?

G = 1b/nr-rt?

X, = 1b NH4/1b Hy0 x 1073

Xg = 1b NH,/1b B0 x 1073

Y, = 1b NH,/1b air, Inlet x 1077
Y, = 1b HE4/1b alr, kxit x 107
Overall ¥Faterisl Bslance = %
Py = a3m Bg

By = mm Hg

Cy = moles ﬁﬁa/iit £xit

TABLE -~ 3

DATA ANRD CALCULATIONE

Bel
264
72
122,5%
760,0
13.6
22.R
h62
130
1.27
1.7758
6.3
1.78
103
782,.8
781.0
0.103

B=2
264
8k
122.5
760
13.6
22.8
162
i3¢
1.27
1,655
£.3
3.8
160
782.8
AL s

0.0975

B=3
26k
90
122.5
760
13.6
22.8
62

96.5
782.8
781.0

0.0935

Baly
264
25
122,5
760
13.6
22,8
L&z
130
1.27
1.476
6.3
8.0
95.2
782.8
781.0
0.087

264
100
122.5
760
13.6
22,8
62
130
1.27
loikis
6.3
10.4
95.5
782.8
781,0
0.084

264
108
122.5
760
13.6
22,8
béz
130
1.27
1.318
63
14,8
95.5
782.8
781.0
0.077%



TABLE - 3 (CONTINUED) 26

Hun No. Bel BrZ B=3 Bt B-3 B-6_ B=7
Cq = moles NH,/1it Inlet 0.00075 0.00075 0.00075 0.00075 0.00075 0.00075 0.00075
Py = um Hg 8.is6 8,46 8.46 8,46 B.46 8.46 846
P, = m Hg 0.136  0.502 0. 64k 1.056 1372 1.72 1.95
P = mm Hg 1.239 1,618 1,780 1.90  2.125 2.15 2433
Pz = mm HE 0.0090%1  0.012F  0.0142  0,016F  0.01902 0,0206  0.0224
(AP) = atm multiply x 107 2,62 .41 Jubt 3.93 4.2 bo66 . B.77
Kge - at liguid temp. 1D.Roles 6.05 .32 b1k 3,28 2.82 2.53 2.4k



TABLE ~ & 27
DATA AND CALCULATIONS

Bun_Ho, A=l A2 A=3 Al Azg A=
L = 1b/nr-ri? 1500 1500 1500 1500 1500 1500
' = 1b/nr-rt2 B85 85 8s 85 85 s
Xp = 1b NH/Ib water x 10™* 3.80 3.80 3,04 2.76 2456 2.42
X2 = 1b NHy/1b water x 10~3 1,27 1.27 1.27 1.27 1.27 1.27
¢y = noles NH3/oe 0,022l 0.0189 0.0178 0.0163 0.0150 0. 0184
Temp ~ ixit uas 61 67 71 vad 80 98
Temp ~ =xit Liguid &4 78 69 o 160 117
Y; = 1b NH3/Ib eir x 10~2 1.07 1.07 1.07 1.07 1.07 1.07
T3 = 1b NH3/1o air x 10~3 3.62 5.1 .l 6.1 6.3 6.5
Cverall Faterial Balance = % 9% 108 101 106 103 102
Pi = mm vg 1.6 14,6 14,6 15,6 4.6 14.6
P, = Em Hg 4,680 6590 7.050 - 7.790 B.420 8,502
Py = ma & 04260 8.273 0.339 .372 £.382 0.546
p5 = wm Hg 0.00672  0.0114 0.0140 £.0159 0.0191 0.028%

Py = mm Hg 79245 79245 792.5 79Z.5 79245 792.5



Run No.
P2 = mm Hg
AR - stm: multiply
Ega at Liquld temp

x 10~3

1b moles
hruftﬁwaﬁm

TABLE - 4 (CONTINUED)

A=l A2 )
764.5 764, 5 764.5
0.01250 0.01315 0.01350
0.870 0,725 0.6473

Ak
764, 5
0.01392
0.568

28
764.5 764.5
0.0145% 0.0147
0.505 0466
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Two gets of rims were rade in which the temperature
varied from 72° te 110° #, The firet set consisted of four
separate runsz and the second eovered seven individual exe
perimente, The date and results obtalned in this investiga-
tion are surmarized in Tebles 2 and 3,naad Pigure 3,

DISCUSSION OF BESULTS

The most pertinent results are shown in #igure 3, which
is a plot of ¥ a ve. temperaturs ot a constant gas rete of
130 1bs/hr-rt? and twe 1iquid rates of 462 and €95 1bs/hre
rt2, This plet shows thet the overall mess transfer coefw
ficlent, ¥ a, decresses with increasing liquid temperature.
It iz also shown in Figure 3 that the overall wass tranafer
coefficlent, K,a increasse with an increase in water rate.
The points above 100° 7. have maximum deviation of about 207.
The point at & liquid tempsrature of 110°% P, on the curve for
& liguld rate of gas 1bs/hr-rt< 18 below the line because of
an unexpected change in the liquld reate snd the concentra

tion of smmonias in inlet gas.

Correlations of gae rate vs. mass~transfer coefficlent
for this same systen were obisined from the dats of Dwyer and
Lodge{3) and are represented in Figure 3, which iz a plet
of Eya vs, gans rate at a constant liquid rate of 500



1bs/hr-ft2, and a constant liquid temperature of 85% P,

These data were obtained using a 12.inch diameter column
with a packed helght of 5 feet of 1 inch ¢arbon Raschig

rings.

The comparison of the results of this investigation with
the dste of Dwyer and Dodge(3) i shown in Flgure 4, which
is & plot of KGa va. liquld rate at a constant ges rete of
130 1bs/hr-rt? and constant 1iquid tempersture of 85° P, The
point marked as A ig obtained from Figure 3 at a gas rate of
130 1bs/hr-rt>, This point is very near the line of Figure

b, and shows good correlatiocn for the two investigations.

Mgure 6 is a plot of KGa vs. temperature from the data
of Dwyer snd Dodge(3), which shows the same seffect of liguid
temperature on nmass«~transfer ceoefficlient as shown in Flgure
3« The effects of liguld rate on mass-transfer at various
temperatures and a constent gos rate of 130 Ibs/hr«ftg are
summearized in Pigure 7. From this flgure, the difference of
ness~transfer coefficlents for each 5° P, change of liguid
temperature are shown to ha;9;55 1b meles/hr-rtJ - atm, at
1iquid rate of 462 lbs/hr-rt? and 0.3 st 1iquld rete o695 1bs/
hr—ftz. From these results, one may conclude that the change
of nmass-~transfer coefficlents with temperature iz greater
at a lower liquid rate, but the actual values are alwayé

less at the same temperature.



PLOCDING VELOCITY

Initially the column was operated under flooding con-
ditiona, The overall mess-transfer coefficlents have been
found to renge from 0.870 1b. moles/hr-ftl.atm, at & liguid
temperature of 64° F, to 0,466 1b meles/hr-rt -atm. at &
liquid temperature of 117° P, The plot of mass-transfer
coefficlent vs, temperature is shown in Figure 8, Thizs pvlot
indicates that with an incresse in liquid temperature, the
nags~transfer coefflicient decreased. 4lso it shows that at
a temperature of ligquid above 1002 P,, the glope of line
cshanpges,. This effect is alse shovn in Plgure 2. These valuesn
ares sonsidersbly below the wslues obiained under non-fleoding
conditiona, as would be expected zince the surface sres of
the packing in the {looded mection is not aveilable for

mass«~transfer,

The mtatic pressure wee 792 wn Hz 2t the botter of the
column and the presgure drovp in the column wee 28 =mm Hge This
larger pressure drop would be expected since the gee has to
force 1ts way through & bed of liguid,



ad
A

CONULUS IO

The dats obtained for sbaserption of smmonis in water
using 8 beinch diameter lucite column, packed with 1/b-inch
porcalain Raschiz rings showed that:

1e The mesp~transfer coefficlent decresses gs
the temperature of lioguid increases.

2« The mass-transfer coefficlient decressss an
the 1iquid rate decresames,

3« The ohange of mass~transfer coefflelents
with tempersture is greater at the lower li~
quid rate, but the sctual values are always
les8 at the saume tenmperature,

BCOMM INDAT TONS

It iz recommended that sdditional absorption data bhe oObe

tained for this system in & tenperature range sbove 100° w,
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K’ILBLm OF HOk NCLATULR

Crogs sectionel ares of column, - ftg.
Iilguid rthase ammonlia sancentrabtion - maﬁﬁB/ml,
Gas flow rate, 1b/hr-rt?,

Overall voluwretric geos fils mese-transfer,
coefficlant, 1b moles/hr«ftleatrm,

Overall volumetric liquid £1lm weass-transfer
coefficlent, 1b moles/hr-ft3-atm,

Volumetrie gas filn maes transfer soefficient,
1b moles/hr-ftl-atr,

Volunetrio liq%id filr mass-trensfer cosfliclent,
1b moles/hr«ft’-atn,

Liquid flow rate  1b/hreft?,

Kolecular weight.

Totel pressure,

Partial pressure,

fartial pressure &t equilibrium.

‘Liquid phase ammonlia concentration 1b KHB/ 1b water,
Ges phase ammonie concentratiem, 1b NH./ 1b air.

Helght of paoking.

Density of fluid « 1b mass/ft2,

(A plyy = Log mean pressure drop.
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