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ABST

Qs

A abUdy wes made of the absovyption of hydrogen
chloride from air mixtures containing frvom 1 to 40 mgm,
HC1/liter (1000 to 400060 mgm./m, Q), using a 4" diameter
tower packed with %” Intalox saddles, ivrigated with water
oy with sodium hydrozide solutions of 0.3% to 3.8% concen-
tration, Gas flow yateg ‘ef 177 to 7 32 1bs./{hr, )(ft.z)
Werea invc tigated at three liguid rates: 2960, 4260, and
5700 1bs./(hx/)(ft.z)g All data were collected below the

flooding point.

Corvelations of the height of & transfer unit with
the supevrficial gas velocity were prepared for W&v@? and
for sodium hydroxide irvigation, and a relqtlon hip was
presented for the over-all cosilicient of masgs trangfer
to the ratio of sodium hy@r wide normality and pr,hsuve
Height of a transfer unit is approximately 0.5 foot for
a superficial gas velocity of BQO lbs./(hw.)(ft.z) fox

both water and sodium hydroxide as abscorbing liguid.
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PUETACE

reat deal of information h;w been published on
the absorption of Variouslgas?g £rom air, but there seens
to have been only one arvicle dealing with the absorption
of hydrogen chlovida from QllUL aly mixtures, This one
'pap@r 8) reports the performance of various types of

i serubbing eguipsment handling 2ir gstreams containing

20 mgmnm, /m. of bydrogen chloride, using non-recirvculated
water as SC?ubbng agent, 'The dats collected for this

theﬁiﬁ cover concentrationz of 1 to 40 mgnm,/liter (1000 o

40000 mgn,/n, 3)

,,,...
!.-h
e

h is a useful range for processes
involving the evaporation of hydrochloric acid into a
noving aiyr styeam, Although theyre ave at present no aiv

pollution yegulations on chloride levels in fowece. in the

Pritain and Canadae limit emissions to

.
o

United States, Grea
290 ppm., (1) Proposed linics for Yew Jersey axe very
much less than this,

The ccrfﬁlati@n@ precented bere will be of assistance
in the ¢esign of eguipment to produce industrial effluents
of acceptable levels, and will permit evaluation oif the

economics of water versus caustic sodz ag irvvigating liguid,
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TRODICTION

Tyd:@’@ﬁ chloride in the gaseous gtate, or in So-
lution in noen-polar solvents such ag chioroform oxr benzene,

is a covalent compound, The Solua?@x of hydrogen chloride
in water causes the covea rlent bond te byreak, transierring
proton to the wvater and cresting ﬁydf@“ii vic acid: (4)
B0 -+ ECL ——- F0" 4 c1”
OXRQOm I
ion
Absorption of hydrogen chloride in water is, thereiove,
abgorption sccompanisd by chemical veaction, VWhen alkse-
line scolutions are uvsed as abaovbents, there is the second
reaction of peutralization and salt formation taking place
This sccond resction seems to exert conly slight influence
on the rate of absovptition.

Absorption with simultaneous

been studied by many investigators
vhom werce Hatts (6) and Da and
work was based on the two-f£ilm con

c?ghic%} resction has

anong the firvst of

$

Crandall (3), Fatta's

cept of VWhitman, and

showed that, if a rapid ivveversible reaction takes place
in the liguid phase, the rate of absorption may be con-
trollied only by the registance to diffusion in the gas
phase., Fe studied the absorption of carbon diocxide in
potassiun hydroxids and potassium carbeonate solutions,
which follows Henry's Law vessonazbly well, The resulig



aw . (S/2 ¥ HPy)

e (Eguatiocn 1-1)
. ©(M/ky ¢ H/kg)

The eavlier wvork of VWhitman had defircsd filnm coefficients

thus: ( 9 )

Ko = K/ = o _ (Fguation 1-2)

. The valve of ¥, which is

versus concentralion curve, is viw

Yk
Q
i
0
u
6]
oy
&)
o
5
i
bt
ot
3

the concentration range under investigatl

Figure 1-1,

Davie and Crandall showed diagranatically the cone-
centration gradients existing in the liguid film for cases
of no reaction, irreversible mol for mol reaction in one
stage, and instantzneous ivreversible reaction in two stages,
These diagrams are shown in Figuwve 1~2, The abwo "ption of
‘hydrogen chloride in water is represented by disgram B, and
if alkaline zbsorbing agents are used, by diagram C, This

K3

work was wevised by Sherweod and Pigford ( 15 ) They assumed

-

Henyy's Law to apply 1pn the fivst section of the xeaction
zone, and furthey assumed that the molal rates of diffusion
for reactant and product wexe egual, Thesge asssunptions give
the eguation:

N, = (R/E)*
(xp/D0p) +




._, ~ v poe " Y]
//// Silope 1,E5 x= 10 °
¢.02 O 3,06 0,08 0,10 0,12 0,14
£ o o B e LU S IR o~ P 2 .
Concentra in Liguid, 1b., mols/ft.¢ =

« -
Concentration in Liguid, 1b., mols/fi.Y x

HYDROGEN CHLORIDE
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Eliminating goas concentrations gives:

cﬂ;

Hy = (DA/XL)( 1+ DBQ/DACAi> (Eguation 1-4)

- 3

Where no chemical veaction takes place, the coefficient is
egual to Dﬁ/XL° The expressicn in the second parentheses
in Fguation 1-4 shows the efifect of concentration of the

substance reacting wi

Hydrogen chlovide does not folliow Ilenxy's Law, since
diszociation into ions occurg when scluticn takes place,
Denbigh ; shows that, for hydx owpn chloride in dilute

o ?

solutions, the payrtial pressure of the gas varies as th

0]
@

<>

sguavre of the FC; concentration rathexr than as the first

pover, If thiz yelationzhip ig used in the calculations
which follow, tuhe values of E.a become enorRous (in the
16,000 to 50,000 wange) and Ign correspondingly small,
When Henyry's Law is assuned to hold over the narvow range
'of concenivation explored hexe, the values of Ega and Epoq

3

acgree much more clogely with the published data, as shown
3

The dividing line between pure physical absorption and
sbsorption acconpanied by chemical wrezetion is freguently

er (18 ) lists 24 common industyrial

Q
b
bh
h
Yoy
o
o
]
o
Ll
Q
o
“J
¥
=
°
o)
&
T
Jood

abaorption systons which involve chemical xeaction in a
comprehensive review of the subject., Nox WO (10 ) p@gﬁt“

clon is largely gas-filnm



controlled, the addition of a reactant to the 1iqﬁid should
not affect the cverall cceoefficient of mass transfer, In
the case of hydrogen chlorxide absorption, the coefficient
appears not to be greatly influenced by the addition of
sodium hydyoxide. The absorption process, although gas-

P ]

film controlled, is cextainly not a pu

(8
Yend

cely physical one,

Imd

H{gbie ( 7 ) in 18235 presented the penetvation theoxy

of absorption, based on the mathenatical wovrk done by von
Wroblewski (19 ) in 1878 and on Fick's Law of Diffusion,
( 7 ) This theory derives itls name_frOm the proposed
nmechanism of p@g@tﬁaﬁien of a guiescent liguid f£ilm by
the disscolved gas, Danckwerts ( 2 ) modified Higbie's
idea to produce the surface repnewsl theory, providing
for the iniernal turbulence of th@ liguid film which

ocours under industrial conditions.

The following is a comparison of liguid film coeificients
calculiated in asccordance with the three theories:

Two film Theory ky, = D/

Penetyation Theory kg = 2 1/EA?8
Surface Renewal Theory k1, ﬁ{qig

Sherwood and Holloway (14 ) found that the liguid film
. 1
coefficient was proportional to DY, which agrees with the

T

penetyation and surface renewal theories,



1Y - PROCEX

The apparatus used to collect the

here is shovwn schematically in Figure Z-1,

Hydrogen chloride was injected into a measured air

0]

stream by bubbling & snsll amount.of air through warmed
concenitrated hydrochloric aclid, The nixed goges weye
sampled and fed to the bottom of the exmperimental tower,

made from 4% dizngi ¥Fyrex pips and filled to a depth oF

2 feet with 3V suddies made of

s,

caustic soda,

A sample was also

taken From the exit geg styeam,

amples wexe taken by aspirating the gas slowly,

2bout 2060 ml,/minute, inte calibrated 4 litexr bottles,

bsorbing bottles filled

m

passing the gas through two gas.
With di‘, lled watew,. Afﬁervcompletien of sanpling, the
hydrochloric acid present was é@tewnig@d by titrating to
a bromcrescol green cndpoint using N/50 sodium hydroxide,

Sample collection periods were synchronized so that the

inlet and exit samnles were collected over approximately

the sane time interval., In the case of caustic scrubbing
samples of the recirculated liguid were taken at intervels

T e, o

and the zalkali content determined by titwratiop with N/5O

sulfuric scid using bromcresol green indicator,

S



“Air flow and rate of liguid weclirculation weve
neasuyed by rotameter., Inlet and exit gas tenperatures

wvere rvead fyrom nercury thermomsiters and column pressure

drop was indicated by water manometer,

One hundred runzs were made, but the results of the
first 34 wewxe not reported., In these runs, N/50 sodium

‘hydroxide was used asg absorbont in the sample bubblers,

=3

and the solution back-titrated with MN/B0 sulfuric acid

S4U
to & phenolphthalein endpoint., This procedure proved
unsatisfactory, since subient carbon dioxide wvas als
absorbed and included in the ﬁ;@y&ﬁién. Changing to
wvater as abs orbing liguid and bromeresol green zs indi-

catoy eliminated this ihzil“'fb% )

Readings were talken at various ges flow rates and

at three 1

te

guld recirculation yates., The data collected
are presented in tabular Fform in the appendix., The wide
scattering of the data points is believed due to difficul-~
ties in analysis, which was confirmed by Kemper, Seiler

and Bowvman., ( 8 ) Théy were able to obtain reproducible
results Only by measuring electrical conductivity of the
solution in the sample collecting bubblers, avd they comnent
that the customarily used wet test methods are neither

simple nor reproducible,

The aixr rotamet: neesures only the air pagsing



o
8

divectly inte the coluwmn, and does not include the si
stream which passes through the hydrochlorxic acld reservoir,

3

The erroy introduced by this is npegligible, being about 0.,1%,
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ITY ~ DISCUSSICN OF RESULTS

The results of the investigatlon arve presenied as

LD

‘,10

a serie

%’Z

of gyraphs, ¥Figure 4-1 15 a plot of pregsure
drop acyross the packed section of the colunmn vewrsus G,

£ b-J

Since the cs*um& was Pywrex glass, it was possible to

confirm visually that all observvations were made below
the flocoding point.
Figures 4-2, 4.8 and 4-4 ghow the coffect 0of G on

Hpoo for wate r oo the irvigating liguid at L = 5700,
L = 4260 and L « 2960, wvespectively. The curves ave
drawn by the method of least gguares, and avre yvepre-
sented by the following eguations:

L = 5700 Hog =

L o= 4260 Hee:

#
o0 O

L = 2963‘ HC” =

Hor

At G = 500, Hgg values calculate to be ¢.51, 0,59,
and 0.51, respectively, for the three liguid flow rates,
As G increages, Hop incresses for a given L, which is
in agreement with the observations of Sh wweo& (16) on
ammonin absorption in water, There are a gre

2

ater systen, and Pevyy (11)

o]
K%}
¥
Jode
ok
2
&
Somed
o)
O
P
o
{"';‘
Baerd
o]
)
¥
jael
by
e
“
e
e
Q
b &
Lonla
&
®
3
A
)
e}

gives a f&c@mf[ﬁé4@ﬁ)/ L7817 for converting Hgg values

for ammoniz to other gases. This conversion was made fow

St
L.
.
b
]
¢4
[
joa
o
&
1
<
[&]
5
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ve is drawn as a broken line on Filgux
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44, showing reasoneble agroement with the cbhserved data,

Similar curves, Figuveg 4«5, 4-5, and 4-7 show the
change in Hpn with G for irrigation with solutions of
caustic sodz at liguild rates of L = 5700, L = 4260 and.
L = 2960, respectively. The cguations of these curves

are:

L = 5700 Hye = 0.027 69%9

Ul
i . .0.30
L = 4260 Hos = 0.065 G °°

FYor G = 500, Hpp values calculated from these
eguations are 0,58, 0,42, and 0,60 vespectively for
the three liguid flow wates. The datae from which these

curves were plotied show wider variation than for those

h

of water as absorbing liguid.

Sherwood and Holloway ( 12) produced a correlaiion

s,

of gas film resistance to masgs transfer by pleotting

IIO;";‘_ Ll /3 ag

¥

inst G, Figure 4-8 shows this correlation

o

0y

Figure 4-9 is

D

for water as the absoybing liguid, an
the graph fox irrigation with caustic soda solutions,
The curves for these eguations are:

‘0 6&

.63
Ve

LI/

Water i = 0,184

—e GG

O

o

Y. = 2,68 ¢0-178
S
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From these eguations, for G = 500, the following

values are found for the various liquid rates:

Water Caustic Soda

L. = B7%00 0.85 0.45

ol
4

feS
3]
et}
o

0.62 0.50
L = 2960 0,70 0.56
In each case, the Hpg value found for caustic soda
irvigation is appygximaaaiy 80% of the value for the
same liguid and gas rate for waterxr, Therefore the
packed height of a towexr to scyrub hydrogen chloride
Awith caustic soda‘golution@ could be 80% of that of

o column using water as absovrbent. TFor the concentryation

under study, the saving in height of the packed section
would be about 1 foot, which would make virtually no

Fa]
£

difference in the cost of the eguipment requived, The

additional expense of providing alkaline scrubbiug

liguid would nmoxe than offset any saving.  Sherwood (17),
in discussing absorption acconpanied by a rapid chenical
reaction, presents a covvelation of KG, ib. mols/(hr.)(fﬁ.z)
atm, and ¢/p, normality/partial plressure, A similar plot,

using Ena instead of X~, was prepared from the data col-

irrigating liguid, The

6]

lected in a2ll ryuns using alkalin

o

L]

data points ave scattered, probably because the present
investigation dezls with absovpiion in which the gas film

4

ig contyolling, wather then the Liguid £4iln, However, 1t
oz e 5
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appears that Kﬁa
of the asbsorbing liguid,

(o))
o

increases with incye

ase in alks

25

Iinity

which would be ezpected frdm

Fatta's theory (Eguation 1- 1 ) For the wvarious liguid
flow rates, the eguations ave:
L = 5700 Ksa = 22.2 + 0,01 g/p
L = 4260 .o = 35.3 + ©.0062 q/p
I = 2960 Fea = 82.1 + 0.013 q/p
When g = 0, ‘the first term of the above eguations
gives the value of Xgz, and the values should agree with
the values obserxved for water at the vavious L rates,
The following interesting conparison can be made:
L Ena 1/¥ga G & fyrom 1/¥ga By /By
when ¢ = 0 =iy Watey Dats = Ry
5700 29.2 0.,0242 25.3 0395 0.866
a0 35.3 0.0223 28 .4 52 0.808
-0

32.1

Sherwood a.d Holldwa

acid normality to evaluate

film vesistance foy ammonia
that KGa reached a constant

concentration, which constant

03

) used

relotive gas film and liguid

a plot of

absorption in acid,

value

above crit

a

ical

E~a versus

They found

stlute

value thoy extrapolated o
&

zevro normality to provide a true for the gas il
Applying the same technic gives the above figures
show that the resistance of the gas f£ilm sccount

m coefficient,

which
s Ffor 80%
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to QO% of the totzl resistonce to maps transfer., Thi

[SERERE L&

i)Jn

‘.4»

S?
bhowever, not rigorous gince the value of ‘e did not vemain
constant for any of the alkalinity values covered by these

data, but the figuwes sc obtained indicate that the bulk

of the resistance to mass transfer occurs in the gas film
which was expected,
The height of an over-all ftransfer unit is related

to the individual f£ilm resistances by the eguation:
Hon = HG o owl/L My

In cages wheve Henry's Law applies, m is a comnstant, and

individual Hg and HL values can be found fox the gas aﬁd
liguid £ilmgs, respectively, provided that slow chemical
veaction does noi occur, (15) VUsing the value of m found
from Figure 1-1, Figures 4-12 and 4-13 were prepared to
show the relationship between HG and Hy, as derived from

the above eguation, for both water and sgodium hydroxide

irrvigation,

Evaluation of the egustions for bQuh wateyr and

0y

caustic sods solution at L

i

= 2960, G

]
z

500, gives the
following:

fa tew = 0,47 Wy = 0,23 H 2
W.?l L2 X ‘F{Q{I 0 . _ﬂ’? J.U; Q o dd el hL O . lr

i

He 0,31 H

with those predicted by ths




28

0.70

¢.60 ¢

a

32
0,50

- //
%,

el
at

A

| / ©

0.30 o) i

0.20

0.10

C.0 ¢.02 G .04 0.06 0,08 0,140 0, 1%
nG/L

AORTY Ty v
AN FIL

RELATION

}iu.,, S WA LY R

- WATER THRRIGAY



o
0
&

G.60

wa Lo o

£

oG
o
g

b4
i

o
W
)

N2

—

.o""’/’“ﬁ
- et
H,
} e i - Vs —
/ e ~ © W
i
L - £
€
¥
253

el
LN

0




30

m of the solubility curve is not & constant, and s

valus of ﬁJ chemical wveaction taking

ploce in the licuid film, Fowever, the cons

there is no econonic advantaoce in using

bing agent vemains



The pun

infornation

“the ‘dQQLﬂ

S ecaustic scda

absorbent, no hydrogen

fluent gas

[

strengths of

exit gasg Ivom the sov

Kid
poze of

o liguid

&n

his investigation

W

the evaluantion of

‘ag to provide

an industrial

ing o hydvogen c¢hloride - aiw

uzed has been o 4%

e manufacturerts recommendation,

solution of

Cperating conditions (approximate) have

a L

5 o©

e 4G50 for € feet of

o
£

bayond the amount nsc

liguid efflue

nt

is
R

not

agent dogs not sube

packing,

that the uao of

¥ transfer units available for

30 runzs (16.7%) us

a5 runs (42.9%) u

econemically jus

i

.  F e
ng watiter a

chloride was found in the ef-

tic soda

nautral

- 3 0 3
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NPRATIONS

relatively low concentrations of acld gases used in

bf
this investigation. Kewmper (8) has reported an
analytical method based on el@cﬁfieaKYQOﬁductivity
~of the éaluﬁiom in the sample bubblex, but this

regquives rather expensive instrumentation which is

The use of thernal conductivity cells for gas

0

samnples should be examined, although it is pos

i
[
=
[
@

the dilute nmixtures used here are below the useful

range of such devices,

that

€

no






SAMPLE CALCULATION

ggﬁ # T3

e

Inlet Concentration

Inlet titration 11.2 ml /50 KaOH
Hormallty = 0.,0208 = 0,76 mgnm

Inlet sample - 4.2 liters

—
4.2

(11.2)(0.76) . 2.03 mgn,/liter
5

Cutlet Concentrs tion

OCutlet titration 0.3 ml N/50 HaOH
Cutlet sample 3.5 litews
(0.3)(0.76) .

3.5

L6 mon, /liter
-5

L}
o o

016 x 10 gm, mols/liter

Circulating Liguld Concentyration

Titration 4.6 nl HN/5 O F SO for 1 ml sample
Normality = 0,0177 = 0.0709 % NaCH
(4.6)(0.0709) = 0.32% NaOH

HCl Absorxrbed

2,08 -~ 0,06 = 1,97 ngm,/liter
Gas ¥Ylow - Rotamester veading 40
(0.40)(26.8) = 8,32 SCFH

8,02 28 .32 1.97)
(8.32) Lugé 221 = 27,85 egm./hr,

£

ECL

. 2
1.68 x» 1072 1b.mols



Packing Velune

Packing

SANPIRA CALCULATION
depth 24 inches

Column diameter

<
[g ,‘M {‘) o de] /‘ % R Py
(22)C47) 0.7852) = 0,174 145
1728
1.68 = 19" .. 9.6 x 107% 1b.
1.74 = 101

Driving Force

Average

aiy

Averaoge air

Lixw
Adir

Gas

ol

Gas

Mol

dens ity

mixtuvre

fraction

mixtare
fractic

mean nol

tenperature in  27.59C
tenperature out 16,6°C

in (from graph) 0.04060 gnm,
out 0.04208 gm.
in G.040600 gn., mols
0.08005LS gm, o N Rz
0 Q406556 gm, nols
in 0.92362 mol fract
0.00128 mol fxa

cut 0 .04208000

0.C0000016

gm, moLlo
om mols

LC1L
total

Lo

molﬁ/(hr)(fig)

mols/litexr

nols/1liter

aix

ion aix
vetion HCL

air

0.,04203016 gun, mols total
out mol fraction aiw
qnol Fraction HCL

1N



Kga

Hog

R,

CALCULATION

SAUPLE

L
s

Rd

27"
L3
Jabni

34

s

H

1

192

jou

Air density (from graph)

&
1

23.5 = 107

0.0732 1bs/ (£t.9)

G = (60)(8.32)(0.0732)

0.0873

o é: }.9‘ jj:) 3.

X = 410
Gy, = 419

= N/log>m®&n V4 = 96,6

/(he ) (£.9)

e 14.4 1b. mols/(hr.)(£t.2)

dl
x 167®

41.1 1b, nmols/

HH

G §ie] / K{; a bt

» X 10“5,

(hr,) (££.3) (atnm,)

G.38 ft
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TARLE 21

DATA
Run # Duration, Gas Inlet P Drop 'Li@uié ' Alw
ninutes Temp., °C mm water Rotameter Rotameter

35 35 14,0 56 94 |
36 35 24.9 75.8 93

37 35 19.0 8.0 o2

38 30 227 7.0 50

39 25 29.5 112.5 50

40 30 25.0 60.0 93

41 20 23.6 124..0 92

42 25 29.3 159 .8 93

43 25 23.8 93.5 04

44 25 17.8 60 .0 93

45 15 27.3 66 .5 04

46 25 25.8 41,8 50

47 No good

48 30 24.5 140.0 93 62
49 25 24.5 192 .7 93 62
50 25 25.2 22.3 92 40
51 40 24.5 4.2 93 25
52 40 27,2 3.0 50 25
53 30 29.0 60 04 64
54 35 19.6 3.0 93 19
55 35 26,0 2.6 93 19
56 35 30.1 3.0 50 18

57 25 18.8 2.3 50 13
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TABLE-2 -2

DATA
Run # Duration, Gas Inlet P Drop  Liguid Air
: ninutes Teup., ©C run water Rotameter Rotaneter
58 30 21.3 5 50 30
59 49 23.3 5 50 30
60 35 21.8 6 70 31
61 40 23,3 6 70 31
62 35 28,1 115.2 70 62
3 40 33.3 112.2 70 62
64 35 21.3 2.8 70 18
€5 40 26.6 3 70 19
65 45 22 .3 5.5 70 31
67 25 29.1 116.6 70 63
63 45 26.5 16.1 50 40
69 30 23.2 15.9 50 40
70 35 25.1 15.8 70 40
71 30 25.8 16.0 70 40
72 40 25,0 40,0 o3 40
73 30 27.5 19.0 70 40
74 40 26.8 19.0 50 40
75 40 26.7 18,0 50 40
76 30 23,0 30.0 70 40
77 20 31.4 35.0 93 49
78 40 24.3 15.0

~3
o
[6M}
wm
A
o
S
)
o

50 17
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TABLE 2-3

Run # Duration, Gas Inlet P Drop Liguid | Air
minutes Tenp., °c nn water Rotametex Rotameter

80 40 29.3 103 50 64
81 40 28.5 116 70 63
82 40 28 .2 24 70 41
83 30 27.0 2 70 17
84 25 31.4 07 50 64
85 40 26.2 19 50 40
86 35 32.3 2 50 17
87 50 27 .1 i 93 18
83 40 27.2 46 93 40
89 40 32.4 163 70 62
90 45 30.8 125 70 63
o1 40 25.9 2 70 18
92 30 30.2 23 70 40
93 40 28.1 2 93 18
94 30 31.9 183 90 - 60

- 95 50 29.3 2 50 17
96 55 32.5 2 70 18
97 35 30.1 3 | 93 18
23 40 28.5 82 50 65"
99 35 25.0 118 70 65

100 45 - 25.8 181 92 63



FASY T N
TABLE 24

T DATA

Fun # Sample Volume, Gas Cutlet Titrations, ml N/50 MaOH

liters Temp., 9C. Gas In Gas Out Liguid
In Out

35 3.0 2.5 15.0 15.3 2.6

36 3.0 4.1 14.9 18.2 1.9

37 4.0 3.5 14.7 '25.0 1.2

38 2.6 3.0 17.0 3.9 1.4
35 4.0 2.0 12 .9 11.7 1.1

40 4.0 2.0 13.7 17.4 0.8

41 4.0 2.5 14.6 20.0 0.8

42 4.0 2.0 15.8 18.6 1.4

5 4.0 3.5 17.8 18.5 1.3
44 4.0 2.5 15.5 20.5 0.5 7.8
45 4.0 2.0 15.5 20.7 0.4 5.8
46 4.0 1.5 17.3 7.4 0.5 8.1
47 ﬁo good
48 4.0 3.0 12.1 1.8 0.5
49 4.0 3.5 14.3 g.1 0.0

50 4.0 4.0 15.3 0.6 0.3

51 4.0 4.0 16.7 15.2 0.0

52 3,0 3.0 18.7 9.3 0.0

835 4.0 3.0 20.3 26,1 0.0
54 3.8 3.0 15,1 59,2 0.2

55 3.5 3.0 20.5 74.9 0.2

56 4.0 3.5 22.1 14.2 0.1

57 4.0 4.0 16.5  105.2 0.1



TABLE 2.5
DATA

Pun # Sample Volume, Gas Gutlet Titrations, ml N/50 NaOl

liters Temp, , C"C. Gas In Gas Out Liguid
In Cut
58 4.0 3.6  16.9 19,1 0.1
58 4.0 4.0 18.0 26.5 0.4
60 3.5 4.0 18.5 28.4 0.2
61 4.0 3.5 14.6 45.6 0,1
62 4.0 3.5 16,9 . 9.3 0.2
63 4.0 4.0 17.9 8.3 0.3
64 4.0 4.3 18.6 83.0 0.1
65 3.5 4.0 19,9 14.3 0.L
66 4,0 3.8 19.1 29 .4 0.3
67 4.0 3.5 20.2 8.9 0.3
68 4,0 . 3.0 19.0 24 .4 0.
6o 4.0 3.1 18.3 14.2 0.7
70 4.0 3.5 18.2 19.5 0.3
71 4.0 3.0 19.0 11.4 0.2
72 4.0 3.5 13.7 22 .4 6.1 6.6
73 4.2 3.5 16.6 11.2 0.3 4,6
74 4.0 3.5 18.7 17 .4 0.3 5.7
75 4.0 4.0 19,7 6.5 0.3 4.4
76 4.0 2.5 20.9 16.0 0. 11,0
77 4.0 2.1 21.8 10.3 0.5 10.6
78 4.0 4.0 17 .4 21.7 2.2 8.3
79 4.0 4,0 17.6 153.6 1.6 6.5



‘Run # Sample Velume, Gas Outlet Titrations, ml N/50 NaoH
o

&0
g1
82

83

100

liters
In Cut
4.0 4.1
4.0 3.0
4.0 3.5
4:0 3.5
4.3 3.0
4.0 4.0
4.0 2.5
3.5 3.5
4.1 4.2
4.0 3.5
4.0 3.5
4.1 4.0
4.0 3.0
4.0 4.1
3.5 4.0
2.1 3.8
4.0 3.5
4.0 4.0
4.1 4.0
4.0 3.0
4,1 2.5

Gas In

14.6

12,1
15.7
139.7
21.0
132.9
25.6
90,1
35.6

89,

[

8.6
e.8
5

o
o F

o o o
[

>

o o o o
oM N = W

o
D ok O

»

N
W

=

»

o o o o oo o o o o o o o O

.

- =™ o> o o o o o »

Gas Out Liguid

9.2

41.5



Run # HCl Content, mgm. hm& Log Mean N
In Out Ltbsorbed Mol }?‘:“’%@t;on Lb.m@}f“/(hi )(':" 2)
x 10 x 10
35 3.88 0.79 3.09 12.5 212.2
36  4.61 0.35 4,26 11.5 276.3
37  4.75 0.26 4.49 10.3 140.3
33 0.83 O, 0.73 2.7 . 24,2
38 2.07 0,11 1.96 7.4 168.3
40 3.15 0.00 3.15 3.9 194.3
41 3.65 0.00 3.65 3.1 277.5
42 3.33 0.23 3.15 7.3 248 .3
43 3.33 0.1l 3.92 6.4 103.7
44 3.70 0.03 3.67 10.3 229 .8
45 3.81 0.00 3.81 3.3 239 .4
46 1.31 0.05 1.26 2.5 75.4
47
43 0.34 0.12 0.22 1.4 16.4
49 1.52 0.11 1.41 2.8 107.2
50 1.9¢ 0,05 1.93 3.7 94,7
51 2.74 0.00 2.74 5.4 84.0
52  2.23 0.00 2.23 2.3 69.0
532 4,70 0.00 4,70 5.8 374.,6
54 11.2 0.05  11.15 10.7 2507
55 16.3 0,05 16.95 16.0 366.9
56 2.7 0.02 2,68 3.8 59 .7

57 18.¢8 0.06Z 19,96 BRSNS 433 .4



Run # HCL Content, mgawn.,/liter
Abzorbed

62

72

79
80

In

3.63

0w o o
o
™

228
jo:0]
CIN

2,17
4,26
2.03
3.31
1.27
3.12
2.01
4.12

40,71

Qut

0.02

- 0.08

0,04

5 ¢ .02

y 0. 1%

0.06
0.02

0.02

' 0.08

a .07

L 0.13

0.7

i 0,07

0.05
0.62
.06

0.07

0.35

. 0.02

Log Mean : N
Mol F?agtion 1b. mols/(hy
x 10™
4.8 132
7.8 182
8.0 234
S.4 328
5.2 13
3.4 119
5,3 352
4.0 71
8.0 210
3.5 125
£.8 221,
6.3 124
6.0 178,
3.9 104
5.1 208
2.4 96,
5.7 158
2.7 59
5.8 148
4.9 92
16.8 181
46 4 842
2.8 218

=

[#3] D

N

}-.42’,0\}@&@01

S O O o =N

o2 0

N oo

o o

0
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TARLYE 20
CALCULATION SUMIARY

Bun # HCL Content, mgm./liter Log Hean
CIn Cat AbJQzavd Kol ¥Fraction Lb,mols /(n“ Y(£t. ?)
x10™ X 16*
81 2.00 0,05 1.95 3.0 150.6
82  1.7¢ 0.04 1.75 3.1 87.6 -
83 24.47 0,02 24,45 20,5 518 .9
84 2.82 0.05 2.77 3.5 217.4
85 4.49 0,04 4.45 6.4 218.3
86 2.5 0.03 2,92 3.7 61.8
87 24,30 0,00 24.30 16.6 521.7
83 4.85 0.02 4,83 5.8 236.9
85  2.33 0.00  2.33 2.3 178 .0
80  3.02 0.07 2.95 5.7 227.8
91 26.23 0.00 26.93 17.8 562 .9
92 4,04 0.0L 4.03 4.6 197.7
83 25,53 0,00 25.58 17,7 549 .0
94 1,97 0,00 1,97 1.9 146 .7
95 17.13 0.00 17.13 12.9 368.2
96 . 6.85 0.00 6.85 8.3 151.1
87 19.15 0.00 19.15 14.4 416 .8
88  1.64 0.00 1,64 1.7 130.7
99 1.69 0.00 1,69 1.6 134.0

100 1.60 0.00 1.00 1.C 76 .7



TABLYE 2-10

CALCULNTION SUMMARY

Lo

X [s]
Fun # 1b, molis/(hr.)(L£t,.Y) (atn,)

35

17,0
24,0
13.6

9.0

37.4

101.6

89.2

34.0

2
3
73.6
1

29.8
64,3
24.3
22.9
15,7

23.0

G

656
423
265
262
677
199
195
188

192

L
ibs./(bhr,) (££.2)

5700

5700

5700
5700
5700
5700
2560
5700
5700
5700
2960

2960

fopet

1

e+ 0
. 3

Yot
@

-

»

(e )

.8

b,

ot

0.70
1.13
0.69
0.18
0.26
0.70
0.60
0.85
¢.26

0.60

® »
or! 0
0w

»
o4
'\’4

PN
W

o s o o o O bt
'LQ 2
() o]

8
w0

0.29

.29
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T/RLE 2113

CALCULATION B

Kaa L Hoc
Ran # 1b. mols/(hr.) (£t.9) (atn.) (£t.9) 7L,
58 27.7 320 2260 0.40
59 23,4 318 2960 0.47
60 29.3 350 4260 0.39
61 34,9 350 4260 0.33
62 25,1 647 4260 .21
63 35.1 637 4260 0.62
64 23.1 195 4260 0.29
65 17.9 199 4260 0.38
66 26.3 330 4260 0.43
67 35,8 654 4260 0.63
68 25.7 420 2560 .56
69 19 .7 424 2560 0.74
70 29,8 421 4260 0.49
71 26.7 a1c 4260 0.54
72 40,9 422 5700 0.25
73 41.1 419 4260 0.35
74 27.9 420 2960 0.52
75 92.8 £29 2060 0.63
76 25,6 415 4260 0.56
77  19.6 413 5700 0.72
78 16.8 423 2960 0.87
79 18.2 182 2960 0.34

$0 57 .6 655 29690 0.40



-TABLE 2-12
CALCULATION SULHARY

Eqsa G L
Run # 1b. mols/(hr.)(ft.°) (atm.) 1bs./(hr.) (£%.2)
81 50 .2 656 4260
82 28.3 426 4260
€3 25.3 181 4260
84 62.3 660 2960
85 34.1 420 2960
86 16.9 177 2960
87 31.4 180 5700
88 41,0 412 5700
89 64.0 641 4260
90 46.0 652 4260
91 31.6 184 4260
52 43,1 415 4260
03 31,1 183 5760
04 78,4 626 5577
95 28.6 178 2060
96 18.2 185 4260
97 29.0 184 5700
083 76.8 678 2960
99 83.2 654 4260
100 76.0 657 5700



Run #
35
36

46

73
T4

75

% HaOH
in Liguid
3.79

3.39
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TABLE 214
CALCULATION SUIARY

Run # % NaOH Normality, g q/p, normality/atm,
in Liguid :

88 2.51 0.63 1090
89 2.3 0.58 2086
90 1.58 0.40 702
91 1.36 0.34 191
02 1,14 0.29 632
93 0.6 0.24 126
04 0.57 0.14 749
95 0.53 0.13 101
06 0.37 0.09 109
97 0.22 0.05 42
08 0.53 0.15 82
99 0.34 0.09 559
100 0.32 0.0 792



Run #

100
45
72

94

97
77
23
88
87
37

35

LI 8
o0 pert
€3] w

[IsY
pa
o

il

5700 1bs./(hr.) (££.2)

Kéa

Hog

0.30
0.26

6.35
0.28

0.85
0.22
0.72
0.20
0.35
0.20
0.70
0.8%2
1.18

q

0.08
0,10

0.12

0.14

0.14
0.15
0.18
.24
0.63
0.69
0.83
0.85

0.95

1
Bogls

5.38

6.25

oy
Lo}
o

15.18

14.65

21.08
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TADLE 4.6

L = 4260 1bs./(hr.)(£5.%)

¢

Run 4 G Kna Hog a Hoglt
73 419 41.1 0.35 0.08 5.67
96 185 1.2 0.35 0.09 5.67
99 654 £3.2 0.28 0.05 4,54

76 415 25.6 0.56 .19 5.08%
92 415 43,1 0.33 0.29 5.35
o1 184 31.6 0.20 0.34 3.24
00 652 40,0 0.5G 0.40 9,08
89 641 64.0 6.35 0.58 5.67
83 181 25.3 0.25 0.71 4.05
82 426 25.3 0.52 0.72 §.43
81 656 50 .2 0.45 0.74 7.30



TABLE 4.7

L = 2860 1bs./(hr.)(ft.2)

Run # G Kg2 HO—{} q
983 673 76 .8 0.31  0.05
E 420 22.8 0.63  0.07
74 420 27.9 0.52 0.10
79 182 18.2 0.34 0.12
95 178 28.6 0.21  0.13
46 523 30.1 L 0.60  0.14
78 423 16.8 0.87 0.15
80 665 54,7 0.40  0.16
84 660 62.3 0.37 0.63
86 177 16.9 0.36  0.69
85 420 34.1 0.43 0.74
38 295 8.96 1.13 0.82
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