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The wide rence of oversll 7nd nlote efficicncins
rencrted in the literatvre for bubbleecan colitrms 19 well
xnovmn, Varyin-~ from the 7° ecle-lcted tv “herwood (12)
fro: the drta of ~“hitnen oand Cavie (17) to 1277 ss strted
by Brown (1), (A percentzre over 197 aonrarently due tn multie
veoor contacts on a sinele trev,)

Such 8 ranze of efficisncies indlicrtes the nee? far
more detz on the onerction chirreteristics £ bubble-can
tovers, particulsrly of cowrercisl size,

The precent vork wes concerned rith the concentr-tion
distribution in thke lieuid on 2 bubdbleecorn troav, In order
to study the concentrsotion “istribution iIndenententlv of
temperature voriation, it was decided to use nhenrntion
retyier thon distillcrtion, The bubble-=can tower ennatructed
for this vork ves four feet in dinreter, Tour clternntine
licuid flow Zirection trovs were sneced ot twelve inches,
with meventy slotted cons per troy, Sixtyetwo ssmnles were
teiken simulteneously on the first tray curinr esrch run,
Leeaure of the low effleciency of the tower used bv "hitmon
end Da vis with carbeon dioxide, it wes declded to Investicnte
tﬁc concentration distrihution usin~ carbon Fioxide, Tthyvl

tlenhol vwras ueed [rr eornrrison vith ren~rtel dots taken con

smrller towers,



HISTONY

Pleinet &1l of the drtn on conecentrotion ~rofient ree
ported in the literature is bhrsed on smz1) loheratory
colunins,

kirschbawm 13,4,5) rennrted on ethvl slenheleynter
rectificstion usin- 2 s£in-le &2 m-, bnubbleeeon on a trev
anproxinately 1C7 mae (sceled fro~ his drawine) insidae
ciareter, tHe took four somnles on this tray, “nre of his
results ere renroduced in the discussion section,

Peavy &nd Frker (@) 21en uvsed the ethvl slenhnlewnter
systen in thelr worke Thev renarted on a 3 trav, 12 irch
dizrmeter inside, fractionntin~ tower, with ten con® ner tray
crronsed in thres rows, Four srmnles were trizen on thie
trezye The linuid wrs sompled enterinz, nnet tha fiprest row
of cavs, vast the second row, 2nd leavin: the trrv, Come
of their dota ic clno reonrocduced in the discussion soctinn,

urphree (£) cdeveloned twn emintiorna for distillsrtion
plate efficicneys

liffusionsl resistence in vanor film p-vernine,
v " y!"_.:_.}.'..r}:'..l_
*-
Yn nel
Licuid film resistonce enntrolline,

E"L m Xyl = Xy
a ~ L e
Xael = *q

The volues nf x snd ¥ rpyn *ho averprs rala fraections of the
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liquid ecrd vepor lesvins ¢ plnt=a as “efin~d hr Turrhee,
Jcecordingsly the eftficloncs refers tn 4»e nerfarmencn ~f n
entire nleote,

Lewis (7) develoned rn enurtion for naint ef“iciency

on & nlite for bin rv cixtures, l!e based this eruntion,

for rlternetiny liouid £l directi-n, on the fallrwin=
oecumntionss Thet the liouid flowed acrocs the nlote vithe
ouvt mixint, thrt vonorefilm diffuaionel recintorce nredome
insted, thst voner rose thronsh the cenlurn without wivine
~nt thrt the llenid wre continually contacted with fresh
vepor, rs 1t flowed acrnse the plete, i enmntion follows:
Ry = ¥y
A

Lt verv thorouch r£ni cenmprechencive test eoverins mony
fretors wers mrde on 8 ler-e commercial distill-tion column
by Nunness (2). However, he did nnt take samnles acroes
trzys, tut used the riethod of Lewls to celecul~te the ‘urphee
pPoint efficisncies,

ore deta on concentration sradient, esneeciallv on
Xerre eouinmeont vith many gomnlae deter~inctions 1a, there=

f"ore, beneficirl,






jolad higelNat,

Cravuings of the column, details of the srnle locne
tion &nd errcnrement, photorsraphs of the tower ond of the
COZ snclysis equinment follow this listing ~f other eouipe
nent ond speclificrtions,

Tubtle=Czn Cpecificrtionst

Cansg 230 = 3 Ine Del's X 0e0AS5 in, thick covper eave,
70 per trov,
42 « 3/32 inche vwida x 13/15 inch hish slntes
per cob.
Ton of slot 7/2 in, abrve bottnn edes of
capes Bottonr of slot CeNH25 in, rhove
plates £lot srea per cap = 3,12 80, in,
tisersy 230 « 2 1/8 ine Culle X 0.065 in, thick conver,
Interral yoke stvle, 70 per trov,
Cverflow 1 7/16 in, cbeve riser flaneo,
1.35 in, 2bove nlote, NRicer ores emnls
3elh sae in,
Gienercly /nnuler eren emnles 2,74 sn, in.
(Vulenn Copper mnd Sunoly Cos, Cincinncti 2, "hin,)
Iien (€M 1053): Tvpe W, Desien No. 3, “12za 2 1/4, Serinl Yo,
100080, .
(Clarase Fen Co., Kalrmozoe, Yichi-nn,)

T nduction 'Red Fendt! lotor (€M 1434): “erinl Yo, 2027 1)
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Hele M‘- Frore lq.l. Ne e e 17r10 T}'T)G K
Phese 3 Cvcles 60 kise 55 Code F
“,Olts 220 Arne Py hl&. 2 ‘:‘f}lts lc.!,p“ po N e ’47. 1

CeFe FE:53 (Connected L40 v, )
140 =« £701 1/4 ine Tube 1/3 ine Pine Thre-~d Connector
'ttings,
(Cherles A Strelineer Co,, Tetr-it 25, ichiron)
Reckmen odel & p'i Meter (07 §52)s Mo, 2508
Chicci;o Selentific Cosy Chicomn, UeSets
[Notionel Technicnl Leborateories, Nouth Praadenn,
Californic,)
External electrndes for pli rieters
1170 Calomel, Cenco 21144
1190 Glass, Cence 21109
(Nationel Technicol Lahoratsries, South Pasndena,
Celifornia,)
Cheinomatic Yestphal Brlence (£ 317)t B=21754%
(Christisn Fecker, Inc., New Yorks)
TielePe +leohol: Proof 100, V.M, S
FPefle 10246
(Ve Industriel rhericrls, Inc,)
CO2 3 10=50 1lbe cylinders 97,5

(Pure Cerbonie, Inc., MNew York, Mew Vork)



205 Loet of L/4" Copner Tublige

o T CERCE R A ST B 17 Ll

i) - o "- . L.
Al daidd Wiloed bbia. U aels hdlavNides

[
n
[+ ]
.S

5 8 7 8

44 43 43

&2

48 40 < 5)

(&}

a7 4) 50 5 48 43 asl 3t

A
5 4
H )
(& 8o 34 33, 43 47 43 45 b
& -
1 ! ' -1 Y ' R}
D gz 25l sl Il A o MY L S S -3
~y e’ e’ = e 2 rat
E &l _E ~o 7 4 4 (1Y} i P
~ - -~ -~ ac -
— " A -
F o SRR VT SRR - A S L S AN S )
- » - N .
G £ v2. na 24 24 g 20 17}

T, Saki akin At BN ot i AN QLR EZ ot Ao BN cL ek a (AT g tTANT YL
it L...--‘C.'.u U2 s o Lell (SR KIPI

BCTTC C1DbLT GP
Lown in 5. 7. 9!

~ e -

out 1 5, 6
Lown out 4 2 4!

Aloo nanifolld ond bottlis connceilion

tublng~=indiviiuelly fitteds

e
(923

ny
e

10

&






—




~



. ¢
'.
4

.
’ iy
. N =
. B
4
«
!
\
|
: |
P
“
s
- EN - .
|
{
N
« -
'

8
i
i
.

)
j
/
[
K PR
.
‘
7 -
£

i o
. I‘
P ¢
R ’
X S
/e
oy,
N
. S







>

——

v oa .
. Y . P B
NN -
- . -
S ' .
- -
. oL
- i . -
! . ' -
! 4 ; (R -
.
: <
.
-
—— S 7 ~ o
'~
‘ 5 [
NN >
LN
e,
! N
- - ! ’
. ~
. -
f Co. ¢
N 3o
S, .
.
’ .
i N
V]
) !
. L)
. o -

.t
»
-
N
-
\
)
LI
Of
~
v
R
_
-
r



/70

-
S
N
|
3~ —



4

e

- S, -
- Tl .= Jo-
i . . -
i . j -
v
- R peemi e s . e -
1 4 '
. |
T v
. - v
- / -
\
: i . -~
' .
. ' !
i
7 \
4
-
" -
% SO . .
' \
1 '
.A N b 3
1
v =
e - . . M
T
) , . s .
. B -~ T
: {
g o
- 5 Ty -
.
\ . e s
- - ~ . o
oo .



/2

[E—

I
. -/ - -
/
i
1
- “ \ -
!
. \
<
,
i - VR
4
o
I
i
\
+ \ .
4
i
- / >
“ig
|
-
hp)
b
[
EEE
>
y .



55 ' 4/, ¥ et s 7
e L. v -
. 3 =~ I< 3 7 g5/
/vv {
. {
g A/ e
VISIBLE ‘
J A
\
A 4 > 7
- /A
o Q- & P37 5
i ama §
\ I TN f AND \
= a7
— -~ £ P & - - o
\ [ ¢ o
4 . =X
va A A 5
Sx E P A <

NAW/ING

X AT i e
F - DRAWIN

AR B T N oy i




/+

e

. pJ
‘
NS
€ ..u
‘. .
] f
. < -
. « R ! 3
L
L !
Co S|
' .
. . A : Y
[ . . T
T~ _.A e
[ N .
. N
> ~ .
~ -
. . N
R ' _ ]
: . ' i ; :
\
) oy o,
NN A ! =
| “ A -.,
- -~
Nty
1 N .
h 1
. B
/
!
A [
8 . s \ .
N ) .
- ) : g
- . Lo - Dk o

~



/4

oy
) .
K -
, . : -3
- “ N N i T
i . ¢ ‘.
- -~ ~
N ' !
4 s
) - . - [
' "
. Y .
.

R

AN

T




ot £ AT
| AT B
0
/ A 7
o, | e

L r
it 4 1 ! fi
2 e = ‘1
| T e / ) !
VACURIN™ £ { h =
\ i
- ‘
b pe’ e ) / | { {
= “rr :
\ I‘ N | |
Lo ,
4 | B7 7 4
44 { / !
Y oy oo ~ t =3 {
s o
L | et e DTS SV S i
| f s [ |
{ & R e 3 » ]
1 "
! s | SRR - iy
i
‘ { (7
Lt WRTER ] e e | *
i l |
TN METER i1 o S {gns il S et e A |
- S ER A VIR I BesRewie e e BEIE R B f 0 L R e
{ 4 ! / / / 7
/ 7 / i ! |
| % | -
3 i - - ~ A7
‘ PEFPARTMENT OF
- X ’ el / s =
\ MICAL . ENGINEERING

CAN STATE' CQLLEGE

VULCAN ABSORBER (BT) Ch-I4E]
DRAWING No. /0

ASSEMBLY
AR ‘{f(’@,‘ "‘”[Ff[(‘ 70 ;:?E /TA/L\.S' b ey

| scare: 274" | DET: WLK

ot et MAT L: SEE DFTALS| CHECKED : JA
DATE : 12-6-49 | PRINT: IED |




15

Photograph No, 1 = Tower constructed for this work,
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Thotozranh No, 2 « "™howinzg the manifold, »ininsz, welr dox,
shelf, and sanmpling tansa,
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"Photograph No. 3 « The analysls equi’pment for carbon dloxide
sample determinatios.

Photogranhy by Smith & author,
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RUN P00 70 7en CARRGY TINXITH

A ecylincder of fifty nounds of enrhon dioxide :¢s
welched, Tt wos sct un in 271 inclined reek ith the
discherme orening downvard snd dirscted to the intala Puct
of the fane The cvlinder wos thus nlaced 45 =ik nv-1l-tle
#1l1l ~f the contents of tre tank,

The sixty=two soonle bottles veora veirhed hefare the
first #ad second runse fince there wrae no aimmiflier-nt chonrn
in the weig hts cf the bottles, this was not follarad in the
subsesuent runs, £ rondoan welchins ~f ten hottles wna made
prior to these rins ens no chanre wee notord thret wes ai-nifi-
cent enouh to Justify weirbin~ 211 the bottles, These wei~hts
clavs checiied within 2.1 rram which wrs £ relstive ervar of
+ 0,07C55,

To each of the bottles 170 mle of the PalfH)5 solution
was acddeds The wvelrit of 100 ml, of the PalCH), hrvint teen
cdeteruined by severnl weishin-s, Trceh bhattle vira rtannered
Imedintely ofter £illin- t= reduer ¢t 2 nminirum the rhaorne
tion =f cerrbon diexide fron the cire After 2ll the hnttles
were thue nrenqred, thry were atteched tn the somnle tons
on the towere "h: weter was then t.rned on to the enlumn,
“hen the weter Tilled the welr box ¢nd started to cverflow
the weir, the fen v~ sterted to farce sir throu~h the tover,
The orcer of thece lrast two oparntioang vae Loaartsat, If

thie foan wirg sterted belore the troave ora full ~F wetar, the
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water would be imedistely foreced intn the ssrple hnattles
beerzuce of the low heade “hon the rronor water epnd pir
ratecg hed been stteined, carbon dloxicde was discherced from
the crlincer into the intsake duct nf the fene /4t the sama
time the water ncter wag rend ond 2 ston wrteh strrted,
Luring the run the pitot tube manometer readin— wes reenrded,

Since o cylinder ~f corbon dioxide wis exhrusted in
st o rinute ond & hilfyno run was ~f lonrer duration,
Noturelly the question ~f hovine etteined eanilibrium arises
with 2 run of ecuch short duratione Since 2 comnlete chanre
of weter occurs in the column everv seventv seconds 2nri tha
£28 chonrses even faster, reventy cec-nds nfter berinnine~
the operstion »f the tLower no varishles wruld be effocted,
lipon thiie besis ecuilibrium wns cssumnd to hrve been sttrined
at'ter ceventy seconds, Pecaourne of the almost instantonenus
ricthnd of drowinyg &ll ~f the samnles, & concentration srade
icnt would be detected, if prossnt, uvhether eaqilibrivm was
etteined or note

Just orior t . drewin; the snmnles, the rir pressure
velve to the renifold ves opened briefly to purse the samnle
lineses This sten wes not followed in runs whera limid from
the tray wcs forced into env of the bottles to the heirht of
the inlet tube prior to the rerersl ssmnle crawine, #s this sten
woula force Dalnli)p ontn <he trev rmd nut adincent somnles
in errores The vacuum vealve was then onened ta drow the ssmnles,

AMfter the vacuum velve was elosed, thae crrbon dioxide was shutoff,
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the woter reter read, and the wnteh stonped.e The fon ond
witer vere shut off, The s™nle tcttles vere then recroved
and imedistely stonnered preprsrtory to enclysis,

Sixty=tiio Toe H rubter ctopnere hed esch been rround
to tho velirht of 2046 rreice In thie vav no tire wen lost
iIn sttenntin to fit 2 definite ston-er to & definite bottla,

would hove been necessory s2 thnt the individunl ansmrle

4]

”
[

welsnts e~ 1d be Jetermined, IV wins

0

possibhle, b ths methad
uscd, to gtoposer the battles fivedistely rfter re-avnl from

the so.ple tens with & mininun exoegure of the contents to

-

the gire
o

ifter the enclysis of tha an »les wng cormrleted, the

carben dioxidae tonk vo

2

revei-hed tn Jetermine the ounntity

ct Cﬁz used,
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L five 7rllon bottle cont~inin~ ethyl nlentnl was ant
up rt the inlet duect to tha fan, The battls end {t3 erntents
hevine been wel hedy 'n fanirator wes inetnllad in the
bottle #nd sttoched to the 107 neip air line, “everrsl aonile
retors vere cennstructed for this nurnocse,

The szn~le bottles were nttochsd to the tong of the
towers Th2 colun wrz put into onerstion fellowin~ the gnme
order ~f stortin- os w23 desceribed in the corbon dioxide run
proceduree ~hen the pronar water rmd air roatee were ohtained,
the air to the cs»oirstor wrs turned on, esre bheinr taken thot
the rir vould not be overscturcted, isee no dronlets of elco-
hol would rench thke nlotes The rendin~z of the water mator
wis recoraed, end the ston woteh stortad, “inece the sunnlvy
of slcchol c-uld b eobserved in the battle, the tover wos
onerctaed until 2 nroxiritelv threeemisrtera of thn n-nunt
h-ad been choerred tn the enlunme The weanmeter of thoe nitot
tute woe checked renectedly durin- this tine,

The semnlae rroceidure for drowins the sermnles end
shuttin: dowm the colurm re wan discunsnd for crrbon dioxide
wes followeds Th2 bottle and remcinin- ethyl flenhnl beins

velihed t2 cdeterine the ocunntity »f sleechnl used,
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JUILYDIS PRACETUNT FOE CARRON TIAXTRR

v“hen earbon dioxide dissolves in water, the emilie
briunm mey be written as follrws:
COp (dissolved) + Hp0 R HCNyR@H  + HOC3 221 + 603 r10)
If the pH of the liquid medium in which *he hyiretinn tnokes
plece ir lens thsn ?,the recctieon i oracticelly

COZ * H20-3H2C03 f11)

The pnount of free corbonie a2cid nresent in the dilute
aqueous solution wes detercined bv adidin: the sarnls to en
excess of berium hvdroxide end titretins the excess with
HCle Tresdwvell :nd Hall f13) specified that vhenclphthalein
be used r5 /i indicator in thie determincstion, The reasson
bein;; that the carbonate does not berin to dissolve until
the solution i3 more acid thon ecorrecsnonds to the erd noint
of »herclnhthnleine Thus, the nixture of goluble na(’ﬂ)z
and insoluble BOC“B ¢ be titrated with I'fl #nd en end

point cbtoined epo soon o3 the ﬂa’PH)z hes been crmnletelv

neutralized 14)s Phenol»ohthalein vas uned in the first

run, but it was moct difficult to detoct the end noint, In
subscouent runs a Reczmian [ odel G pY meter wos used, The
titration beins cerried to o pil of 29, This vrlue beins vithe
in the p!!l ran-e of phenolnhthelein, noiely "a® to 9,0 from
base to acid (15).

The Ba(CH)z solutions were nixed reeordin~ to the

method recormended by Tresdwell rnd Holl, with e£lirht rodifie
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cations rccordin-+ tn Trerdwell snd Hslle

t** The crystallizad barium hydroxide of correrce

alwurys c¢ontains berium corbnste, so thot the enle

ution cannnt be »rencred by simnlv weishinm nut

the nacesscry auontity end dilutin~ €5 one li‘er,

Ndssolve about 27 grans € the cormereirl hvdrnxide

in the necegsary smount of <istilled vaoater within

2 lorze flask end sheke until the ervstals hove

comnletely uisnnneared anc a 1irmt, insoluble nowuder

of barium earbonote remoinass  fllow the solution to

stond for two dovs, until the bsrium csrbonnte hns

conletely settledy siphon 1t of I intn 5 bottle

tiirouch which e current of pir free from enrbhon

dioxide has been nzssed for tw~ hours previous,

Cannect this bettle with a codeelime tubs end with

& bureteseses " (1”3)0

Since 20 rrrms is recomrended, vhile the thooretiesl
18 15,78 rrons, four-thirds of the theoreticel were used in
rixin: the five gnrllon batches of the normelities used,
The pagsinag of air free from crrbon dioxida Into the hottle
wis dispensed with, &5 it was found unnecessary,

The Ealfﬂ)z soluti-ns thus prepsred tvere standnrdized

arsainst QelH HC1 with en end point of »lf 2, Solutions of
HC1l werc prepered in the usunrl wey ond stendardized apninst
the Da("H), solution used in each run, The end point nlao
being p'l D

Followin a run, the sarmnle bottles were welrhed,

“ince the weirht of the bottle, stonmrer, nnd Raf"ﬂ)z s0lu=

tion added wes known, the weirht of each sonnle drown waos
deteruined by differences The excess berium hydroxide wes
then deternined by titretion with FCl of sonroximnstely the

sene norimality es the Ba(GH), used in the runs The titration

being cerried to an end point of ni 2,
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Berium hydroxide of 0ea0235 normolity wea orisinelly

used to determine the aount nf ﬁﬁ(PH)z necass rv tn roice

one ¢ren of the sbsorber weater to pH % This correction
vins then apnlied teo the c~neentrotion crlculstions s shovm

in the rection on caleulstions.
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ALCOHOL 2RCLYCTH TRonnrnTn

The density of the rlconnleyunter solutiona wuns
determined by 2 chrinomuztie 'Y'estnhnl brlonces The dene
sities then converted to per cent nle~hkeol br wei~ht usine
& rraph (Fize 1l)e This srooh wns plotted from Table I,
The 07, 17, 2%, and 37 concentroti~-n data at 17°C, 15°C,
25°C, 30°C, 35°C, end 40°C, ond the more comnlete dota
avoilatle for 20°C are renroduced in Toble IX from the

cndbooks of Perry end Leonse {G)e  The intermedinte volues
were interpolszted on the brsis of tha more comnlete dotn

avoileoble 2t 20°C,
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TABLE IV

Run #8 Alcohol

DLNSITY TP, °C
0.9958 20.5
0.9950 20
0.9960 21
049955+ 21
0.9973 23
0,996 21
0.9958 20.5
0.95L8 22
0.9511 21
0.9948 22
0.9953 22.5
0.9950 23
Q.9942 23
049949 24
049954 23
069936 23.5
0.9932 23.5
0.9939 2445
009951’ 2305
0.9932 23
0.9936 23
0.99L8 23
0.99L6 23
0.9937 23.5
0.994L3 22
0.9940 20
0.9932 22.5
0.994L2 22,5
0.9952 2L
0.9952 24
0.9953 23.5
0.99L3 23
0.9945 23
0.9938 22,5
0.9954 22.5
0.9952 23
0.9954 22.5
009952 L 22
0.99L3 22
09947 22.5
0.9937 23
0.9936 22

33

Wte %
1.25

1.175
1.35
O3

1.175
1.25
1.60
2.10
1.60
1.27
1.37
1.80
1.30
1.16
2.75

1,88
1.26



SAVPLE
a8

F8
Eb#
B7
E7
F6

cb
c7

F7

«#This

TABLE IV (Cont'd)

Run #3 Alcchol

DENSITY TELPe ©C
0.9942 22
0.9952 22
0.9939 23
0499375 22.5
0.9931 23
09930 22.5
0.9948 22.5
0.994L7 22.5
0.9933 23
0.9928 23
0.9930 23
0.994L05 23
0.9942 23
0.9956 23
049932 23

3L

WTe %

1.94
1.38
1.98
2.1
.l

2.54
1.54
1.59
2,30
2.58
2475
1.89
1.80
1.05
2.36

Vater Rate: (a) 20/81.7 (c) 20/118 (e) 20/124.6

Dals./secs. (b) 20/96.9 (d) 20116 (f)

Gas Rate
Vanometer Reading 6.0" H,0
6.2" H,0
Run
Prior After Difference
Alcohol-lbs. 27 12/16 8 12/16 19
a0 - galse 19940 19993 53

Time of Run 331.1 Saccnds

sample bottle filled prior to drawing cf samples.
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TABLE V

Run Noe 3, COp Divide by 1000 for wte %

04075
0007
0.022
0.045
0.03

0.057
0.075
0.104

0.052

(Refer to Drawing #2)

B c
0.073
0.0LS
0.066
0.033 e e
0.026
0.005
0.14
0.01
0.122
0.009
Q0.004
Q.054
0.013
0.067
0.027
0057
0.018 0,067
Liguid Rates
(as Rate:
(as Concet

RC&
D

0.0L7
0.032
0.095

0,036

2949 G.PoMe
1470 C.F.M.

Laberatory air

0.096
0.025
0.079
0.008
0.08L
o.11

0.007
0.027
0.053
0.01%
04051

0.088
0.03

0.011
0.002
0.023
0.073
Q.007
0.000
0.017

0.029

35

0,042
0.035
0.012
0.009
0.01

0,001
0.006

0.004



TARLE VI

Run Yoe L, CC2. Divile by 1000 for Wt. %

0.373
0.374
0.299
0.363
0.360
04391
0.L60
04520

0.393

(Refer to Drawing #2)

3 c
0.423
04355
0.325
0.209
0.412
0.312
0.260
0.374
0.664
0.278
0.615
0.360
0364
3.328
0.299
0.372
0.309
04299
0.325 Q.408
Liquid Rate:
(las Rates
Gas Concet

RCE
D
0.330
0.412
0.501
0.436

0.376
0394
U600

0.274

0.385

3643 G.P.¥,
933. CoJF.M,
1705; by vole

E
04302
0.354
04394
0.389
04283
04400
0.484
0.294
0.389
0.274
0361

0.253
0.304
0.345
0,350
0.355
0.353
0.322
0.305
0.304

0.321
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0.201
04325
0.337
0.299
0.299
0426

0291

0.279



COLULN

zn
A
V4
1
Y
i
X
We
[}
v
v
U
U
T
T
gt
S
R!?
R

Ave.

1.67
1.39
1.46
1.25
0.94
1.12
1.56

1.3k

B c
1.70
l.19
1.34
04775
1l.11
0.775
0.671
0.738
079
0.512
0.635
0.0645
04589
0.6l1
0.576
0.682
l.71
04759
l.32
O.741 1.0L4
Liquid Hate:
Gas Hatet
Gas Concet

TA2LE VII
Run %o. 6, CCp. Divide by 1000 for at. %

({efer to Drawing #3)

ROW
D E

1.815
0.65

1.15
1.16

0.91
0.68

0.7k
0.617

0,612

0.72
.61

04615
0.675

1.17
D.6U8
0.625%

1.11

0.728 0.932

33.9 G.P.M.
628 c.F.M.

3706; b)’ Vol.

0.5L8
0.58
0.623
04795
04605
0.63
0.537
04555
0490

© 0.647

37

1ol
1.26
1.08
0.864
Q564
0.769
0.666
0.90

0.943



COLU.

zl
Al
2
b &)
Y
X0
X
PL
W
V4]
v
' U
Y
T
T
gt
S
Rt
R

£
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TAZLE VIII

Run Moe. 8, Alcohcl

Concentration (Ate%)

A 8

1.16
1.175

1.26
1.25

1.475
2.10n

1,93
1.27

1.05%
1.3%

1.54
1.26

1.52
1.22

1.33
1.14

1.22

# Not Used in Average

Ave,

1l ozh 1l .hO

(Refer to Drawing #8)

c
1.35
1.175
1.60
1.88
1.88
1.89
1.80
1.64
1.4
1.4

1.55

Liquid :ate:

Cas Rate:

Gas Conc.t

RC&
D
1.37
1.30
1.88
2.1

2.27
1.98
1.08

1.63

9.6 G.P‘M.
1930 C.F.M.
7.9% by Vol.

E
1.25

2.02
2.52

2.30
2.09
1.76
1.5

1.91

1.80
2.29

2.4
2.58
2,36
2.11

2.26

38

1.60
2.75
2.36
2,29
2,475
2.54
2.08
1.94

2.25
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CALCULATiONS

Following is the derivation of tne equation used in calculating the
ccncentration of the C02 samples.
The reaction for the titration of the excess Ba(C4)2 was
Ba(0il)p » 2uCl BaCly + 2H0 l.
Letting B' represent the ml, of excess Ba((H)y, Ny the normality of the
HCl, A the ml. of this HCl used in equation 1, then
NgB' = N\A or B' « NjA 2.
Np
If B then represents the tctal mle of Ba(OH)z to which the sample was
added and B* the ml. of Ba(CH)2 used to raise the pH of the HC in the
sanmple to 9, then B-(3' + B") would represent the ml of Ba((H), used in
the neutralization cf the carbonic acid in the sample.

Therefore, from equation 2

K » BuB?%B! @ B-B" = NAA - (B-B")NB - A 3.
LS Tp

If F represents the ml. cf Ba(Cil); necessary to raise one gram of HpC

to p4 9, then in dilute sclutions B" « ¥F, where ¥ is the weight of the

sample in grams. Substituting WF for B" in the right side of equation 3,

¥ e (BAF)NG - NA L.
EB
The grams of Ba(CH)2 used in tiae neutralisation of the carbonic acid would
then be, '
CeNxNy = (B<WF)Ng= KA Se
1556 1000

and the mols,

R ek



€7

me Q - (B-WF) RB - NAA 6.
. 11,5400

which equals the mols of CCp. The weight of CO2 in the sample would then

be
Wemx hh - 00000257 (NBB - HAA - ma) 7.

The weignt per cent of CO, being,

Ct = ; x 100 = 0,0257 (NgB = NjA) . 0,0257 FNg 8.
w

For ease of oaloulation, equation 8 was appllied &s followss

C e 0.025 (NpB-N,A)
ﬁ-—_
C' = C - 0.0257 FNp

The velocity was calculated from the manometer reading of the pitot

tube with the following formula
5

Ve 0.81 (2 g. & P sin arc tan, 0.1)
o

This pitot tubs was calilrated against the laboratory standard orifice

and against a velometer.
The volume of CO was calculated from the weight of the liquid CO

using the Ideal OCas Law.

T



Concen-
tration

0.0
0.1
0.2
0.3
O
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
1.k
1.5
1.6
1.7
1.8
1.9
2.0
2.1
2.2
2.3
2.l
2.5
2.6
2.7
2.8
2.9
3.0

159

0.9913
0.99894
0.99875
0.99855
0.99838
099819
099300
0.97782
0.99763
0.997LY
0499725
0499707
0.99639
0.9967
0.99652
0.99633
009961"
0.99596
0.99579
0499560
0499542
0.2952L
0499597
095489
099471
0.99453
0.97u35
0.99l17
0499400
0.99382
099365

TATLE IX
t%
Density g/ml L¥C
20°¢ 25
0.99823 0.99708
099304 0499689
0.99735 0.97670
0.97766 0.99651
0.997L8 0.97633
0.99729 0.97614
0.99710 0.99595
0.99692 0.99577
0.99673 0.99558
0.9655 0499539
0.99636 0499520
0.99618 0.97502
0.99599 0.9943L
0.99581 0.99u66
0.99562 0.97LhL7
0.995LL 0.97428
0.99525% 0.99407
0.99507 0.99391
0.99489 099373
0.97471 0.99355
0.99453 0497336
0.99435 04972318
0.994L17 099300
0499399 0.97282
0497391 0.97284
0.97363 0.972L6
0.99345 0.99228
0.99327 0.99219
0.99310 0.99193
0.99292 0.99175
0499275 0.,99157

67a

30%

0.99568
0499549
0.99530
0.99511
0.99492
0.99473
0.99454
0.99436
0.9%117
0.99398
0.99379
0.99361
0.92342
0.99324
0499395
0.992437
0.99263

0.99250.

0497231
0.97213
0.99194
0499176
0.99158
0.99140
0.97122
0.97104
0.99086
0.99368
0.99060
0.99032
0.99014

7
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The ecuation of Lowls (7) citzd on naze 3 wus redevelored [or usa
with absorption, The sawd flas) rooult was obioineds Tho steps in tils
devolopment follow
1Y = 08
(Ym-l - ¥y) &V =0ax,

lotting Qi = ¥

(?nl-l"Yn) "% dxp = R dig

£
l:':{
|

y* = Kx

dy* = Kdx t

dx::m (
K

(}'n-i-l - yn) = g dyF

lot % a2 A

v . dy. *
di

E, = Yy " 9n

Yol = T

™
ad

?‘.LVZ’ Y: =Intl = Vo " Yl

bt ] -
y‘x’x = ,_y_a_ + “w Vi 1 Yol
e Efvp

“7) A= e Ay, Eaypel diyey
Evp R

(v
il el Zoyp 4

Integrating over tho plete fron § =0 0 § = &,

ST

24 Kz.a" § 3

/E‘;zvp Ad = - & ‘"‘dw
—fee 4+ (Tpo=l) It

10 Va1 = R Jr0 0 Yney Un
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B - Y [r - 6]
1 1 o
’ . 338 Boiypy A w (:1
SO [o Ty & z]o {ym—l - (yn""l (yq)o]}
A
(7 gy, ® Tmes (- Fiw™) [ p+y = (yn)o]

Eop A

4

ELIV = (%ﬁ“.ﬁ_‘?l.z.ﬁ)_%— by derinitlon of lurphee

Tnel = Tier T { (1m®ir ) [ynt_x, - ({Q)O] }

E. =
'
Ewp A
Ve = V2o
Ty A
li:v = (e nva ~1 [yml - (yX),L] . 1
bt B = Ian -(ynk
ym-l o n‘o
% A
e
Egx= © -
2 “‘"‘X‘l"“ x Lyp

E-wyp

A

E g = eZivp -]
avd A'
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DIOCULLION

It should be expharizod that previcus work on ligquid econcentration
gracient hag boon dona on only swonll diausior columms, vith sauples token
in ths airection of 1iculd flow onlye Thils work was also &ll tased on
tho gyotes etiyl alcoholmweter, in wilch tho mechanlsm of trensfar is \

dofinltely gassous piase controllinge.

Lo cvemge P

1"

The presentstion of resulta of CO_ rums deplcted in Figss 2 through !
4
13 was {irut attecptod on a single gragh, but tho dlstribution wes 80 rane

Gow thut Lt was loposcible to dotect 1D there was a trend in the resulis.

e

To results, of tids COp runs rejorted ony wore then plotted column hy
column &3 showa in Figzse 2 throuh 18, ¥hile in Fige, 2 and 4 1t wopcared
there =l bt te a trand, so the plots for the tiree runs wers of & correse
ponding shape, this was not esupported by any of the otler plotss In niost
cases ti:e curve for Lun lio, B went down, while thal for DNun Foe 4 wont
Uy Or vice verca, (Bo curves were drawn in Fize 9 &5 the center tray
support preventad thie taklng of & pample at DY',) The plot of *he everaze
of the rous, Fli. 13, in thie direction of the liguid flow elso indicatad
the couplete raundomness of the eoncentration distridbution in thet direction,
1.94p 8lon; ti.e columns,

Flgures 0 tixrou;h 08 deplet the distribution of tiie concentration
et rihit angles to tue Jirectlon of flow, L,8., the alstritution along the
rotts Th:ore sconcd to bo more of an ajrocwent betwsen the runs on the dise
tritution of conceniration, in tiis direction, than in tle otiere It would
still have to ke termed a raudon distridvution, Lowever.

Taa contrast betwssn the C0g data and thnt of ihs alcolol date wes

epparent, nhen tie definite trend of o aloolol dota wus obiarved, Fige 07
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Thls figure shows the ddaotrlbulion of i conceontration in the directicn
of liguld {los, for the ceutor culuuns, 7Y to &Y, Tuose coluuis uere
sagaratsd [row tio «d;e colwinu, becuuse of tie sluilarity of the siapo
of iz latisr coluun's date for thav of the coluunsd cyuetrically onposite
froa Uicwe Tho edis colwn deta wos plotied 1o Tlge 8.

The everg e of the rows, {or alcolol, 15 shwwn in Fig. 29, This
¢radisst corresponds favorsily with that found by Peavy end Boker (8),
elso lor etiiyl alcohioleustor, &ioma in Flge 31. (It wust bLe reallzed,
in thls couparison, that their datm wos for rectificatlon on a 18 inch
coluuny &8 compared to a 48 Lnch column used in this absorptlon)e It elso
is fairly comparalle, on tis sase baula to thec data reported by Kirschbeun
and Andrews (4), Fli. 52, who roported on the rectilicatlion of etnyl
alcohole=wator in a guall cclumune

The plol of conceatration clstribvution et a risht ansls to ithe dire
ection of liuid flow is shown in Flze. 30, 1t definitely showa & greator
excliansa belween the gos and liguld in the canter of e traye Thds edye
offeet vould bo exp2reted in a lurge column due te the differcnt flow conme
ditiong of both -his lguid and pas near ile wmell of the towers This effect
ooy heve bseu megnillicd by the use of Hic botton tray for sanplinge CTone
ce uently, the quantlity of ianconda; zoo wizht not have lteen equslly dlse
trituted on rising tiroush the tray, even tioujh 1t had to pass throygh
tha screen balille first,

Lewis' ejuation (7) applisd to absorpilon, shown in calculations sooe
tilon, was used to caleuls 'w the concentration distribution for Zun No. G-

CCpe Tue avorege anwlyels, G, for tie first row of caps waa used for this

purpose, sitl tho assumptlon thet ilie concentrotdon in tho water enloring

e ol
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g Wiy wos 2oT0.

The coupurison of the celenlation with the anslycis followss

Caleulated Auelycts
now Tted x L8 ¢ x 102
A Ok 0e146
0,048
B 0,083
1,01
c 0,118
203
D 04005
251
E Qel1D
4443
F 0.077
5451
G 0,106
B.18

Tidls ejusticn was besad on gaoocus phase controlling, %his is
too of'tan assuaed in calcuiations for towers, Since 002 is only
sligintly soluble in water, the 1iguild fllw is goverulnge This indlcctos
that wmoct of ths ebsorntion would toke place in the spray above the traye
Tha extrems dizporsion of tiie droplets would sccount for the randon cone
centration distribution in the case of C0ge Eiiyl slcohiol, on the othor
hand, digcolvas readily In waler and 1s thus geseous phess conirelling

a

therefore acccunting for ithe concentration jreilent with slcoliol,
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GOLSLUCINLE

In view of the findings in Uds work 1t appenrs necessory to deternine
the controlling phace, i.8e, whether the absorption toikes place pree
dominatoly im the 1liguid on ile tray or prodoninately in the droplets

avove tiic iray, for any worx =ith ligquid concentratlon distribution.

Inagouch as the larce yuwitlity of droplets ebove the trey sre dispersed
at raiadow, ne liquid econcentration gradient would be expectad in the
cace whers tie exchange buliszan soluts a&nd golvent occurs in these

droslates

Tho aboenco of & liguid eoncentration gradiont in the absorption of

carbon cloxide witiu water ia ettributaed to liquld phese controlllng.

Ti:ie precance of a liguld corcantrution jradient in the absorption of
etoyl aleohol fron airy, witi woter, is attributed to gaseous

controllin e




(n
NCREMCLATIHE
A = ml, of HC1 used to neutralize excess Ba(ofl)z.
B = total ml. cf Ba(Ci}, to which CC, was added.
B'= excess 3a(Ct)p , mle
8" = ml. cf Ba((H); used to raise pH. of 1,0 to 9.

Evy s plate efficiency which equals, " {¥nadav.= (rndav,
Wnetav,~ On®lo

o8 v " lccal point efficiency which equals, Inel = n |
) Ins1 = ¥p* o

TR

C = uncorrected concentraticn cf CC; sample.
C!' = corrected concentration cf Cly sanple.

e = base c¢f natural logs.

F @ ml. of Ba(Cll)2 necessary to raise one gram cf HaC to pH 9.

3 » grams of Ba(C!l)2 ugsed to neutralize CC, sample.

Eg = conversion factor of 32.17 ft./sec.®
K » dys/dx, slcpe of equilibrium curve.
¥ o zl. cf Ba(Cl), used to neutralize C(, sanple, ¥ e B=(3" + B1),
m = noles of !Za(C-Ii)z used to neutralize C(, sanple, ulso moles of Clp in gample.
Njp = normality of Cl.
Hy = nermality of .’33(0!{)2.
n = subscript, denctea tray under consideration.
n+l = subscript, denotes tray below n tray.
0 » rate of liquid flow down cclumn, moles per unit time.
poe R (E3h) /e 2
£ density, #/ft.3
R = C'/Vo
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R' = manometer reading, inches of Hzc.

V » rata cf vapor flow up ccluan, moles per unit time.
V' = velocity of flow, ft/sec.

# = weighit of CCp sample, gramse

W) = weight of sample bottle, grams.

Wy = weight of sample bottle plus weight of stopper and weight cf Ea((?-.‘{)z,
added, grana.

“3 - Bl » “2.

Wedi e _dl .

- - v

& = weight of CCp in sanple, grams.

(xp)i = mcle fraction of absorbent in liquid on tray n, at a point on the
tray corresponding to some specific value of ¥ .

(y )i e mole fraction of absorbent in vapor leaving tray n, at a point cn
the tray corresponding to some specific value cf % .

(Yn*)ﬁ « nole fraction cf abscrbent in thne vapor wihich would te in equilibrium

with (xp,)¥

A -K/R

P 3w XLk
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CONCENTRATION GRADIENT ACROSS COMMERCIAL SIZE BUBBLE TRAYS

'he wide range of overall and plate efficlency reported in the literature for
bubble-cap columns is well known. These reported efficiencies vary from 7 per cent
calculated by Sherwood (12) from the data of Whitman and Davie (17) to 120 per
cent as gtated by Brown (1). (4 percentage of 100 apparently is due to multiple
vapor contacts on a single tray.)

Such a range of efficiency indicate need for more data on the operation
characteristics of bubble-cap towers, particularly of commercial size.

The present work was concerned with the concentration distribution in the
liquid on a bubble-cap tray. In order to ascertain the concentration distribution
independently of temperature veriation, and avoid the expense and operation and
sampling difficulties of distillation operation it was decided to use absorption
rather than distillation. - The bubble-cap tower used for this work was a four
foot in diameter consisting of four slternating liquid flow direction trays spaced
to 12 inches with 70 slotted caps per tray. Sixty-iwo samples were taken simulta-
neously for the first tray during each run, Absorption in this work wes confined
to the absorption of carbon dioxide from alr with water and the absorption of
ethyl alcohol vapor in air with water.

EQUIPMENT

Photograph number 1 shows a pieture of the apparatus used, The fan with its
driving motor may bé seen at the extreme right of the photograph with the dige
charging duct going beneath the foundation and up and under the column to the
left. The sampling sarrangement together with>the tray for holding the sample
bottles is shown attached to the tower, Drawing number 10 shows a cress-sectional
drawing of the apparatus while drawing number 1 shows bubble-cap layoﬁt'together
with sampling arrangement, The numbers on.the tray layout in drawing number 1
havénreference to the position of the sampling tubes, while figure 9 page 14, Bhowé

a detail of the sample arrangement for one sample, The remaining 81 being quite




Annulear
(VXLLC‘Jl Copper and Supply Co., Cinpeinnati

e 2 1/4 (20000

v simultaneously by applying a vaccum to the
This manifold was connected 1o each
bottle and in turn each bottle wasg connected to its individual sampling tube.
Two clean plastic windows 8" diameter were provided between each tray for visual
observation.
A water meter (calebrated) was provided for measuring the water to the top
tray while a pilot (calibrated) tube placed in the tower exit
air velocity. The air velocity was varied by a demper arrangement on the suction

side of the fan.

Test Prodedures

In case of the carbon dimxide runs liguid a weekened amount of CBs was intro-

duced into the suction side of the fan. The sample:latier having been partly filled

with a known amount of .0235 normel faricum hydioxide previous to the run.. After

me had elapsed after starting thé‘air—COZ and water flow to allow s
complete change in both liquid and wepor thru.the tower the equal samples were

taken. [The. samples were then removed and each tetrated with HCL to ascertain the




comparable copper bubing.

Bubble-Cap

Capss 2 3 in, Q. D, x 0,065 in. thick copper caps, 70 per

&

Z ey

42 - 3/32 inch, wide x 15/16 inch high slotes per Cape
Top of slot 7/8 in. above bottom edge of cape. Bottom

0.0625 in, above plate, ©Slot area per cap = 5.12 89,

Riserss 280 - 2 1/8 in, 0.D, 0,065 ine copper. Integrak yoke style.
70 per tray, Overflow 1 7/16 in. above riser flenge, 1«35 in,
above plate,

General: Annular area equals

(Vulcan Copper and Supply Co., Cinnéinnati 2, Chio)

rage fan size 2 .1/4 (20000 ouft per min@ 6") elective pulled by a 40 hp

The six liquid samples were drawn simulteneously by applying a vaccum to the

gemi circular manifold shomm in fig. « This manifold was .connected to each

gsample bottle and in turn each bottle was connegted to its individual sampling tube.

Two clean plastic windows 6% diameter were provided between each tray for visusl

obgervation.

A water meter (calebrated) was provided for measuring the water to the top

tray while a pilot (calibrated) tube placed in the tower exit was used to measure

the air veloeitys The alr velocity was varied by a damper arrangement on the suction

gide of the fan.

Test Prodedures

In case of the carbon disxide runs liquid s weekened amount of COp was intro-

duced into the suction side of the fan. Tha sample latter having been partly filled

with a known amount of (0235 normal faricum hydioxide previoug to the run. After

sufficient time had elapsed after starting the air-C0, and water flow to allow a

complete change in both liquid and wapor thru the tower the equal samples were

taken, The samples were then removed and each tetrated with HCl to ascertain the







TABLE YIII

Run No. 8, Alcohol

Concentration (Wt.%)

(Refer to Drawing #8)
ROW
C D

1.22
8 ffs

1.1&
1.22

#Not used in average
Ave, 1.24 1.40 Le55

Li?jui.(; nate 2').5 u-Pwi‘.fi-




CONCRRITR
NTRATION




COLUMN

0.075
0,007
0,022
0,045
0.08

0,057
0.075

0,104

0,052

TABLE V

3, @, Divide by 1000 for Wt

o

(Refer to Drawing #8)

0,093

0.086

0,054

0,067

Liq‘uid. Rat&:&' 2909 GmPoB)iQ
Gas
Gas Rates 1470 C.F .M,

Gas Conc.t Laboratory Air

0.088
0,03

0,01L
0,002
0.023
0.073
0007
0,000
0.017

0.028

0.001

0,006

0.014
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o

CO2 absorption, Beckman ph meter was used in tetrating these solutions to & ph of

2,0, The smownt of barium hydioxide pequired to raise the fresh water to the tower

to a ph of 9.0 was determined for each run and the proper corrsction applied to

the tetration calculation: The resulting data together with the operating conditions
of water rate, vepor rate, temperaturs, ete., ame given udder the section for data
and correlation,
The ethyl alcohol-azir absorption rung were med egperating alcohol into

he suction of the fan taking care that the asperatiom rate was constant and that
the ‘alcohol saturation point of the * was never exceeded, 'The'62 samples of zlecohol
vater solution were anali m by the density method using a chainomatic

stphal balance, Due account was taken of the temperature and the density of the
alcohol free water charged to the towers The data f toe a ‘ alr runs are also

included in the following section for date and correlation.

CoXrelation

T +hasrol wein v S OV 3 I muring Yhva Ay P £ 4
Al though numerous were made following three rung are typical of the




0.095

0.066




TABLE VI

Run No. 4, C0p. Divide by 1000 for Wi. %

(Refer to Drawing #8)

D

0.355 253

Pt}

0.3502 0.304
0.312 0.345
0.374 0.380
0.278 0.3566

0,360 € 0.358
043891 Q.26
0.322
0,460 0.R91
0305
0,520
0274 0,804
0.299

0.408 0,586 g 0,321

Liguid Rates 36,3 G.P.M,
Gas Rates

~ T |
Gag Uone,t
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COLUMN

wn
7
Z
Ve
A
X1
X
Wt
W
V!
v
Us
(]
Tt
T

8

R

TABLE VII

Run No, 8, CO,, Divide by 1000 for Wt. %

75712

(1o

0,738

04512

0.645

0,641

0.682

0,759

0.741

C
1,70
l.54
l.1lb
0.671
0.79
0.655
0,689
0.576
1.7

7«
20
R

1.044

(Refer to Drawing #8)

ROW
D

0461
0.808

aoR
Q625

0T

B
1.815

115

l.11

0.982

0,648

QU8

0,795

0,606

0.564
D65

0.769
0,887

0.666
0,556

0.90

0.647

Eiquid Rates 3849 GeP.il,
628 C.F.M,

Gas Ratet

Gas Conc,s 37.6% by Vol.




