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ABETRACT

Vapor pressure dets and vepor-liquid squilibrie
deate at 1~30 m.m, pressure ere pressented for benzyl slcohol
end benzyl-n-butyl ether system. fciivity coefficlents for
the sgystem are symetrical, the Mergules constente ere

= A = 301, HETP velues observed &t a condsnser

B2 © A2
pressure of 1 m.m. for 1/4* end 3/}{® Berl seddles, 1"
Intslox seddlcs, Fibre Glassa Combination packings # 076 snd
# 476, and 8 Knltted Wire Mesh pecking sre presented ss a
funetion of the mess throughput snd columm precsure drop,

At & condsnasr pressure of 1 m.,m, the preasure drop per foot
in terms of the mass throughput 1s obeerved for esch pscking.

HETP values et high vacuum are grester than those cbserved

in the same equipmsnt #t atmospheric pressurs,
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P’RPOST. OF THE WORK

Vac&um frectionstion of srometic chein compounds

is & method of purificetion in the Fine Chemicel Industry,
It 18 esgentlel for quality end quentity of product that
condenser pressures of from one to four millimsters of
mercury be used, Performasncs cherecterlistics of distillation
peckinre under these condltions ere sesrce. The thesls
presents operetling cherscteristics of verlous distillstion
peckings gt high vacuum, =nd employs & bilnery test liquid of
aromatic chein compounds, The purpose of this study is}
) 1., To determine if the vsporwsgullibris dsts of
these compounds may be hsndled by established methods,

2, To observe operating cherascterlistice of various
distilletion packings under high vecuum ccnditions end to
determine how they compsare with sveilable dete in the litepre

sture,
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SCCPE OF THE WORK

The thesis presente the selection snd evslustlon of
s test llgquld, snd studies the opersting charscteristlecs of
distilletion paeckings st high vecuum snd comperes them with
dstea Iin the literesture,.
The following topics sre discussed in the testl
liguid studys
1, Selection of the test llouid,
2, Anslysis of the test liguid,
3. Purificstion of the compounds,
hg Vapor pressure dete of the pure compounds,
5., Correlation of the vapor precsure dsta,
6, Vepor-liquld ecuilibris dats,
Te Correlation of the vepor-liquid eguilibrie dats.
8. Celeculestion of sn sverage vapor-liguid ecuilibris
curve over the renge of pressures investigated,
}9. Celculation of 8 direst method of obtaining
theorecticel pletes In e distilletlion unit opersting at totel

reflux from snglysis of the vepor end pot compositions,

Veriéhs pecking perfermences st high vacuum sre
studied in terms of:
1. Celculstion of HETP values.
2. Messurement of throughput rstes and pressure drep
date,
3. (ompasrisen eof experimentsl dete on packing performances

with dets svelilable in the litarsture.,
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FUNDAMENTAL THFOEY AND PATSENT STATE OF KNOWLEDGE

Vepor pressure deate of msny compounds are evellsble in
the litersture, Seversl methods employed in the correlstion
and extrspolaticn of vepor pressure dats srcy plots of the mode
ified Cleuslus-Clepeyron equetion (), the Cox chert (5), the
Duhring rule (6}, snd the Othmer plot (14).

The Clausius-{lepeyron egustion mey be used over small

tempereture ranges s follows:

4 in L

TEE - mre
Assuming thet L (molal letent heat of vaporizsiilon) is concstsnt
over the temperesture resnge to be used, the eguestion sssumes the

form,

Integrated form,
P T
fin?)pl'*LlTl
CTEWD

Thus, & plot of 1n p vs. 1/7 will give & streight line ar long
&8 L remsins constent,

Cox developed z method for hydrocsrbonsg whleh gives a
streight line reletionship. The log of the vapor pressurs of o
family of hydrocerbons is plotted sgainst an erbritrary tempera-
ture scsle celibrated to give & straight line for the vepor
pressurs of wetar, He observed thst eurves of the seme fenmlly
of hydrocerbons pees through a common point,

Duhringt!s rule siates that there is 2 linesr relstion-
ship between the temperstures of two components exerting identiw
el vepor pressures. This rule will hold for sbsolute or rels=

tive tempersture sceles. This rule isz & varistion ef the Remssy



and Young reletionsnip.

;&: = ;&, + ol -1"y

B B

Tx', M’ end Ta, Tp sre ebacluie tempereturcs st whisch come

pounds & and B respectively, hsve ldentiesl vapor prescurse,

"¢ 1s 2 constent which spproeches zero gs the itwo components

ere nore closely relsted, Thus, ths Duhring rule may be employed

toe correlsis vapor prosaurs deie using s refsrence rubsztsnce,

The error or devistion from & streight line will be &8 function

cf the relstionships bstwaen ths reference end test compounds,
Othmerts method, the logerithmic plot of the vaper

pressure of & llguid sgainst the vapor pressure of s reference

liguid st the corresgponding temperstures, gives straight lines

over a wide rangs of temperstures. It offers s mors sccurste

end cenvenlent method for corrsleting vepor pressure date.

Best results sre obteined when 2 relsted reference substsnse ls

ased, Water, howsver, is & convenlent rerergnag subgtanes and

gives & pood correlstion, The theoretiesl basckground for the

Othmer method 13 besed on the Clauslus-Clegpsyron soustion and

1s derived 28 followst

dlop. L, -WW e 1r=Ty

R
Rdlnp d? dTe_R 4 1n pr

L ??5 iR

41 L integretss to
Thp Ty

i1

(1) lnpx %hln B, % C



-0 =

7ither form mey be used, the lrt ar beinr the more convenient,
The reletionehlp helds becsuse the L’ka remsine congtint
through a wide renpe of texmperstures., The Othmer plot msy be
used in the ﬁatimémian letent herte of veporizetion fros the
slope of the curve, Latent heet of veporizetlicn mey be estim-
sted from the other meihods slae,

Vepor-1liculd squllibrle dets msy be predicited frcm an
fdesl solution providing the ree lawg hold in the vapor phase.
Reoulttas lsw strtes {15) thet the pertisl preszsure of sny com-
ponent in the vepor ls ecusl tﬁ.thn preduct of 1te mole frection
in the ligquid end the vepor prescure o: the purs component st

the sems iflempereture,
pE=hx Fa = Fa %3
Py =hx . Fyg® Ppxy
Thus, in en 1deal binery s:luticn, the releiionship of the two

componsnts in the veper snd liguid 183
- .
" B2
™he relstive volstility, which i3 & meessure of the difriculty
of seperetion of compounds, iz deflined in the idesl solution a8,

“=h N.xX
2 T2 *2
4 convenient relsticnehlp for preszenting yex dets 1z froom the
equation
¥ %,
x = 1-1:1

by reerrangement of the terms this form 1s obtel ned,
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v

(2) SN
TelK=-1)x,y

Few liquid aystems follow Reoultts law, They ere limited to:

1, Homologus series snd isomers,

2. Certsin other mixtures lsheled es "auaslaiécal”,
clegsified by Ewell, Hsrrison and Barg (7).

3, For 8ll non~idesl mixtures uhefe any component spproeches
1008,

Hon~ldeel liquid mixtures sre spprosched using Reoultls -

lew, Devistlons from ideslity ere expresséé as therwmodynemically
significent sctivity coefliclients, ss defined for ideel geanes,

(3) PVJ. =0 P X or Pyz o b(e P, x,

1 .71 F1 %
Y2 D2 "55;

The reletive volatility for & non-ideal binary mixture is

defined es,
(MK = P
| 1.2 bil F}'"
Ja2 2
Vapor~liguid reletionships ere:
¥y oL x
= =12 22 and
Y2 X2

Eqe (2) ¥y iy %y
T £
Activity coefficients vary with coneentration and tempe
erature, The fundsmentsl thermodynemic egustion relsting ect=
ity coefficlents snd composition 1z the Gibbs~Duhem relstion (8)
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at constant tempersture and pressure,

31{3331613 :Xzialnb/z;
3 o gy

For binery mixtures, le - xz Therefore,

*nu#ﬁ

oty (Pm¥y
(bxl)'f | 2 DXy T

These squstions relste the slopes of the actlivity coefficient
curves on & log sgsinst composition plot. The eguations sre
cumbergome to handle and integrsted forms are avallable, nemely
the Mergules equation (10} end the Van Leer equstion (20).

The Margules equstion 1z given below as a two constant
squation, If necessary the number of constents may be incressed
to scecurstely correlate date, houwever, iwo constsnts are suffice

jent for most cases,
(5) log¥y =3 (Ayp+ 23y (Apy - Aoz
(6) 108Yp =x§ ( Ay + 235 ( Ayep - Apyy)

one method of evalusting the two constents Mergules equetion is,

from the follewing derivetion:
ag O 2 s . .
tog 0y = xp° Ay o+ 2 (A, , " ) x)
log ¥ 1
- .

(7) log ¥y
’x'g‘ w————— 2 AE"‘*E o ﬁ}--e - 2{ 52’1 ‘AI*ES xa



(8) log ¥,
X T 2Rt Apg =2 (M, -A ) Xy
The velues af'ﬁl_g,aad Aoy WBY be resd from plots of lug Xi vs.ye
=3
plotted from left to right snd from e plot of 1#3 Ué VE. X,
=7

plotted right tc left, by slligning Xy = 0 with Xy = 5 and
X, = .5 with X, = 0,y end reeding the veluers st x3 = 0 end
x = .5 respectively, ™ig mesy be geen from the originel
equations thet when

x ‘ .
1‘:6 log b,l ggl”z xg«ﬂ}‘ ‘-'},ogflwgl*z

""““ﬁxz —
snd when :

Thls method 18 1llustreted in the Presentastlon of datas,
The Van Lsar acusilons sret

(9) 1log ()’ = Ayg
i

A2 %2
A1*2.3n¢ 52”1 are the seme aa—givaa in the Mergules egustion.
& method for obtsining the Van Lasesr constsnts is ez follows,
The tazms of the equetions are resrranged teo give the following

forme.



- 13 =

—~r

(11)

1 = [ Az X + 1
flog ) Aoy ®2 /A
(12)

: /.
Vivey ol 2.1 X 4+ A
log 0 , ““3;:5“‘ % fjﬁg:l

A plot is made of 1/ !593'(1 v, xl/xz’ and 1/ /Tog 0, ve

ngxl. The valuﬁs of A1~2 and éz~1 ere obteinsd by edjust-
ing the two curves until the respective vslues sgres.

In the symmetriesl cgse the Mergules eguation end
the Van Laer squetion give i1dentical eurves of the ectivity
coalflcients. Differences in the two eguations ocecur as the
ratlioc of Ayj.p to Aoy chsnges from unity.

Fractionstlen is s distilletion In which eontect 1s
mede between the vapor from the poet end liguid condensed from
thias vaper, The tresnsfer of materisl and interchange of
heat results in a greeter anrlchment of the more volatile
component then eould be seeured Iin s single distillation
with the sems smaaagﬂaf hegst, Returning condenszed vapors
to the still is'ealiﬁé roeflux. The reflux rstio Iis defined
as the ratic of the 1iguid teke off to the liguid returned to
the column, Totsl reflux is the return of sll of the conw
dansed vepors to the column,

Methods used to effeect fractionatien in a distilliastion
unit are:

1., Bubble cep plate towers sre & series of {rays mounted
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horizontally in & eolumn, Bubble caps, which ellow vapor
to pess through e llguid sesl snd prevent the liquid to Tlow
down through the vepor riger, ars spsced in the tray. A
height of liguid is maintsined on esch tray by weélrs, sgesling
the vapor from the tray below, The sxcess liquid 1s carried
to the tray below by downspouts., The vepor mskes contact
with the llouid as it rises through the liquid sesl of the
bubble cap.

2, B2ieve tray snd perforsted plete columms sre a series
of treys meunted horlizontally and speeed st intervals in the
column, The liquid and vapor meke contect as the vapor rises
through the holes in the plates., Welrs end downspots are
uged Lo handle the liguid,

3. Pscked columns empley a verlety of packingzs designed
ta effect sn efficient trensfer of msterisl., In genersl, the
smeller the size packing, the smaller the column helight will
be required, Those forming continuous films rather than drop=-
wige formetion ere seen to give better efficiencies. Packed
columns havs 2pplications ing

8, ©Columns under one foot In diemeter where high
efficioncies are reculred for low helight,
b, Where low pressure drop i1z desired ez in
veasuum distilletion, .
6. Where low holdup ls required sa in bsteh
distillstion,
Distiiletion psekings are easlly evalusted et tolsl
reflux, e&nd the performesnce date.?re&entad in terms of Helght
of & Transfer Unlt or Height Eeuivelekt to # Theoretiecsl Plate.

&
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HTU is the helght of pscking In a given columm

necessary to produce cns transfer unit. A Trensfer Unit is

dafined from the eguestiong

¥- é Gas Film xy, déx Liguid Pilm
¥oi fygél yiéi sontrolling B, *//;21 x=-¥* controlling

In distillstion the trensfer unitas are usnslly calculeted
besed on the geg film controlling, The integration may be
hendled by‘eeveral methods supggested in the litersturse or
by grephicel methods, HETP is defined as the height of pack-
ing in a given column éequirad to produce ons theoretlicsl
plete, A Theoreticsl Plete 1z defined gs s condition of
egullibrium betwsen 2 boiling liquid and ita vepor. HETP is
s more convenient method for evelusting packing performsnsce.
The relation of HETP te HTU ig given for the following
conditiionses ‘

1. If the opesrsting line and equilihrium line are
psrallel, HETP = § .

2., If the opersting line snd equilibrium line are
etraight but spre not persllel,

m = 25:

The McCabe Thiele method (11} for eslculsting theore b=
| icel plaida relates the esquilibrium conditions of the solutlon
to the opereting conditions in the scolumm, with the followling
sxsumptionsy

1. Senaible heat chesnges through the tower sre negligible
in comperison with the letent heats.

2. T™e molel lstent hests of 211 of the compounda sre squal.
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L

3. 'The heat of mixing of the components is negligible.

li. Heet losses from the tower sre negligible.

A materliel bslence sround the top of the column and the n th
tray, relstes the opereting conditlons in the column in terms
of vepor snd ligquid concentrztion of one component, At the

top, numbering the treys from the top down,

Vsl = Lp + P

Vaely = Vspor Rising to the n+l iray,

L, = Llquld lesving the n th trey.
P = Product lesving the top,

In terms of one component in & two component system,
Vne1 Tna1 = Ip X + Pxy

Yn#l= 2B xp ¢+ P
arL = a1 Vn+l

R= 1y In=RP Vo = (R1) P
-.?
(13) wype3 = R x, +1
a1 Ra Ry
4 similer derivstion mey be made from a2 materisl baiancaAarauaé

the reboller, The trays sre numbered from the bottom up,

¥n = VZ%7§~£ Emel ™ ?%B x5

These equetions when plotted on &n y-x type curve are cslled
operating linea and represent the cpersting eondltions in the
eolumn. When operating & column at totsl reflux these lines

become identlcal and heve & slope of 1.0, psasing through the
peints, ;3 & X3 = 0, end ¥1 & X3 = 1. If the equilibrium curve _

for @ binary solutien is plotted on the same y-x plot, conditions
are fulfilied for the theore’icsl plate, thus, liquld and vaper
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éaapaaitions may be stepped off in horizontel snd verticsl steps,
sasch complete step representing s theoretlosl pleate.

Thus, 8t total reflux, if samples are taken of the vspor
at the top of the column snd liquid in the reboliler, the number of
theoretical plstes in ths 2till may be cslculeted., The number
of pletes in the column lz found by subtrscting the one plate
for the reboiler and the condenger from the totsl number of plates
in the still,

(1) N = §,~1

The HETP of the packing 1s obtsined by dividing the length of
the pseking by the number of plstes in the colum,
(15) HET? = L
¥

Performence data 1s svaileble on 2 variety of paekings
in the llterature., HETP op 853 veluss are listed for many patk~
ings in Perry‘'s Handbook (16). Recently Murch {13) presented
e genersl earrslationraf'HE?P values withy throughput, tower
dlameter, relatlive volatility, liquid viscosity, liquid density,

and three constants predicted from experimentsl dats.
| ' 4 . K 3 1/3 '
HETP = ii G d b XM
HETP = helght equivelent to e thaaréézcal plate, inches.
G = mass velocity of the vaper, 1b./hr./rt,
d = tower dlsmeter in incheas,

A = peletive volatility.

M= liguid viscosity - centipoises., Aversge values
from top and
Pe= 1iguid density - grems/cec, bottom.

KE¥ an exposntial constant epplied to the mass velocity

tepm G. This constent is the numerical slope obtsined when G
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iz plotted gpeinnt HETP ml lepsrithale coordineten,

KJ. = propertionality cousisnty oblsined dir_ae%‘siy
from experimmntel dets, -

g} = gn exponentisl conrient spplied to the towsy
dismnters “hiz cruztant ls the numerical elope of the 1line
obteined when tcuwer diemetor '2 Dlcited speinet NPT on .!
logeritipale plot, Mureh reports en sccurscy of & 10% in
celeuleting the FUTP velues of the peekings investigeteds
e affect of prorsure was not ineluded in the correletlion
beceange the dets la the 1itersture were scsttered snd 4id
a0t rive suy deflalte twesnd,

Zreesurs drop Jetes and methods of sorrelstion sre
sveilable in the litewstupe, “low of & einsle Fluld threugh
¢ unifors peciced bed i1z correleted by Chilton snd Colburn (2)
eod Eroum (1), Prezsuvs drep of ¢ function of ths wess vete
gt difrorent retss sre corvsleted by Teorohwet {(18), Tillsen
(19}, st mesy others, Leedins and Ilocding velncitiss 'ave
basn corrsletsd by Tillson {19} snd meny others {(17)e "he
flooding veloeity ie defined phyeicslly ex thet point in the
operstion of ¢ colusm where the vepor »isisne up the solusm
holde up the 1llcuid enming down ths ¢olumn. It la recornized
by &n inerecse Iin solmm holdup and prossure drop. Tids is
sesn [ram s logeritimic plot of the pressure drop egeinst the
gap wexs veloeilty, The prezeure drep le spproximeiely prow
portionsl to the square of the res veloclty (9)4 At the gas
rate i raised the vretio bogomes rresier then the eguere, this
1s defined es losding, Further inerease of the ges rete will..
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increase the proportion, thiz 1r the floedins peint, Lesding
is physieslly éesoribed sr the complete watting of the pseking,
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DESCRIPPION OF THE EQUIPMENT

Figure 11 shows & drawing of the distillation unit
which was used in purifying the test compounds and running
experimental data on the packings. Deseriptions of the com=-
ponents of the unit are:

1. Pot = 12 liter glass flask with 1-75/105 ball joint
(to eoclumn), 1-2li/40 tapered joint, s thermometer well, elee-
trically heated insulated jacket controlled by & rheostat.

2, Columns- 2, cone six feet by two and seven-eighths
inches in diameter, and one four feet in length with the
game dlameter, 8ll glass.

3, 8t11l head ~ all glass, with magnetically controlled
reflux splitter,

l, Condenser - all gless, mounts on an angle of spproxi~-
mately 30 degreas, coll inslde, condensate runs back to the
splitter.,

5. Receiver -~ Standard vacuum receiver.

6, MHanometers - two, one for vapor pressure and one for
pet pressure

7. Sampling device ~ glass tube to the pot beneath the
liquid level, conneated to & standard vaocuum receiver.

8. Vacuum sourcs - mechanical vacuum pump (Duo-Seal),
in series with a alr bleed port and & liguid air vapor trap.

Pigure 2 shows the Othmer Still (15) with attachments
for vacuum agaration{ The pressurs was measured with a Mcleod
gauge (Stokes). The vacuum source was the same as for the still.,

Table 13 lists descriptions of the varlious packings.

All the refractive index resdings were made on a Bausoh
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and Lomb Refractometer, the tempersature was kept constant

with & eonata&nt temperature bath,



OPERATING THCHNIQUES .

The benzyl alcohel and benzyl-n~butyl ether were
puriried in the distillation squipment shown in Pigure 1ll.
They wers fractionated at e 10/1 reflux ratio through six
fest of 1/4™ Berl saddles. The column was firat brought to
flooding conditions and then opersted at conditions Just
below flooding. Ten per cent traetionQ were btaken and
bulked socording to refractive index. A condansér pressure
of one millimeter was used in each distillation. The benzyl
aloohol was an N, ¥, grade before fractionation. The benxzyl-
n~butyl ether was & plent fractionated grade before fractiona-
tion.

Vapor preasure data and the vapor-liqulid squllibria
data were memsursd in the Othmer still, Figure 2. Ths pres-
sures in the Othmer stlll were measured with the Mcleod
vacuum gauge, this gauge was overhauled and oslibrated by
the Stokes Co. before this inveatigation was begun. The
tsmperatufea wers msssured on a 0-~200 degree, in one degres
divisions, thermometer. This thermometer was callbrated
with & standard .1 degree dlivision thermometer snd was found
to be correst within the preciszion with which it could be
read,

In collecting the vapor pressure data, & charge of
200 ec. of purified material was used. The prassure was set
by regulating the flow of air through two stopcocks at a port
between the vacuum pump and the trap; It was found that if
the system was tight, excellent control could be maintainad

uging this syatem. The atill was maintained et adlabatie
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conditions by lagging with cotton cheese cloth sand eleotri~
cal hesting tape. The material was heated using a platinum
wire coll immersed in the liquld. Equilibrium was assumed
when the temperature remalned constant for a perlcd of from
15 to 20 minutes at 8 distillation rate of from one to two
geconds per drop of dlstillate. This temperature and pressure
wére taken as the wvapor pressure data. A conatant check was
maintained on the pressure throughout eaoh run.

Vapor=-liguid equilibria data were run at total prea-
sures of 20 mm and echeck runs were made st 5 mm. Approxi-
mately 200 ce of solution was charged to the Uthmer still.
The total pressure on the aystem was maintained asg above.
An averags of 15 minutes was taken to fill the recelver,
Equillbrium conditicns were attalned after one and one-hslf
“hours or & reeyoles of the distilllate. This was checked by
repeat runs of the same oomposition. The method of sampling
was t0 vent the stlll te the atmosphere and drain samples of
tha»vapor and pet by gravity. A close check was made when
venting the still to see if any mixing of the solutiona was
caused. This method proved very szatlsfactory because sny
loss of sither compound due Lo evaporation was eliminated,
The low vapor pressure of thess compounds at these Lempera=~
tures, prevent thelr vaporization at atmospheric prsessure.
The samples were analyzed on the Bausch and Lomb Refractometer.
The sample asize was about 2 eceo.

All the runs onipaeking performance were made at total

reflux, Approximately 2 liters of test solution was charged
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to the pot and the asystem was evacuated. Tha column was

brought to & visual flooding condition snd then the heat was
regulated to give the pressure drop desired. Equillibrium
was obtalned in approximsetely 3 hours after the pressure drop
was set. Thls was checked by runs for a longer sguillbrium
time under the same condition.

Seamples of the vapor were obtained by direoting the
flow of the refluxing liquid into a vacuum reseiver. The
receiver was quickly isolated from the astlll and vented to
atmospheric¢ pressure, Samples of the reboller soclution were
obtained by raising the pressure in the still to approxi=-
mately 50 mms. to allow the ligquld to be pushed into an sva-
cuat 6 4 recelver. Thisz receiver was quickly lsoclated and
vented. The qulck venting was necessary to prevent evapora-
tion in the vacuum receiver., Veporization losses at atmos=
pheric pressure were aasumed to be'nagllgibla hecause of the
low vapor praessure of the compounds &t these temperatures,
Samples wers analyzed by refractive Index in a Bausch and
Lomb refractometer at 20°C,

After the mat@riél in the pot was sampled, the still
was allowed to return to the previous operating conditien.
The through~put was mesasured at about 30 minutes after the
st11l returned to the operating condition, by directing the

flow of the reflux into & gradusted recslver for a measured

period of time, uzsually one minute.
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CALCULATION OF THe AVERAGs S{ULLIBRIUM CUR

In tha range of pressurs thet haa boesun investigated,
thers are two ratlios which determine the relative wvelatllity.
1. The relation of the vapor prassurss of benzyl alechol
and benzylen=butyl ether wihlich varies with tamperature.
2, The ratio of the activity coafficglents whiech varies
with composglition,

Averaze relative volatilitles at various compositions
are oalculated, and it ls shown that the average curve over
the range of from 1«30 mm, ls seccurate for the caloulation of
& vapor liguid squllibrium disgram to be used in the pscking
evaluation.

A sampls calcoulation of an eguilibriuva curve at 20 mam

totael pressure ls as followas. The raelative volatllity 1is
W

8a. (b) Ay L1 _2
N I

The relatlonship of 3/ 2 is read direetly from figﬁro 8. The
ohange of ?,/P, at thls pressure 1ls small and sn average value
is used. The ratlo of the vapor prsasures atb #ha boiling
points of the two compounds P1/P, = 1.360 and 1.368; the averw
age 1s 1,304. The sample caleulation at .1 mf benzyl alechol
the relative volatility is = 1,804 1,30} = 2.46. Using
the squaticn y = o X a vapor compoasition of the more
v@laﬁila component (benxy; aloohol) 1is caleulsted. Tablas 8,
9, and 10 list the ealculations for the x~y curvas for total
pressures cf 20 mm., 10 mm. and 1,35 mm. Plgure 7 shows thesze
curves and indicates that 1ittle error would bs realised with
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an average value of the relatlve velstility was used. Table
11 lists the calculations of the arlithmetlic average relative
volatility. This average vslue 1z plotted sgalnast mole frac~
tion of Benzyl &lechol, {Figure 10). This curve 1z used In

the ealoulation of the equilibrium curve used in the packlng

evaluation.
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MBTHOD OF CALCULATING THE NUMBER OF PLATES IN A STILL

At a constant relative volatility the Fensie eguew
tion (16) 1is used to calculate the number of theoretical
plates in a distilliation unit operating at totel reflux.

When the relative volatility changes, a graphlical method by
stepping off the plates on & yex curve ls used. A more cone-
venient form of this methed 1s to plot the number of theo~
retical plates againat the funetlon used as the analysis.
Figure 11 shows the number of plates at total reflux vs.

the refrasctive index of the benzyl aloohel, benzyl=n-butyl
ather solution., It relstes the distance required per theore-
tieal plate 1in terms of ligquid composition.

The calculations are ss follows: A liguld composie~
tion is selected which 1s at the extreme range to be used.
The refractive index of this composition is read from figure
2, The vepor 1in equilibrium with this liguid is calculated
from equation

Bq. (2) Yy =zX3.2 %1
I/, - Uxy

The value of X 1s read from figure 10 whieh shows the average
variation over the preasure range tested of the relative
volatility wlth compositlon, Thls vapor composition la also
the composltlion of the liquid on the next plate as the column
1s operated at total reflux. The refractive Index of this
compesition 18 read from figure 1. The difference in refrae~

tive index represents l theoretical plate in the separation.
Table 12 lists completed salculations used to construck fig=

ure 12.
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PRESENTATION AND INTERPRETATION OF DATA

Selesction of the test sclutlion of benzyl alcohel and
benzyl-n~butyl sther was based on the following!

1. It gave & raasonable numbar of theoretical plates
abt & good spread of composition differance.

2. Bnabled analysls by refractive index having &n aver-
age of 5 divislons on the instrument for sach mol percent of
benzyl alcohol in the test solution,

3. Both compounds are typloal of those required in the
purpose of the work, namely high boiling erometic sompound
prevalent in ths Fine Chemicals Industry.

Table I shows the constants of purifised benzyl alcohol
and benzylen~butyl ether. PFlgure I shows the refractive index
at 20°C, of the selution vz mel frection of benzyl alcohel.
Benzyl alcohol.was taken a;”;jgegggggqnca compound becauss it
was the mors volatile aomponent in tha tést solution used in
packling evaluatlion. The vapor preassure data were obitalned
from the literatﬁre and experimentally in an Othmar still,

No vapor pressura data was availabie in the literaturse on
bensyle-n~butyl ether. Tsble 2 lists experimentel data and
data obtained from the literature. Migure 3 showa the
Othmer Plot of the vapor pressure data of both compounds
based on Eq. (1). Water was used as the reference substance.
All the data avallabls sorrelated well on the Othmer plot.
Table 3 and Figure | show the correlated vepor pressure in

mm, of mercury against temperature in degrees centigrade.
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Table L lists vaper-liquid eqﬁiibrin data tsken
at 20 mm. total pressure and the cheock runs &t 5 mm. An
agzeotrope was observed at .70 mol fraction benzyl alcohol.
The data were ochecked for thermodynemic consistency
using Margules equation and alsoc tested with the Van Laar

squation. Actlvity coefflcience are oalculated,

Eq. (3) {1 2P ¥y V2P 1
Pox P

and are listed in table 5. A corrected tempsrature was
used in reading the Py end ?2.valuea off the vapor pressure
curve, The temperatures obtained from rigura 5 which is &
plot of the boiling point of the solution at 20 mm, totsl
prassure vs mol fractlon besnzyl alaohol. This gorreetion
was necessary because a small error in reading the temperaw
ture regults Iin & large error in the vapor pressurs. This
is caused by the steep vapor pressure curves typloal of
high molecular weighﬁ ecompounds.

Correlation of the data to the 2 constant Margules
aquation diseussed in the theory section was made as follows:
Table & lists caloulations necessary to make the plot shown
in figure & using Egs. {(7) and (8). The results showed the
Margules squation to be symétrieai for thie system. Thus
the eonstants Ay _, and Ay are equal., The curve drawn was
wsighﬁsé bessruze of the azeotrople polnta which are more
reliables. The constants for the Margules equation for this
aystem are Ay , = A2'1 z 301, The activity coeffleient curve

thermodynamieally correlated to the Margules equation has the

‘ - 2
form Bq. (5). Logly = .301X,2  Bq. (6) Log Uy = 301X
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A cheeok was made on thess constants by applying them
to the Van Laar squation using the method deseribed in the
theory section, Eqs. (11 and 12). Teble 7 ahows the necessary
oaloulations and figure 7 shows the plot of

L V8 X2 gpg —dee V0 R
/Tog 2 . /TEEY X2

This compares favorably with the corrslation of the Margules
equatlon. Por the symetrigal esse the Van Laar and Margules
equations are ldentleal.

Figure 8 showa the correlated activity coefficlent
curves with experimental data as points. This curve 1is
assumed to hold in the range of 1 te 30 mm. pressure and 50
to 120°C. on the basig of the cheok pointa and the change in
tsmparétura from the renge at 20 mm. pressure is not excesslve.
A comparlson of activity coefficlents for iso propyl ether
and iso propyl alcohol (12) in the temperature range of 68 to
82°C. are Ay o = .42 and Ap_; = .60. 1In general it can bs
said thet the aetivity eoefficlents were conslistent with
these values sincs the heavier moleocular welight compound
usuelly show lower activity coeffieisnts, In e hémalegua
series this relationship 1s more prevalent.

The McCabe-Thiele method of cslculating theoretical
plates waa assumed to be accurate becauss four assumptions
mentioned in the theory section were adhered to. Molal heats
of vaporizatlon are practically equal., Thls was derlved from
the Othmer Plot from which & relation that the slope of the
vapor pressurs curve 1is the ratlo of the latent healt of the

compound and the reference compound. Benzyl alcohol and
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benzylen-butyl ether have slopes clese to each other, thus
practically equal heats of vaporizatlon. Heat losses wers
minimized by careful lagging of the stlll. Sensible heat

changing and heats of mixing were assumed to be negligible.

Experimental values of total plates, pressure drop,
and through put data are presented in table 1. The 1/4"
Berl saddles and both Fibre Gléss combinatlon packings were
operated up to flooding conditéens. Overloading the conden-
ser pravented rates up to flooding with the other packing. '
The shorter column was used in the more efficient packing to
gtay within the limits of the btest solution. Caloculated
Hs Bo T+ P, and mass voloclity values are llsted in table 15.
Filgure 13 shows the varietlion of H. E. T, P. with the =mass
veloeity and Filgure 1l shows H. E, T. P. values vs. pressure
drop for 1" intalox snd 3/L" Berl saddles. Figures 15 and 16
show the H, E. T. P. with mass velcelty and pressure drop
respeoctively for 1/4" Berl saddles and Flbre Glass Combilnation
#076 and #4476,

Comparison of the H. E. T. P. values obtained at high
vacuum and those from the literature is listed in table 10.
inj 1/4" Berl saddles and Fibre Glass Combination psckings
#076 and #1,76 dsts can be a&ssumed to be usable. The 3/1"
Barl saddles end 1% Intalox saddles could not be brought to
flooding conditiona and alaso shauld be operated in a larger
size column for a fair comparison.

Prassure drop date on the packings are listed in table
17. PFigure 17 shows a plot of the pressure drop, in terms of

inches of watsr per foot of packing.vs. the mass rate of flow,



T * 4L ™
G. The data for #4,76 Fibre Glass Combination packing showed
visuel flooding below the #076 packing which is & more dense
paocking. Thisz was probably caused by & slight diffsrence in
vacuum et the condensar. It 1s logleal to assume that #0768
would flood before #/,76 because it has less fres volume. The
data could not be correlated with any of the methods in the
literature. The effaect of the gas denaity and superfieial

veloelty are the factors which caused the deviatlen.
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CONCLUSION

It 1s concluded that

1, Vapor pressure and vepor~liquid equilibrium data,
2t 1 to 30 m.m. pressure of aromatlie chain compounds simllar
to those evalusted may be sueccessfully correleted by methods
avallable in the litersture. Results obtalined in this paper
validate this asassumption, RExperimental precision must be
exercised to obtein good date. This 18 caused by the rapid
change of vapor pressure with tempersture, s charscteristic of
high melecular weight compounds,

2. HETP data ere higher than those reported by the
saﬁs peeking opereted at stmospherie presaure. In comparing
the 1/L" Berl ssddles and the two Fiber Glasss Combination
puckings, increeses of from 20 to 1004 in FETP values are
observed in operstion at vacuum as compered with atmospherie
pressure, DBoth series of runs were msde in the ssme eguipment,
the differences being the test 1iquid or the reletive volw
atllity of the systems snd the operating pressures. The Fiber
Glsss Combinetlon psckings opersted at high efficlency over a
wider range of ges mess veloclty than the 1/4" Berl saddles.

3., Pregsure drop eppears to be ean exponentlsl funetion,
which veries with types of packing, of the msss rste G, This
data could not be correlated with methods 1in the literature to

give ressonsble resulbts, The resson for this may be in the
effect of the ges denaity or high superficlal velocity on these

ecorrelations,
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SUMMARY =~ BSUGGESTION FOR FUTURE WORK

The benzyl alasohol = bengyl-n-butyl sther Teat was
in an Othmer still et high vsecuum., Verious relation-
presented,

Anslysis -~ A syréad 1.,5400 - 1.4867 of refractive
index et 200 gave 1 mele § per .0005 divisions,

Vspor pressure date - sre presented from 1 to 760 m.m,
Activity ocoefflicients are correlated st 20 m.m.
pressure and sre aymmetrical, having a Mergules

and a Van Laar constent of 4 = ,30).

Vapor-liquid eguilibrium date &t 1,35, 10 and 20 m.m,
ere csloulated from vapor pressure and sctivlity
coeffielent relationships.

Distillatlion packings, 3/L4" and-lfh” Berl saddles,

Fibre Glass Combination ( York # 076, # {76 ), Knitted wire

mesh and 1% Intelox saddles, are evalumted as followst

1,
2.
3.
4.

HETP values are related to G, the maas throughput.
HETP values are related to P, pressure drop.
Pressure drop dats ls& presented,

HETP values are compsred with values at atmospherle
pressurs. -

Suggestions for future work on distillestion psoking

performence &t the high veeuum renge of 1 -~ 100 m.m, in terms

of HETP and throughput deta sre discussed.

1.

The effect of pressure on HETP hes not been delinitely
esteblizhed in the literature. An cexpended study
varylng types of paekingé@Jﬁiamate? of colurm, and



- 35 -

helghts of column in the pressure rangs of 1 ~ 100
mm. Sppe&rs necessary to make & correlation, Thls
correlation might be included in an equatlon as
offered by Murech (12) to enable extrapolation of
packing performance &t atmospheris pressurs.

2. Throughput performance data in the high vacuum
ranges are scarce. A study varying liquld and gas
rates at pressures in the high vacuum range to
determine normal, loading and fleoding conditlions

would be of oconslderable importance.
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KOMEN CLA TURE

Constant in Mergules snd Van Lasr equstions,

Bottoms product,

Mass gas rate/sres of colum.,

Height eguivelent to one theorectical plete.

Helight of & tresnsfer unit based on the overesll gas film,
Mass liquid rate/eres of columm,

Length of the column,

Molal latenf heat of vaporization,

Liguid down the column,

Blope of the squilibrium curve.

Plates in the column,

Total plastes in the still,

Kumber of trensfer unlte besed on the oversll gaes film.
Kumber of trensfer units bssed on the oversll liguid film,

Overheed product.

Pressure,
Pertisl pressure,
Gas oconstant,

Reflux ratio - vepor returned to the column/product
wlthdreawn,

Abgolute temperature.
Vapor rate up the columm,

Veper composition - mol fraction,
Vepor equilibrium concentration.
Liguld composition - mol fresetion,
Lioculd equilibrium coneentration,
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“ = Relstive velatility.
{ = Activity coefflecisent,

‘}0 = Dansi ty-

SUBSCRIPTE:

= Different compounds,
= Different compounds.
Different components,

= Different componenta,

Mok W W
L]

= Reference compounds,



1.
2.
3.
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FIGURE 2,

To 7 To
— Manometer Vacuum Line Pump
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Reéglver

NN

Heater
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Diagram 6f the Othmer 3till with
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FIGURE 3

Othmer Plot of the Vapor Pressure Data

of Benzyl Alcohol and Benzyl-n-Butyl Ether
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Figure 11
Still Used 1In Packing Efficiencles
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Figure 17

Pressure Drop in Inches of Water per Foot

G for All Packings
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IABLE ]

Bengyl Alcohol

Bensyl n=Butyl Zther

f Purifisd Teat Compounds

Structure - C;) Hy, © -—<:::>~§'-0<"
Weleculer Weight = 108,13
Density @ 20°C 1.0l3 grams/c. c.
Refractive Index ¥ 20°C = 1.540%
Viscoaslty & 27°C « 5 ¢. D

Strusture - Cyy Hyg © -b-é—o’c‘r"”?
¥oleculsr Welght ~ 6.2

Density & 20°C .90% grams/c. c.
Refractive Index & 20°C 1.L867

Vigsacsity & 27°C = 2.5 ¢. p.



TABLE 2

Yapor Pressure Data

Benzyl Aleohol

Literature (10) BExperimental

Temp °C Pross mm Hg Temp °C Press mm Hg

80;8 Sag 79 Qs %;8

92 té 1& i_g 90 Qa QQ
105.8 20.0 ohdy m.ﬁ
119.8 ) 103.2 16,
129.3 «0 103.0 164

o7 106.0 :

183.0 fo0.0
2007 760.0

Tomp °C Semp °C Pross mm Hg
216 67 1 .gs
g% 57
¢ 10.0
103 12.0
115 20.0



ITABLE 3

Gorrelated Vapor Pressurs Data

Benzyl Alcohol

Temp?C
55.8

Press mm Hg

100
i,
%
2.60
+50
!
8.2
11.0
1.0

Benzvl nv-Stzigl BEther

&

Temp™C

Press mm Hg

1.0



PTABLE L

Bxperimental Vapor -~ Liguid Data

Run Ho Vapor Total Vapor Comp Lijuld Comp

Tomp °C Lrgasyre H, F, BxOH M. F. Ba0H
1 108.5 19,5 919 L3
2 107.5 19.55 .857 -885
3 107.0 19.4 oL 716
A 106.1 19.65 587 534
5 109.0 19.6 460 3062
6 112 19.9 162 - .092
7 11 19.5 154 063
8 106.2 19.6 MH76 «331
9 108.2 19.6 340 ~182
10 80.0 he6 313 .186
11 8.0 he? «This .823



Run No.

T ABLE

2

Agtivity Coefficlent Calculations

. xl * yl Q?lm qp'gm . Ul * i}& . yz

P m&‘

-

%

corracted
'TQCi

943
.885
«716
534
362
092
063
331
.182
.186

.822

919
857
711
587
L1160

'-162

15k
Jitb
340
0313
ST

19.7 19.5
19.3 19.6
19.0 19.4
19.3 19.7
21,0 19.6
25,2 19.9
25.7 19.5
21y 19.6
234 19,6
L.8 4.6
5.2 4.7

965

982
1,01
1.117
1,186
1.390
1.856
1.317
1.544
1.61
1.00

057
115
284
466
638
908
937

818
.81
178

081
143
.289
+413
540
.828
846

oS?ﬂﬁﬁ

560
. 687

.6
.3
1.0
1.3
15.L
18.1
18.9
15.7
17.4
3.53
L.0

1,898

1,697
1,407
1.216
1.075
1.004
932
.978
913
1.10
1,69

106.8
106.5
106.0
106.5
108.1
111.8
112.3
108.4
110.3
8o
82



&ﬁgzi L 5
T xpi-

Run No | Xy

e et . . .

1 C9l3 087 .890  .00325 -.065 .278 .312
2 885 .115 .797 .0132 -~,008 ,228 285
3 .76 .28 .512 0808 ,006 148 0743 <290
N 534 - L6 .286 217 048 085 .222 <298
5 3562 538 .131 Lo8 07h 032 1815 245
6 092 908 ,0088 .836 | Ah3 L006 171 705
7 .063 .937 .00397.910 268 -.031 .295 -
8 331 .669 .10 L4438 +119 «.010 266 -
2 .182 .881 .0332 .778 189 «.040 W24l -
10 186 .81l .0346 .562 .207  .O41 313 1.85

11 .822 ;178 677 .0318 0 .226 0 333
(12)% JJ00 L300 W49 .09 .028 .153 322 313

#Az00. 080«



TABLE T

Van Lasar Calculations

.

Run ¥o X1 X2 .%";12‘,” . r 1 . Bb?f » ﬁa%g‘gi‘, “‘ié‘“' . a’g . I?% . /!S%m
1 U3 057 0603 965  ,018 - 16.5  1.898 .278  1.%0
2 .885 115 130 982 -,008 - 7.69  1.697 .228  2.0%
3 716 .28 .397  1.0lh  .006 12.75  2.53 1.4h07 148 2.6
L 53k 4166 873 1,117 048  L.c8 1.6 1,206 085 3.0
5 362 538 1.766 1.186 O7Th 3.8 568 1,075,032 5.40
6 092 908 9,87 1.390 .1&3 2.65 »1014 1.0y 006  12.7%

7 063 .937 14.87 1.856  .268  1.93 L0673 .932 -.031 -
8 331 B69 2.03 1.317 119 2.91 495 978 .01 -
9 .182 818 L.51 %.54d; .189 2,31 223 913 -, -
10 .186 .81 L4.38 1.61 .207 2.20 +229  1.10 Okl L4.9s
11 822 178 .217 1.02 0 « L3 1.59 226 2,21
{12) 70 ,300 1.07 .029 5.88 2.3 1.2 152 2.57

428



20 mn Pregsurs

?/P5 (Awg.) = 133

e

n W <., £x, 1 # Ea1K 4
0 2,08 2.835 - - 0
ol 1.00h 2.4860 246 1.145 «215
o2 1570 24145 28  1.237 o349
3 1e343 14834 o5h9  1.250 L0
olt 1.160 1.58, 532  1.234 +512
.5 1400 14334 W682 1,182 .578
& 362 LA7h L7005 1.103 538
-7 «7h3 .01 L707  1.008 » 700
-8 S22 876 L4701 w911 #770
»F 558 J762 685 .79h »5353
1.0 482 658 - - 1.000




$TABLE 9

Galeulation of VaporeLljuid Eguilibria Data
at 10 ms Zressure

?lf?z {‘?{g:) - lt}i&é

X3 N/, <12 <X L4 K-1E 01
o 2,080 2.80 - - 0
.1 1.804 2.3 243 1.143 «2125
.2 1.570 2.11 421 1.222 »3hk
23 1.343 1.8 .5h2 1.2h43 436
i 1.160 1.56 .623 1.22) <509
5 1.00 1.346  .673 1.173 57k
N 862 1.180 597 1.096 537
7 oeTl3 999 Y 1.00 559
«8 2 863 685 391 773
«9 +558 <152 L8717 «7T7 .872

1.0 1,82 650 . - 1.000




TABLE 10

Caleulation of Vaper~Liguid Bquilibria Data

8t 1.35 mm

P1Py 1,302
Xy 076, «1-2 KX, 14 W-1IX] Y
0 2,080 2.71 - - ]
.1 1.804 2.35 .235 1.135  .2125
.2 1.570 2.05 108 - 1.210 344
3 1.340 1.75 .52% 1.243 436
4 1.160 1.512 603 1,22,  .509
5 1.00 1.302 .552 1.173 .57h
6 .862 1.122 873 1,096  .637
7 <743 +955 668 1,00 699
.8 L2 .837 . 669 891 173
9 558 .728 .655 777 .372

1;3 42,1.82 .é&& has - 1.0



2.80
2.3
2.11
1.81
1.56
1.346
1.160
0.999
.863
752
650

Aversage
Relstlive Volatllity

379
2.h2
2.105
1.800
1.55
1,337
1.153
.988
.858
<748
650



TABLE 12

Calculations for Number of Plates vs.
Refractive Index Plot

Xy o (avg) oCX; 1 F K-1)k; ¥;  ny820°C
030 .67 .081 1.037 071 1.4892
.078 2.50  .19% 1.117 A7h5 0 1.4917
1745 2.18 .380 1,206 .315 1.4989
315 1,78 .560 1.246 48 1,5050
..mpa 1.45  .651 1.202 52 1.5098
542 1.26  .683 1.1 598  1.5129
.598 1.15 ,688 1,090 .633 1.518
.633 1.09 .64 1,060 .655 1.5160




TABLE 13

Pack Description

Run

1l 1" Intodox Seddles (Ceramic) Pres Space 7L%
' Area 78 £12/rt3

5«8 1/4"* Berl Saddles {Ceramic) Pree Space - 60%
Area 27h f£t2/rel

9-12  3/4" Berl Saddles (Ceramic) Free Space - 66k
Area B2 rz2/§§§

13-16 Pibre Glgss Combination {York & Co.) #0756
Frea Volums 92%

17+20 Pibre Glass Combination {York & Co.) #4176
Free Volume 96.5%

21-23 Knitted Wire Mesh (York & Co.) #L471
Free Volume 97.7%




< {Ho

O @~ O W W N

10

11

. F

. o, - ¢ o
2 ¥ @ 3RE o « ed n oo S%
8 ¥ ogdr 8 .58 8 Epd 3% a3 3
g 0 o - L] e L e ke

LTy LR O ﬂm 'g,rl @ | G O et m ﬂgg gﬂ
72" 1t 3 1/2 1.4882 1.6 1.5067 5.35 3.75 87 1.0 1l
Intalox
72% " ® 14910 2.46 1.5112 6.39  3.93 108 1.0 16
72" " " 1.i9h2 3.10 1.5090 5.82 2.72 52 1.0 6
72% " " 14947 3.18 1.5082 5.63 245 U6 1.0 3.5
40.5" 14" 5 14918 2.63 1.5137 7.35 k.72 Lo 1.0 22
' Berl |
ho.s® " 3 ;/k 1.44895 2,07 1.5131 7.05 4.98 5w 1.0 31
Lo.s* » ® 1.4918 2,63 1.5130 7.02 L.39 27 1.0 15
L4o.5" n 3 1.4923 2.73 1.5118 6.57 3.8, 17 1.0 9
72* 5 3{&“ 31/2 14917 2.62 1.509% 5.85 3.23 57 1.0 11.0
S

72" " " 1906 2.37 1.5206 6.22 3.85 70 1.0 16
72" " " 1.4933 2,93 1.5085 5.73 2.80 28 1.0

2.5



TABLE 11

(continued)
® % '
rd L -]
Y N « 2. o o9 a8 2E 2§
P e -l rqg ] @ ] &L © 9 2©P 3 e o ® Py
s, 5.5 83 233 8 488 8, 33§ 57 4958 ®:, sf
22 888 o8 IR & 88 £ 285 &3 287 SEE =3 0o
12 72®  3/L™ 3 1.14930 2.87 1.5066 5.36 249 23.5 1.0 I 3
Barl :
12a 72" " " 1.4927 2.82 1.508; s5.70 2.88 30 1.0 6 5
1 " Fibre
3 hélass #0776 " 1.877 1.4 1.5106 6.23 L.83 Lo= 1.0 31 30
i la®  #076 " 1.4877 1. 1.5108 6.28 L.88 ho 1.0 2k 23
15 L1*  #076 3 1/2  1.1875 1.25 1,5113 6.h2 5.7 30 1.0 13 12
16 i o763 14882 1,62 1.5106 6.23 L5119 1.0 7 6
17 42" Fibre 1 " 1.87h 1.15 1.5086 5.7 .53 Ll 1.0 13 12
Glass #176
18 L2t " " 1.4876 1.32 1.5113 6.2 5.10 Lo 1.0 8 7
19 2" ® " 1.4876 1.10 1.5106 6.23 5.13 22 6 [
20 Lo® # " 1.4877 1.25 1.5106 6.23 4.98 13 1 3 2
21 2% Knitted % 1.4902 2.35 1.4958 3.03 .78 Lo 1 3 2
Mesh #171
22 L2* " ® 1.4895 2,10 1.4930 2.87 A7 90 1 L 3
23 2" " " 1.4906 2.35 1l.J9L42 3.10 .75 90 1 6

#flooding at top



TABLE 15

HETF Values

Packing Total Length of Plates In HET?P Boilup Rates

lun No  Mgpterial Plates Packing Columm in ml/min__ 1b/hr/rt Ap mem,
1 1" Intalox 3,75 72 in.  2.75 26,3 87 242 10
2 " " 3.93 R | 2.93 24,6 108 270 15
3 oo 2,72 now 1,72 41.8 52 W5 5
4 "o, 2,45 "o 1.45 49.7 L6 128 2.5

5 3" Berl k.72 40,5 in, 3.72 10.9 Lo 136 20
6 L 4.98 #oow 3.98 10,2 45 126 30 &
7 "o h.39 "o 3.39 11,9 27 75 11
8 "o 3.8 v 2,84 1.3 17 47 8
9 34 3.70 72 " 2.70 26,7 57 159 10
10 L 3.85 R 2,85 25.3 70 195 15
11 "o 2.80 LA 1,80 40,2 28 78 5
12/12¢ * " 2,49/2.88 " " 1.,49/1.88 48,3/38.4 235/30  65/83 3/5
13 ?i;g;glau ly.83 k1 in, 3.83 10,7 hé 128 30 %
1l 4 .88 noon 3,88 10,5 40 111 23
15 " 5.17 "o .17 9.9 30 83 12
16 " 4.61 oo 3.61 11,3 19 53 6
17 Fi’;ﬁ;glaas .63 42 in. 3,63 11.5 k1 11h 12%




TABLE

15 {Cont,)

Paoking Total Length of Plates in HETP?P Boilup
tun Ko _Material Plates Packing Column in ml/min __ 1b/hp/; L pmm,
18 Fibreglass 5.0 B2 4n, K10 10,2 Lo 111 7
19 . 5.13 L 5 & 10,1 22 61 5
20 " .98 "o® 3.98 10.5 13 36 2
21 Knitted 1,0+ # " v - Lo 112 2
Wire Mesh

#h71
22 " " " " " - - ?Q 196 3
23 8 " " " H b b 23 Lk i d 9& 252 5

# Flooding at top columm,



TABLE 16

Compsrision of H E T P Data

G HETP
Packing Column Mixture 1b/hr/ft2  inches Preasure Source
Paeking Depth ft Diameter
3" Berl Saddles 8.5 2 in. n-Heptane 200 7.0 1,0 atm, {16)
Methyleyolo~
: § ) " 24 2] heaxans 790 6.? " b } "
" H ® 4] L " 1600 6‘35 n L "
noon " 3,38 27/81in. 748 8.4 " " pata at Shulton
L} E: ] " i " 58? 8*1 L ] n <] " "
" " " ] " b Ma 9“? " H " % "
n n " [ 2 4 " 11.69 B‘L" " n | " ”n
" o ki E ] " 3734. 9.2 " it n " "
woof " " " Benzyl Alsohol 136 10.9 1 m,m, Theeis Data
Benzyl-n-Butyl Condenser
v on " " " Ether 126 10,2 Pressure "
] ] " " ] " 75 11‘9 . ;] ® o
# n n n " " 47 k.3 n " "
Pibre Glass 3.89 n n~Heptane 662 b7 1.0 atm Deta at Shulton
Combination Methyleyclo~-
#076 " " hexane Lh8 4.8 " n ®
] n " L ah’ L“B ® ” ” 4
" " " n 75 h.& ] ] " ]




TABLE 16 (Cont,)

: Paeking Column G HETPF
Packing Depth ft Dismeter Mixture _ 1b/hr/rt2  inches _ Pressurs Source
Pibre Glass 3.38 2 7/8 in. Bengyl Aleohol 128 10.7 1.0 atm, Dats at Shultom
Combination Bengyl-n=-Butyl ‘ *
#076 " . Ether 111 10.5 " noo® "
i} " 8 " 33 q.g ' n ] n b ]
s " ] L 53 11‘3 N i ”® 4
Pibre Glass l. 00 " n-Heptane 623 6.8 " L "
Combination Methyleyelo=
#76 H " hexane 4181 6.4 " ®oon "
. . :} ] " 2‘“28 6'8 ”® 7 " u
" " n n 406 6.8 u n " "
" ] " _ " 235 7;6 ] 1] " w
» 3.5 n Benzyl Alechol 114 11,5 1 m.m, Thesis Data
Bengyl-n-Butyl Condenser o
" " "o Ether 111 10.2  Pressure "
i " ) ] éi 10‘1 ” " n
] % " n 36 10.5 " " n
1" Intalox 6.0 " " 270 24.6 " . "
“ o . ] 2ua Eé‘B | " ;]
" n L " 111,5 hl‘a . ] n fn

] " . B ®" 128 ug‘? L ‘ " ’n




TABLE 16 (Cont.)

Packing Columm G HET?
Packing Depth £t Diameter Mixture .  1b/hr/ft® inches _ Pressure Source
1" Ceramic 9.0 12 in.  Ethanol-Water 960 1352 1 mom. Thesis Bata

Condenser
n b won " " 150 16.8 Pressure " "




ABL]
Prossurs Drop and G, Dats

Run Ho  Packing Length AP AP APm HoQ G
Ft _mm Hg 1in Ho0 par ;§ 1b/he/re?

1 1% Intalox 6 19 5.35 892 242
2 o 6 15 8.03 1.34 270
3 " 6 5 2,68 o7 15

L # &t 2.5  1.34 .22l 128
5 1/L" Bewl 3.38 20 10.7 3.19 136
6 n - 3.38 30 16,05 Lao77 126
7 " 3.38 1y 7.48 2.22 75
8 " 3.38 8 .27 1,268 W
$  3/4" Berl 6t 10 5.35 .892 159
10 " 61 15 8.03 1.3 195
11 ¥ 6t 5 2.68 JLh7 78
12 n

L 3 1.611 «268 és



TABLE 17

(continued)
Run No  Packing  Length AP AP APm H,0 G
_ mm Hg in Ha0 per | 1b/hr/rs2
124 3/4" Berl 61 5 2.68 WY Bj
13 Fibre Glass 3.42 30 16.05 l4.70 128
076
1L " " 23 12.3 3.0 111
15 " " 12 6.42 1.88 83
16 " . 6  3.21 938 53
17 Pibre Glass 3.53 12 6.3 1.81 11l
476
18 " " 8 h.®B 1,22 111
19 " " 5 2.68 76 61
20 " " 2 1.07 307 38
21 Knitted Wire 3.5 2 1.07 307 112
Mesh
22 " " 3 1.61 L6 196



SAMPLE _ CALCULATIONS

1, Activity ecefficlents ( Tsble 4 } Run 1.

F1alr 71 . E e2)d = 965
% '
P, x {14.6)(.057)
272
Pl and 22 are resd from ?1gure Se
2. Mergules plot ( Table 6 ) Run kL,
log log 1.117
—r . . = 222
Xy (J4h6)2
. log Jz . 165 1’216 - .298
X {«534)
3. ?kn Laar plot {( Table 7 ) Run L.
e 1

ansiostatiny

. = - .58
‘/Iasil, /Tog 1.117 . e

X
22. " ‘:%% = 1,146
1

1

/~Tog (f§ /188 1.216
x 66
2 . 2lss |
i’; 534 " -873

4. Vepor-liquid deta { Tables 8, 9, 10, &11 ) for xy = ,1

at 20 m.m, total pressure,

< 1.2 =J1 Py = (1.804)(1.364) = 2,460
Y2 F2



<
*—l

from Flgure 8 = 1,804

= 1,364

V= A R (Mu_}‘;_m
1 e - .

5. Number of plates vs. refractive index ( Teble 12 )

N N

8, Assume velue of ligquid composition %y = ,030

- bs Reed refrsctive index et composition

X - ny @ 209 = 1.4892

Ce - ‘2;622!35}6

1+(2.6?~1)(.1)* +078

Xy iz read from Flgure 10 = 2,67
4. Resd refractive of 7= 078 18 1.4%17

e. This ,078 is used to repest step ()«
f. X3 * J030 to xy = ,078 1= one plats.
g+ Repeat cealeulations until s sufficlent number of
plates are obtained, _
6. Mass rate ( Teble 15 ) Run 1,
¢ = 1b/hr/red density = .95 (aversge)

¢ = (87 El_/mi {95 gra/ml) (60 min/hr) = Ehzlb/hr/ftg
L84 ers/1b) (1T (2.87%)2
T P




Te HETP { Tsble 1S5 ) BRun 1.
s N - HETP = X
N T 1 i
XN = 2,75
L = 72 inches
HETF = 72 = 26,3 inches,
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