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Abstract:

A study is presented of the effect of reduced pressure on the efficiency of a packed rectification
column. A rectification column two feat long, one inch diameter and packed with 1/8 inch stainless
steel Fenske helices Wss employed* A test mixture of n-octane - toluene was used. Vapor-liquid
equilibrium was determined for this system at pressures of 20, 50, 100, 200, 300, 400, 640.3 and, 760
mm. Hg. absolute.

The column was then tested with the mixture at the same pressures, operating at just "below the
flooding point* Calibration was made at total reflux and at reflux ratios of 3041 and 20*1, in each case
it was found that the number, of theoretical ¢ plates as determined' from the corresponding vapor-liquid
equilibrium diagram via the leCabe-lhiele method was between 11 and 14* The same column calibrated
14 plates at 760 mi* Hg” with the standard test mixture n-heptane * toluene/ IheSe results indicate that
column efficiency is independent of pressure * Design calculations may be based on vapor-liquid
equilibrium data determined at the same pressure as that at which the colum is to operate, the H.E.T.P.
of a given packing re-maining constant” t
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I SUMERY
'ﬁ‘stuéy‘ig,pyesamhadfaf %hexéﬁﬁeﬁﬁ'ﬂf,f@ﬁﬂﬁ%ﬁ-p@&ﬁﬁﬁ?é
oy the eﬁfiéieney pf a g&ekeg fee%iﬁlcat;mn goluna .. B rdebie
fioabion eolumn two feet lmrgg one inth diameber and packed
with 1/8 inmeh Stmlﬁl@&m steel Fenske helices was employeds
A& usgy,mlxﬁura of n-oetane = uelnena was useds Yﬁ?&?*&%ﬁuiﬁ
equiliveive was metexminsﬁ for this system abt pressuves of
204 50, 1004 2004 Jeﬁa 4®®§ 640, and 760 mms; Hge absalutgq
The column was then tesbted with the mixtbture at the same*pmﬁgﬁ
gures, operating at Just bﬁlﬁw.the flooding points Oalibration
wag Wade at total raﬂ Tng and ab. refiux rabios of 3021 and 20il.
It each gase it was found that the mumber of th@@rgtieal
plates as debermined frem the ¢orresponding Vmpﬂrwﬂiquid eguls
Jibriuwn diagram wvis the MeGabesThicle method was bebween 11
and 14, 'The zame q@iﬁmm‘ea&ih?ateﬁ 14 plates at Y60 mus Hzy
with the shandard fesh nixture n«hepbans » toluengy m:se, '
results indicate that column efficiency is independent of press
sire, Design ealeulalions may be based on vepor-liguid equilis
brinm data determined at the sawe pressuve as that at which
the column i&Aﬁé<epematag the H.5TxPs of & given packing re-

madning eonsbanks




1T INTRODUCTION
 The determining fagtors dn the design of fraeticna¥ing

golumns ave Lhie paeking or plate éffigiency, the’ sepamatigﬁ
fdegired and the mperating sonditions, ~ Vany methods: fgr wale
ﬁulating the numbey .of: zheﬁretlcal plates o ﬁ;E¢T¢?9 HOEES
sary for a ,‘ngen separation have ‘been reportet mﬁéymmgabew
Thield graphieal method and the Fenske equatiéﬁ.ére wgii~~
knowns (10, 8) Faehorz influencing column efficiéﬁcyfmusﬁ
therefore play an important rdéle in desigh calgvla%i@n§ ERE

Effm@ienaj 18 not o funebion of any $iﬂg1@ pr@peﬁ%y oF
condition and Hes beer investigated with many resuliing cogé -
relationss - Wany studiés have beer réporied iﬁ.ﬁhe‘ii%eﬁatnfeJ
on the effect of the physieal properiies of the m@%@fiai‘%eiﬁg"
fraeﬁianata@# ‘ﬁmiggameg-anﬁ\ﬁrédféﬁd>gmewea ghigts for ¢oms
me&&ialwhydﬁbeafbaﬁ‘iﬁaaﬁiqnaﬁiﬁg ¢alﬁﬁ&$-&né.aﬁsgrberggaﬁh@
plate effl¢iency iﬁéﬁs&éed.withf@hﬁﬁﬁé@fé&gﬂﬁg viscositys {6)
This Gorrelation was itadeon commetolial equlpment but is énlbe
able only foi hydroearbon separatiéns with Tow velative vofas
111ty of the key componehbs an&=the.avgragﬁfﬁalaixiiqui&'
viscosiby of the column fged, both at the average %@werfﬁémp?;
srature and pressure, (11) .

Brown aﬂd,ﬁwekhawt-stuﬁie& the effect é@”ﬁap@& lead on
plate efficiency in fractionating celimns. (3) They report
that except for very lew veloelties, the everall column e i

eleney is relatively independent of mean vaper veloellyy




X
"mam&mﬁm»éffiﬁiaﬁcy'@giﬁéfﬂbtaimeﬁ af the weslmim &l&dWabié
veloeity fram’%ﬁe ﬁeﬁﬁeﬁg“w Brown equation, Claﬁg Rﬁeﬁe$ and
Blackburu &nyeatigateq and correlated the effect of relative
amounts of the cumpenents in the mmzmhre end the rat& ef éiSw
.-tlllatiﬂﬂ apon EfflEﬁeﬁﬁfﬁ {16y

W @errelation rela%amg colums, efPicieney. with cpevating
'-pmessura hasfaypaared in the teehinieal Iiterature to datey
Binary mixbures for evalugling low pressure distillabioh cols
umns have been reported, Williems suggested miskures of Glspe
butyl @hytﬁalate and ddefisbutyl. amolats for thig purpage fmr
pressuwes of about 1L my {17) - Feldwahy Myles ana Orehdin
gtudied binary mixbures Tor evaluaﬁimg‘reetlfieaticn columns
at pressures from 20 mm, Hg. to 400 mm. Hgs (73'-Tﬁe¥.pres§ﬁted
-daba on two test mixburess éa} nedodecans and eyelohexyd

~ eyelopentane aud (b) n-~tridecane and @iayﬁmahﬁﬁylg ‘T this
report g plot of average relative yolatility versis %ﬁé‘p$98%
gure: showed that for the. inixﬁm’e nwiridecane « éiﬂyclﬂhexylg
the relative velatility apprcaﬁhés a minimam at about 156 s
then rises agalb, For nsdodecane # cyelohexyl cyclopentane
the pelabive’ volatility follows a smooth eurve’ from a hilgh

gt 20 mms to a low at 400 mwy The vapep liguid éqﬁiliﬁ&i&m':
diagram for the n-dodegane & ¢yeclohexyl cyclopentane system
approachey the 4% degrés disgomal from above as the pressure
inereases from 20 Lo 400 mmy, The diagram for n-tridecane =

dicyelohexyl moves from below the 45 degres diagonal ﬁh@eag@




6
ingidetice with ity to above For inereasing pressure fvem 20 mm.
to 379 mms Griswolds Andres and Kledn showed Yhe. éffent of

high pressures o ke wapor Tiguid equilibrium di&gwﬁmmgﬁz

pengens ~ toluene, (9) @ Thelr plots showed %haﬁ'ﬁha-ﬁggaf
1ligisid ourve apgraaehaa.the A5 degrée aaagpnal from ahave as

the pressure inereased fvop atmnspherla Yo 500 @ﬁi#"

The purptse of thig work Ls to' ﬁeﬁe&minm the ‘effeet of res
duced pressive mmsaaiumnueifieiamay» ﬁawhera i the litevabure
is therd infermation conterning the speeliic effeey on @egﬁiw~'
fication efflcmeney of- ehgnges it agarailﬂg:pressupé@ - {Phe -
widely diverse views em%érwaiﬁad by dms%zlla%imn ampérts oR
thig subject indidate a ﬁ@%ﬁ‘ﬁb&'avﬁﬁrﬁeﬁaﬁaﬁﬁ'ﬂf thege wabis
sbles, A.test mixture.was soumght which approached d1dealiby,

which was easy %o stialyze s¢cufatiely, and would opevate over

& wide range of pressures. The system nsbebane » toluene prove

ed to fulfill these requirements most readily, The vapor
liguid equilibirium relaiionships w&éewaetermime& at & aumber

of different pressures between 20 mme and 760 mm, Hg, absolutes
A standardized packed etlimn was then calibrated at-ﬁmtailﬁafmuxﬁ
at 305l reflux ratlo and at 2031 refiux ratio with the tesh mixs
ture at the same pressures at which the vepor liguid equilibria
had been determined, The mumber of theorebical plates ov. the

H BT P, was dotermined from the vapor iiqui& equilibria by

the MelabesThielé method, Sinee vapor and liguid throughput




may well be & conbribubing factoy ‘in Solumm officiensy, all
deteriinations wepe made mi;h The colim gpem*b:mg at ,f;;zst
bolow i;he fl@oemg yain% mnﬁ therate of - liqu&ﬁi i;aka of
determined for the runs. mth@r 'iz%mn botal méi’lﬁ% -
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' TII BXPERIMENTAL. e
m&mmds, EQULPHEAT AND Paeem}m '

N@rm&l hegﬁans (Westvaca Ghﬁmi@al C@v) was suffacienﬁly

pure for mse withmui furthew proeessiﬁga ﬁ@fmal @mﬁane |
{Goﬁnaeticut Eard Bubber fe,) and *mluéne (Eaker’s ﬁnalyzeé)
were-cubjected,to rectifaeataon in a laboratory a@lumn bhaving
apprcxlmately thirty thearetlcal plates§ and heart eutv b@iiw
ing not more uh&ﬂ‘* Guaecf'ﬁﬁbm the normal belling ywxnﬁsg
were separateds L -

Vapor Aiguid equllibrium detevmznati@ns were made in a
glass Othmer stilly (12) which was ¢ofihected to the vaeuum
eystem; The vacium System eonslated of %wa five gallen surge
tanks, one of which was conneeted to & magavag vaeuum.pump¢
4 Detroit Lubricator Couy Nos 683»3; solenoid valve was
plaged in the line between the surge tanks and blie vﬁlﬁe wag
aetivated by a marcury conbact vacuum regulator thr@ugh a
Fisher-Serfass electmanie reiayg (F&S@Gﬁv 13%991Y, By dise
copnecting the vacuum putipy p@e&gurazing one surge'tamk‘W1th
nzﬁregeu and fBVeFSlng‘Lh@ relayy the systenm could be made to
operate at super atmasyheraa ?f@ﬁﬁﬂf@u Operating pressufe was
yead from a merEury mammmater eaﬁ@emted;ﬁa the $y$%em§'-

- The reatiﬁigatian_émaugn,emplmyed was ﬁaﬁe @f’F&é@ﬁ-glassg
two feet longy one inch imméiamg%erg,@ackeﬁ'zz inches high
with 1/8 iﬂﬁh.Fenske‘sﬁainléss sﬁee& helices and equipped with
& Gorad consbant reflux pebie: Gls¥illing head, The head and
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the shillpot wers ﬁ@ﬁﬁéﬁ%ﬁ theough vasupm recedvers to bhe d
| nongn syatenr g9 LThat my&% vonld be withdrswe ot bhe opowe
ating presours, Ab he obart of cesh run the colunn was
Pioubed apd $hen the heab Anpul adjubted so thet Yhe solumn
operated ot jeet below the flood polut, ‘

Yapoy Idguid eguilibeiom fiﬁmﬁﬂmiﬁaﬁimﬁx vere oblaingd by
the fellowing progeture. & 79 wil. sample of seopbans,; tolueve
o7 m&awms of these two wefe chapged o the sbille Yhe ebill
wag sealed oFF iﬁm& slouly pumped o the desived g&ﬁ’»‘éﬁ:&%ﬁ%@@
The beal was odjueted to gilve o dlotiilation rate of shoud
one Gvgp per sesonds The mizlurer were allowed aboub twe
hours To ablaln equilibriun Then the heat wes tupned pff smd
the veewam siowly dissipated, Vepor and Riquid samples were
tokon ant thele somposition debepmived by mﬁm@ﬁm Tridew
in & Valentipe K3be type refractometer, ascurate to 000L.
Befraetive Spddves had previcusly boen obteined op welghed
nixtures of the llowide se thaet the semposition of the samples
would be resd frowm w velraciive iﬁ%ﬂsﬂ # tompositlion curve,

b peldibvated presision Shevmompter was used to debeymite the
vapor bemperature in the shilly |

- Galibretion of the eodwms was done st the epme pressures
For which suullibrion dete wore Cblaineds £ chapge of v
setane » Golhehe was aﬁé’m o the gbillpot and vaewn é@g&%ﬁ%
The colunn won Flocded o asouve B thoronghly wot pocking,




10
than,tha haaﬁ input addnsﬁeﬂ se that the yeflux ¢mnblnueé

" Just alightly belaw ?ﬁceélngv £33 ruﬁs were eent;mueé at

total reflux for abauﬁ five h&aws. & vaeuum reaeiverxwas

‘uged me ab%amn samples to be analyzed whiie the column re-

maxﬂad at the dﬁSEﬂpé presaur@¢ At,%@twﬁ.reflum; 3amylﬁﬁ
were taksn‘mntml the analysis was consbamt, At ﬁhe-rafiux
r&ﬁlbs of 3031 snd 203 19 the Head was properly aégu%ﬁed and
the rvn econtifed foir a half hour™ before, samples were takemg
Puring this time the rabe of take off was debermined. 3?hﬁﬁ

several semples weve taken &t 19 mintte intervals. ALT analye

sis was doue on the refractometer snd compositioh determined
by the refractive index’s composition curve, Semples-yhis
taken in thﬁs‘maﬁmer‘matilu&isﬁiligte aﬁ&‘béﬁtém$ ¢@m§@si%iQﬁ

became & congtant number of theoretigal plates apatis
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:v BESULES
A m1qure wag ﬁa&éssary whigh.ayyfaaﬁhed i@ealiﬁya eould
be u%ilized over & wide range. of pressures, and whese Fefracts
i?ﬁ indlges were different enauwh,ta pe&mmb aceurate aﬁalysxsd

*The fiwsu mixture ghosen was_etﬂgibeﬁgaﬁﬁ - pedetone, ‘These

liguids sebisfied the regqulrements above bub the daba abtaiueé
on the sysbem W&ﬁ~ﬁﬁﬁﬂiﬁﬁhl@g A &moaﬁh sguilibrium gurve
gould not be obtained at lower pressures, This made colum
ealibration with this miwture imprachicals 'mhe,Syéﬁem{ﬁmmﬁenew
me%hv&vycﬂnhexaﬂe'%as‘@ﬁeﬁ tested but was found %o ha%éh%ao

low a bemlxng poxni a8t 20 mM@ and was therefare wnstitable

“W”%ff@r this skndY% SR

" Feootane « Yoluene pﬁavad sat sfactory and fulfilled 2al
ﬁhn reguirement sy ' ' ‘

The boiling points pf the pure components éetermzne& in
'ﬁhé:eqmilibrxum's%ﬂii compared faversbly with the vaper prese
sure data found in the literature, (5s; T4, 18) These were
plotted on a S@A,chart anfh this eurve used to calenlabe aet;w'
vity coefficients, Unrelisble tempérabure messurements ab
20 min. Hg. made calibrations of vapbr pressures and a@ﬁivﬂ%y
evolficients impossible at this pressure. The‘eﬁgewimentai
equilibrium data and the calenlated data ave shown in,lahles
1 o VIILy inclusives &n emxample of the‘eq&ilibxlﬁm“diagﬂam ,
at 400 mn, Hg. is Allustreted In Figoves 1, 2 and 3¢ Uhese




R T
were plotted on graphupapéf.ZQ“.x:20ﬁ.ta giﬁg Sﬁffini@ﬁ%
deduraey. ' The consistancy of the data is Sh@wm'tc”bé sabisw
- féeﬁﬁxy Updn insyeé$ian of the aﬁﬁivi%y eéeffiﬁieht‘émmﬁesuﬁﬁ"“
Figures 4 and § a¢ sugg gested by Garlson and . cg¢burn@ {4)

- Pheip study shows that«devaatiaas,in these eurves indieate
inacguracies in' the data. Slopes of the lines must aiﬁays ,
be of opposite sigmfa%*%}given veloue of X3 if‘%h@.siﬁpé;gﬁn
one of the curves is equal fto zeppy die §%har amast have a Zerd
slepe at the same value of x except 2t the termlna? @Qlﬂﬁb¢
'&he approseh ta'ﬁhervalae ai,lgﬁ with a hﬁriﬁ@nﬁﬁi.t&ﬁgﬁﬂﬁ in=
dieates that Baeult*s law applies to The component %ﬁéég,ﬁgi
f@aetioﬁ ay?@éaoh&s l@b-&n@ Herryts law demands %ﬁéﬁ~ﬁh@—a€hgﬁ

Fagures 6 b0 9y IFGI&$$V%§ are plots of the relat&va v@latiﬁity
as ¢aleulabed from the data. 'ﬁ<p1@ﬁ'ﬁf'avuragﬁ relative wolas
tility Tersus pme5$uwe is shown in figure 10y Th$'QV$fagé"
relabive velatility of this system- has & mayimuln ab ab&nﬁ 400
mme Hge a8 shown in Pigure 104 Qtﬁmef‘yep@r&ed thet the mixtuie
aﬂet@ﬂewwat@@vf@rm% an gzeetr@pa‘a%,higﬁ ﬁ%es&ures,aﬁﬁﬁ&%h e
araasﬁwg;ﬁﬁééﬁﬁmé~%ﬁelraiéﬁive.vmmaﬁiiiﬁ@”iﬁawﬁase&w|Q@%@ L
Berg, Harrison anéfﬁbh%geﬁezy'shawedfﬁha%-tha azeotrope eoms
position of isobutancl weﬁbylbenzene ﬁ@&?EaSQS with indreased
pressure. (1) Thig itlustrates decfaasiﬂg relathe V@lat ity

4

with decreasing pressube. Gemparmswn;ef these mepeﬁﬁﬁﬁ‘daﬁa
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with that of this paper:indicates bhat the effect of préssuve
on. the relative volatility veries with the mixture tsed,’

"wab&e-$£=¢amﬂaiﬁs ﬁhEEQaﬁa{ehtaimea-ffem the ealibration -
rung, - These data were used to. mak ke. HeGabe-«Thicle ﬁi&gr&ms at
the varlonms pressures. - (Figures 1y 2 and 3)  From these dias
grans the nuwber. of %hecretieai*pla%es'in thé colaminn was, .
determined, The BT P maq ﬁalaulaﬁe@ upen the 23 indhes
of packing In the eolum, The Hg.,.»ﬁ & @ai@f are ghﬂvm in
able X. The number of theorstical piaﬁé@‘a%ﬁaiﬁé& a%. The
various pressures were éeusisﬁentiy Eeﬁwé@m 11 and 343--Thg.«11
slightly hlgher yalnes ¢btaxneé &t the lower prassuras mighh
" be justified by the fagh that operabion clmser 50 £la@dgng.was
eaaler to objain a&.mb@se.p$¢$su§es-g&vnﬂgia hmg@é&.éﬁfici@may#
‘Ehe.ﬁae%.#haﬁ.the nomber. of theoretical p lates are gonsistently
bebween the limits of 11 and 14 shews that the efficlency pes.
mains relatively the seme with changes in operating pxs sures
It is inbevesting te note that the resulbts do not got steadily
tower or higher but that theslight. disbrepancies in fhe fumher
of plates ohbained are éﬁaﬁteﬂeﬂvﬁneﬁ%h o indicste ‘no deffine.
ite trondy o . o

" In order bo verify the results obteined with the systen
nw=ootane « toluene, %hé»co&umm'wa# palibrated dt the %hrﬁe
reflux’ rabios with ancther test mimture, nwhaptane i taiﬂeﬁeh
@h@se vesulbs were. plotted using the. equiliﬁf&ﬁm éﬁta of
Eremilay andyguiggleq (2) fThe number of theoretical plates
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A4

obtained was 14 which comphres Favorahly with that of the

systen phogtane - toluensi ~These data are indluted in-Pables

n)‘
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V‘é@ﬁﬁiﬂS;ﬁNﬁ
the Following cmnélﬁsﬁaﬁaﬁﬁay“bg.érawn from this studys
" le. Packed column eﬁﬁiaiéhéy‘ié relaﬁiveiy independent
of changes In operating pressure and faatars norually assos
clated with pressure change, '

2, The inerease or decrease in the degree of separation
of a mixture in a given chuLn &Gbﬁmpdﬂylﬂg pPressure. ahange is
due prmmavlly'ta ehange in the avexaga relative volahilzﬁy
with pressures ' ' -

3, Design ecaleulations for reetifieation sheﬁid he
based upan the va@ar liquzd equalibrxum reia%zqn at the open=

ating pressurao

,
e
i b

/;‘f, RV
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VIT APPENDIX

Bonilibriom Datls

a% 29 My o 4 » & 9 ¥ & & ¢ ¢ B 4 ¢ & @ g

Eguilibﬁiﬁm Ea%a for SySﬁﬁm‘ﬁégatéﬁE*ﬁ

Toluene ab 50 M. » v » o ¥ w88 2 & 5 &

Eguilibrium Daba for System n-Octane «

Bquilibrium Data for System netgbane =

Toluene at 200, MMe & & s & % &% o o 5 4.
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Toluene at 300 M0y 5 ¢ 3 v 6 @ » ¢ & @ @

Equiiihxiﬁmiﬁgﬁa'for,ﬁystem'ﬁﬂﬁeﬁaﬁﬁ'ﬁ

Tolnene ab 400 mMa 4 @ o« k& F B o8 bk
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Toluene ab 640 My ¢ 5 0 4 8 S 5 B B B o
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TABLE |

Equilibrium Data for n-Octane - Toluene at 20 nsn.

Weight % Weight # Relative
in Liquid in Vapor Volatility
n-Octane Toluene n-Octane Toluene

100 @) 100 0

98.1 1.9 95.8 4.2 2.265
94.4 5.6 88.0 12,0 2.30
91.3 8.7 82,3 17.7 2.26
87.7 12.3 77.1 22.9 2.12
83.0 17.0 69.8 30.2 2.11
82.6 17.4 69.4 30.6 2.10
79.5 20.5 65.4 34.6 1.99
72.5 27.5 57.3 42.7 1.963
64.5 33.5 47.5 52.5 2.0
56.0 44.0 40.8 59.2 1.85
47.7 52,3 34.4 63.6 1.74
38.9 61.1 27.6 72.4 1.67
31.8 68.2 22.0 78.0 1.65
26.3 73.8 18.4 81.6 1.57
20.7 79.3 14.9 85.1 1.49
16.0 84.0 11.9 88.1 1.41
11.3 88.8 8.7 91.3 1.32

8.0 92.0 6.4 93.6 1.27

0 100.0 0 100.0
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TABLE 111

Equilibrium Bata for System n-Ootane - Toluene at 100 mm.

Weight % Weight < Vapor Pressure Activity

in Liquid in  Vapor mm. Hg. Coefficient
nge. n-Octane Toluene n-Octane Toluene n-Octane Toluene n-Octane Toluene Relative

Volatility

655 19 89 109 9? 186%0 168 1.030

. . . . I .
6".6 8% 2.2 888 6.0 91.8 1% 1.052 ?%E U2(.e7|8
6U.2 97.6 2J 813 ? 6.5 915 1 1.042 167 2.79
63 91.9 8.1 J 18.6 98.5 J? 1.000 1J]6 2.59
6U.0 96.9 3.1 90.7 %§ 90.5 160l I 880 1.86 3.31
62.5 99.0 ii.0 76.2 23. 55 I]_,?g 1.002 1|2
61.2 632 HL5 70.2 29.8 815 1008 | sz %E%
59.6 . 21Ji 60.5 383 76.0 137 1013 1.35 2J|0
58Ji 70.8 29.2 50.2 19. 71.0 130 1.000 1.31 2.k%
57.0 62.8 37.2 3.1 56.9 8%8 12% 1.018 1.25 2.2
55.6 5U.2 115.8 37J1 62.6 . 11 % 1.18 1.91|
55.2 12.3 57.7 28.5 ;J,g 62.0 11 . 1.09 1.ali
5UJi 32.1 67.9 22.2 . 60.0 HO 1.150 .Al 1.66
53.8 25.6 79J| 18.2 81.8 58.0 107 1.228 1.8(2)8 15
ST CO T O
g%g §’§ 91.0 7.0 93.0 gzlsg %é%s }JIIO %:8% %:%%
52.0 0.0 1%8'.8 88 1 :8 ' 100 ' Lt



Temp.

°C.

83 J+
82.0
81.0
79

78.0
76.2
™
73.8
72.8
71.0
70.0
69.7
69*6
69.5
69Jt

Equilibrium Data for System n-Octane - Toluene at 200 mm*

Weight %
in Liquid
n-Octane Toluene
100.0 0.0
99.0 1.0
95.0 5.0
90.7 9.3
8lt.6 15Jt
76.0 2LL0
67.3 32.7
57.0 1+3-0
1t9.5 50.5
37.3 62.7
27.8 72.2
20.3 79.7
13.6 86J;
7.2 92.8
0.0 100.0

TABLE IV

Weight %
in Vapor
n-Octane Toluene
100.0 0.0
93.0 7.0
87.1 12.9
78.8 21.2
68.7 31.3
57.9 2.1
ItS.3 51.7
39.7 60.3
33-5 66.5
2k Jt 75.6
18.9 81.1
lit.9 85.1
10rO 90.0
5Jt 9k .6
0.0 100.0

Vapor Pressure

ran. Hg.
n-Octane Toluene
200
190 306
183 298
173 285
162 268
152 252
k3 239
138 230
132 223
123 210
119 20k
117 202
116.2 201
116 200.2
200

Activity

Coefficient
n-Octane Toluene

0.990 k.560
1.002 1.730
1.003 1.600
1.005 1.515
1.003 1.390
1.00k 1.320
1.010 1.220
1.025 1.180
1.063 1.155
1.1 1.110
1.255 1.060
1.263 1. 0ko
1.293 1.022

Relative
Volatility

7.53
2.81
2.59
2.50
2.30
2.20
2.01
1.89
1.8k
1.66
1J+5
1J+2
1.36



TABLE V

Equilibrium Date for System n-Ootane - Toluene at 300 mn

Weight % Weight % Vapor Pressure Activity

in Liquid in  Vapor mm. Hg* Coefficient
Temp. n-Octane Toluene n-Octane Toluene n-Octane Toluene n-Octane Toluene Relative
°C. Volatility
QU4 100.0 0.0 100.0 0.0 500 _
P %Y 3 B O B & i 7R e

. . : : : 8
ol.it g%% 1.7 83.0 17.0 205 %% 1.020 1580 %*
90.7 : 11Jt 16.7 23.3 236 212 1015 1P& .36
88*8 82.5 17.% 66.1 33.9 239 390 1.005 190 2J%2
87.3 73.8 26. 56.2 2*38 230 368 1.008 1%88 2.20
85.7 6U.7 %;38:6 53.6 215 30 1.002 1 2.12
83.1 52.0 36.8 63.2 198 21 1.072 1230 1.86
82.0 2*37 56.3 0J* 69.6 190 310 1100  1.200 1.78
81.3 3IW 65.2 23.8 76.2 185 307 1110 1.150 1.71
30.8 29.0 71.0 1%5 80.3 182 % 1115  1.120 1.67
80.6 18.9 81.1 13. 86.8 179 1165  1.067 1.
38% 85 018 82 8%? 177 %00%) 2 %3221% 1020 I1 29

. . . . ) . 1.020 )

80.1 0.0 100.0 88 100.0 300.0



TABLE VI

Equilibrium Data for Pystwa n-Octane - Toluene at JOO am.

Weight % Weight % Vapor Pressure Activity
in Liquid in Vapor am. Hag. Coefficient

Temp. n-Octane Toluene n-Optane Toluene n-Octane Toluene n-Optane Toluene Pelative
0C. Volatility
1016 o8 o s 7 W 1035 2650

: : 1.5 94.3 : : : :
100.0 95.5 él? 87.7 12.3 30 % 1050  1.950 %8;
98.5 91.9 . 78.3 21.7 34 530 1020 2030 3.14
97.0 86.0 14.0 818 %58 %(1;21 512 1000 1.840 2.96
B H BD9 19.1 . . 430 1010 1.700 2.71
94.5 73.5 26.5 53.5 46.5 290 470 1.005  1Ji90 2Jil
93.5 56.9 4%. 1 41.0 59.0 281 450 1025 1.220 1.90
4. 719 28.1 52.1 47.9 288 467 1005 1460 .
93.7 64.0 36.0 46.1 8%8 282 454 1020 1320 %88
92.5 53.8 46.2 3HJi : 210 437 1005  1.265 2.04
92.0 Egg 49.5 31218 6.7 268 432 1015 1240 %gg
81. : 53.7 . 68.0 %g4 424 1.828 1.200 :

1. 36.6 63Ji %’8 gg% 1 420 1 1.130 1.74
90.7 %7% 2.3 129 : 238 2115 ﬂ%g %8%3 1.55
22 1§J1 418 38 873 2B Ao 1125 1082 123
89.2 13Ji 86.6 9.7 90.3 246 402 1185 1.042 13t4
2o o ow X b B i [
887 00 100 00 1000 ! 114



TABLE VI

Equilibrium Date for System n-Octene - Toluene at 63O m

Weight % weight % Vapor Pressure Activity
in Liquid in Vepor mm Hg* Coefficient
n-Octane Toluene n~Octane Toluene n-Octane Toluene n-Octane Toluene Relative
Volatility

1888 Ol(C)) 100.0 IO.O 61t0 %0

. . 5. , I.ao  3.130 :
97.6 2Jt glg g % % l.ato 290 I3t66t§
96Jt 3.6 89.0 11.0 58 l.ao  22*0 3.27
93.8 6.2 8270 16.0 557 865 1.030 1.910 2.88
0Jt 9.6 788 23.1 5it0 % 1.010 1.820 2.85
86.1 13.9 {0. Z%Jt 520 1.010 1650 2.58
3 B o8 g o® B oIm b o

. ) : . *H 1.005 Ut50 2.2
68.7 31.3 50.0 50.C figolid 720 1.005 | Jt20 2.18
62.3 37.7 a.3 55.7 8 705 1.8(1)8 13170 2.08
56.7 }%? 39.1 60.9 W2 697 1 1.29c 2.0*
[t9.9 . A*8 65.2 fig25) 67/ 1.025 1230 1.87
a.rl 55.3 30.8 69.2 At 663 l.at0  1.200 1.81
38.1 61.9 26.8 73.2 [t20 660 1070 1.150 1.68
32.7 67.3 22.2 77.8 ItIO 655 1.060 1.130 1.70
26.3 71.7 19.8 80.2 [t07 6ft9 1.100 1.10$ 1.60
23.8 76.2 171 82.9 "tOlt 646 1.HO 1082 1.51
20.0 80.0 1t.6 85Jt % oU, 1160  1.065 | J46
17.1 82.9 12.7 gg% %l% 1.190 1.050 1JtP
[tdt 85.6 10.8 . Itd 1230 1.0 1.39
| é J i 88.6 8.8 81% ItO ]}(I) %%lég 1.0%%) %3

. , , . ItOO . . '.
0.0 1%68 88 10%).0 tito 10



TABLE VIII

Equilibrium Data for System n-Octane - Toluene at 760 mm*

Weight % Weight % Vapor Pressure Activity

in Liquid in Vapor nun. Hg. Coefficient
Temp. n-Octane Toluene n-Gtane Toluene n-Octane Toluene n~Getane Toluene Relative
0oC Volatility
125.2 100.0 0.0 100.0 0.0 760
12U.0 99.3 0.7 97.1 2.9 720 1200 1.035 2.630 h»2h
125.0 97.7 23 93.5 6.5 700 1150 1.diO 1.870 2.95
122.2 9L.9 5.1 87.7 12.3 660 1060 1.035 1.700 271
120.7 90.7 93 80JlI IS.6 660 1050 1.020 1.560 2.38
119.0 85.6 16Ji 69.3 30.7 6L5 975 0.990 1J*60 2.26
117 rrJx 22.6 61.8 38.2 598 930 1.015 1.580 2.12
116.2 69.8 30.2 55.6 UhJx 579 900 |.0L5 1.21*0 1.85
115.0 6U.5 35.5 1(6.9 53.1 558 866 0.990 1.310 2.06
115.8 5h,g ii5.5 38.1 61.9 527 titio 1.010 1.230 1.95
115.0 53.8 32.7 67.3 522 822 1.025 1.160 1.77
112.5 3b.2 63.8 25.2 7*1.6 518 810 1.020 1.100 1.61*
111.6 26.8 73.2 19. 80.7 511 790 1.075 1.060 1.53
111.0 19.2 80.8 m. 85.8 1*98 1.130 1.OtlIO 1.78
110.5 10.5 89.5 8.2 91.8 1186 %% 1.220 1.020 1.32
110.2 5.2 9U-8 it.l 95.9 ii78 762 1.250 I.UIO 1.28
110.1 0.0 100.0 0.0 100.0 760 '
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TABLK IX

Column Calibration Data for System n-Ootane - Toluene

mVeiyht $ Toluene height %Toluene
In Stillpot in Distillate
Pressure Total 30:1 20:1 Total 30:1 20:1 Through-
Km Hg. Reflux Reflux Reflux Reflux Reflux  Reflux put
Ratio Ratio Ratio Ratio ml./iain.
20 17.6 11.0 8.1 96.6 96.5 96.2 1.80
50 5.5 7.3 16.0 96.9 96.9 96.2 9.3
100 4.4 7.3 8.4 96.7 96.2 96.5 12.7
200 3.9 8.0 10.5 96.7 96.5 96.5 18.7
300 9.9 12.0 9.9 97.0 96.6 96.1 20.8
400 10.6 13.0 15.8 96.4 96.1 95.9 25.8
640 8.1 14.0 17.4 96.0 95.5 94 .4 26.9
760 7.6 12.8 18.1 95.4 95.6 95.3 28.6

' A,
Column Standardization with System n-Heptana - Toluene

760 20.5 18.0 28.0 92.5 88.9 90.0 28.0
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TABLS X

Colum Calibratloh Data for System n-Octane - Toluene

Nuidber of H.S.T.P.
Theoretical Plates
seasure Total 30si 20 Si Total 30si 20:1
i* Hg. Heflux Reflux Reflux Reflux Reflux  Reflux
Ratio Ratio Ratio Ratio
20 13 14 15 1.77 1.64 1.53
50 13 14 12 1.77 1.64 1.92
100 13.5 13.5 13.75 1.70 1.70 1.67
200 12.5 12.5 12.5 1.84 1.84 1.84
300 11.5 11.75 11.5 2.0 1.96 2.0
400 11 11 11 2.09 2.09 2.09
640 11.5 11.5 11.5 2.0 2.0 2.0
760 11.75 12 11.75 1.96 1.92 1.96

Column Standardization with System n-lleptane - Toluene

760 14 14 14 1.64 1.64 1.64
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Figure |

Equilibrium Curve and Theoretical Plates at Total Reflux

at 400 mm. Hg.
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20 40 60 80
WEIGHT PER CENT TOLUENE IN LIQUID
Figure 2

Equilibrium Curve and Theoretical Plates at 30:1 Reflux
Ratio at 400 mm. Hg.-
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WEIGHT PER CENT TOLUENE IN LIQUID
Figure 3

Equilibrium Curve and Theoretical Plates at 20:1 Reflux
Ratio at 400 mm. Hg.
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50 MM

IO WM
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Figure 4
Activity Coefficients at Various Pressures
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Figure 5

Activity Coefficients at Various Pressures
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RELATIVE VOLATILITY
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WEIGHT PER CENT
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Relative Volatilities a
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VOLATILITY
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400 MM

WEIGHT PER CI_ENT TOLUENE IN LICIUID
) ~Figure 8
Relative Volatilities at 300 mm and 400 nm Eg
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760 MM

640 MM

WEIGHT PER CENT TOLUENE IN LtCXUID

Relative Volatilities at 640 mm and 760 mm Hg.
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Figure 10

Average Relative Volatility versus Pressure in

mm Hg.
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