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1, INTRQBCTIOH

In general, distillatien can be defined as that
operation used for the eeparation of constltuents in

2

a liquid mixtare by partlal vaperlsatlon of the mlxture

and separate recovery of the vapor and resldue• The

field of dlstlllatlon is comprlsed of four major
dlvisions; they are commonly referred to as fraotional,

destractlve, azeotroplc, and molecular dlstl1latlon•
A need for separating heat sensitive substances

with hlgh molecular weights and/br high bolling points
resulted in the first design of the molecalar still as

early as l910• The modern molecular still dlffers

somewhat from its predeeessor by the adoption of

auxiliary equipment that ls capable of preduclng higher
A vacuams. At present, molecular dlstlllatlon offers

the only means for dletilling special organle compounds

auch as vitamine, plastlcizers, etc•, at 50 to 250

degreee centlgradd lower than conventional means of

dlstl1latlon• n
Numerous findings have lndlcated that the distance

between the evaporator and condenser of the molecular

still is net as critical, as far as mean~free path design
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criteria are concerned, as formerly believed. It had
been recomended that studies be made on the present

W

apparatus at Virginia Polytechnic Institute to determine
exactly how critical this factor is.

I

The purpose of this Investigation was to study
the effect of condenser temperature and condenser
location on the molecular distillation characterlstics
of stearic acid, and from this studM,determine this

lrelationship of condenser temperature and location to
be used in centrifugal molecular still operation•



-3,
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review er the available llteretere me made ln
’

üfdßf te gala an laelght into the theory end devel¤p• °

ment. of moleceler dlsullauoa, The history sind dev••

lopnent, theery, factors effeetlnd moleeelar dleullatloo,

and method of evaluation nn eoaelderred ln the fellowiag

aeetionu
1

Hgetog endßevelomgngln

the pant, eeleeeler dletlllatloa han been

etllleed elmets¤1e1xy ee a laheratery techniquetor_

reseeroh perpeeeee lt me not entll reeently that

itsapplicationeen extended to the processing ef ladaetrlal M
ehezelcale at raten epproxlmetlng e million galten: l

n anneellytzlh
hinterlegt , mung the period free 1910 to M25,

when nubetaaeee er higher eoleealer eelphte nad both

lag pelate were eeeumlag under ntedy, lt became eppereat

to chemlet that there von need for e heuer type of
null for ree¤·ver!ng orgaalc ¢he¤leal•( )• The first

molecelar etlll appearedzto have been designed in 1932

ty ßreneted und Haveeyj )te separate the leotepee of

eereery„ The rlrat wel leetlen er aaleealer dlettlletlee



to organix: ehmlcals, and the first comprehensive etate-
ment ot the potehtialltle: of the Vegetation were made

hyh E
J

Baron ln England; ßothfvfaterman (31,, who applied
molecular dlstillatlon to lahlle sdhstences in I—lelland,;
and Washburn S30), who emplogved the teehnique intheh

United States, were responsible for laportant •arly=? E · J

developments ln uoleoular dlstlllatlon., J ?” · T M

The-, lack er development of high-vaeatus eendensation
and fraetlonatlng pups had hlndered the progress ef ~
moleeular distlllatlom s These developsnentshuwere hrohght E

s about in 1930 by theäastmen Kodak Company, after Aüiflitlh
J4

thevfirst industrial use ofmoleoular ¢i·8t·hg~1lE•-Itlßvlll Q
emgloyed to eeearate vltamln A and free narlne and
regetahle olle,

1
Q

h
J

{
J Q

h l
J

Qrototgge Molecular Stilles, The development of the
T

molecalar still has progressed through three prominent
stage: UB ).l

The first stlll was the pot still with

a 'lholllng" flash similar to that employed in eonventlonal _
dlstillatlon but operating under high vaouam and with
a eondenser relatively close to the "holllng"flaek•_

h
J

The second still was the falllng·•film stlll where the,
distilland ls metered to the vacuam ehamher, degaesed,

and allowed to pass in a film down the walls ot the
evaporatoxu The third still ms the eentrlfugel still J
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where the dletllland ls metered te passe: ever a reter
generally heused in a bell Jar and supported an e shaft
te e meter drlve•

“ 1 V

ggegular Blstlllatlen Studies at Virginia Pelyteehngg
Institute, Conslderable werk has been dene ln the fleld
ef mnlecular dlstlllatlen at Vlrglnl•TP¤lyteehnle lnst1tute•
„a sumnerleatlen ef these lnvestlgatlens are presented
inthefellewlng •eetlens• „

1 Werk of Celle The flrst eentrlfagal meleeular s.
‘

still at the’Vlrglnla Folyteehnle Institute was
cenetrueted hy Sell in l9k9•

9The
entlre stlll

eenstrueted of glass wdth the exeeptlen ef the base g
1 plate, roter, and gutter, which were made ef brass•

Such variables es film thlekness of dlstllland on
T T

the roter surfaee, 1nltlel’fe•d temperature, and
n eagle ef lnellnatlen of the roter surface were tested,

gwerk ef Lembardl and Tyler, Uslng the all•glass
still censtructed by Cell, Lemhardl (23)and Ty1er(29)
in 1950 end 1951, respeetlvely, made the flrst efferts
te molecularly dlstlll fatty eeids at the Virglnla
Polyteehnlc ln•tltute• Lombardl deternlned the s
ellmlnatien maxlma ef laurle, myrlstlc, palmltlc,
and stearle aelds, while Tyler applied neleeular
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dlstillation to the separatlon of a mlxture of

palmitic acid and stearic acid,
Work of Ball and Demakls. Bull (2) and

Demakls( 8) constructed the first allemetal stlll r

at VlrglnlaPolytechnic Institute. Using baelcally
l

the same ideas set forth hy Coll, theyereconstruuted U

the unit us Ing copper tublng, tanks, and flow lines r p
ln place of the glass ones lncorporated ln the

l ·_

previous stl ll. lnveetlgation was mie of
l

such operating variables as temperature, pressure

and time of dlstillatlen, roter speed and rate of
dlstlllation, the shape of. the ellminatlon curve,
fandthe posltlon of the eunxnetxefn maximum ln p
addition to the operating varlables, composite

l
n

ellnlnatlon curves for blnary and tertiary mlxtnree

of anthraqulnohe dyes were determined to study the „

effect of the pressure of more than one material on
l

the ellmlnstlon maximum ef individual constltuentse
_v_g_g_1_·;_lg of Bemakls end Motge The first all-metal

still constructed by Bull and Demakls was modlfled ·

xn 1955 ey aeueme H) ene Rote ml-) to prevent
H

leakager The seal around the roter ehaft was d

replaced by s magnetle drive. Dwakls lnvestlgated
the effects ef various moleeular struetures of fatty



acids on their distillatlon characterlstlcs•ycMote

„deter¤lned the effect of molecular weight and degree
of ansaturetlon on the ellmlnatlon maximum of several
rauy acxae.

e_Theoggof Molecular Dlsttllatton

Some of the more important aspects of molecular

distillation theorY_are considered in the followlng
sections: the rate of dietlllatlonp tue film thlcknessg r

and the neun free path crlteriae
D

Rate of Ulstilletlog• _In mclecular dlstlllatlon,
e the rate cf dletlllatlon ls defined hy Embree

(lglrtoi ‘ t
i r he proportional to the product of Its conoentretlon

D W

and its dlst£l1ah1lity• When enpressed algehralcally t

n this beccmes,

V ¤·hND t
D

where: n y
‘ v'¤ rate of distlllatlon, mole per second

k ¤ proportionallty constant
N ¤ ceneentretxon, mol fractlon
D =¤ dlstlllablllty, probability that any molecule

will d1st111•
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lt the dlatllland, er the uuhstaee being dlatllled,
la considered tu he an ideal sulutluu, then the rate ut
dlstlllatleu am ba eeterulned true: L¤ngmulr*a aquarien,

zu ¤ HPA 1 { Q1 1

wharsg
n ¤• rate ut dlstllletleu, uels per aecane
H •• aumentratlun, mel frautlen

t

P ~ vapur pressure, eynee per square eenrimeter
A ¤• area ut dletllltng surface, aquere eentlnatara
II ¤ ruelecular might '

R ¤• ideal eas cunetant
W

‘!‘ ¤¤ temperature, dtegreee }<e‘lv£u•
äreuated und Van Hev•sy(

1
)£‘¤umt thd. the rare ef

ctlatlllatlun uf the comwnents ef a alxture ms lnvarsely
prupurtxeual te the square rest st the uuleeular welghts
af these components an lmilcated hy the Lanuuulr aquarium
ilashburn et elßo) oheerved that the aquarien ma valid

far eelutlens if nu recentleusatlsen eccurred an the •^va··

paratiug surface; fur the actual rate uf dletlllstlen
will always he lets than the theoretiual rate nac-Pause uf
the return uf emu nuleeulee te the evaperarlng eurface,



L Film Thlekneese An impertent h fecter ein emeleenier L E

dlstllletien is the surfeceef the dietllllng lglquidgzgä,

The enly meleeules involved in the dintllietieneereß L

these em the surface, The remeinlng meleeelee serve ~

enly to replenlsh the surfaee lnyere Fer thin eensi···

deretlen, the reesonlng behind. e. deetre fern thin
Ä

Hin thxckness is eväident,LA

formulfnwo) ter the retetienship »st»¥«e¤”th•ÄÄ_ Ä Ä p
roter speed und thichness for eentrifugal stille .

Ä Ä

. guy be expreseed nu,
Ä

g
Ä Ä

pptlege¤= K A1("'I'ä"'£""'where:)
Ä

pta
es veleeity, revolutiens per minute

Kpn pr¤p0rt£_0¤al£i;r
¢¤¤8*•¤¤‘l'•

, experimentÄa11„}} determined

L =¤ film thiekness, sallllliterns
Ä

Aecerding te Psueettu5 e eeneentretien gradient

will be set up threugh the file: if the rate of eveperetion

ls greater then the rate et diffusion re the enter 1nyer•

A eeneentrntlon grndient will be of impertaneee in deea-·

reaning the effielency oft the process because (1) the

gross rate er eveporstlen will decrease es the nete
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p volatile constltuents are. atrlpped out and the vapor
pressure decreases, and (2} the fractlenatlng power

It —„

will decrease since excesslve quantitles ef the lese, V.

velatile will appear in the distlllate and the mare

volatile will appear in the residueeen. v .*· ‘

Free Path Critergga define;
l

the mean free path of a moleeuleu. es the average dlsthnee
T ’

a melecule travel: between twe?euecesslve?patheVlruer i
,.”,QA,

sueeesslve colllslens between;melee¤les,v ¤axwe11*e(;7,T?Ö?y?”w
expression fer the calcnlatlon ef the mean free

path?
ist

T
V

r 1 ¤ V/1\’{§l|Ä'2‘rllv g
where: p p r

.7 l

l ¤;¤ean free pth, eentlmeters
7

V 7
I’¤.Awagadro*s number, 6go6 x lüaß if

V’¤=velu¤e ef one gran sel er the ga: at the
existing pressure, eubic centimeters

a'¤ average diameter et a gas melecule,
l

.’ 2 x eentiaeters V
17 =¤ a eenstante _

vertan: foraalae for the mean tree path ot llke
7

melecales and melecules in the presenee ef unllke
l

meleeules have been deve1eped„ The ealculatien ter
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large nonspherlcal mclecules using Maxwe1l*s equation
and other formulae gives mean free paths whlch are

_

likely to be ln error, There is some lndlcation thatt
oll molecules for example have ”undeflected mean free
paths“ several times longer than those calculated by O

classical theory(18),

Factors Affecting Molecular Dlstlllation

ln molecular dlstlllation, the rate of dlstlllatlcn
of any compound and the degree of separatlon of the
components of a mlxture depend on a number of lnterdependent
variables in the design and operation of the stlllué),
Consldered ln the sections that follow are such variables
as operating pressure, temperature of distllland, film
thlckness, splashlng, roter speed, angle of incllnatlon
of rotor surface, temperature of condensing surface,
and distance between evaporator and condenser•

r Operating Pressure. Once the residual gas pressure e
ln the still equals the vapor pressure of the dlstllland g
at the temperature of operation, further reductlon in
pressure effects no further increase in the rate of u

distil1atlon• Thus ln true molecular distlllatlon, the
-i rate of evaporatlon ls independent of pressure•
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Bull (M') reports that an appreclable effect was

noted ln the shfftlng cf the ellmination maxlmum when

tthe operating pressure was varied on the dlstlllatlon

of 1,h·dlethyldlamlnoanthraqulnone, For absolute 7

pressures between 2 add 100 mlcrons of mercury, ellml—

nation maxlma between lhh and 177 w°c·were cbtatned,
n 7 r Temperature of Dlstlllandes An increase ln teme u

lperature of the dlstllland causes an increase ln the
7 a vapor pressure and hence an lncrease in the rate of 7

y
° dlstlllatlon. Hcwever, lt should be remembered that

1 ~ the increase in dlstllling temperature cause: a secondary

effect of reduclng the seen free path which weuld es 7

ordlnarlly be expected to reduce distlllatlon. In
7

general, this slight reductlon in the rate of dls· x

tlllatlon well be much more than compensated by the g
increase resultlng from lncreased vaper pressure. f

Film Thlckness. The exact effect cf film thlckness

cn molecular dlstlllation ls unknown• In molccular
stlll design attempts·are generally made to reduce the

fllm thlckness to lnsure fast dlffuslon.rates auch that

the surface or dlstllling layer ls representatlve of the

fluid beneath.



,13- t

$P1&$h1¤9~ The degree of separation obtainablc

in molecular distillation can be affected by splashing

A because of the entrainment of the—1ess volatile substance

in the diatillatee Improper degassing and too rapid
4

evaporation have been mentioned po) to be dauaee of
eplashiugt

Rotor Speed. Adthough the amount of distillate A
4

e collected on the condenser veries with roter speed, the
shape of the elimination ourve or the position ofthe‘

elimination maximum ls not affected by the roter speed;
4

for HickmanL21) reported that when the roter speed was ~

increased from 100 to 3000 revolutions per minute the

amount of distiliate coliected on the eondenser was

quadrupled, while found that roter speed; ·
4

from 1000 to 3000 revolution: per minute had no effect A
on either the shape of the elimination curve or the

position of the elimination maximum.
Angle of lncilnatlon of Rotor Surface• From an

4
u

inveetipatlon made by Coll ( 1) angles of inclination
4

of the rotor surface between 52~l/2 and 75 degree:

had no effect on the aeparatlon. ’ ‘
4

A Temgerature of Condensing Surface. The primary

consideration of the condensing surface is that it be
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at a temperature sufflciently beiew that of the distilllng

surface to prevent any revaporisatlon of the dletillate

on the condenserlxv) . Any further reduction in the

condenser temperature will net improve either the rate

of distillation or condensatlon.~ f A
¢

Ay

Distance Between Evagerator and Condenser. Variations
A

in the distance between the evaperator und the condenser
A A

do not produce any very noticeable variations in still
performance provided the distance does not exceed the _

mean free path. Extremely small distances, however,

will decreaae the disti11at1en_rate, for the closeness

of the cendenser surface to the evaporating surface

tends to permlt the return of same of the vaporlzed

molecules te the dlstllling surface which would not

have returned otherwise.

A Method of Evaluatien
A

When molecular distlllatlon is performed under
standardized conditions, and the resulting yields cf

the product are plotted against the temperature at

which the fractlon had been distilled, a dlstlllatlon
A

curve ia provided. Hichman(x9) has called this curve

the *ellmlnation curve•” Mach can bs learned about
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molecular distlllatlon by studylng the characterlstics
of th; ellmlnatlonicurve, This type of curve has thei
general form shown in Figure 1 page 16, pp g s

,_ The amount of substances distilling in each fractlon

increases as the temperature lncreases until the ylelds
iof

the distillate finally reaeh a maximum and then decreases
to zero, because the supply of the substance in the
distllland becomes nearly exheusted(13) , The elimlnatlon
curve has an easily recognlsed shape and a maximum which

1 °

can be located to within a few degreesa F

F The shape ef the ellmination curve may be aseu to

reveal many of the properties of a substance and the T

kind of treatment that ls received during distll1ation•

The effect of various operational variables on the,
elimlnation curve are considered in the following sectlonst

Distlllation Time, The position of the ellmlnation

curve is greatly affected by the length of time during p
which the substanee dlstllls at each temperature in the

series(2k) . It can be seen from the curve in Figurez ,
page Yi, that for distlllation times of 1, 2, and L minutes

at each temperature that as the time of dlstillatlon in-
creases, the maximum of the curve ehifts to a lower temperature

va1ue•
A
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“
Initial Temgeraturee The temperature at which

dlstillation is started has no effect an the temperature
at which the maximum occurs, but raises the relative2
yields at the various temperatures as shown in Figure 3 ,
page 19; ‘

Heat of vaparization„ Because distillatlon is almost
proportional to the vapor pressure, suhstanees with a high
heat of vaparization will have a dlstillation curve that
dlffers from suhstances with a low heat of vaporleatlon(2h) .
Substances with a high heat af vaporieation have distillation
curves that are narrow and steep, as compared with substances
with a low heat af vaporisatian which have hroader and
flatter elimination curvest -Examp1es are shown in Figure Ä ,
page 20 .

Salvent Distilling Over with Patent Material. In
many distillations, it ls deeirabie to have a small amountÄof

the solvent distilling over with each fraction to aid
in dralnage or washing of the distillate from the candeneer «
aurfaceglm • Figure 5, page 21, shows the typicai
difference in the eliminatlon curves when two per cent
of the total solvent distilled over with the patent
material in each fraction.
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Effect of the Use of An Arithmetlc Series of
Temperatures• If the dlstillation were carried
outusingan arlthmetic series of temperatures instead of

a series chosen se that the distlllability lncreases g
by a constant factor at each t¤mperature,the ellminatlon

curve would have a somewhat different shape(19) as shewn

in Figure 5, page 21.v
lf
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IIl• EXPERIMEHTAL n

The purpose ef this investigation, the plan of
experlmentatlon, the materials and apparatus used, the
methods of constructlonal and operatlonal procedure
followed, and the data and results obtained in the
investigation are presented•

Purgose ef Investigation

The purpose of this investigation was to study the_ · p
effect of condenser temperature and location an the
molecular dlstillation characterletlcs of stearlc acid,
and from this study determine this relationship of
condenser temperature and location te be used in
centrifugal molecular still operation. ·
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Elan ef Exgerimentation 1 1

The plan of investigation fer the study ef the effect
of cendenser temperature.and location en the·meleculerE 1 p
dlstillation characterletics”ef”atearicQacid includes a ·(
review ef the literature; equipment modificatiensgt 1
prellminery tests, enperlmental teste, andanalysisresults,

:1
1 (111 15f

1
C q

(
1

C
1 1 1 A

Literature Review, .A survey of past literature1”1 1
pertalnlng to molecular distillatlon was made to gain an 1

(

ineight inte the work efgprevleus«investigatore. Partlcularr

attention was given to experiments performed at the ( { ‘
L e

Virginia Pelytechnlc Institute.

Eguipent ¤edlficatlen„ eine centrlfugal melecular 1
— 1

1atl1l built by Mate and Demakle (1955) was modified te 9
improve the eontrel cf temperature and flow varlat£ons„

Changes in the equipment included the re·lecatlon ef
(

feed valve and feed tank. 1 1
Prellmlnarg Tests• „A number ef tests were made te

familiarlze the operatcrs with the technique to be used

in the eperational tests,
Experimental Tests• AA blend of stearlc acid and (

constant yie1d·oll developed hy Mute and Demah1s(1O) was

used along wäth a standardized technique of still operat1on•

Experimental tests were made with the condenser plate



placed in three locatlons, 3/h, 2·l/2, and 5-3/8 inches’
from the resldue gutter• At each of these locations three
temperature levels were studied, 25, 35, and·h5 degrees
centigrade•Analysis

of Results. The effect of condenser
temperature and location was determined by studying the
characterlstics of the elhmination curve obtained frem
each condition investigated and analyzing these results
hy statistics! means. Recomendations were made for *

future studies and modificetions of the centrlfugal
molecular still•
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Materials p
“ The source and description of the materials used

throughout the investigation are presented in the following
sections. ‘ J J J A g _. r J

C

J Acid, Hydrochloric. C. P., code 1090, meets A. C. S.
”

epeclflcatlons, 3?·3ö per cent, lot No. El1l0OS.lA0htained J

from General Chemical Div1slon,.Al1ied Chemical and Bye

Corporation, New York, N. Y, Used to standardizeJpotessium
hydroxide solution.

C
J F N A _

, Acid, Stearlc. C. P.,Jmeets A; C. S. speclf1cetions•
fobtalned from Fisher Scientific Company, Silver Spring, Md. c
Used as the investlgative media in the distlllation studies.C

.Alcohol, Ethgl. Technical grade, 95 per cent, U. S. P.,
meets A. C. S. speciflcatlons.A Ohtained from U. S. Chemicals,

” Inc., Baltimore, Hd. Used in titration of the dlstlllate
samples obtalned from the molecular still.

9

Benzene. Purified, code lhhh, lot Ho. G~lOO·J.
Obtained from General Chemical Divlsion,.Allied Chemical
and Bye Corporation, Bew York, N. Y. Used to clean
equipment and glassware during the investigation.

Grease. High vacuum, celvacene heavy. Mnufactured

by Consolidated Vacuum Corporation, Rochester, N.
Y•l

Used
' in testing for leaks around flttings and bell jar on

molecnlar still set—up•
C
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ggg, Cenco, hyvac, Nos. 93050C and 9305SG. Ubtained

from Central Scientific Company, Chicago, Illinois. Used

as lubricant and sealing fluid in hyvac and megavac pump:.

ggg. Mineral, colorless, light and heavy grades;

light oil boiling range at 10 mm Hg, 330 to 360 écg heavy

oil boillng range at 10 mm Hg, 360 to 390 °C. Manufacturer

unknown. Obtalned from Tech Drug Store, Blacksburg, Va.

lUsed as component of feed mixture as carrier oil fer acid.

g ggg, Vsltesso No. 36. Ohtalned through courtesy o

Esso Standard 011 Company, Linden, New Jersey. Used as

component of feed mlxture as carrier oil for acid.,

~
ähenolghthaleln. C, P., meets A. C. S. speciflcation:.

Obtalned from Palo—myers, Inc., New‘York, N. Y. Used as

. lndlcator in the tltration of the samples obtained from still.

Potasslum Hgdroxide. C. P., pellets, lot No. E—355,

meets A. C. S. speciflcations. Ohtained from General Chemical

Blv1slon,.A1lied Chemical and Bye Corporation, New York, H. Y.

Used as neutrallzing agent in the tltratlon of the acid in

the samples obtained from the still.
6 ·

Sodium Carbonate . C. P. anhydrous, catalog No. S·263.

Obtalned from Fisher Scientific Company, Silver Spring, Md.

Used to standardlze hydrochloric acid.~
”

Water, Tag. Ohtalned from V. P. l. water main. Used

as cooling water in condenser of still.



g Angnratus 6

The fellewlng seetlen contains the deserlptlen
undappllcatlenof the epparatns used in thls lnvestlgetlen•,

Balance, Analytical, with chalnwelghts end msgnetic 6 6

denplng attachments, capacity 200 grwms each pen,sensl~tlvlty
l/206mllllgrem• Uttalned from Fisher Scientific

Cempeny, Silver Spring, Maryland. Used te welgh acid
samples in preparatlen ef feed m£sture•

I

gell, ,0ry, Ne. 6, l—l/2 v, twe used, eenneeted
lnseries.unuraetured by National Carbenlcempany, Cleveland, ‘,

Glo. Used ln eenjunctlon with petentlemeter for temperature
¤easure¤ents•

Standard, Eppley, student, eadmiun, nnsstnreted,
eeuzeg ue. 11-506-38, exmiaeé sms rum-seunurzeCempany,

Sllver Spring, Hrylende Used fer zero belenclng
ef potentlemeter•

l

4Qggg& HcLeed, vacnum type M¤—07, tripole range, table
medel, pump cperated, range 0 te sooo mlcrens, Mannfaetured
by Conselldated Vsenum Cerperatlen, Rechester, H, Y; Used

6

te measure vaenun in the melecular still•
6

Galvanemetega Painter type, DC, eetaleg No. ll—506~27,
mede1_§ wlth scale cf 60 dlvislens ef l mllllmeter ssen,
sensitlvlty 0,20 mlereampere per mllllmeter„ .Obtalned
from Fisher Selentltle Cempny, Silver Spring, ¤sryland•
Used in cenjenctlen udth petentlemeter ter temperature n

6

readlngs•
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Glassvare, jassorted pyrex glassware auch as heakers

of various sizes, erlenmeyer flasks, grsduated cylinders,
fnnnels, and hurets• Ghtained from Fisher $cientiflc“

S

„ ¢¤¤pany, Silver Spring, Maryland, fvsed in feed preparation
and sample titratlons,

h

°Heater,y Imersion coll type, flexible copper sheath,
115 v, 100 w, Obtained from Amrlcan Instrument Cupeny,

Silver Spring, Maryland, Used es the heatlng_e1ement in
the constant~temperatur• bath, E r'e_

d
Hot Plate, rlener autemp, catalog No, 11«h67»l,6 l

model;g, 115 v, ac} Ohtained from Fisher Scientific y
E

Company, Silver Spring, Maryland, lüsed to preheat feed ° ._

mixtare prior to addition to still, and to heat samples
during titrations•

6 E

Mlecuiar Still and neeessorles, The component parts
of the molecular stlll, end eeeeseary operatlonal accessories
and their uses, are described in detail by Mpte (2u)in an6
earller work, l

i
l

6

6
ypggg, Electric, companioa type SPH, single phase,

115 v, 66 cy, ac, 1/h hyp, 1750 rp. Gbtaiaed frau Sears,
Roebuck and Company, Roanoke,'Virginia. Used to drive feed

P¤¤P• , ‘ d
6

gggggß Electric, type ADS, style 9S76S6·B serial KU, _
1/h hp, variable speed, «Manufa§tur•d by Westingheuse Electric
Corporation, Pittsburg, Pennsylvanie, Used es drive for
roter, _

1 _‘ 6
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Y Petentgeaeter, Fisher, type S, cetaleg Ne. l1•506•l;

tee renges, 0 te 0.017 v, and olte 167 v. ottelned freu 7

Fisher Scientific Ceapany, Silver Spring, Maryland; Uaed

te measure veltageeaercsa thermoceuples during eperatlen ef

melecular stlll•
627

Tacheeter, Hand taehemeter, type 25eA, serial Re. 679,

200 to 10,000 rpm, triplea scale; Obtalued frem the Hhtren
6

Instraaent Cenpany, Denver, Celorade. YUIQS te maeenre the

speed ef the retore
6

gggg, open end, stainless steel, Hegallen capacity.
6

· Manufacturer unknuwn. Used as the eenetant»temperature

hath fer cendenserleeellng

vater.Qhermemeteg.Certified, eateleg Ne. l5·0hO, range

«1Q tn hooß G„ln 1/l0¤ G inerements. obtalned freu Eimer

fand Amend, New York, H4 Y. Uäld in callbratlen cf therne

couple: end te neasure temperature ef water ln eenstante

temperature bath.
Iger¤eregulater,~ Llqaid·£llled, eapeneiea type Y

thermestat, type Rel, Ne. MQSOZBIGI6, range 65 te l35° P,

. 110/220 v, 25 amp. Menufaetured hy General Eleetrle Genpany,

Schenectady, N. Y. Head te control the eonstant·tmp•ratar•

hath heatlng'ele¤ent.·
2 n

p gggg; Centrlfugal, AJl«Rubber Bcntam, Re. AReh360,

complete with enelesed drive. Ottalued !rem.Schaar and

Cempany, Mlnneapclls, Minnesota. Uted to circulate ccellng

vater te the still cendeneer celle.
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Method of Procedure

Te method of prcedure utillsed in thls lnveetlgetlon

ls disouesed ln the following sections (l)h¤odlficetlon of
centrlfugal moleculer still, (2) prellmlnary tests, „

(3) operational procedure (h) dlstilletlon of stearlc acld

et three eondeneer plate temperature levels wlth varloue

eondenser plate locations, and.(S)eenalytlcal procedure.

Hodifioatlon of Gentrlfggal Mleeular stlll• The (

eentrlfugsl(¤olecular stlll built by Note and Benahls (1955)

was modified to improve temperature and flow·vadatlon:contro1.

Two changes were made in the equipment to brlng about thie
(

lmprovementl Flrst, the feed tank was elevetedtwenty·twoinsbes

above its original posltlon, and eecondly, the feed r

valve was installed in the feed line approxlnately flfteen

lnehes before the preheater• By placlng the feed*velve

above the preheater, as opposed to the original loeetlon W

of below the preheater, lt was reasoned that the flew of,

feed would be subjeeted to lese varlatlone

Prellninarg Tests, .A number of prelialnary tests (

were performed uslng e successful operatlonel technique

developed by Note and Bemakie (11) to fanlllarlze the

operators auth the operating eharaeterlstlee of the still

and to nuke lt possible to obtsin data that would be on,a I
conperable basis with data of previous experlnents•

Qperatlonal Procedure, Before the actual operatlonal
test procedure could be etarted, the feed had to be prepered
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und charged to the feed tank, the vacuum eystem had to
be sealed and placed into operation, and the feed had to
heated and degaseed, The distlllate fractlone could then

l he collected at the proper temperature: and feed ratesa
After the completlon of the test, the systen had te he
ahnt down and prepared for aubsequent tests, In deserlblng
the various procedures, reference is made to the echematlc
flow dlagram, Drawing 1, page? , p 6

· e
ePreparation of Feed, .A c¤nstant—yle1d“oll was

prepared for each test by blending 225 milllllters ,„
6 of No, 36 Voltesso, 175 elllilltera of light nlneral _

oil, and A25 millillters of heavy nlneral oil, This
provided an initial feed voluue of $25 allllllters,
of which 35 nlllllitere were considered es feed holdup
in the flow 1lnes• c 6

To thla blend was“added approxlmately 0,5grauof
atearlc acid, The acid was accurately welghed to

6 I 0,0002 gra¤s·wlth an enalytical balance, since theG weight of acld uaed eas luportant in the calculatlon
of ylelde for each temperature fractlon, After the
addltlon of the acid, the feed nixture of acld and
oils was heeted te approxlnately 60 degrees untlgrsde
to completely dlseolve the acld before the oil solutlon
was charged to the ¢lll•

V A 6
6

Pregaratlon of Ncteed Gage, The hyvac pump ueed
to operate the Hcheod gage aus turned

”on”
ae the

e first step ln readylng the vacuua system for operatlon•
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The gage aus opened to the pump to allow the mercury
ln the gage reservolr to he relleved of any oll vapors
from a pr•e1¤a• test and to prevent surglng of mercury
ein the gage when the still was evacuated, ;Thls Ü

e
”degasslngÜ of the mercury required st least l$

e

minutes hefore the gage functloned properlye
S

Gharglng of Feed to Still; The feed mlxture
was charged hy means ef loading tank Q and valve 1-gn,
Valve ggg; was closed before euaeglng the feed to r
the still to prevent_feed from spllllng ontc the roter•
Valverggl was closed after the entlre feed volume

D had dralned inte the feed tenk_g.
e e l

Q e
§tart•ug ?roeedure• In readylng the still foree

operatlon,'the following valvee, y_··_Q_,

andwereopened, The sllleone gasket waspplaeed late
position in the groove of the hase plate, gg Drawing 1,

v page 32, und the hell Jar,d§, Drawing 1, page 32, ess
then centered en the gaskett The hell Jar was pressed

h flrmly against the gesket and the four megavao pu¤ps‘
were turned "'onä The vscuum ln the systen served te
hold the bell jar ln place once the system uns evaeuatedt
The ueteed gage was ohserved at all tlaes during thee
start-·up, and the hacking pressure to the gage (hyvac
pump pressure) was halaneed against the system pressure
to prevent mereury from being drasn from the gage inte
the flow lines ef the stille
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u o rwhlle the system was being evacuated, the tap
enter for the cold junetion ef the thermoeouples eas
turned

“on'
and the potentloneter une helaneed against

the standard cell, kThe heatlng elenent fer the eonstent—
ttempereturerbath and the eondeneer enter pump were

r' also turned ”on,” W r' 3 3 T ;r“ u

Heatlng and‘Degees1ng of Feed, The roter notar,
gb was turned *on* and the eontrolllng powerstet edjusted
for a roter speed of appronlnetely loüßrrevolutlons
per minute, The feed was allowed to flee·torthe°roter

”

by opening value Eglg, The feed rate was adjueted te
approximately éopnlllillters per minute, dThe·exaetl _
feed rate was unlmpertant at thlsrpelnt sinne thte
was prlnarllyre preheetlng lud degasslng period, dhe
feed reeyexetpeap; L„ uns turned *en* to return the n
feed from the reeldue tank, gb te the feed tank,_g, g
Initlally, the veltege input te the retor heater coll
was about 30 velts• The veltage to both the feed
tank heater und the residue end dlstlllate tank heater
eas adjusted and remalned at S0 velts•

The preheating and degssslng operation required
rs

et least two heurs, When the absolute pressure ln
the system leveled off at 20 microns er below, the
degassing operation was considered eonplete,

Collection ef Dletlllete Fractlegs, When the
degassing ef the feed was cemplete, the feed rate and
feed und resldue temperatures were edjusted ln preperetle
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for collection of the flrst dlstillate fractlon.

The feed rate was adjusted hy partlally opening or

cloelng Valve ggg;. Thls adjustment could only be

based on the Visual ohservatlon und approxlmatlon

of the feed rate hy the operator. The temperature

of the feed and resldue were adjusted and maintained
(at

the proper temperature: (62 and 86 degree: centl—

grade, reepectlvely for the flrst dlstllletlon fractlon)

hy poeerstat control of the heater voltage, The feed (

wa: permitted to reoyele to the rotor, to the resldue

tank, and back to the feed tank. Any dlstlllate whlch
” collected ln the bell Jar durlng the preheatlngn

degaselng, und temperature adjustment period wa:

contlnuously returned to the feed mlxture through

bypas: Valve_\!_··_;}_.When

the proper feed and resldue temperature:

were reached, the collectlon of the first (86-degree)

dlstlllate fractlon wa: started hy oloelng Valve gg}.

The feed pump wa: lmedlately turned 'off” and the e

electrlc tlner wa: started., The total feed volume

(auth the exception of the feed holdup ln the flow u

lines) was allowed to pass over the roter. The total

· elapaed time for the 'pas:' was deternlned by notlng (

when the last of the feed had left the neeule• By

dlvlding the feed volune by the elapsed tlme, the feed

rate was determlned.
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Blstiilate fraetlons at feed rateshetween_60and
65 miililltere per minute were considered i

”aceepteble•”¤ lf the feed rate eas net within this

range, the dietillate fraction was ”not accepteble•'

The tee poseihilitiee require different proeedure••

Aeeegtahle Feed Rate Procedure. lf the
feed rate were satiefaetory, the dietiliate

g collected at the leweet point of the bell jar „ e‘

was drained into the distiliate tank,_§, by

epening ve1ve_g:g, iwhen drainage was complete, d

valve !gg_wae elced, valve !gj_¤as opened, the
A

feed pump uns turned ”on,” to again recyele the

feed• The distillate uns removed from tankgg hy
turning ”e£f” the dleti11ate—tank megavac, venting

the tank to the atmesphere by opening valvelggz,
d and draining the dietiilate by opening va1ve_!g§•6

.After complete dreinage of the fraetion, valve
'_

yg§_and yg1_uere closed and the negavee pump e

again turned ”on” te reevaeuate the dietillate

tank fer collection of the next fraction• ·

The distlllate fraetlen uns eollected in a
gradueted cylinder for measurenent ef the oil g
volume which dletilied over auth the fatty acid•

N
This was done in erder to determine the new·vo1u¤•

of feed in the etlll for feed rate ealculatione
T

for the eubsequent fraetlon•
T
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When a rraeuaua had been collected, feed
and residuevtemperatures were lncreased in

prepratlon for taking the next hxgher fraet1on•

Minor adjustments of the feed rate were made,

again on the judgment of the operator, It was

important that at least 10 minutes be allowed

between the end of one fraction collection and F
the beginning of the next to lnsure that all

a feed mlxture was returned from the resldue tank
1

to the feed tank,
l

Fraetlons were eolleeted at resldue

temperature: of 86, 92, 98, 10M, 110, 116, 122,

128, 13M, 1MO, and 1M6 degree: centigrade with
‘ the feed temperature in each case being ZM 5

degrees below the residue temperature, In other

words, heating of the feed on the rotor raieed

it: temperature by ZM degrees•

Unaeceptable Feed Rate Procedure, lf the
feed rate were unsatisfactory (that ls, below

60 or above 65 milllliters per minute) the

distlllate was returned to the feed tank ln

preparatlon for recollectlon of the fract1on•

Thls was done by opening valve E:} to allow the

distillate to drain from the bell Jar to the

residue tank, The feed pump was again turned

”on” to recyele the feed, The feed rate was

adjusted by partlally opening or closlng valve
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gglg 3 after at least lb minutes of pumplng
and recycling the feed, the collection of an
acceptable fractlon could agaln be attempted.
Shut—down Procedure. .As soon as the flnal

dlstlllate fractlon was collected, the power to
the roter heater, the feed preheater, the tank —

heaters,_the feed pump, the rotor motor, the con~
T

denser water heater, and the vacuum pumpe were

turned ”off*, The top water for the thermocouple

g cold Junctlon—was also turned ”offS. _

Preparatlon of the Stlll for Subseguent Tests•
The bell jar was removed, and the resldueoremalnlng
in tank Q was dralned by opening valve }f_;_§. As soon
es dralnage of the resldue was complete, valve Qzä
was closed, and approxlmately 250 mllllllters of Ql
llght grade mlneral oil (preheated to IOO degrees

centlgrade) was added to the feed tank through the

loading tank, Q, by openlng valve ig. The feed
pump and rotor were brletly turned ”on” and the
”wash” oil was clrculated through the flow llnes

and tanks and over the revolvlng rotor for several
minutes. The “wash" oil was then dralned by open-

lng valves !g§_and_!;§• The system was then con—
sldered ”clean" and ready for the next test.



··~37·· F

Dlstlllatlog_of Stearlc ggld at Three Condenser Plate
ETemperatureLevels with Varlgus(Condenser Plate Locations, 4

Stearlc acid was distilled using the experimental pro• ~
u

cedure described ahove• Experimental tests were made

with the condenser plate placed ln three locations, 3/h,
E

2•l/2, and 5-3/8 lnches from the residue gutter of the ( —

rotor evaporator• .At each of these locations three tem- A

perature levels were studled, 25, 35, and MS degrees

centigrade„ The operating conditions for each test were

as followsx (1) feed rate of 60 to 6E mllllllters per .

minute, (2) operating pressure of 20_j_2 microns of -
mercury, absolute, or below, after the removal of the

first and second fractions, (3)”a’2h·degree centlgrade

temperature differentlal between the feed and the resldue,
(

(h) one pass of the feed over the rotor per fractlon, g · t

and (5) a rotor speed of 1000 g 50 revolutlonst per

minute. — ( e ( i x
_ Analytical Procedureep The stearlc acid fractions »

M E

were analyzed by tltratlon with standardleed

potasslumhydroxldesolution using a modification of the method

presented by Snall and Blffen (28). The entire fra— «

ctlon of stearlc acid and oll solution was poured from,
A

the graduated cyllnder, used for collection, into a

250—milliliter»er1enmeyer flash. Fifty mllllliters
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of 95 Per cent ethyl alcohol that had been neutralized
to the phenolphthaleln end point with 0,0169 normal
alkall solution were added to extract the stearlc acid
from the oil, The immisible llquids were heated to
boillng and the flask swlrled to dlssolve the free
stearic acid es completely as possible ln the alcohol
layer• The mixture»was titrated with 0,0169 normal
potasslum hydroxlde solution (wlth continued swlrllng) ·
until the pink end point was reached and perslsted for
at least 30 seconds, The weight of the acld in each
fractlon was calculated directly from the volume of
potasslum hydroxlde solution ln the t1tratlon•
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J' f nl ‘Beta and Results F T

The data and resnlts of this investigatlon are presented

‘ in tabular and graphic term.
_”Trg

ThermeceuplevCallbretlonefTThe callbratlon data forT
Tthe feed and residue thermoeouples are given in Table I,
pge MO, and the calibratlon eurve ls given in Figure 6,
Pana

tl-Conatant~gield 0£l• «At„„„a„y of the data obteined
fer the dlstillatlen of cnstent—yleld eil during the
operatlonal tests le given ln Table II, page

h2,T

Sunmaqg ef Indlvldual Ellnlnatlen aaezae, n list
of the lndlvldual ellnlnatlon maxlma of stearlc_aeld for P

three condenser temperatures and three ccndenser locations
ls presented in Table Ill, page M3.

T

Molecular Dlstlllatlon ef Stearle Acid for Three
Gandenser Tempgratures and Three Condenser hoeations• The
data ebtalned from the molecular dlstillatien of stearie
acid for three condenser temperatures and three condenser

leeations ls presented in Table IV, page h3; and the

ellminatlcn carvee for these eendltlens are presented

in Flgures 7 to 19; Pages ÄS te 57-
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-40-TABLE 1
“

Celibrgtiou ggtgg Residue Thermocougles
*i

Feed Thermocouple Reeidue Thermocouple _ A

· °c mv mv .
l

0 . -0.60 -0.60 f

50 1.65 1.60 1 5
60 1.91 2.00 1é*

5 70 2.55 1 2.61

8 7 2.86
L

2.90
J

90 5.26 5.20 4.
96 5.65 5.66

E 100 E 5.74 5.71
110 Ä.22 4.06

F
120 4.55 ' 4.50 - ·

150 1 4.95 5.10

140 5.47
V

5.65
j

150 6.005.95160
E 6.45 6.45 E 4

170 7.00 , 6..90
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TABLE 11 5 I A5

~ Mo1acm1ar Dia6111at1om gg Comata¤6—Yi81d gg
5

5 555of
Fractiom Smalleat 6 Largaat Blaad _5

, .22222,. E
* 86 8 Ao 25.2 2.84 E

92 25 A 6558.698

52 55 41.0 A 2,96 1
55

106 55
’

9 58.2 4.64
5

110 27 46 58.0 . 4.61
5„

116 A 55 46 59.8 4.82 A
5 ‘ ·

122 55 56 9515 5.51 „ 4
M 128 Ao 1 55 46.2 5.60

154 58 58 48.0 5.82 _

140 59 55 5 85.5 5.51 .
Rosiduo »— ~- a2o.8 51.10

5 Total . —~ ~— 825.0 100.00

Data obtainad from 9 oporat1oma1 taata om ataaric acid.
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TABLE III
—A

2 _; _·
A

1 · g

A Summarv gg Eliminetion Mggggg gg Steagic gggg g
AA1Aa A

ggg Qgggg Conueneer ggggg Locations g°

gg
A A 'A gg

— AÖbnÄeÄse§HLÖcatiÖn*AAÖ0ndense¥AWaterHAAEliminati0n g
A

_ _ . Temperature . Maximum g
3 1. uu„11 1 g

. 3/A
A

25 llé ig g O
A

3/1 25 120 gg A A

3/11
A 1 2 35

3/L1
A

115ll32-1/2
25 116“äg_ggg 5

2·-=l/A2 _ 25 122 A

2-1/2 35 117

2—1/2 35 122
A2;1/2 ‘ 153 llO'
2—1/2 ' 15 116 1 Ag

g 1
_ 5113/61 25 110 1

‘

2 5—·3/8 35 110 5 1
5-—3/6 115 1.}.0 1

* Distance between condenser plate and evaporatog gutter
A



TABLE P/ 

(a) Datc:_ and Results for the Uolcct:.lar Di stil lC:i.tion 

of Stearic J.cid for T~u·t.e Coi,Jenser 

Pl .te Luct. t i ons <. t 'l Lree 

TemJ er ... ture LcvE 1s 

Te..,t CunditioliS Ter .. J.;E... r .... tun. o 1 
FrCl.ct-ion 

Absolute Feed \',dert of YieU of ~cid 

l·r€.ssure Rate Add in in 

Feed Residue in Still Fraction Fr~ction Curmlative 

fest 1, 0.5 044 gm SleC:i.ric J,cid 6~ 
ConJenscr WatE.r '!'er .p: 25°C 68 
Con.ien..,er Location: 3/4 in(b) 74 

80 
86 
92 
)8 

lv4 
lLJ 
llb 

Test 2 , 0.50Ut g[ .StE... .. ric Acia l.l-.:. 
C ua>.4en~~ r n<.. t.c r ~ u .f.': :.5 °C o8 
Cunaenoel Locution: ;/4 in 74 

lr 
86 
9.-.. 
c_t8 

lG'~ 
llv 
llo 

Test 3 , 0.51..114 gJ., StL~ric .~~.cid 6~ 

Co:lClensur r/a.t.u Temp: )5°C 68 
Co:.1denscr Location: 31 4 in 74 

8() 

86 
9--
98 

'....vi;. 

Test 4 , 0 . 535G gn Stt:<1I'ic , cid v~ 
0 

CvnJ.enser 1'lC:i.te1 fet41: 45 C 6~ 
Con:iE:nser Loc ... t.ion: );4 in 74 

80 
8b 
9~ 
98 

l--4 
no 

Test 5, O. Svob g.m .Jtcc-.1 be ndd 62 
Com .. ens~.:r ,.Cit~r 7cn.p: ~:. C 68 
C ondcnscr Loc · ti;m: ; -11 ... in 74 

. 

£L 
86 
9~ 
) .. ~ 

.... VL;. 

nu 
llb 
L.~ 

Test b , 0.4 .. ..~ ..;r Stt C14 ... c J,c:... 6::!. 
Cunaen~er dater T( r .p: ~5°C {;8 

Con.!<.;nSCl' Locution : .... -1; /. in 74 
80 
86 
9:.. 
98 

Te!>t 1, vo 51'-4 t;m , tec..ril: ~tcid 6.!. 
0 

Con(wnser .1ater TtL.JJ: 35 C o8 
C:.>nuensE.r Lo(;&Lion: ;-11 :. in 7t~ 

80 
86 
r~ 
98 

1U4 
11·) 

Test 8, Uo4/.)_, ;r Stt'd.ric Acl.a u~ 

C;,;n.H,ns(.r watu • 1 •• :-: : ;.>°C U 
Cuauensur Locd tiur.: .. -11 ... ir 74 

80 
8b 
9~ 
C) I_! 

104 
110 
ll6 

. t 9 , 0.5l~-~ V• Stearic xcid 62 
)r.denser .a.tcr Tt::!hf' : 4 5°C 68 
r Jenser Ipc<..tior1: 2-1/2 in ?4 

80 
86 
92 
98 

101. 
110 
116 

t 10, 0.50U7 ~ftl steut;ic Jlcifl 6'.2 
nien.;er ~attr TeMp: 45 C 68 
denser Loc ... tior,: ~-1/2 in 74 

80 
86 
r.t::. 
9" 

est 11, C.5C88 ~m SteCl..ic Acid 62 
>nden ... er 'Ien.r : ~5°C 68 
~..nJtmser Loc~tiur.: 5-~/8 in 74 

t:O 
86 
9~ 
98 

104 
11U 

est 14, G,4731 grn Ste<..ric Acia tJ2 
0 

undense r t,ater Temp: 3 5 C <>8 
udenser Loc .. tior. : 5-J; 8 in 74 

e3t 1j, 0.4989 liD Stearic 
.hit:n8er .1ute1 Ten11 : 45°C 

oudenser Locutiun: 5- 31 8 in 

80 
86 
9:. 
98 

1(;4 
1eo 
116 

r,cid 62 
68 
74 
eu 
So 
9::. 
98 

104 
11-.~ 
llb 

(a) Const..nt ..>~i.L1 Cor ..... itiuns: 
Rotor Spt:t.u.: l.:xJO -/_ 5v RPM 

HG 
9~ 
9e 

104 
110 
116 
1.. .. ~ 
1;'( 

1)4 
.J..4U 

86 
t;.:.. 
98 

1V4 
llv 
1lo 
12/. 
1~E 

134 
l4v 

L6 
92 
<;8 

104 
110 
1lo 
l:c.~ 
1::.8 

86 
92 
98 

1l4 
11J 

.~..._2 

128 
134 

86 
9-c. 
'1· 

lv4 
110 
1~t. 

L .. 8 
l)h 
l4v 
11.6 

bu 
9~ 
,f 

lv4 
11G 
.__6 
12r.. 

8o 
92 
98 

1(;4 
llC 
1 ... 6 
12:-: 
122 
1J4 

Bu 
w. 
98 

lu'• 
110 
l.L6 

1:..8 
1.34 
140 

H6 
n 
')8 

104 
110 
116 
1~ 
1';.8 
134 
lJ.O 

86 
9/. 
98 

lC4 
110 
l1b 
L .. :? 

86 
92 
98 

l<X. 
11J 
:-..16 
122 
l:W 
134 

86 
92 
98 

1C4 
110 
llb 
1.;;.,_ 

128 
134 
]~·.J 

86 
9';:. 
98 

104 
11J 
llb 
12~ 

1 ... 8 
1)4 
L. 

microns 

13 .o 
luuv 
1~.0 
lLU 
11.0 
1 .... J 

1; . 0 
l : .. o 
l_.~.v 

1~ .o 

15 .o 
... 5,0 
15 .c 
lC . v 

14.0 
12.0 
1).0 
l6.Ci 
u .o 
1.5 .o 
1~l.d 

15 . v 

~) . 0 
1', .u 
L ... o 
' ... .J.......1 oV 

14.0 
l4.J 
14.J 
11 •• c 
: .... J 

,,, 
~-..,-_ . v 
2; 0 (J 

2) .u 
~) . 0 

.-..? . C 
~4.0 
;;_4 , u 

27.0 
~4 . 0 
2t1 . c 

19.0 
14. J 
12.0 
1:.."o 
1; .u 
1s.J~ 
13 .o 

15.0 
14c0 
14 .L 
14<0 
1b.O 
.l~ J 
1:,.o 
1~ . v 

15 .v 

:-..4.0 
:!.4 . J 

2) . C 
2) . 0 
23 . L 
;.J . 0 
2) . 0 
25 . 0 
:?4.0 
~4"0 

13~0 

7.0 
'/.0 
?.0 
'/.0 
9 . 0 

19.0 
1v.O 
LO 
lJ.U 

17 .o 
15 .o 
:-..0 . 0 
17.0 
::l . C 

1).0 
1:. . 0 
1 .~.o 
L •. o 
lu G 
1C,(, 

lu.v 
10.C 
lv , 0 

14.0 
14.0 
l4 . 0 
13 .o 
13 . 0 
1).0 
14 . 0 
14.8 
L ... o 
u. .o 

13 .o 
1.3. 0 
15 . J 
ltJ .o 
17cv 
1? .o 
18 u 
lb.J 
17.0 
l 7 • v 

Feed Pc.,,stJv 11.Crvs~ I .. o~or !'Cl' Fract i n: nn~ 

ml/rilil 

62.0 
b5 . 0 
o4.0 
63 .0 
61.0 
65.0 
61.0 
bv.u 
62 . (; 
6) . 0 

(;(),0 
v5 . 0 
(; ... . u 
61.5 
G4.5 
u2 . J 
ll3 .o 
5';1 . 0 
()5 • (j 

66 . 0 

u2 • .
n3 . 0 
63 . u 
63 . 0 
c~.o 

o? .o 
63 .o 
63 . G 

65 . 'J 
bJov 
w .o 
63QO 
6~.0 
6) . (; 
65.0 
b5 0) 

uu.J 

60.3 
64.2 
SP . 6 
6).5 
6 • • b 
6: . 5 
6:.6 
bl o-6 
6~· .o 
b5 . 5 
()() . (J 

(),) . 0 
u; . 5 
65 .o 
65 .o 
63 . 0 
6l.C 
oO. O 

ol.5 
o6,0 
64 . 5 
6h.O 
63 . 5 
65.0 
61.0 
ul.G 
ov. 5 

65 . b 
65.0 
5t. . O 
6G.O 
64 .U 
6u. o 
5£< .o 
62u5 
60 .5 
60.5 

62.0 
5f3 . 0 
58 . 0 
68.0 
65.0 
66 . 0 
54.0 
54 . v 
59.u 
49.'J 

61.5 
61.5 
70. 0 
56. 0 
ul.5 
6L. .o 
62 . 0 

64.8 
6;:.u 
be .0 
59. 5 
64 . 5 
6.3 .o 
61.5 
6 • • 4 
5 . 0 

b6 . C 
64 .0 

·61.6 
67 .o 
6t •• O 
64 . 0 
6G. 3 
60.5 
65.0 
59 . 0 

65.0 
6~.5 
64.3 
6u.O 
bv , O 

63o5 
t.G . ') 

Jl..5 
u4.5 
59 1.) 

Constc..nt Yit;1d. Oil COOf;Ositicr. : 2;.5 r.J. Volt Esso No. 36 
175 ru Li ~Lt lililt.ral o~ l 
425 r .... 1 Heu vy !. inerc:..l Oil 

gm 

o.c->04 
C.L1u9 
0. 0310 
C. U431 
o . ~.-635 
0 .C7C7 
0.0771 
C.0630 
O.U412 
0 . 0~;:3 

0.00728 
0.0097 
v.vlou 
(;.(){~50 

(;.0882 
Oul08Q 
0. 0786 
O. C540 
(;.0252 
0.0177 

O.ClS5 
0 . 0~04 
O . O)n~' 

O.OoC1 
0" v7;.8 
G. Ob(j9 
v.uo:..b 
0. 04t1 

o.oo:..9 
0.0136 
O.u543 
0.066J 
c . ,)960 
o.o9B5 
o.ou6CJ 
0. L54L. 
c . 0475 

C.Ul~9 
v.o::.uo 
0. ~4;... C) 

~, . 0351 

0.0625 
Vou'"'4'J 
G. uu_,:. 
0~0714 
0. ()3'.''1 
0 . v)~2 
v, (;~_v6 

C, 00q3 
c.009? 
u. J:CJ9 
(J. u: v:. 

' v , V)• i; 

C.l.040 
(; , 0Btu. 

0 . 0029 
(., . lJll1 
C.02. 8 
0 . 02on 
o, c):,25 
0 . 06 u 
O. lLV(; 
U.t 7t 5 
u.u59G 

C. JOlt) 
L . G;:'lr~. 

o.OJCJ 
C . CJ4~~ 

O. U408 
0. 08'19 
0 .1V/) 
o.06c4 
(; , CJ51L. 
0.0)00 

0.0117 
0.0694 
O.C)67 
O.C48R 
O.ObE'~ 

0. 0n71 
c.oscn 
0.04(~2 

o. o:.~t) 
0 . 0155 

0. 0095 
0.0212 
c.O ... J4 
0.06L;. 
O. lC()O 
O.OB52 
0. 06)4 

Oo0211 
0 .0442 
0.0)85 
J.llO:-..~ 
0.0960 
0.0894 
0 . 0620 
~...OJ?U 
0. 0250 

0.0096 
0 . 03'19 
O.Ob)t.. 
0.05ev 
L.0870 
0.0786 
0,0850 
G,Ot.1? 
o.o:::oc; 
u"Gl44 

o. 0(){)3 
0.0194 
0.,0417 
0<10()~6 

Oo CY'/66 
Ou0714 
G.081C 
L~ 1534 
v.0349 
c;.v19'1 

(b) Refc,rs to .:ii5tance L~t.Hx. n conder.ser plute <1nd t.vapor ... tor gutter . 

wt~ 

4.04 
3 .36 
Cl5 
8.55 

12.bv 
u.oo 
15.30 
l/.5G 
e . .:.e 
4 .42 

1.45 
1. 4 
) • .::0 

17. 10 
l'r "bO 
~1 . 60 
15 . 60 
J..G.~J 

3 .10 
I • • J6 
,: • 75 

1 .. 00 
14 . 50 
13. 'J'J 
L . )V 

';1 . 2G 

0.55 
3 .94 

1(1,20 
L, . JC 
18. 00 
1 '.4C 
L .30 
1 ,lv 
8 . 90 

';..74 
4 · CJ7 
9.01 
t. . 94 

L·. !lu 
15.c:-5 
11..09 

7 .49 
6 . 35 
4.07 

1.70 
.:: .oo 
11 . 30 
6 . 2v 

10o80 
;1o50 
17 . 80 

Oo6) 
? .ld 
l;.o40 

5 .... 3 
10 . ~5 
l) .)IJ 
l'! . 6G 
15.40 
11 . /{) 

u.88 
L. 011 
tJ . "b 
8 . )6 
g , JO 

lB.:.o 
~] . PC 

1~.40 
lv .40 
6.26 

2.33 
1).85 
11.30 

9 . 'II;. 
13.60 
1' .J7 
lb.10 
9ob1 
5 . ... 1 
3 . ()<j 

1.89 
4.23 
4.67 

13 .b(; 

?1. 75 
lb.98 
13.,82 

1L50 
,.. ' ~ .. v . u 
1Hv90 
1' . 60 
1:->t;:;.O 
7 . ';:.6 
4 . (/1 

2 . 03 
8o01 

1J.h0 
1;:'.30 
1Ho40 
16.60 
l?v95 
H. 91 
5.68 
3 .u.. 

l.2b 
J . f!9 
8.35 

12.55 
15 ,4J 
14.)0 
16.~C 

10 .. 70 
'/.JO 
L • ...,0 

wt~ 

4.04 
7 .40 

13.55 
2: . • 10 
34 .70 
4 ~ . 7v 
64 . _,c 
'"6 . 50 
84 . 68 
89.1C 

1.4) 
3 .39 
6. 59 

23 .b<j 
41 . 29 
62.89 
?P- .49 
"9. 29 
94 .34 

'"' . 9~ 

3 .10 
7. lo 

14.91 
26 .91 
41.41 
55 .. 31 
6? 0 1 
77. 01 

J .55 
4.49 

14 .74 
27 . 04 
45 . ~ 
63 . 44 
75.74 
85 . 4 
94.74 

2.74 
6 . 1 

16.4 
~3 . j6 
35.68 
43 .4 

78~42 
85.91 
92 . 26 
9o . 33 

1~?0 
Jo?O 
8.00 

114.20 
25.00 
46.50 
64 .30 

0.63 
..::: . '1 
7. 27 

1. .. . 50 
2~ . 75 
Jo , v5 
55 . 6:. 
71. ·5 
82 . 75 

0 . 88 
4.'1f.J 

11.1!5 
1C),A1 
2d . ll 
4o.3l 
6 .11 
81. 51 
91.91 
98 . 17 

2.33 
16.18 
27 . l.~ 
37 . 22 
5v. ' 
62 .1<; 
P4 . 2'J 
93 . 9C 
99 .11 

lv2 . " 

1.89 
6.11 

10'&78 
24 . 38 
46.13 
63 .11 
76. 93 

4.15 
1~.85 
24 . 35 
44 .55 
63 .45 
81.05 
r; . /5 

180.51 
105.4~ 

2 . u3 
1Cv04 
... 3. 44 
35 . 74 
54 . 14 
?0 .7 
88.b9 
97.blr 

1 J3 . 2 
1J6. 3-.. 

1...:::6 
5.15 

1) . 5 
26 . v5 
41.45 
5S . 75 
7L 15 
8~.1)5 
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IV. DISCUSSIOK

The purpose of this investigation was to study the
effect‘of condenser temperature and condenser location

V on the molecular distlllatlon charaoterlstlcs of stearlc ’

acid. The following sections present a discussion of the
results obtained in this investigation, the limltations
lmposed on the experimental conditions employed in this
study, and recommsndatlons for future molecular distlllatlon
studies. ' T R I ‘

I
Discussion of Results ’ '

A.dlscusslon of the results obtalned from this inv•stig_
gation are_revlewed in the following sections entltled y
prellminary tests, modification of the still, experimental
conditions and procedure, comblned effect of condenser
temperature and location on the ellmlnatlon maximum, errors,
and statistics! analysis. p

Prelimlnagg Tests. During the initial phase of this
investigation several prelimlnary tests were made to acqualnt ·
the operetors with the equipment and to famlllarlze them
with the procedure and techniques employed during the
investigation. It was reasoned as that time that the
results of the prellminary tests would be even more
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beneficial if these tests were conducted under a set of
conditions identieal to those conditions utllleed by

previous lnvestlgators(l1). By comparing the results
of the preliminary tests with those clted in the literature,

t obvious errors could be detected and neceeeery corrections
could be made prior to performing the tests in the agperl-

mental part of this investigation. The experimental ·
conditions employed in an investigation conducted by Note

and Demakis(27*12) were selected for the preliminaryqtests,
because the elimlnation maximum for stearlc acid (the
test medium employed ln this investigation) had been
determined by them using the same molecular still apparatus
selected for this study. These experimental conditions g
are presented in the limltations section of this report.

The results of the preliminary tests using steario
acid compared favorably with results found in the literature,

yielding an average elimination maximum of llh

degrees‘centigradeas compared with 112 degrees centigrade,

. respectively. The average ellmlnation maximum in both x
cases was obtained by averaging the results of two tests.

(
The difference of two degree: centigrade between the two
eliminatlon maxima waszsttributed to experrmental error

i pbelieved to be brought about by the difference in technique
employed by the operators of the two lnvestigations.
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The prelimlnary tests not only served to lndlcatel
whether or not the operators of this investigation could
ohtaln acceptabla results from the procedure prescrlhed
by Meta and Demakls hat also served as a seeae for conatinh
the results of this investigation withthose of the literature•
l Modificatlon·of the·Still, Durlng the conduct of the
prellmlnary tests, dlfflculty was*frequently encountered
while trying to maintaln a constant feed flow rate and‘
feed temperatureae This difficulty was partlally attrlhuted
to the original location of the feed Valve in the feed
line, Reference ls made to Drawing 1 , page 3: The
feed rate had to be adjusted by manipulatlng tee feed Valve
according to the judgnent of the operator which ln turn
was based on visual observatlon of the feed as it lssued
from the feed spout and passed across the roter, The feed
Valve was located by Meta and Demakls ln a position on' ;’

the feed line near the rotor ln order to facllitata the
case of adjustlng feed flow rates while ohserving the
rotor simultaneously•

When the feed Valve was located in this position ln
the feed line, each change in the temperature of the feed,
resulted in a fluctuatlon in the flow rate of the feed.
These fluctuations over a period of nine to twelve minutes
(average time required for the TGZÖ of each fractlon to
completely pass over the roter) serlously affected the flow
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rate of the feed to such an extent that fractions had to

be repeated as often es six to elght times before a flow
rate of 60 to 65 mllllllters per mlnute could be ohtalned•

By relocatlng the feed Valve ln a position on the eAs

feed line prior to the feed preheatlng=colls, and elevatlng. „

the feed tank approxlmately elghteen lnches for additional
head, lt was reasoned that a more constant feed rate could
be obtalned because (1) changes ln the temperature of the
preheater coll would no longer effect the flow rate of the·
feed, and·(2) the feed would enter the feed Valve at a a

C l
constant temperature from the feed tank whlch was maintained
at a relatlVely·constant temperature•— V V «

After the Valve was relocated tote new position ln
the feed llne,an lmprovement was noted with respect to
malntalnlng a constant feed flow rate. Desplte the e
lmprovement derlved from thls change, however, flow rate A

dlfflcultles were never completely äellmlnated• A

Experimental Conditions and Procedure. ln a prevlous
work of Mute and Demaki•(27°1’a conslderable effort was
devoted to determlnlng a set of experimental conditions
and a procedure suitable for studylng the effect of A e

_ molecular structures of Various fatty aclds„ The experi-
mental condltlons and procedure selected for use.throughout
the conduct of thls IBVQSÄIQRÄIOH were ldentlcal to those
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r employed by these two lnvestlgators because of several
i reasons, (1) the conditions and procedure were—developed

speclfically for the same still that was used in this
investigation, (2) the conditions and procedure were

developed speclfically for dlstllllng various fatty acid:
including stearic acid, the test medium selected for this
investigation, and.(3) these conditions und procedure

lproved to be acceptable, The procedure and conditions
are discussed more fully ln the procedure and llmltations
section of this report, b v · u u -

* Variables Studied, By studying the molecular dls—
tlllation characteristlcs of stearic acid when varylng
the temperature and location of the condenser lt was;
possible to determine a relationship between the condenser
temperature and locatlon that could be used in future
operations of centrlfugal molecular stille, The reason:
for selecting these two variables, the methods used ln
accompllshing this study, and the results obtained from
this investigation are discussed in the following sections
entitled condenser location and condenser temperatures

Condenser Location, Numerous flndlngs(lS) have
lndlcated that the distance between the evaporator
and the condenser is not as critical as formerly
bellevsd, as far as mean free—path design crlterla·
are concerned, lt was recommended by Motegg) that
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studles be made on the present molecular still at
l

Virginia Polytechnic institute to determine exactly
how critical this stipulation ls•' To accomplish

l
auch a study, Note further recomended that a series

ef distlllation tests be oonducted with the condenser

located at six different position: inside of the p _
· B

bell jar of the molecular still, auch that the

distance between the evaporator and the condenser ·

e would be at some multiple of the mean free—path

distance, namely‘l/2, 1, l-1/2, 2, 2-i/E, and 3•
l

n For such a study, stearlc acid was suggested to be j „

an excellent cempound for the test medium, since

its ellmination.maximum occurs approxlmately mid-
l i

range of the constant-yield oil used in this investi-
gation. s

l '°

Because of the limitations of time lmposed on the
l

investigation, three rather than six oodenser locations

were chosen for this study• Distances between the

evaporator and the oondenser of 3/Ä; 2-1/2, and 5·3/B

lnches were selected for this investigation becauset ‘

the 3/h inch position was the nearest possible position

that the condenser could be located from the evaporator,
U

the Fr}/B inch position was the most extreme possible

location·of the condenser from the evaporator when a
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slxteen inch bell Jar was used, and the 2-1/2 inch

position was used in previous molecular dlstlllation

p studies by other lnvestigators, thus by selecting
T

T
this position the results of this lnvestigation

could be compared with the results of previous L I

investigations, The mean free·path distance calcu~

lated for the molecular still in this investigation

was approximately 2,2 centimeters, The distances _

of 3/Ä, 2·l/2, and $—3/8 inches correspond to 0,8, p

_ a 2,9, and 6,2 multlples of the mean free•path,
T

.

respectively, The selection of these condenser

locations was reasoned to be sufficient for deter•

mlning the effect of mean free-path distance on the

molecular distlllation characteristlcs of stearlc —· ·

acid,
f v —

The copper condenser was constructed from an T

,1/8»inch copper plate, 8 inches in dlameter,· To _ .

the back (opposite side from the rotor) of the

eondenser plate, six concentric spirals of 1/L inch _

copper tublng were soft·so1dered, The inletandT

outlet water lines which passed through the condenser

plate to the base plate of thesstill served as the

1 support for the condenser, By adjusting the length
T of the inlet and outlet cooling water lines the

p position of the condenser could be varled, This

adjuetment was accompllshed by lnsertlng the' e
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approprlate length of l/H inch galvanlzed pipe
between the base plate and the copper cooling

vwater lines of the condenser. Thls method for
supporting the condenser proved to be acceptablell
even for the extreme condenser posltlon studled
in thls investigation,

An approxlmate estimatlon of the feed rate
could be obtalned by the operator through visual °

r observatlon of the feed as it passed ever the rotor.
When the condenser was located in a position 3/h
inch from the evaporator, visual observatlon of
the rotor was not possible, thus estlmates of the
feed rate could no longer be obtained by this
method. To clrcumvent this obstacle, a l/2 inch
hole was drilled through the center of the codenser
plate and a two•lnch length of l/2 inch copper tublngT
was lnserted in the hole and lncllned at an angle
of approxlmately Bo degrees to a plane parallel to
the condeneer surface; thus the operator was allowed
to vlew the rotor and thereby be permitted to estimate
the feed rate. The two-inch copper tublng was lnserted
in the hole of the condenser plate and lncllned at an
angle to furnlsh additional surface area in order to
eondense as much as possible any vapors that tended



•66~
~

to pass thraugh the hole in the caudansar platz.
lt was rcasonad that this modificaticu af the ca-
denser plate had a negliglbla affsct on the final
results obtaincd in this investigation; because
the surface area of the condenscr plate wma reduced
lass than 1•S per cent, and by iuserting the tw¤·
inch coppar tube in the hola of the cndenszr plate
the rsduation in the available avéa of the cuudcnscr
was considered to hc even lass than thisvalue,The

distance between the cundenaer and
theavaporatcrwas found tc have very little effect
on the elimination maximum temperature af staavic
acid when the ccndeusav temperature was maintained
at 25, 35, and M5 dcgracs csntigrada an the distan¢c
between the coudsnscr and the avaporator did nat
cxcacd a mean frac—path value by a multiple uf three,
Tha greatest effect of coudanssr location ca the
aliminatian maximum cf atearic acid was natad tc

‘ take place when the distance between the candcuser
and the evapnratar axcaadcd a mean frcc·path multiple
af three. It was obsarvcd, however siight as it may
bc, that fur each candcnscr temperature studicd that
as the distance between the ccndenser and the cvaporator
incraascd the alimiuatian maximum of stcaric acid
gradually shiftcd to a higher value and rcachad a
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maximum when the condenser was located at a pesltien
with a mean free—path multiple of three. When the
cendenser was located past this position, the

4

ellminaticn maximum decreased sharply te a lewer
U

value.) This phencmenon is belieued te be caesed
by one er twe reasens,.namelyz (1) as the distance
between the cendenser and the evaperater waslncreased,an

increased amcunt cf bexz jar surface was expoeedl
fer the vapers to cendense upon, and because there
eas a temperature difference between the bell jar
surface and the cepper cendenser surface, varjing ‘
amounts of distlllate were cendensed, and (2) when ·
the distance between the eendenser and the evsperater
exceeded a mean free—path multiple ef three,
fer)largeeil melecules, the effect of the distance
between tue condenser and the evapcratcr thenhas;‘
a greater effect cn the ellminatien maximum.

Condenser Temgerature.( Fre a series cf tests
l made by ustsqé ) it was cbserved by him that at lever

cendenser temperature: a censiderably larger velume
ef constant—yleld oil eas cbtalned in the lower

4

fractlons than was obtained with the higher cendenser
temperatures. From these results it was belleved

E
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that the temperature of the eondcnslng surface had
a decided effect on the eliminatlcn maximum. It was

p recomended that a series ef distillatlou tests be
made using a standardised set of operating ccditlcns,

r und varylng the condenser water temperature te determine
what effect the Variation of cendeneer water temperature
had on the ellminatlen maximum. p _

T

Based on the abcve recomendatlon, this investigs«‘.
tion was made to determine the effect ef codenser
temperature on the ellmlnatlon maximum using stearlc
acid as the test medium, .The coudenserewaterltempera- n

; turea selected for thlestudy were 35, 35,‘and es
Tf

degreee centigrade. The MS-degree centägrade condenser.
water temperature level was selected because previoushe
molecular dlstlllatlon studies had been ccnducted et

d this temperature, thus by selecting this temperature
the results cf this investigation could be compared

c with the results of other lnvestigatlons. The 25- W
and 35-degree centlgrade condenser water temperature
levels were arbltrarily chosen, but lt was reascned
that lf the condeuser water temperature had

anyf

appreclable effect on the ellminatlon maximum this
effect could be detected lf the condenser water 6

temperature levels had a differentlal of ten degreee
centlgrade•
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u Little dlfflculty was encountered in malntalning
— the cendenser water temperature constant (lee, within

t l degree centlgr¤de)„ By varylng the powerstat
on the control panel condenser water temperature ‘t

levels of 35 und M5 degrees—centigrade were easily
obtalnedr pin order to obtaln a eondeneer tere: *
temperature of 25 degreea„centlgrade, however, a

i

sllght modification of the equipment was neeessary• ·‘

1Thls was acoompllshed by lnsertlng ln the cooling
r water return line one twelve¥lnch long double~tube,

s£ngle—pass, eounter—current heat exchanger—oon• ·“ l

structed of 1/hminch an l·lnch Cßppßf tubing•
By passlng tap water at approxlmately 15 degree:
centigrade through the annulus of the heat exchanger

g the eondeneer water temperature was easlly maintained
at 25 degrees oentlgrade• u w

The terms cendenser temperature and condenser
water temperature are used iaterchangeahly freu

one literature source tc another to mean the same e
thing. In the true sense of the werd, this ls not
correct. .Although the actual difference between!
condenser surface temperature and‘the condeneer water
temperature was not determined ln this investigation,
lt ls belleved that a negllglble temperature dlfferentlal
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exlsts between the two, because (1) the cooling
water temperature did not lncrease more then one g
degree centlgrade after completely passlng through
the cndenser colls of the condenser plate, und
(2) the temperature of the cooling water had T

eufflclent control over the condenser surface
temperature to cause condensation or soltdlficatlon
of certain fatty aclds during d1stlllatlon• ‘ “

The ellmlnatlon maximum of stearlc acid was
lncreased apprcxlmately five degree: centlgrade when
the temperature of the cendenser was decreased freu
h5 to 25 degrees centlgrade when the csnuenser was 1

located at positlons less than 2—l/2 inches from the
evaporator, and condenser temperaturee between 25

J and L5 degrees centlgrade had no effect on the
‘ elimlnatlon maximum when the distance between the

condenser and evaporator was S-}/B lnches•
A

For the three condeneer locatlone studien in'
”

this investigation, lt was found that the condenser(
temperature (between 25 and h5° C) had no effect on
the amount of constant-yleld oil collected per fractlon•
Comblned effect ef Condenser Temperatur: und Location

on the Eliminatlon Maximum. The ellmlnatlon maximum
ofetearlc·acldwas increased from 113 to 118 degrees centlgrade
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when the temperature of the cendenaer was decreaeed from
AS to 25 degree: eentigrade when the oodenser was located
in a position 3/A inch from the evaporator, When the
eondenser wa: loeated in a position 2—1/2 lnches from
the evaporator, the elimlnation maximum was lnereasedt L
from 11A to 119 degree: eentlgrade when the condenser _
-temperature was deoreased from A5 to 25 degree: centlgrade„
From this date it was learned that the ellmination maxheum
of stearie acid uns lnoreased approxlmately 1 degree centi•
grade for every A degree: centlgrade decrease in eondenser
temperature when the condenser was located in posltionsl

1 les: than 2—l/2 lnehes from the evaporator• In addition
5

lt was observed that when the condenser temperature we: (

held constant (either the 25, 35, or h5—degree oentlgrade i
level) the ellmlnatlon maximum uns not affeoted when the

Qcondeneer was moved from 3/A inch to 2-1/2 inehe: from

the evaporator• It was reasoned that the temperature ef
the condenser should have soma effect on the ellminetlone

(

maximum; however, lt was not understood why a decrease ln
eondenser temperature increased rather than decreased the
elimlnation maximum, When the eondenser was_located at a
distance of 5~3/B inchee from the evaporator, the elimlnatlon
maxlma was 110 degree: eentlgrade for all condenser temperature:
etudledr From this data, lt was ohvlous that the temperature '
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of the condenser had no effect on the elimlnatlon aximum
when the condenser was located inte position with a-means
free-path multiple of approximately 6. From this
investigation, it was concluded that the location of the
condenser had no effect on the elimlnation maximum when
the cndenaer location did not exceed a mean free~path
multiple of 3. lt is noted at this point that this e ~
conclusion substantiates previous findlngs and concurs
with the mean free—path theory presented in the literaturea

= Errors. When stearic acid was distilled in one of
the teste in this investigation wi th the condenser temperature
at M5 degrees eentigrade and the oondenser located at a
position of 2-1/2 inches from the evaporator, a distlllation
eurve was ohtained with two maxima. Reference is made to
Figure 15, page 5ä.+ The lowest maximum was helleved to
he caused by impugities in the feed mixture used. It was
never actually determined how the impurity got ln the feed
mixture, but precautlons were taken to avold any contamination 1
of the feed mixture in the tests that follewed, and as a
result the dlstillation curves ohtained had only one maximum
value in the tests that followed.

Dupllcate tests were made on four of the nine conditions
studled in this investigation. lt was found that the dise —

tillation curves of stearic acid could he reproduced within.
Ü three degree: centlgradc.
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In several of the tests, difficulty was encountered
in an attempt to obtain a satlsfactory feed flow rate
(60 to 65 milliliters per minute), From an investigation
to seek the cause of this trouble, lt was learned that
the feed line had been contaminated with some foreign
material believed to be bits of packing from the feed
pump, This condition was corrected by dlsmantling the
feed line and then cleaning it udth a light grade mineraloil, When the flow rate was less than 60 millillters N
per minute for any fraction, a greater yield of acid
was obtained; and conversely, when the flow rate was

(

greater than 65 milliliters per minute, a lower yield
of acid was obtalned as seen in Figures 8, ll, 1A, 16,
pages A6, A9, 52, and 5A, It was reasoned that if the
feed flow rate was unsatlsfactory for two or less
fractions in any one test that the ellmination maximum T
was not affected,

ln some of the tests, the temperature of the feed,
the temperature of the residue, the temperature differential
between the feed and resldue, or the feed flow rate for
some fractlons were not within limits, If one or more of
these conditions were not within limits for any fraction,
the data were rejected and not included when the eliminatlon
curve was drawn,
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Statistical Analysis, In a·statistlca1 analysis
of the data obtained in this investigation, lt was
found that the variable of condenser temperature was
not slgnlflcant and that the variable condenser distance A

was slgniflcant at a signiflcance level of five per cent,
Thls data was analyzed uslng a two•way classlflcatlon
with unequal rep1icatlon•
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Recommendatlons

On the basis of the knowledge galned durlng the

conduct of this lnvestlgatlon, the followlng recomendatlons „

are offered for the Improvement of the molecular stllll
assembly and for the advancement of molecular distl1latlon‘
•tudles• t W

Molecular Still Modlfleatlon• To ellmlnate some
l

of·the difflcultlee encountered during the operation

of the molecular still and te improve the equipment for
obtalnlng a better reproduction of the data, the felloudng

recommendations are considered, p
Instrumentatlon• Throughout the conduct of·

thls investigatlonnconslderable difflculty was

encountered with respect to maintalning_constant
\·

r feed and resldue temperatures• It wasrrrequently

necessary to repeat as often as four om five times

some of the dlstlllatlon fractlons in order to obtaln<
l

the deslred temperature: that were requlred„ This
difficulty was believed to be caused by the lag

oftimethat exlsted between the time that the powerstat

was adjusted and the tlme that this adjustment

caused a change ln th temperature of the feed or
resldue• For example, if the temperature of the
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residue,whlch was determined by reading the dial

on the potentlometer,was two degrees low, the power—

stat setting was increased approxlmately ten divislons;

and approxlmately one to two minutes was required

before the residue assumed the ddslred temperature

level. ln order to malntaln a constant temperature,
it was necessary to make frequent potentiometer a

readings to detect very slight changes in the , s

temperature of the resldue, thus making lt possible

to predlct even larger temperature fluctuations
W

that might follow; When these slight changes in
F

residue temperature were detected, the powerstat ·

was imediately adjusted to correct the anticlpated

larger temperature fluctuation that may have followed•
This procedure was used to compensate for the lag

time. Frequently this procedure failed, and as a f

result the dlstlllation fractlon had to be repeated• s
T lt is recommended that an automatic temperature

control instrument be installed for controlling the
temperature of the feed and resldue„ This installation

would not only improve the ease of operation but would

also insure a better reproductlon of the data obtained•
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N Filter- In several of the tests dlfiäéälty6
was met ln an attempt to obtain a satlsfactory feed

f1ow·rate (60 to 65 mllllllters per minute}- From
an investlgation to seek the cause of this trouble,
lt was learned that the feed line had been contam£·

nated with some forelgn material. It would be advan-1
tageous to have some means for correcting this ·

oondltlon- It is recommended that a small filter
be placed in the feed return llne between the feed_
pump and the feed tank- (

Future Molecular Distllkatlon Studies- To supplement

the data and further verlfy the findlngs of this lnwestl·
gatlon, lt is recomended that another investigation he

made similar to this investigation- For such a study lt

would be beneflclal to study the effect of condenser
locations of 1+1/2, 3, and h—l/2 lnches from the evaporator,
using margarlc acid as the test medium- g



-77-

u glmltatlone
F i

.A centrlfugal molecular still with a flve—lnch roter
and provided wdth a magnetlc drive was used to study the

6
effect of condenser temperature and location on the

molecular distillation characterlstlcs of stearlc acid;
The limltatlons lmposed on this investlgaticn include
those of the acld used, operating pressure; feed rate,
rotor speed, temperature dlfferentlal between feed andl

·iresidue, condenser water temperatures, condenser locations, ’

inumber of passen of the feed over the roter per fraction,
imineral constant·yleld oil, analysis of dlstlllate samples,

° and experimental procedure•
6

geld Used• Stearic acid wasiemployed for all tests

guln this investigation. The weight of acid used for each
etestlvarled from o„uSoo to 0;S500 gran;

6 6

i 6
Qeratlng Pressure. The tests were conducted at an

operating pressure varylng from 9 to 23 mierons•E
Feed Rate. .A feed rate varylng from 60 to 65

mlllillters per minute was used for the dletlllatlon of
iall fractlons• Feed rates were determlned by timing e
known volume to completely pass over the roter;
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guter Speed, aA roter speed of 1,000 I So revolutlons
5

per minute was used ln all the test¤•

Feed—Residae Temgerature Differential, .A temperature
dlfferential of ab Ä l/2 degrees centlgrade between feed
and resldue was maintained for all fraetlons oollected
in the tests, _

Condenser Water Temgerature, The condenser cooling
water temperature: studled ln this investigation were

’

25 Ü 1; 35 :51, and M5 2 1 degrees centlgrade, The flow

rate of the water passlng through the condenser was auch 7
that the temperature was not ralsed more than one degree,f

Condenser kocat1ons• The condenser was located et 7
dlstances of 3/h, 2»l/2, and 5-3/B·£nche: from the evapo-
rator residue gutter in plane: perpendicular to the normal

of the evaporator• 7
Number of Feed Passen, Por all diatlllate fractlons

colleoted in this test, the feed was allowed to pass over
the roter once, The time required for one-pass of the

feed over the roter varled from 13,3 minutes for the 86·
degree centlgrade fractlon to 7,6 minutes for the lh0•

degree centlgrade fractlon,

Constant-Yield 011, The constant«y1eld oil employed
5~

in this investigation was composed of 225 mllllllters
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of No. 36 Voltesso, 175 mlllillters_of light—grade mlnersl

oil, and A25 mllllllters of heavy—grade nineral olls ·
I Analysis of Distlllate Samples, The dlstil1ateI

fractions were analysed by extractlng the fatty acid

I with ethyl alcohol and titratlng with a potassium
I

Ihydroxlde solution to the phenolphthaleln end points
Experimental Procedure•I The experimental procedure 5

I
employed throughout this investigation was a proéednre‘

aevuapea by ume ana nmakxspl). 7 _ ·
I
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‘ V. CQl~ICl.USlQ«IS
6

The effect of codenser temperature and location on
6

the molecular dlstlllatlon characterlstlcs of stearlc
acid was determlned using the following operating

conditions with a centrlfugal molecular stlll: operating

pressure, Eh t 2 mlcronsfoflmercury, absolute; feed ·
E E rate, 60 to 65 mllllliters per minute; roter speed, 1000 {

50 revolutions per minute; feed-resldue temperature

{ dlfferentlal, Eh Y oegrees ¢8HtlQP&d€}‘¢0¤d0¤B€P‘WHt¢PA

temperatures, 25«, 35-, h5-degree centigrade levels;

{ condenser xocatxons, 3/h, 2-l/2, and 5-3/B lnches from·
t the evaporator; and number of passes of the feed over

the rotor per fractlon, one„ From the investigation

the following conclusions may be drawn:
1, The location of the condenser has no effect on

the elimlnation maximum of stearlc acid when the condenser

location does not exceed a mean free-path multiple of
three, for condenser temperatures of 25, 35, and h5 degree:

-centlgrade•

2. ·The ellmlnation maximum of stearic acld ls
increased.approxlmately one degree centlgrade for every

four degrees centigrade decrease ln condenser temperature,
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when the eundenser ie lecated in peeltlons with a meani
free·path multiple lese than three,

3e The eliminmtlen maximum ef etearic acid is net
affected by cendeneer temperature when the condenser la
located in a poeitlen with a mean free•path multiple‘
ef alx•h.

The ellminatien maximum ot stearic acid ls
peeereaeee when the cendenser le loeeted ln positiena

iwlth a mean free—path multiple exceedlne three.
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Vl•· SUMMAHY V t

Numerous flndlngs have lndicated that the distance

between the evapsaatsr and condenser of the molecular .
etlll ls not as critical, as far as mean free—path
design crlteria are concerned, as formerly believed•

It had been recomended that studies be made on the
present apparatus at Virginia Polytechnic Institute to _

determine exactly how·crltlca1 this factor ls• “

T The purpose of this investigation was to study the

effect of condexser temperature ad location on the l
molecular distlllation characterlstlcs of stearlc acid,

t and from this study,determlne this relationship of
eondeneer temperature and location to he used in eentr£•

fugal molecular stilloperat1on•This
investigation was accomplished using a magnetically-

drlven centrifugal molecular still with a five—lnch roter

and employing the.fo11ow1ng operating conditions: operating

· pressure, 2h Ü 2 mlcrons of mercury, absolute; feed rate,
60 to 65 mllllllters per minute; roter speed, 1000 I 50

6 6
-

revclutlons per minute; feed-resldue temperature differential,

Eh. Ü 1 degrees centlgrade; condenser water temperature, ‘

25, 35, an M5 degrees centigrade; cndenser locatlons,



3/h,·2—l/2, and S-}/B inchee from the evaporator; and i
number of paeses of the feed over the roter per fraction,
one, e T Y e p

l

T lt was concluded from this investigation that lt the
Ioation of the condenser did not exceed a mean free—path
multiple of three, that the location of the condeneer

» had no effect on the elimlnatlon meaßmum of etearlc acid,-
and the eliminatlon maximum was increased approxlmately
one degree centlgrade for every four degrees centigrade

l

decrease in condenser temperature, The eliminatlon
maximum was not affected by eondeneer temperature whenl
the condenser was located in a position with a mean free-
path multiple of six,
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