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2.5. Apparatus. Laboratory distillation is probal?ly the I‘nost con-
venient tool available to the chemist for the separation of malxtures of
liquids because of the ease with which it is possible to obtain a large.
number of theoretical plates in a single column. Thus, relatively difficult
i(«%gtions can be carried out quickly in fairly simple apparatus. :

[ fFigure 2.8 illustrates(a. simple distillation unit which consists of a
|- distilling flask, thermométer, water-cooled condenser, and receiving flask.
Keep in mind that such a unit has very little resolving power, since the
enrichment of the dlstﬂla.te with the more volatile compopent, is- probably
no greater than that achieved with one theoretica] plate
@,he i“trofl“‘fflion of adTeCtifinlg or fractionatin
equipment 1s illustrated in Fig, 2.9, §j C
components is effected in the folum tsli?sciiiz}gsssaiztlua\:filiegammon .
about the(several basic column designs e centered

caiiBnt sually employed in laboratory
,_(‘é}l(c:e are, in general, two t
@

cepate. The film.column can be exemplified i varying degrees of
: grees o

g column in the siniple_

{ ‘complexity starting with
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Sec. 2.5] FRACTIONAL DISTILLATION AND SUBLIMATION 29

various modifications of the shape and length of path in which the
\/yxtcnding vapor and descending liquid are kept in intimate contact.
““The plate column consists of a tube containing a series of equally spaced
horizontal platoémim;x-d(- the downward flow of the reflux.  Liquid
collects on the upper surface of each plate until it reaches a predetermined
overflow level. In such a column there are definite increments in the

R

| Thermometer

bepa?

Fra 2 R "Pp""!“' eyl alde for a uh;ﬂw 'lﬁﬂh}ii!n-n

composition of liquid from plate to phtr._ .-\almntagr: Afhl disadvantages
are associated with the use of both types "‘f "“l“m_"“ o o

One of the simplest film columns is the }_,tgrf-ux J.llm-u,t;_g;«__l_ in hg-. :3.}0.
It is made up from & evhindrical glass tube wu.h 1mimt':xtmm projecting
inside it according to 8 definite pattern.  The indentations oceur in sets
of three or four around the circumference nl'.:h«- tube, ~ Alternate sets of
indentations are pointed dnwnwa.rd at a 45° ang!e with tthr other sets
horizontal. Each set of imlcntatmm‘m rotated slightly with r!"ipﬂ‘t to
the set above it to give a somewhat spiral arrangement o.f the drip points.
Columns 1 m in length may havc: up to about 12 theoretical plates. The
holdup is quite «mall, and there is a very low pressure drop through the

column.
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ment of the various packings in a column provides a rather tortuous path
through the column which assures intimate contact between ascending
vapors and reflux. At the same time the packing is porous enough that
little pressure is built up between the top and bottom of the column.
(ch use of the large contact surfaces provided by packed columns, the
columns are usually quite efficient, having as many as 20 to 40 theoretical
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F1G. 2.10. Vigreux col-  Fi16.2.11.Simplespiral ~ Fre. 2.12. Oldershaw sieve-plate
umn. ' column. column.

plates per meter of column length. Compared with a Vigreux column of
the same size, packed columns have a higher separating power, a larger
holdup, and a much larger pressure drop in the colum_rD

The Oldershaw!® sieve-plate column shown in Fig. 2.12 is an example
of a well-designed{plate column. A column 1 m in length containing
30 sieve plates can possess as many as 15 to 18 theoretical plates, giving :
fairly high resolving power. Operating conditions with such a column
are highly reproducible, but the holdup per theoretical plate is greater
than that for a theoretical plate in a packed column.)
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unusually long time requ fhiciently-
the difficulty of operating STET & o 4ion apparatus'® removes much of
The Podbielniak qutomatic dist1 lation process by auto-

T tional-distil
the tedium associated with e fr(iflt as a function of the volume of

i ding the boiling P oy. It is excellent for
criri:tt:ﬁz?g oﬁo; tlenr;glpemture range from 190 t0 3100 Ccomponents
the efficient separation of all but the closest boiling ( ' :
he efficient sep packing materials, column designs

For more detailed information on : e
(including spinning band columns), column evaluation, and the very .

necessary auxiliary equipment which comp!ements the - column, t}%e
interested reader is referred to the selected bibliography at the end of this
chapter.

" 2.6. General Applications. Tractional distillation is used for a num-
l! ber of purposes in the laboratory, the most important of which are qualita-
\ti\vg_@_rld quantitative analysis, the preparation of | pure }?E’mpoﬁ"rﬁg,“ah i

the fractionation of complex mixtures info pure substances or classes of
substances) . Since the purely determinative applications of fractional
distillation are far less important now than before the emer £

chromatography as an analytica] tgo] gence of gas

; ey , the discussion wi ;
a}on.gdthe lines of utilizing distillation g a general s - 11.1 be dlref’,ted
ot wide applicability, especially whep siza ¥ e

ble quantities of material must
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~ in arations, but it is feasible.

" combination of distillation, selec

petroleum (a mixture of para
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only thr a know T .
th 9 tlll Outghlq }‘Im“lpdg“ of the limitations of fractional distillation and
edo 1(;11. lo(‘- ].:1[‘(;1105 can judicious combinations of these techniques be
R\ v . . ) ' :
made which will result in the successful fractionation of mixtures. Snacl

fic examples f)f St‘p:ll‘:.ltinlls achieved with fractional distillation are given
in the following section to illustrate the resolving power of the stoness
\\"hen used :11011}' and in conjunction with other methods. The illustra-
tions om‘ployod in Sec. 2.7 will be confined to organie systems, since almost
all the literature on fractional distillation pertains to the separation of
organics.

hs {t 's Interesting to note, though, how extensively fractional distillation

as been us-ed tO‘ff':lctionuto inorganic materials® The general subject of
e e Isotopes falls outside the realm of this study, but it is
WOl‘thW_hlle to mention that isotopic separations by distillation of hydro-
i hg_h.gn_‘l,_loxy\'g'en, carbon, boron, and lithium as elements or compounds
are of much interest.!” Recently, distillation methods for the purifica-
tion of arsenic, titanium, tellurium, niobium, hafnium, zirconium,

yttdum, and scandium have been devised which utilize either the
‘elements or their halides.” In addition, many inorganics, including the
metals and pseudometals, form compounds which can be volatilized
from aqueous solutions and which are useful in the isolation and purifica-
tion of the parent element!®-*® It is this last group of elements that has
commanded the greatest attention of analytical chemists.

Section 2.8 is devoted to a discussion of the isolation of inorganic sub-

= . e . TR SR
stances from aqueous solutions by volatilization techniques. Only those

separations which can be effected in a simple still or volatilization
chamber will be mentioned, since these are the only ones which have been |
widely accepted by the analyst. In general, less sophisticated equip-

ment is employed for inorganic separations than for organic separations

because the difierence in volatility of similar inorganic speciesis usually |
- - __""-—r——-—-————'_'_'_-__ . 5 s & =
rather great. It Is not customary to use a highly efficient column for

inorganic sep

‘9 7. Fractional Distillation of Organics.
ssful fractionation of complex mixtures by distillation is the work
dealing with the composition of petroleum sponsored by the American
Petroleum Institute and done at the National Bureau of Standards.*!
This work is a remarkably fine example of what can be done with frac-
tional distillation, but what is probably more important, it illustrateg
hat a combination of fractional distillation and other separation tech-

A classic example of the

succe

w
niques can accomplish. -
Over 80 hydrocarbons have

been separated from ope petroleum by a
tive adsorption, extraction, and erystalliza-
tion. The scheme utilized can be described as one in which the original
fiins, cycloparaffins, and aromatics) is first

[
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