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This invention relates to columns or towers
in which it is desired to maintain a predetermined
temperature condition for distillation, condensa-
tion, or chemical reaction purposes.

In the operation of a fractionating or distilling
column, it is often important to prevent heatb
exchange between the vapors in the column and
the surrounding atmosphere, so that the column
can be operated adiabatically or with a more or
less uniform temperature gradient between inlet
and outlet. Provision of insulation or a vacuum
jacket around the column reduces the heat losses,
but such expedients do not always suffice, par-
ticularly when the column throughout is small,
as in laboratory apparatus, or when even small
heat losses cannot be tolerated in larger columns.
Tn such cases, it has been the practice to heat
the column externally to offset any heat losses,
and it is with externally heated apparatus of
this type that the invention is especially con-
cerned.

It has been proposed to maintain the desired
temperature conditions in distilling columns, and
the like, by surrounding the column with a jacket
and heating the intervening enclosed space elec-
trically by one or more wires disposed around
the heating jacket from top to bottom. Such
apparatus as constructed heretofore leave much
to be desired, largely because they do not lend
themselves to easy and precise adjustment of
both the amount and the distribution of external
heat supplied along the column, which adjust-
ments often are critical and are needed during
the distilling operation as well as in changing
over from one operation to the next. Control
of the total amount of heat can be had quite
easily by external regulation of the current sup-
plied to the electrical heating element or ele-
ments. However, in prior apparatus of this type
the facilities for adjusting the distribution of the
total heat supply along the column are limited,
in spite of the fact that a simple means for
making such adjustments accurately and in small
increments over g wide range is recoghized as
highly desirable,

Another difficulty with prior apparatus of this
type is in determining the temperature conditions

in the annular space between the heating jacket

and the column. In some instances, it has been
necessary for this purpose to mount thermom-
eters at the desired locations in the annular space.
Due to the inaccessibility of this space, whieh is
closed at the top and bottom by supports for the
column and jacket, it is a troublesome procedure
to change the location of the thermometers in
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order to determine the proper heat input along
different parts of the column or for any other
purpose.

The principal object of the present invention
is to provide a distilling column, or the like, which
overcomes . the above-mentioned difficulties in-
herent in prior apparatus of this type.

In order to realize the advantage of visibility
of the column, it is the practice to use glass as
the material for the heating jacket and also for
the usual draft jacket surrounding the heating
jacket. Since the jackets extend continuously
around the column and are fragile, access to the
heating wire between the jackets, and to the
temperature indicators between the heating
jacket and the column, has been had only at
the top and bottom of the jackets where they
are closed in the assembled apparatus by the
supports or end caps, which have openings for
the conductors leading to the heater. This char-
acteristic of the prior apparatus, inaccessibility
of the heater and indicators except from the top
and bottom of the jackets, imposes limitations
upon the apparatus, as pointed out above, but
has been regarded as necessary in view of the
nature and arrangement of the jackets.

I have discovered that in apparatus of this
type the heating wire and indicators can be made
accessible from the side of the gpparatus which,
at the same time, can be made sufficiently strong
even though the jackets are constructed of glass.
According to the invention, the heating jacket
carries a series of turns of heating wire energized
by one or more conductors extending outwardly
from the side of the heating jacket and, if a
surrounding draft jacket is used, through an
opening or vertical slot in the latter. Also, the
heating jacket may be provided with a series of
vertically spaced openings between the wire
turns and through which temperature indicators
can be inserted into or removed from the space
around the column. Thus, the wire turns on
the heating jacket can be easily tapped from the
side of the apparatus at any desired vertical lo-
cation along the jacket so as to enable variations
in the heat distribution, and the indicators can
be adjusied vertically in the heating jacket in
accordance with changes in the heat distribution.

In the preferred construction, the heating
jacket is provided with a vertical slot which re-
ceives a reftaining post alignhed with a vertical
slot in a draft jacket. The post is made of in-
sulating material adapted to withstand the high
temperatures; and it holds the wire furns in po-
sition on the heating jacket and is held in its
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slot by the tension in the wire, In this way,
even though the heating jacket is made of glass,
it has sufficient strength and resistance to break-
age in spite of the siot. The wire turns extend-
ing across the face cof the refaining post are
readily accessible through the slot in the drafé
jacket. Also, by providing the retaining post
with openings offset from the wire turns, suitable
temperature indicators can be easily inserted at
the desired locations in the space hetween the
heating jacket and the column.

For a better understanding of the invention,
reference may ke had to the accompanying draw-
ings, in which:

Fig. 1 is a vertical sectional view of one form
of the new apparatus, the view being taken on
the line {—! in ¥Fig. 2;

Fig. 2 is a horizontal sectional view of the
apparatus, taken on the line 2—2 of Fig. 1;

Fig. 3 is an eievational view of the upper part
of the retaining post -illustrated in Figs. 1 and 2,
showing the manner in which the heating wire
is held by the post;

Fig. 4 is an enlarged vertical sectional view of
a modified form of the temperature indicating
device;

Fig. 5 is a schematic view of the apparatus,
showing the electrical connections, and

Fig. 6 is a horizontal sectional view of part of
a modified form of the apparatus.

For illustrative purposes, the apparatus. is
shown in g form suitable for lahoratory use in
fractional distiliation. However, it will be under-
stood that the invention can be utilized in pro-
duction installations and for purposes other than
distillation, such as effecting chemical reactions
under controiled temperature conditions, in
which case the column will constitute a chemical
reacior tube. In fact, the apparatus can be
used to control the heating of any object within
the heating jacket.

In the apparatus as illustrated, the distilling
or fractionating column {8 is of the usual hollow
cylindrical form made of glass and adapted to

receive at its lower end the volatile components

from a flask (not shown) in which the mixture
to be distilled is boiled. The volatile components
pdssing up through the column are withdrawn
at the upper end through a suitable outlet (not
shown). A cylindrical heating jacket ! sur-
rounds the column and in turn is surrounded by
a cylindrical draft jacket 12. As is customary
in apparatus of this type, the two jackets are
made of glass, which allows the operator to sse
the interior of the column during the distilling
operation. The parts 19, {{ and 12 are heid in
concentric relation by top and bottom caps {3
and {4 mounted above the flask on a suitable
support (not shown). Each cap has concentric
grooves |5 for receiving the adjacent ends of the
two jackets, and also has a central opening for
receiving a removable collar {6 closely surround-
ing the column, the collars 18 having peripheral
flanges resting upon the surrounding eaps. Thus,
the column can he easily replaced by one of dif-
ferent size by substituting collars having open-
ings of different size.

The draft jacket 12 has a vertical slot {22
opposite a vertical slot fi2 in the heating jacket,
the slots extending from the top to the bottom
of the jackets. Slot {2 is somewhat wider than
slot 123 and receives a retaining post 1& made
of asbestos or other electrical insulating material
capable of withstanding the temperatures en-
countered in the operation, The post is fitted

343

10

20

30

40

60

65

70

4

closely in the slot fi* and projects outwardly
therefrom toward the draft jacket and also in-
wardly into the annular space {3 between the
column and the heating jacket. The interen-
gaging edges of the post and the slot ti2 lie in
vertical planes extending radially from the axis
of the column, for a purvose to he described
presently.

A heating or resistance wire has a series of
turns 28 carried by the heating jacket, including
the post 8. The wire is wound closely around
the jacket {{ in a spiral, the ends of the wire
being connected to terminals 21 mounted on the
post 18 near the top and the bottorn. The re-
taining post is provided with means for holding
the turns 28 in vertically spaced relation, such
means as illustrated being transverse detents 22
on the outer face of the post forming transverse
grooves 8% for receiving the turns. It will be
apparent that the tension in the wire turns serves
to hold the post in its slot {12, More particularly,
when the post is inserted in- the slot and the.
heating wire wound around the jacket {1, with
the turns in the grooves 182, the tendency of
the wire turns to force the edges of the slot to-
gether is exactly counterbalanced by the ten-
dency to force the post into the slot and spread
the edges. It is for this reason that the cuis
forming the interengaging edges of the post and
the slot 102 are radial, since the post then acts,
insofar as balancing these forces is concerned, as
if it were an integral part of the glass jacket,
whereby breakage of the glass is avoided. A
further advantage is that if the width of the
slot 12 is not exactly as planned, the tapered
cross-section of the post makes it possible to
compensate by seating it farther into or out of
the slot. To compensate for variations in the
width of the slot from top to kottom, it may be
desirable to use twc or more sections of post ar-
ranged end to end in the slot. ' Each section will
then seat itself at the appropriate depth, thereby
giving sufficient support along the glass jacket
to prevent collapse. -

In regard to the radial cuts forming the verti--
cal slot [{# in the heating jacket, it is well known
that a glass tube as usually made is non-uniform
in thickness, diameter and cross-sectional shape,
and is not exactly straight. However, if the ra-
dial cuts are made to intersect an arbitrary
straight axis approximating a true axis, and the
subtended angle between the slot -edges is the
same as the extended angle between the tapered
edges of the retaining post, the post will seat in
the slot along its entire length even though the
glass tube is misshapen.

In its outer face, the post (8 has a vertical
groove 18P which is of sufficient width to receive
adjustable contacts 24 for energizing the heating-
wire. As shown in Fig 5, there is a pair of such
contacts, each of which may be a standard alli-
gator clip (Fig. 1). The groove {8P is sufficiently
deep to allow the jaws of the clip to grasp one of
the wire turns 20, without interference from the
post.

The retaining post §6 is also provided with holes,
opening into the groove 18, for receiving one or
more temperature indicating devices. As shown,
I employ three such devices 2§, one for each of
the heating sections. 202, 20 and 28¢ into which
the heating wire is divided by the two adjustable.
contacts 24 (Fig. 5). Each indicating device 2§
may conveniently be in. the form of a thermo-

. couple assembly comprising. a. pair of ceramic.

{3

insulators 21, 272 projecting from holes in the
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post outwardly through spaces between the wire
turns 20. The insulator 27 projects inwardly into
the annular space 19 where it terminates near
the distilling column 19, and it contains a “Con-
stantan” wire 28 connected at its inner end to a
coil spring 29 at a junction 38, as by brazing or
soldering or in some other manner whereby the
temper of the wires is retained. The spring 29,
made of iron wire, is coiled around the insulator
21, and its outer end is connected to a “Constan-
tan” wire 28* extending through the insulator
272, With this construction, the spring 29 urges
the junction 29 against the column 16, so that by
connecting a galvanometer 31 (Figs. 4 and 5)
across the wires 28 and 282 outside the apparatus,
the temperature differential across the space 8
can be easily determined. Also, the spring 29 en-
ables the-junction 20 to be retracted from the
column, either by sliding of the wire 28 in its

insulator 27 or by sliding of insulator 27 in the .

post, which facilitates replacement of the distil-
ling column {8; and the junction 3¢ will auto-
matically position itself against the column re-
gardless of its diameter.

--If desired, the upper insulator 27 may contain
a second wire 28> of iron located in a separate
passage in the insulator and connected at its in~-
ner end to the junction 38, as shown in Fig. 4.
In this way, by connecting a milli-voltmeter 32

(Fig. 4) across the wires 28 and 28°, the actual

temperature of the column can be determined
where it is engaged by the junction 33.

Referring now to the wiring diagram, Fig. 5,
the terminals 21 of the heating wire 28 are con-

nected to conductors & and 35, respectively, o5

which in turn are connected through a variable
transformer (or rheostat) 86 to a current source
31. The upper and lower contacts 24 are con-
nected through leads 282 and 24P to the conduc-
tors 84 and 35, respectively, and are adjustable
vertically along the heating jacket, such adjust-
ment being permitted either by the flexibility of
the leads 242 and 24% or by sliding of the leads
along the conductors 34 and 25. Thus, the con-
tacts divide the hesting wire into upper, inter-
mediate, and lower heating sections 202, 28» and
20, respectively, the three sections being con-
nected in parallel across the current source. This
arrangement permits quick and easy adjustment
not only of the total amount of heat from wire 28
(by adjusting of the transformer or rheostat 38)
Wit also of the distribution of the heat along the
column within the jacket §t.

For example, by moving the lower contact 24
downwardly so that it engages a lower turn of
wire 20, the resistance of the lower section 28° is
decreased. as well as the vertical extent of this
section. Since the heat output of this section is
F2/r and E is fixed by the variable transformer
or rheostat 36, then the heat output is inversely
proportional to R. Thus, decreasing R by de-
creasing the number of turns in section 29° in-
creases the heat output in section 28¢. Converse-
1y, the resistance and vertical extent of the in-
termediate section 20° is increased, but its heat
output is decreased. By raising the lower contact
24, these changes in the output and vertical ex-
tent of the respective sections 206° and 28¢ are re-
versed. Similar adjustment of the vertical posi-
tion of the upper conbtact 24 causes similar
changes in the output and vertical extent of the
respective heating sections 28> and 28P. By rais-
ing or lowering the contacts 24 equal amounts, the
top and bottom heating sections 282 and 20° can
be adjusted to vary their respective heat outputs
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and vertical extents, without affecting the inter~
mediate section 20° except to change its vertical
position. Thus, the distribution of the heat out-
put can readily be varied by small steps over a
wide range, which is a highly advantageous fea-
ture in apparatus of this type, as is well known
in the art..

The contacts 24 may, of course, be of different
form than that shown in Fig. 1. For example,
they may be sliding contacts, as shown at 38 in
Fig. 6, in which case the vertical groove £8P in
the post may be reduced in depth or eliminated.
As shown in Fig. 6, each contact 38 is carried by
2 slide 39 mounted in the vertical slot 122 in the
draft jacket. By sliding the contacts up and
down on their respective slides 29, the distribution
of the heat may be varied, as previously described.
The contact should be long enough to make con-
tact with any wire turn before breaking contact
with an adjacent turn, thus avoiding sparking.

The location of the thermocouples 26 may be
varied according to the adjustments of the heat-
ing sections 282, 28P angd 28¢, or as otherwise de-
sired, by inserting them in selected holes spaced
along the retaining post. Usually, it is desirable
to position a thermocouple at the central part of
each heating section. By use of the differential
thermocouples, it is a relatively simple matter to
determine the proper adjustment of the contacts
24 (38) for the necessary heat output from each
heating section in order to obtain the desired
temperature conditicns along the column, as in-
dicated by the thermocouples. Determination of
the temperature differentials at the several ther-
mocouple locations ean be facilitated by use of a
gelector switeh 48 (Fig. 5) having an arm &1 en-
gageabie selsctively with contacts 422, 420 and A2¢
connected to one side of the upper, intermediate
and lower thermocouples 26, respectively. The
other side of each thermocouple is connected to
a coimmon wire 48 leading to one side of the gal-
vanometer 3{, the other side of whieh is con-
nected to the arm 44,  Thus, engagement of arm
4 with any of the contacts 422, £2b, £2¢ connects
the corresponding thermogouple across the gal-
vanometer, the reading of which indicates the
tempersture differential.

Tt will be appareant that in the new apparatus,
the turns of the heating wire are readily acces-
sible from the side of the apparatus along the
entire height of the heating jacket, and because
of this feature I am able to provide for the afore-
mentioned adjustment of the heat distribution in
a simple and effective manner. Also, by virtue
of this feature, the wire turns may be arranged
to form a plurality of separate heating elements .
which can be eneergized and deenergized auto-
matically under control of respective thermostats
extending into the space 19, thereby maintaining
the desired temperature condition. The vertical
slot in the outer or draft jacket {2 need bhe only
of a width sufficient to accommaodate the contacts
24 or the slides 39, so that the usual functioning
of the draft jacket is not impaired. The column
{0 can be cperated in the manner which is cus-
tomary in distilling apparatus (or in a chemical
reactor), the adjustable contacts and the tharmo-
couples, however, enabling easy regulation of the
temperature cenditions.

The end caps i3 and {4 may, if desired, be pro-
vided with annular greoves {5 on both faces, so
that the heating and draft jackets can be stacked
to accommedate columns of any léngth. The
column {8 may be supported by a bulge in its-
upper or lower portion overlying the upper or
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lower: collar _i6. :Tt will:be understood: that the
appardtus’ is. susceptible "of: other :modifications
within: the:scope of ‘the invention,

I.claim:

“1. In-an-apparatus of -the:character described,
having a-column, a heating. jacket.surtounding
the column and spaced therefrom, and-a :draft
jacket-surrcunding the heating jacket and:spaced
therefrom, ‘the imprevement -which: comiprises a
heating: wire having :a:series 6f -burns carried by
the heating jacket and spaced  vertically "from
each other, the draft jacket having a vertical slot
through which the turns-are. accessible, an -ad-
justable contact-extending through the-slot-and
engaging-one-of the wire turas, the contact givid-
ing - the  wire into upper and'lower heating -sec-
tions ‘and’ being- adjustabie vertically: in“the-slot
to engage ‘different turns of the wire and-théreby
vary the resistances and:the verticalfiextelits of
therespective sections; g-current-source;and elec~
trical connections, including the- adjustable con-
tact, for-connecting said sections in parallel to the
current source.

“2. The improvement as defined in claim 1, in
which the heating jacket has a recess opposite the
draft jacket slot and over which the wire ekxtends,
the ‘recess being adapied to receive part of said
contact.

‘3. The improvement as defined in claim 1, in
which the heating jacket has an opening opposite
the draft jacket slot and Jocated between adja-
cent' turns of the wire, and a temperature indi-
cating ‘device extending through the slot and the
opening into the space between the heating jacket
and the column.

4, The-improvement as defined in claim 1, in
which' the heating jacket has a vertical slot op-
posite the draft jacket slot, and a retaining post
disposed in the heating jacket clot and engaging
the wire turns to hold them in vertically spaced
relation.

5. In an apparatus of the character described,
having a cclumn, 2 heating jacket surrcunding
the column and spaced theréfrom, and a plurality
of turns of heating wire carried by the jacket for
hedting the space between the jacket and the
column, the improvement “which comprises an
insulating . retaining  post disposed within said
turns and holding the turns in spaced relation on
the jacket, the post having g plurality of holes
each.aligned with a lateral opening in the jacket
for inserting a temperature indicating device
through the post and jacket into-the space be-
tween the jacket and the column.

‘8. The improvement as
which the heating jacket is Slotted vertically to
form saig lateral opening, the post being fitted
into the vertical slot to. give mechanical support
to the jacket.

7. In an apparatus of the character described,
having a column, a heating jacket surréunding
the.column and spaced therefrom, and a heating
wire carried- by-the jacket for heating.the space
hetween the jacket and the column, the improve-
ment which comprises a retaining post of insulat-
ing mafterial forming part of the jacket wall, the
jacket having a vertical slet in which the post is
fitted and providing sccess to the interior of the
jacket,.the heating wire including a. plurality of
turns extending at least partly around .the ex-
terior.of the jacket, means on the post for holding
said turns in vertically spaced relation,.a. contact
for energizing the wire. and.adjustable along.the
post to-engage different turns of the wire, and a

défined in.ciaim 5, in
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dtaft. jacket surrounding:the heating Jacket and
spaced-therefrom, the ‘draft-Jacket-having a ‘ver-
tical slot “opposite suid first ~slot-and: ?ch-rough
which the'adjustable ¢ontactiextends.

8. The #mprovement-as ‘defined in ¢laim /b
which the wire:furns extenqd across the suter face
of the post to held the post in theslot.

9 'Dhe umplovement as deﬁned m clalm M, ln
edges ‘each’ edve lying in-a vertxcal plane extend-
ing-radially from the column,

10. In air apparatus of the ‘char acter ‘described,
having a-column, a heating ‘ jacket surrbunding
the -column and spaced therefrom; and a heatmg
wire carried by the jacket for heating the Space
tetween the jacket and the ¢olumn, the improve-
ment which comprises a retaining post of insulat-
ing material forming part 6f the jacket wall, the
jackét having 4 vertical slot in which the post
is .seated, the heating wire including a plurality
of .turns exteiiding at least partly around the
exterior of the jacket, means -on the. post - for
holding said turns in vertically. spaced. relatlon,
and.a contact.for energizing the wire and-adjust-
able along the post to engage differént turns of
the wire, the post and the slot- havmg interengag-
ing .edges, each edge lying in g vertical plane ex-
tending radially: from. the column, the wire- turns
extending under: tension. across the .outer face of
the post to held the post in the-slot, whereby the
tendency of the wire to: force the: slot -edges to-
gether is counterbalanced by the tendency 6f the
wire to force the post into the slot and spresd
the: slot-edges.

"11.-In an apparatus of-the character described,
having :a-column, .2 heating jacket surrounding
the column and:spaced. therefrom, and a’ heating
wire.carried by the jacket for heating the space
between the: jacket-and the column, the improve-
ment:which comprises a retaining post of insulst-
ing material: forming.part of the.jacket:wall, the
Jjacket havingra vertical slot in which-theé post is
seated, the heating wire including g plurality of
turns .exteriding at least partly around’ the ex-
terior of the jacket, means-on'the: post fer held-
ing. safd’ turns! in . vértically spaced: relation, and
& contaet for eaergifing the Wire and adjustible
along thé post to-edgage different furns of the
wire, the post having & vertical groove in its outer
face, the furns extending ‘across the groove, said
contact ineliding - a - releasable - ‘elamping - device
extending into the groove,

‘12, Inan apparatus 6f the ‘character-described,
havmxr ‘8 "eglumin, 2 heating jacket- surrounding

fie column and spaced therefrom, and a hHeating
wire carried by the jacket for heating the space
kétween theé.jacket and the column; the improve-
ment which comptises 4 Tetaining post of insulat-
ing maferial foiming part of the jacket wall, the
jacket-having & vertical §lot in which the post is
seated, thé heating Wire including a plurahty of
turns extending at least parfly dround the.ex-
terior of the jacket, means on the post’ for holding
said:turns in vcrtlcally spaced relation, & contact
for energizing the wire and. adjustable along- the
post to engage. differenit. turns of the wire,:and a
draft jacket surrounding thé heating Jacket and
spaéed theéréfron, the draft jacket having g ver-
tical - §lot -opposite .said first slot and - throigh
which the adjustable contact extends, afid a slide
mountéd . in.-the. draft jacket §lot.for supporting
the .contact. _ ,

-13.-In an apparatus.of.the character described,
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having a column, a heating jacket surrounding
the column and spaced therefrom, and a heating
wire carried by the jacket for heating the space
between the jacket and the column, the improve-
ment which comprises a retaining post of insu-
lating material forming part of the jacket wall,
the jacket having a vertical slot in which the post
is seated, the heating wire including a plurality
of turns extending at least partly around the ex-
terior of the jacket, means on the post for hold-
ing said turns in vertical spaced relation, a con-
tact for energizing the wire and adjustable along
the post to engage different turns of the wire, and
a plurality of temperature indicating devices ex~
tending through the post into said space for indi-
cating the column temperature and also the tem-
perature difference across the space.

14. In combination with a column for fraction-
ating, and the like, and a heating jacket sur-
rounding the column and providing an inter-
vening space, a device for determining tempera-
ture conditions in said space and comprising an
insulating member disposed in an opening in the
jacket, a thermocouple including a pair of wires
extending through the insulating member and
interconnected in said space, a second insulating
member disposed in an opening in the jacket, a
differential thermocouple including a third wire
extending through the second member into said
space, a spring wire connected between said last
wire and the interconnection of the first wires
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and acting fo urge said interconnection against
the column, & voltmeter connected across the first
wires to indicate the column temperature, and
a galvanometer connected between said third wire
and one of the first wires for indicating the tem-
perature differential across said space.

15. The improvement as defined in claim 7,
comprising also a temperature indicating device
extending through an opening in the post into
said space.

16. The improvement as defined in claim 7,
comprising also a temperature indicating device
extending through an opening in the post into
said space, and a spring connected to said device
for urging the same against the column.

GEORGE A. DALIN.
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