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Packing Materials for Fractionating Columns

M. R. FenskEg, C. O. TongBERG, AND D. QuiGGLE, Pennsylvania State College, State College, Pa.

The many variables in distillation and in the
determination of H. E. T. P. render the drawing
of definite conclusions hazardous unless a large
number of experiments have been made. Based
only on the results presented here, the following
conclusions have been drawn: (1) New type pack-
ing materials give double or triple the efficiency of
Sformer packings. (2) The best packings are one-
turn and two-lurn wire helices, one-turn and two-
turn glass helices, carding teeth, and No. 19 jack
chain. (3) An increase in height reduces the effi-
ciency of a packing, the effect being much more

sylvania gasoline it was found necessary to develop a

new type of packing material of a much higher efficiency
than any previously used in either laboratory or commercial
work. A large number of packing materials have been in
use or have been tried (3, §, 8, 11, 14, 19, 21). Data on the
efficiency of the packings are incomplete, are not always com-
parable, and fail to take into consideration the effect of the
height and diameter of the column in which the test was made.
Accordingly, a study was made of various types of packing
material,

The purpose of the packing in a fractionating column is to
bring about as intimate contact as possible between the as-
cending vapor and the descending liquid without too great
a reduction in the throughput or capacity of the column.
The vapor-liquid contact or the scrubbing efficiency may be
expressed in terms of H. E. T. P. (height equivalent to a
theoretical plate) (10) and is the most important feature of a
packing. It has been repeatedly shown (-5, 17, 18) that to
separate close-boiling substances a large number of theoreti-
cal plates is necessary. Regardless of any other advantages
a packing may have, unless it has a low H. E. T. P. it will
not make a good separation. Two other important points
are throughput and holdup. A packing, unless it will allow
a superficial vapor velocity under operating conditions of at
least 0.6 foot per second, is of little practical use except in
special cases where the time factor is unimportant. The
question of holdup has been very well discussed by Podbiel-
niak (11). For a sharp separation between two substances
the operating holdup should be low. Packed columns occupy
an intermediate position between the low holdup of indented
and spiral packed columns and the high holdup of bubble
cap columns. The operating holdup of various packings is
not greatly different. Since very efficient packings have been
developed having a large number of plates in a given height,
it is possible in making a given separation to reduce consid-
erably the height of packed section necessary and therefore

IN DESIGNING columns for the fractionation of Penn-

pronounced with */,~inch (small) diameter columns
than with 2-inch (large) diameler columns. (4)
An increase in the diameler of a column reduces
the efficiency of a packing. (5) Different hy-
drocarbon miztures give approximately the same
H. E. T. P. value. (6) The effect of the rate of
distillation varies wilh different packings and with
the diameter of the column. (7) Laboratory columns
made and operaled by different persons have given
similar results, showing that efficient ones can
be made easily and so that they give reproducible
resulls. .

the holdup. If, in addition, proper consideration is given to
the volume of the charge in relation to the size of the column,
the problem of holdup will have been overcome.

The study of packing materials was based, therefore,
mainly on their H. E. T. P. value under total reflux and their
throughput. It is realized that the H. E. T. P. under oper-
ating conditions may be different from that under total reflux.
However H. E. T. P. values under total reflux can be ob-
tained easily, and, although they do not show the complete
picture of fractionation, they are an important guide in study-
ing and designing fractionating columns.

It is appreciated that in the final analysis the test of a
fractionating column is the actual separation it will make in
a reasonable amount of time. The packings found in this
work to have low H. E. T. P. values have been in considerable
actual use in the chemical laboratories of the Pennsylvania
State College and have given sharp as well as complete sepa-
ration. Figure 1 is a photograph of the control room for
fractionating equipment charging 40 gallons and packed
with jack chain.

COMMERCIAL APPLICATIONS

The packings studied are of commercial as well as labora-~
tory importance. Several of the packings are already in
industrial use. In addition to its plant use, jack chain is used
in many semiworks installations. The results obtained here
should furnish useful information to the operators of plant
and semiworks packed columns and should emphasize the
importance of periodic tests of the efficiency of the columns
by means of two liquids whose vapor-liquid equilibria are
known.

Many of the packings used in this work were relatively
inexpensive. The iron carding teeth cost approximately
$40 per cubic foot. The cost of the nickel wire necessary to
make up one cubic foot of this type packing is about $80.
The metal helices were readily made by machine in this labo-
ratory.
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The terms used are defined below in order to avoid repeti-
tion in the text.

VELOGITY is expressed as superficial linear vapor velocity
in feet per second at the top of the column and as cubic inches
per hour of liquid condensed at the fop of the column, under
operating econditions. At-
tention is cailed to the fact
that with different Hquids,
while the linear velocity in
feet per second may be the
same, the cubic inches per
hour of condensate may
vary considerably. Ineach
instance it is indicated in
the tables whether the
original reflux was obtained
a3z a volume of liquid af it
boiling point (sharp-edged
orifice measurements) or de-
termined from the amount
of heat picked up in the
condenser water. In the
former case the letter o
follows the heading “‘vapor
velocity,” in the latter, k.
In either ecase, to change
from one to the other it is
necessary to know the
densities of the boiling
liquids. These densities
have been calculated from
data and equations given
in the International Critical
Tables (7) since it was
necessary in several
cases to use extrapolated
values. The density of
methyleyclohexane at its boiling point was cbtained by in-
terpolation between values obtained using equations given
in the International Critical Tables for thermal expansion of
petroleum products (7) and the expansion data given in the
Tag Manusl (for oils) (16). The approximate densities thus
obtained for the liquids at their normal boiling point are as
follows:

n-Heptane §.614 Carbon tetrachloride 1.489
Methyleylechexane 0.704 Acetons 0.749
Benzene ¢.814 Methanol ¢.749
Teluene .77

Torar Rervux. This indicates all condensate returned
to the column as reflux; i. e., no produet is withdrawn.

Rerrux RaTio. This is the ratio of volume of condensate
returned to the column to that withdrawn as produect.

Free Space, The volume per cent of packed section not
occupied by packing is the free space.

Howour. The operating holdup is the amount of liguid
and vapor in the column while the column is operating, The
statie holdup is the amount of liguid required to wet the walls
and packing of a column.

H. E. T. P. This stands for height equivalent fo a theo-
retical plate; it was determined under total reflux.

Dramerern oF Coromns., Unless otherwise stated, the
diameter given is always the inside diameter of the column.

HeieaT oF CoLomns. Unless otherwise stated, the heigh$
given is the height of packed section.

Rurracrive InpeEx. This property is measured by an
Abbe refractometer maintained at 68° F. = 0.2° (20° C.).
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Bowxe Poivr.  Boiling points were obtained by a modi-
fied Cottrell boiling point apparatus which could be main-
tained at any desired pressure. The temperature was read

by a Bureau of Standards calibrated copper-copel thermo-
coupte and is accurate to within +0.2° F,
2y DIAGRAM.

This is the experimentally determined
disgram expressing the
vapor-diquid equilibria of
the liquids being ex-
amined.

Tweer Liquips

Several sets of lquids
were used sinee H. B. T, P,
is known to vary with differ-
ent liguids. These are
given below,

CarBon TETRACHLORIDE
AND Brwzeng, The zw
diagram was eonstructed by
Varteressian (18} from the
data of Rosanoff and Kasley
{18). Thismixtureischeap
and readily obtained in the
pure state, and analysis is
easy and accurate ().
Both liquids were Baker’s
analyzed and were used
without further purification
since the results thus ob-
tained and results using
redistiled materials were
identical. Analysis was by
refractive index., The
properties of the fwo sub-
stances are as follows:

Brnsaxe

178.2 {80. 1)
1.4995~1.4998

CaBBoN TETRACHLORIDE

168.8 (76.0)
1,4595-1.4600

Boeiling point at £ atm,, * F. {* C.)
Refractive index, n%§

Bexzenn anp Towveng. The p-y diagram was caleulated
from the data of Rosanoff, Bacon, and Schulze (12) using
230.7° F. (110.4° C.) as the normal boiling point of toluene
at which temperature the vapor pressure of benzene is 2.323
atmospheres, and 176.5° F. (80.3° C.) as the normal boiling
point of benzens at which temperature the vapor pressure of
{oluene is 0.387 atmosphere, This mixture follows Raocult’s
law; on this basis, boiling peint—composition curves were
caloulated for pressures near 1 atmosphere. Analysis of this
mixbture was by measurement of boiling point in a modified
Cottrell apparatus, followed by reference to these curves.
The benzene was the same as that used above. The $oluene
was either Baker's analyzed or some fractionated in a 27-{oot
packed column which had the equivalent of at least thirty
theoretical plates when fested in the usual way with a mix-
ture of n-heptane and toluene. The fractionated toluene
had the following properties;

231.1 {110.6)
—135.0{—-85.0)
0.8657

1.4964

Boiling point at 1 atm., * F. (* C.)
Freesing poind, ® F. (° ©.)
Density, d §3 »

Refractive index, n%f

n-Heprane anp Torvesm. The o~y diagram was deter-
mined by Bromiley and Quiggle {2). The toluene was the
same as that used above. The n-heptane was that used for
knock rating purposes. It was obtained from the Californis
Chemical Company and had the following properties:
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Boiling point at 1 atm., ° F. (° C)) 209.1 (98 .4)
Freezing point, ° F, (° C.) —131.4 (—-90.8)
Density, d$3 , 0.6839
Refractive index, n%§ 1.3878

n-HEPTANE AND METHYLCYCLOHEXANE. The equation,

XnA = (an—l) _L'i
Xng X 1g
X 14 .
where X = molal ratio of A to B on any plate
1p
XIIA .
o = molal ratio of 4 to B on any plate n plate removed
ng from the first

number of perfect plates required for separation
relative volatility (4)
the value for « given by Beatty and Calingaert (1)

n

2!
1.07

was used for the determination of the number of perfect
plates required for the observed separation. Analysis was
by means of refractive index using the data of Bromiley and
Quiggle (2). The n-heptane was the same as that used above.
The methylcyclohexane was Eastman’s technical grade puri-
fied by stirring with concentrated sulfuric acid, by washing
with water and sodium carbonate solution, and by drying
over calcium chloride and fractionating. The fractionation
was carried out in a column having the equivalent of ten
theoretical plates when tested in the usual way with a mix-
ture of carbon tetrachloride and benzene. The purified
methyleyclohexane had the following properties:

213.4 (100.8)

Boiling point at 1 atm., ® F. (° C))
1.4231-1.4232

Refractive index, n%§

AceroNe AxNp MerHANOL. The z-y diagram was con-
structed from equilibrium data given by Hausbrand (6).
Analysis was by refractive index. The acetone and methanol
were redistilled and had the following properties:

MEeTEANOL
150.8 (66.0)
1.3289

AcETONE

Boiling point at 1 atm,, ° F. (° C.) 133 7 (56 5)

Refractive index, n%$

CoOLUMNS

The influence of the height and the diameter of a column
on the efficiency of a packing is an important consideration
in designing a column. Accordingly, the packings were
tested in columns of varying height and diameter, and are
described below.

CorumN 1. This column consisted of a glass tube 0.76
inch in diameter and 48 inches tall. The height of packed
section was approximately 27 inches, the packing being held
in place by a roll of monel screen. A straight copper con-
denser was used. On the lower end of the condenser a 0.12-
cubic-inch (2-ce.) glass cup was attached; during the test the
condensate ran into the cup and overflowed onto the packing
s0 that when equilibrium had been reached a sample of the
distillate was present in the cup. In some cases a reflux gage
was attached to the condenser and then the 0.12-cubic-inch
cup was attached to the gage. The reflux gage consisted of
a glass tube about 8 inches tall and 0.16 inch in diameter with
a platinum sharp-edged orifice sealed in one end. The height
of liquid in the tube was a measure of the rate of distillation,
the gage having been previously calibrated. The column
was jacketed with a glass tube but was not wound with re-
sistance wire. A 6l-cubic-inch (1-liter) short-neck flask
was used as the still, and was heated by a Bunsen burner.

CorLumN 2, This was similar to column 1 except that the
diameter was 0.70 inch.

CorLumy 3. This was similar to column 1 except that the
diameter was 0.66 inch,
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Corumn 4, This column consisted of Shelby steel tubing
0.67 inch in diameter and 32 inches tall. It was connected
to a glass head by a litharge and glycerol joint. In all other
respects it was similar to column 1.

CorumN 5. This column was made of glass and was 0.80
inch in diameter. The height of packed section was 55
inches. The packing was held in place by indentations in
the wall of the tube. Product could be withdrawn by means
of a side arm which extended into the column and received
the condensate as it ran off the condenser. The amount of
condensate withdrawn as distillate was regulated by a stop-
cock., The column was jacketed with a glass tube wound
with chromel resistance wire, which in turn was jacketed
with a plain glass tube. A 61-cubic-inch (1-liter) flask was
used as the still and was heated by a Bunsen burner.

CoruMN 6. This was similar in all respects to column 5
except that the height of packed section was 68 inches. The
still was heated by an electric heater.

CoLumn 7. This was a regular fractionating column used
in the organic research laboratory. A similar type column
has been described by Whitmore and Lux (20). This column
was 0.55 inch in diameter and had a packed section of 17.7
inches.

Covrumn 8. This column was made of Shelby steel tubing
0.67 inch in diameter and had a packed section of approxi-
mately 113 inches. The packing was held in place by a roll
of monel sereen. The head of the column was a glass tube
21/5 inches in diameter and 24 inches tall and was connected
to the Shelby tube by an inverted stopper and litharge and
glycerol joint. The condenser was a copper spiral, a sample
of the distillate being obtained as above by means of the
0.12-cubic-inch (2-cc.) cup. The rate of distillation was
measured by the reflux gage. The column was jacketed with
l-inch pipe which was covered with asbestos paper, wound
with chromel resistance wire, and lagged with 85 per cent
magnesia pipe covering. The still was a 122-cubic-inch (2-
liter) short-neck flask and was heated by a Bunsen burner.
A mercury U-tube was connected to the top of the flask so as
to measure the pressure drop in the column.

CoLumN 9. This column consisted of a glass tube 2.12
inches in diameter and 48 inches tall. The packing was held
in place by indentations in the wall of the column on which
a piece of monel sereen rested. The height of packed section
was 26 inches. A sample of the distillate was obtained by
a 0.30-cubic-inch (5-ce.) cup as previously described. The
column was jacketed with a glass tube wound with chromel
resistance wire. A 183-cubic-inch (3-liter) flask was used as
the still and heated by a Bunsen burner.

CorumN 10. This column was made of standard 2-inch
iron pipe, and had a diameter of 2.07 and a height of 102
inches. Product could be withdrawn from different sections

‘of the column by side arms placed 12, 42, and 72 inches from

the bottom of the column. These side arms were attached
to small copper cups which extended into the packing and
caught some of the descending liquid. By means of valves
the rate of take-off could be regulated. This method of take-
off has the disadvantage that the cups may not catch a repre-
sentative sample of the liquid in that particular cross section
of the column, but only one small stream which may have a
different composition.

The reflux condenser was a coil of !/~inch copper tubing.
By measuring the rate of water through the condenser and
the temperature of the inlet and outlet water, the B, t. u. to
the condenser, and therefore the rate of distillation, could
be determined. When the height of packed section was only
30 to 42 inches, the condenser was lowered down into the
column until it was just above the packing. The column
was wound with chromel resistance wire and lagged. The
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still consisted of a
12-inch piece of
standard 6-inch
pipe with '/minch
boiler plate welded
on to form the top
and bottom. A
1/ ineh pipe in the
bottom of the still
allowed for drain-
age and the with-
drawal of samples.
The top of the still
was connected to a
mercury U-tube so
as to measure the
pressure  drop,
The still was eon-
nected to the
coliwen proper by
a 2-inch flange, the
packing being held
up by a piece of
menel sereen in-
serted between the
flanges. The still
was heated elee-
trically by & wind-
ing consisting of
80 feet of No. 16
asbestos-covered
monel wire,

CoLuvmn 1%,
This eolumn was
made of standard
2-inch pipe and
had a packed sec-
tion of 156 inches.
Produet could be
withdrawn only a
the top of the
column; it was
withdrawn as
vapor and con-
densed in & water-
jacketed product
iine. The still
consgisted of a
standard  10-inch
pipe coupling with */winch boiler plate welded on to_form the
top and bottom and had a capscity of 427 cubic inches (7
Eters). The still was welded to the column proper and was
heated electrically by strip heaters in series with chromel
resistance wire. In all other respects the column was sitilar
to columnn 180,

MiscELLaNEoTs CoLtumys,  Various columns in the organie
research laboratory were also tested, These columns were
similar to eolumn 7 snd differed mainly in height and diameter.

Pacring MaTerIaLS
{AcruaL Size)

No. 16 deuble-link brass jack chain
Nao, 18 pingle-link iron jack chain .
No. 3% singie-dink aluminum jack chain
One-turn metal helix

Two-turna metal helix

Bix-turn metal helix

Straight carding tooth

Bent carding tooth

No, Z out tack

10. Hollow-sgquare wire form

11, Double cross wire form

12, Bifurcated rived

13.  Glass tube

14, Lesesing ring .

15, No. it Cholet-Vanderhoe! ring

Frgure 2.

b S

PacriNg MATERIAL

Many different kinds of packing material have been tried
and they are described below, Average dimensions are given.
A photograph of some of the packings is given in Figure 2.

Ong-, Two-, avp Six-Tory Heuces. No. 24 B & 8
Lucero wire was wound on a Y/winch rod and cut into the de-
sired helix.

Grass Hericrs, These were similar to the metal helices.
They were made by winding molten glass on a Y/s-inch rod
as deseribed by Wilson, Parker, and Laughlin (27).

ENGINEERING
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Crimpep Wike., No. 24 B & 8 gage copper wire was fash-

ioned to give ten erimps per inch, each '/ inch high. The

erimped wire was then eut into pieces about Y/, ineh long.

SreagaT Camping Teere. A carding tooth is essen-
tially a staple with a square top.  Those used here were Vs
ineh wide and had either a %/ or a "/p-inch leg.  The size
of the wire was No. 28 B & 8 gage.

Bunt Canvine Trera. These were the same as the
straight earding teeth except that the legs were 1/; inch long
and bent /s inch in from the open end.

MiscerLaneous Bent Carpive Trera, These were a
mixture of various sizes of carding teeth, of approximately
the dimensions indieated for the straight and bent teeth.

Dovpre-Cross Wias Forms.  These were made hy eut-
ting '/s-inch: galvanized screen in the form of double crosses.
Holow square wire forms were '/y-inch galvanized screen eut
into single squares.

No. 1 Caover-VanogreorF Rings, These rings were
double coils of No. 20 B & 8 gage wire, The inner ring was
0.19 inch wide and 0.46 inch long, and the outer ring 0.40
ineh wide and 0.46 inch long.

Lessine Riwas.  These rings were of brass, 0.25 inch wide
and 0.28 inch long,

Guass Tuses, These tubes were .27 ineh long and had
an outside diameter of 0.23 and an inside diameter of 0.17
inch.

No. 2 Cur Tacks, These were ordinary cut tacks having
a total length of §.261 ineh. The diameter of the head was
0.139 inch.

No. 3 Cor Tacks.
a total length of 0.380 inch.
inch,

B. B. Spor. These were air rifle shot No. 5 having an
average diameter of 0.178 inch.

Birp Bror. These were No. 7 shot obtained from Win-
chester Leader 12-gage loaded shells and had an average
diameter of 0.098 inch.

Brrorcarep Rivers. These rivets had a total length of
(.183 and a prong length of 0.125 inch. The diameter of the
head was 0.154 inch.

Tusvrar Rrvers.
and a prong length of 0.141 inch,
was 0.222 inch.

Ovrsme Prong Rivers, These rivets had a total length
of 0.431 and a prong length of 0.130 inch, The diameter of
the head was 6.171 inch.

Jack Cramn. Various sizes and kinds of jack chain were
used. No. 16 single-link iron jack chain was made of No. 15
B & 8 gage wire and had links 0.51 inch long. No. 18
single-link iron jack chain was made of No. 17 B & 5 gage
wire and had links 0.48 inch long. No. 19 singledink alumi-
num jack chain was made of No. 17 B & 8 gage wire and bad
links 0.40 inch long. No. 20 single-link iron jack chain was
made of No. 19 B & 8 gage wire and had links 8.33 inch long.

These were ordinary cut tacks having
The head diameter was 0.164

These rivets bad a total length of 0,172
The diameter of the head

TesT PROCEDURE

There are many sources of error and variables in the de-
termination of H. B. T. I, values, Some of these are as
follows: analysiz of samples, purity of fest liquids, method
of obtaining samples, jacket temperature, messurement of
rate of distillation, uniformity of rate of distillation, uni-
formity of packing columns, possible corrosion of the packing,
distribution of liquid frem the condenser or overflow cup,
distribution of descending liquid in the column; accuracy of
z~y dingram, effect, if any, of concentration on . B. T, P,
and establishment of equilibrium conditions in the columns.

It was possible, by following a definite procedure, to ob-
tain valyes for H. E. T. P. which could be checked eonsist-



November, 1934

TasLe I. FreEE Sepace axp Horpup
Packina Frer Space  Horpups

Cu. in
% Cu. in
Miscellaneous carding teeth 92,1 0.023
8-turn No, 24 Lucero wire helix 91.2 0.054
No. 1 Cholet-Vanderhoef rings 90.0 0.014
2- and 3-turn No. 24 Lucero wire helices 86.5 0.046

Straight 5/s-in. carding teeth 84.9 Cs
Lessing rings 84.7 0.044
Bent !/4-in. carding teeth 84.0 0.047
1-turn No. 24 Lucero wire helix 82.0 0.046
Straight 7/5-in. carding teeth 81.6 0.042
Hollow square wire form 79.6 0.051
No. 16 single-link iron jack chain 72.3 0.033
Double-cross wire form 71.9 0.056
Glass tubes 69.8 0.037
No. 20 single-link iron jack chain 69.5 0.044
No. 18 single-link iron jack chain 69.4 0.035
No. 3 cut tacks 68.0 0.047
Qutside prong rivets 66.2 0.054
No. 2 cut tacks 64.5 0.058

Crimped wire 64.0 .
Tubular rivets 60.0 0.053
Bifurcated rivets 54.5 0.046
B. B. shot 42.0 0.041
Bird shot 39.4 0.036

2 Ratio of volume of liquid to volume of packing.

ently, although occasionally a value was obtained which for
no apparent reason deviated considerably from the usual
value. In the following tables every run represents a de-
termination made after
ample time was allowed for
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TasrLe 1I. ARea
Packing Packing

Sq. in./cu. tn. (Sq. cm./cc.)
Crimped wire 69.5 (27.4)
Straight 5/s-in. carding teeth 56.5 (22.3)
Straight 7/s-in. carding teeth 47.3-60.0 (18.6-23.8)
Bent !/sin, carding teeth 43.2-53.3 (17.0-21.0)
Double-cross wire form 47.3 (18.8)
Qutside prong rivets 47.3 (18.6)
1-turn No. 24 Lucero wire helix 46.6 (18.4)
Miscellaneous bent carding teeth 38.1 (15.4)
No. 2 cut tacks 36.1 (14.2)
Bird shot 35.9 (14.1)
No. 20 single-link iron jack chain 35.9 (14.1)
2- and 3-turn No. 24 Lucero wire helix 35.0 (13.8)
Hollow square wire form 34.3 (13.5)
Bifurcated rivets 32.5 (12.8)
Tubular rivets 31.7 (12.5)
No. 18 single-link iron jack chain 28.7 (11.3)
No. 3 cut tacks 25.2 (9.9)
6-turn No. 24 Lucero wire helix 23.1 (9.1)
Lessing rings 22.4 (8.8)
Glass tubes 21.9 (8.6)
No. 16 single-link iron jack chain 20.8 (8.2)
B. B. shot 20.3 (8.0)
No. 1 Cholet-Vanderhoef rings 14.0 (5.5)

ing this time the rate of distillation was kept as constant as pos-
sible.

When equilibrium had been established and with the ecolumn
operating, samples of the still material and distillate were taken.
These were withdrawn simultaneously or within as short an
interval of time as possible. The still samples were obtained

equilibrium to be estab TasLe III. ErricieNncy TesTs UsiNg BENZENE AND TOLUENE
. : ToraL
lished. The various runs VevrociTy AT ToP, h PrEssURE _~ BENZENE = TEEORBTICAL
represent either considerable Packinag Vapor Liquid at B. P. Dror Distillate Still Prares H.E. T P.
time intervals between runs Ft./sec. Cu.in./hr. (L/hr.) In, Hg Mole %, Mole % Inches
1 h tk £ f th ’ IN COLUMN 10, DIAMETER 2.07 INCHES, HEIGET OF PACKED SECTION 42 INCHES
porment soew. - This wa RSSO 82 G4 %8 e w18 1
new, 1S was iron jack chain 0.7 333 . . . . . P
Femmen ane X 1.1 525 (8.6) 0,16  100.0 8.2 9.0 5.2
ound necessary to insure 1.2 573 (9.4) 0.20 98.0 6.0 6.5 7.6
that the data obtained were 1.5 723 (11.9) 0.35 99.4 10.1 8.0 6.0
. IN COLUMN 2, DIAMETER 2,12 INCHEES, HEIGHT OF PACKED SECTION 26 INCHES
correct, that the results were (o o Fast 94.0  22.0 4.5 7.4

reproducible, and that the
experimental conditions in-

iron jack chain

dlca.t(_ad were .the prineipal TasrE IV. ErriciENcY TesTs Using CarBON TETRACHLORIDE AND BENZENE
condltlons: leading to the re- Toras
sults obtained. THEO-
—VELOCITY AT ToP——~  CARBON TETRACHLORIDE RETICAL
The columns were carefully Pacrive Vapor  Liquid at B. P, Distillate  Still Prares H.E.T.P.
cleaned and, if wound with Ft./sec. Cu. in./hr. (L./hr.) Mole % Mole % Inches
resistance yWire, were heated A. IN COLUMN 1, DIAMETER 0.76 INCH, HEIGHT OF PACKED BECTION 27 INCHES
i y iling No packing Fagte 24.5 17.8 2.0 37.0%
appmmfmﬁtely th th(f b%hntg No. 16 single-link iron jack chain  Fast 420 2000 75 42
point of the test liquids. ‘es S Double-cross wire form Fast 56.5 17.5 14.0 2.1
on some of the short 27-inch Miscellaneous carding teeth Fast 55.0 17.0 13.5 2.2
columns with and without ex- Bent !/s-in. carding teeth IS};SV: g?.g %gﬁ %64‘(5) %%
;;nr;éall{J %]c}slgtphe‘a,‘;h%sve ']?Eg B. SAME AS A, HEIGHT OF PACKED SECTION 25.6 INCHES
still was then charged with 12 Bent !/w-in. carding teeth Fast o 8.9 140 2.0 13
: PR ' ow . . . . .
to 24 cubic inches (200 to 400 Straight 7/x-in. carding teeth Fast 67.0 14.0 21.0 1.4
ce.) of sample for the small Straight 5/p-in. carding teeth %lov: gg.g %2‘8 %g.g }g,
columns, 30 to 50 cubic inches as - . . . . .
(500 to 800 ce.) of sample for C. IN COLTMN 2, DIAMETER 0.0 INCK, HEIGHT OF PACKED SECTION 25 INCHES
the medium size columns, and Bent !/«in. carding teeth gasz gg.g %2'8 %g.g gg
120 to 180 cubic inches (2000 as : : . : :
to 3000 %C ) Of Samp]e fo(r the D. IN COLUMN 8, DIAMETER 0.66 INCH, HEIGHT OF PACKED SECTION 27 INCHES
large ones. The concentra- Straight 5/s-in. carding teeth Fast .. 51.5 14.5 13.0 2.2
tions of the two liquids were E. SAME AS D, HEIGHT OF PACKED SECTION 28 INCHES
chosen so as to operate in the Bent !/«in, carding teeth }Easg ig.g }g.g %gg 3.2
i ion of the z-y dia- as : : : : :
;nrlg(ririe pOTI‘lgle nn?ateria]J was F. SBAME A8 D, HEIGHT OF PACKED SECTION 29 INCHES
allowed to reflux for 15 minutes Double-cross wire form Fast 61.5 159 %248 L7
e inph as . . . . .
and then 0.6 tO 09 (;ublc IHCh G, IN COLUMN 4, DIAMETER 0.67 INCH, HEIGHT OF PACKED SECTION 29 INCHES, VAPOR VELOCITY ¢
(10 to 15 cc.) of distillate was Straight 7/s-in, carding teeth 1.4 76 47.2 12.0 13.0 2.4
withdrawn to remove any trace ralg it g 17 95 95 1270 138 33
of moisture or low-boiling ma- 1.6 87 50.0 110 145 211
terial. This was possible only Bent !/ui ding teoth %;‘;t 79 g(l).g 12.(5) %518 ézg
when the column was equipped B e e oo Fast . 46.5 9.5 13.5 23
with a side arm. In the other Straight 5/u-in. carding teeth Fast 55.0 14.5 14.5 gé
columns the glass cup was %I;S\z' 22‘2 %2.8 %%.8 2.8
emptied and then replaced. = o > :
Reﬁuxing was then COntinued . . H. SAME AB G, HEIGHT OF PACKED SECTION INCHEES s 27
for 1 to 1.5 hours or in the Bbemﬁgfélr%s:i:gf %ogfﬁth gi:: iglg {élg 11.5 2.7
case of those taller than 60 o Fast 465 o'k 133 32

inches for 1.5 to 2.5 hours to

. Rl o Same rate as when packed.
establish equilibrium. Dur-

b Calculated on basis of 37 inches of column height.
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TasLE V. SuMMARY OF CARBON TETRACHLORIDE-BENZENE
ReEsurrs oN CoLuMys 1 1O 4¢

———H. E. T, P. 1N INcEBS
Column 1 Column 2 Column 3 Column 4

(0.76 in.  (0.70in. (0,66 in.  (0.67 in.

PACKING diam.) diam.) diam.) diam.)
Double-cross wire form 1.9-2.2 ..... 7-2.0 2.3
Bent 1/«in. carding teeth 1.5-2.0 2.0-2.1 2.0-2.4 2.4-2.7
Straight 7/»-in. carding teeth 1.4-1.6 .....  ..... 2.0-2.3
Straight 5/3-in. carding teeth 1.7-1.8  ..... 2.2-2.3 2.2-2.6

& Columne 1 to 3 are glass, column 4 is metal,

TaeLe VI. Erriciency Tests Using CARBON TETRACHLORIDE AND BENZENE

PrEs-
~—=VELociTY AT Top—— SURE _ TE
Vapor Liquid at B. P, Dgror Distillate

Ft./sec. Cu. in./hr. (I./hr.) In. Hy Mole %

PackiNGg

A. IN COLUMN 5, DIAMETER 0.80 INCH, HEIGET OF PACKED SECTION 5 INCHES, VAPOR VELOCITY ¢

INDUSTRIAL AND ENGINEERING CHEMISTRY

CaArBON
TETRACHLORIDE THEQRETICAL

Vol. 26, No. 11

and removing the cup. If the column had a side arm, which was
as short as possible, two or three 0.06-cubic-inch (l-cc.) samples
were withdrawn rapidly, a previous sample having cleaned out
the product line. In some cases the distillate was obtained by
withdrawing product very slowly so that essentially total reflux
was maintained. These results agreed with those obtained when
product was withdrawn rapidly.

The samples were analyzed by refractive index and occasionally
checked by density. In the case of benzene and toluene, analysis
was by boiling point, making it necessary to obtain larger samples.
This did not introduce a serious
error since this mixture was
used only in the column 2 inches
in diameter. Knowing the
composition of the still and
distillate, the total number of
theoretical plates was obtained
from the z-y diagram using the
graphical stepwise method of

ToraL

H.E.T.P.
Inches

Still PraTES

Mole %

Double-cross wire form 1.1 85 (1.4) 66.0 14.4 20.5 2.8 -
Hollow-square wire form 43.8 12.5 11.5 5.2 MecCabe anfd.TI;:ele (fg)' The
No. 2 cut tacks . 0.7 52 (0.9) 72.5 15.0 25.0 2.3 number of inches of packed
2-turn and 3-turn No. 24 wire L o 140 170 34 section divided by the total
helices 0 (L3 0.0 : . ‘ number of plates minus one
B, IN COLUMN 6, DIAMBTER 0.80 INCH, HEIGET OF PACKED SECTION 66 INCHBS, VAPOR VELOCITY 0 gave the H' E_ T. P( One
ight 7/s:-in. carding teeth 1.2 92 (1.5) 67.0 12.0 23.0 3.
Straight 7/a-in. ¢ g 1 5 as 879 29 3.2 58 plltagffl was s'uli)ltractid'becagse
1.5 116 (1.9) 65.5 6.0 25.5 2, ol the enrichment in going
C., SAME AS B, HEIGHT OF PACKED BECTION 68 INCHES f,‘[I,‘%nel et]??lzrﬁl[]il :(I)lttl’;lel %?11:[33
ingle-link iron jack chain 36.0 6.0 12.0 6.2 : -
No. 16 single-link iron jack chain ... 7.0 15.0 11.0 6.8 packed sections of the column
D. IN COLUMN 8, DIAMETER 0.67 INCH, HEIGHT OF PACKED SECTION 118 INCHES, VAFOR VBLOCITY 0 Z‘_’as neglected ?incedth?se sec-
ki 1.8 92 (1.5) 0.04 23.0 9.5 6.0 23,0° 100$ were smail and since, as
No packing . Lg 92 82; 0:0¢  20.0 8.8 38 200 will be shown later, the enrich-
Bent 1/«in. carding teet . - x . . . . ment itself was negligible.
B ];Ailﬂ 8 D79HE[GH(:‘.::' PACKED SECTI?)’;‘ (1)13 INCI{E:‘5 .o +e The teStS were made at dlf-
: AS D, ferent rates of distillation. In
Straight 7/s-in. carding teeth 1.6 84 (1.4) 21'07317 ;22%8 gg g(l)g gg cases where the rate was not
e 18D R oge o 8 mE o gp o meaned, o sl e
No. 16 double brass jack chain 1. . . . .0 .6 operate st as close to flood-
No. 18 double brass jack chain 1.5 79 (1.3) 0.51 68.0 10.5 23.0 5.1 ié)g as possible, and second at
) F. BAME AS D, HRIGET OF PACKED SECTION 111 INCHES 50 to 70 per cent of the first
No. 18 single-link brass jack 1.6 85 (1.4) 0.47 73.0 17.5 24.5 4.7 . i 3
o, 18 sing _ T 18 79 (1.3) 0.39 70.5 17 4 22°5 58 rat? tThese Yﬂ] be des1%pat1ed
No. 18 single-link iron jack chain 1.1 6l (1.0) 0.55  72.0 15.2 25.0 4.6 as Iast and slow, respectively.
) . 1.4 76 (1.3) 1.05  72.5 12.5 26.5 4.4 Check runs were made in all
No. 19 single-link iron jack chain ]]:% 215. i-(l)g 0.67 ggg ggg ggg gg cases. In some cases, when
Glass tubes 0.9 49 (0.8) 0.43  64.0 1.0 21.0 5.8 testing any one packing, de-
1.3 72 (1.2 0.75  63.0 9.0 21.5 5.4 terminations were made on

G, IN COLUMN §, DIAMETER 2.12 INCHES, HEIGHT OF PACKED S8ECTION 26 INCHES

different days, the test solution

No. 16 single-link iron jack chain Fast 28,0 15.5 4.5 7.4 was changed, and the columns

Fast 30.0 18.5 4.0 8.7 were repacked with new pack-

H. BAMB AB G, HEIGHT OF PACKED SECTION 27 INCHES ing. Every effort was made to

Double-cross wire forms Fast e e 22.0 7.2 7.0 4.5 insure the reliability of the re-
I. BAMEB A8 G, HEIGHT OF PACKED SECTION 29 INCHES Sult‘vs'

Straight /s-in. and bent 1/sin, Fast 34.0 14.0 7.5 4.5 Unfortunately the results are

carding teeth Slow 31.5 14.0 6.5 5.3 not complete, and correlation

J. IN COLUMN 10, DIAMETER 2.07 INCEBS, HEIGHT OF PACKED SECTION 30 INCEES, VAPOR VELOCITY A

between the different columns

Double-cross wire form 8% %;(2) Eigg 83% %gg lgg 198 2.3 is frequently lacking. This is
. . . . . . 0
0.7 340 (5.6) 039 44.0 208 85 1.0 because the paper represents
0.8 384 (6.3) 0.59 16.8 50 6.5 55 the data obtained in the course
0.8 388  (6.4) 0.63  36.5 16.2 7.5 4.6 of various distillation projects
K. BAME AS J, EEIGHT OF PACKED SECTION 56 INCHES in this laboratory rather than
Double-cross wire form 0.2 123 (2.0) 0.32  60.5 12.8 18.5 3.2 one particular study.
06 205 (1% 076 e 1o 183 37
. : . . : 14.5 i1
o6 8 Wy on A 15.6 15.0 40 PrysicaL MEASUREMENTS
L, 8AME AB J, HEIGHT OF PACKED SECTION 40 INCHES OF PACKINGS
No. 16 single-link iron jack chain 0.4 178 (2.9) 0.12 38.4 17.1 7.5 6.2
o b sing 0.8 383 (8.3) 0.24 359 15.2 7.5 6.2 I'f{-woul.d}?e lexPeCted that a
1.1 527 (8.7) 0.31 321 139 7.0 8.7 packing with a large area would
1.3 855  (10.7) 0.47 24.8 11.7 5.5 8.9 be more efficient than one with
M. SAME AS J, HEIGHT OF PACKED SECTION 72 INCHES a small area and that a packing
No. 16 single-link iron jack chain 8‘3 ;}28 (g.m 012 49.0 1.3 12.5 8.3 Wlthldcorlllmderaglehf r}fe S% ace
. . . . . 13.5 5.8 would allow a high thro
1.0 492 §8.1§ 0.31 46.2 11.8 140 5.5 in 8 column & Accor?i%n I}ut
1.0 515 (8.4)  0.35 33.8 10.8 10.5 7.8 YU gLy
1.2 601  (9.9)  0.55 48.2 13.0 13.5 5.8 measurements of area, free
1.4 698  (11.5) 0.55  29.4 9.7 10.0 8.0 space, and holdup were made

¢ Same rate as when packed.
b Column probably flooded.

by a tube extending into the boiling liquid in the flask; the por-
tion of the tube outside the flask was bent down so that a siphon
could be started either by the pressure drop in the column or by a
slight suetion. The line was closed by a stopcock or pinch clamp
when not in use. The first sample obtained was discarded since
it served to clean out the line; two samples, each of 0.12 cubic
inch (2 to 3 cc.), were then taken. The sample of distillate, if
the cup was used, was obtained by simply raising the condenser

on a number of packings. The
free space and holdup were
measured by filling a 6.1-cubie-
inch (100-cc.) graduate with
the packing and noting the volume of kerosene at ordinary tem-
peratures required to fill the graduate to the 6.1-cubic-inch mark.
From the volume the percentage free space was obtained. The
kerosene was then poured off the packing which was allowed to
drain for 15 minutes. The volume of kerosene added minus that
recovered was equal to the holdup of the packing. Since packing
materials settle differently in columns of various diameters, the
values for holdup and free space thus obtained are only relative.
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The area of 6.1 cubic inches of TaBLE VII. ErriciExcy Tests UsiNg n-HEpTANE AND TOLUENE
the packing was determined by TorAL
measuring many individual ~——VELocITY AT Top—— PrEssURE _ n-HupTANE = THEORETICAL
pieces by means of a microme- PackiNe Vapor  Liquid at B. P. Dror Distillate Still Prates H.E.T.P.
ter to obtain the average area Ft./sec. Cu.in./hr. (I./hr.) In. Hg Mole % Mole % Inches
of one piece and then ascer- A, IN COLUMN 7, DIAMETER 0.55 INCH, HEIGHT OF PACKED BECTION 17.7 INCHBES
taining the number of 1-turn glass helix Fast 84.5  25.0 10.5 1.9
pleces in this volume either by B. IN COLUMN 10, DIAMETER 2.07 INCHES, HEIGHT OF PACKED S8ECTION 40 INCHES, VAPOR VELOCITY h
counting or by weighing. It No. 16 single-link iron jack chain 0.3 183 (3.0) 0.08 65.6 2.7 8.5 5.3
should be remembered that the 1'8 ggg ( l(tls g; g. ;(2) gg tls g.g g.g ;g
area thus measured may not be 1.3 868  (14.2)  0.39 38.3 2.0 5.5 8.9
glﬁe%ﬁfgtixg?ﬁlﬁ:eof;ge (I.f)oa‘l?lkrilr:lg C. S8AME A8 B, HEIGHT OF PACKED SECTION 42 INCEES
h . A ’ No. 19 single-link aluminum jack 0.6 452 (7.4) 0.20 73.3 2.3 9.5 4.9
since there is a certain un- chain 0.8 567 (9.3) 0.24 73.0 2.1 9.5 4.9
known common area of con- }é g% 82'22 8'?% gg.g g.g 13'8 g.%
tact between adjacent pieces of g . . . . . . . .
packing. Theresultsobtained ~ SUelsht’/win cardingtecth 9.8 5 B8 08 ¥E §E B8 3%
are given in Tables I and II. 0.9 537 (8.8) 1.18 41.4 1.7 6.5 7.8
0.9 553 (9.1) 1.18 33.4 1.3 5.0 10.5
H. E. T. P. Tesrs Using D. SAMR AS B, HEIGHT OF PACEED SECTION 70 INCHBS
: No. 16 single-link iron jack chain 0.4 268 (4.4) 0.08 77.5 2.5 12.0 6.
e PO @ ey &t oo owe
Benzene and toluene can ’ 13.3) ) : ' ) )
N B. SAME A8 B, HEIGHT OF PACKED SECTION 72 INCHES
be practically completely No l9singlelinkaluminum jack 0.5 7z (. 02¢ &2 18 4.3 5.3
- 1 1 chain . 7 . . . 1.5 . .
separated in columns having 1.0 716 (1.7) 0,51  88.3 2.4  16.0 18
the equivalent of twelve Straieht */oni dinetooth | &L 187 dzg 098 70 18 10.0 8.0
theoretical plates when tested reight */u-in. carding tee 08 &1 &p ok s 33 200 3.8
with a mixture of benzene 0.7 551 (9.0) 1,34 93.0 1.2 20.5 3.7
a‘nd toluene. This mixture F. IN COLUMN 11, DIAMETER 2.07 INCHES, HEIGHT OF PACKED SECTION 156 INCHES, VAPOR VELOCITY h
d 6-turn No. 24 Lucero wire helix® 0.7 506 (8.3) 0.12 84.2 24.3 10.5 16.4
could only be used, there- ig 705 §11.6§ 0 1(2) ggz % g lg,g %gg
: : ; . 949 15.6 0.2 .1 .
fore, in short or inefficient 1.7 1240 {(20.3) 0.28 93,6 23.5 10.0 17.3

columns. In addition, the
analysis by boiling point re-
quired samples considerably
larger than 0.06 to 0.12

¢ Lucero wire is a nickel-copper all

TasLe VIIIL.

oy made by Driver-Harris Company, Harrison, N. J.

ErricieNcy Tests UsiNg n-HEPTANE AND METHYLCYCLOHEXANE

cubic inch (1 to 2 cc.). The v Tor. P - PraLOTAL
. » »~——YELOCITY AT OP, h—— RESSURE n-HEPTANB HEORETICAL

mixture was useg only in PAckING Vapor Liquid at B. P. Dror Distillate  Still Prates H.E. T. P
the short 2-inch diameter Ft./sec. Cu.in./hr. (I./hr.) In. Hg  Mole % Mole % Inches
columns whose capacity is L A. IN COLUMN 11, DIAMETER 2.07 INCHES, HEIGHT OF PACEED SECTION 156 INCHES

. 3 6-turn No. 24 Lucero wire helix 0.7 478 7.8) 0.10 41.8 28.8 9.5 18.4
seven times that of the */,- Yl &8 0.20 417 28.6 9.5 1804
inch diameter Co}umn.s- B. IN COLUMN 7, DIAMETER 0.55 INCE, HBIGET OF PACKED SBCTION 17.7 INCHES
The results are given in 1-turn glass helix 42.6 31.5 8.0 2.5

le III 8

Table .

ErrFicieNcy Tests UsiNg CARBON TETRACHLORIDE AND
BENZENE

This mixture could be used in a large variety of columns;
it could be analyzed easily and was, therefore, the one most
frequently used. It was not employed with the aluminum
jack chain because of the reaction of aluminum with carbon
tetrachloride. If it is used for any length of time in metal
columns, there may be some corrosion. The results are
given in Tables IV to VI.

Erriciency Trests Using n-HEPTANE AND TOLUENE

The use of n-heptane and toluene, since they are both
bydrocarbons, is well adapted to columns employed in frac-
tionating gasoline. This mixture offers no corrosion difficul-
ties, can be analyzed accurately by refractive index, and ex-
cept for the high cost of the n-heptane is in all respects one
of the best possible mixtures. The results obtained are given
in Table VII.

ErrrcieNcy Tests UsiNG n-HEPTANE AND METHYLCYCLO-
HEXANE

Mixtures of n-heptane and methyleyclohexane are very
suitable for testing fractionating columns, particularly if the
columns are to be used in petroleum work. Since these two
substances boil only 4.3° F. (2.4° C.) apart, they are particu-
larly suited to the testing of very efficient fractionating
columns. Analysis by density or refractive index measure-
ments is easy and accurate. The only serious objection is

the rather high price of n-heptane.
mixture are given in Table VIII,

The results of using this

Erriciency Trsts Using ACETONE AND METHANOL
This mixture was used in only one case where no packing
was employed. The results are given in Table IX.

TasLE IX. ErricieNcy TresTs USING ACETONE AND METHANOL
(In column 8, diameter 0.67 inch, height 118 inches, no packing)

ToraL
VEerLocity AT Torp, o TONB THEORETICAL
Vapor Liquid at B. P, Dlstlllate Still PLaTES H.E.T.P.
Ft./sec. Cu.in./hr. (I./hr.) Mole % Mole % Inches
1.9 55 (0.9) 26.5 8.5 2.5 79.0
2.5 70 1.1) 21.0 2.4 3.0 53.0
2.8 82 (1.3) 41.0 7.9 3.0 58.0
2.9 89 (1.5) 36.5 3.2 4.5 34.0

ErrecT oF HEigHT OoN EFFICIENCY OF PACKINGS

As would be expected, it has been found that an increase
in the helght of packed section lowers the eﬁimency of a col-
umn—i. e., increases the H. E, T. P. The effect is very pro-
nounced in the columns 0.75 inch in diameter while in the
columns 2 inches in diameter the evidence is inconclusive.
This may be due to the fact that in short small-diameter col-
umns there is but little channeling, whereas in short large-
diameter columns there is channeling. Hence an increase
in height in the small-diameter columns causes channeling
and increases the H. E. T. P. value, whereas in the large-
diameter column, since channeling is already present, the
effect is not as great.
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The decrease in efficiency with added height is apparently
due only in part to the effect of channeling., In tests using
the same concentration of carbon tetrachloride-benzene on
columns with and without distributors, H. E. T. P. values
were obtained which, while lower for the column with dis-
tributors than for the column without distributors, were
higher than those obtained in short columns. It is possible
that some fundamental relationship in the vapor-liquid equi-
libria may be responsible. The results are given in Tables
X and XTI,

TasLE X. Errect or HeicHT oN ErrFIciENCY oF Packixgs

(In columns 0.66 to 0.80 inch in diameter; test liquids, carbon tetrachloride
and benzene)

—H. E. T. P. ar CoLvmN HEIGHT OF:—

PACKING 27-29 in. 55in. 66-68 in. 111-116 in.
Inches Inches Inches Inches
No. 16 single-link iron jack chain 4.2 L 8.5
Double-cross wire form 2.1 2.8 ces .
Bent !/u-in, carding teeth 1.5-2.5 o . 4.6
Straight 7/s-in. carding teeth 1.5-2.1 2.8 3.8
33.7 L 26.0

No packing

TasLe XI.

INDUSTRIAL AND ENGINEERING CHEMISTRY

ErrEcT OoF DISTRIBUTORS ON KErFFICIENCY OF PACKINGS
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methylcyclohexane gave a value of 18 inches. In testing an
open tube 116 inches long, an H, E. T. P. of 26 inches was
obtained with carbon tetrachloride and benzene and 58 inches
with acetone and methanol.

TasLe XIII. ErreEcr oF DIFFERENT MIXTURES ON

Erriciency oF Packing

(Using column 7 packed with one-turn glass helices)

Toran
MORE VOLATILE COMPONENT THEORETICAL
MIXTURE Distillate Still PLATES H.E.T.P.
Mole % Mole %, Inches

n-Heptane—toluene 84.5 25.0 10.5 1.9
Water—acetic acid 93.8 26.0 8.0 2.5
n-Heptane-methyl-

cyclohexane 42.6 31.5 2.5

CORRELATION OF PackiNg MEASUREMENTS aNp H. E. T. P.

As stated above, packings should have a large surface area
and a high percentage of free space. It has been found that
the product of the number
of square inches of surface
area per cubic inch of pack-

ToraL .
CAR?O}\{ITETRACHLO}IIIDE THEORETICAL mg and the percentage of
D;tlle ;te MStl‘ 17 Prares HI E}'; TP free space, divided by 100,
Mo ole : .
, , . ¢ 0 nehes gives a numerical value
Column 6, diam. 0.80in., packed for 87 in. with ’ k
double-cross wirffoim ¢ acking. 1 disteibut 5.0 8.5 23 3.0 which parallels the efficiency
Column 6, same height of packing, istributor | . 2
S middie of column o 73.0 8.5 53 2.5 and over-all utility of the
Column 1, diam. 0.76 in., packed for 27 in. with packings. Table XIV com-
double-cross wire form X . 56.5 17.5 14 2.1 . .
Column 8, c}iam. 0A67din.,pact1f1ed for 113 in. with 0 - v ‘o pares this numerical value
traight 7/3-in. carding tee . . . . .
oliraight”/min. carding teeth e packing for | with the obserx_fed H.E. T P.
103 in.'4dequal})y657p‘aced %Lstnbutorsk' for 271 7.5 59 ?{ig 3.4 and the flooding veloeity.
Column 4, diam. 0.67 in., with same packing for 27 in. . . . ) Th
, e H. E. T. P. was de-

ErrFecTt oF DIAMETER oF CoOLUMN oN EFFICIENCY OF
PAcCKINGS

An increase in the diameter of a column decreases the
efficiency of the packing considerably. This is the main
reason why packed columns have not found a more extensive
use. commercially. The results obtained are given in Table

XIIL

ErreEct oF DiaMETER OF COLUMN OX EFFICIENCY
oF PACKINGS

(Test liquids, carbon tetrachloride and benzene)

Tasue XI1.

HrreeT

Packep H. E, T. P. at CoLumMN DiaM. oF:

PacEING SgerioN  0.67 in. 0.76 in. 2,07 in. 2.12 in.

Inches Inches Inches Inches  Inches
Double-cross wire form 27-30 2.3 2.1 4.2 4.3
ouble-cr 55-56 gg 3.5 .
. 16 single-link iron jack 68-72 . 5.9 ~ ..,
N% i BIPE 27-40 4.1 6.4 7.9
Straight carding teeth 27-29 1.5 . 5.0

ErreEcT oF DIFFERENT MIXTURES ON EFFICIENCY OF
PAcCKINGS

Using column 7 (diameter 0.55 inch, height of packed sec-
tion 17.7 inches), efficiency tests were made with three differ-
ent mixtures. The columns were all operated at maximum
throughput—i. e., just below flooding. It is interesting to
point out that under these conditions superficial linear ve-
locity, in feet per second, was high for the water-acetic acid
mixture and low for the n-heptane-toluene mixture. The
results are given in Table XIII.

Tests on column 10 packed with No. 16 single-link iron jack
chain, using mixtures of benzene and toluene, carbon tetra-
chloride and benzene, and n-heptane and toluene, gave prac-
tically the same H. E. T. P. Using n-heptane and toluene
in'column 11 which was packed with six-turn wire helices, an
H. E. T. P. of 17 inches was obtained whereas n-heptane and

termined in the usual way
with a mixture of carbon tetrachloride and benzene.

CoRROSION

The problem of corrosion in packed columns is serious.
A packing which has corroded even to a small extent behaves
quite differently from the original packing. Usually the
H. E. T. P. is greater and the throughput is less. Some of
the packings used were made of alloys so that no difficulty
was experienced with atmospheric corrosion or with the lig-
uids used. For general use in laboratory columns the one-
turn glass helices are best in regard to corrosion, although
in most cases an alloy wire would be satisfactory. The card-
ing teeth used in the above tests were made of steel wire and
because of their large surface area entroded readily when
exposed to the atmosphere. An attempt is being made to
have them formed from an alloy wire.

LasoraTory CoLumns

Packed columns are used extensively as laboratory columns.
In most cases the packing has been very inefficient, and
therefore the number of theoretical plates small. The use
of some of the packings described above, instead of the older
types of packings, would double or triple the number of
theoretical plates in the column. The same would be true
of some of the open-type columns which do not use a packing.
Efficient, well-designed, packed laboratory columns are used
in the organic research laboratory of the Pennsylvania State
College. The results obtained on a number of these columns
are given in Table XV. The columns were all made and
tested by different persons. The tests were all conducted
at maximum operating vapor velocity, and the test mix-
ture was carbon tetrachloride and benzene. The columns
were packed with three-fourths-turn to two-turn glass
helices, and the differences in H. E. T. P. are partly due
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of this type cannot be in-
creased without a considerable

CONDENSATR DIMENSIONS ; X
AREs X % FREE SPACE Fgpg AT FLOODING oF TEST lossin efficiency. When tested
PacriNG 100 Space H.E.T.P. Vavociry CoLuvMN with a mixture of carbon tetra-
% Inches  Cu.in./hr (I./hr.) Inches chloride and benzene in the
Straight 7/s-in. carding teeth 47.0 84.9 1.5 92 (1.5) 0.76 X 27 usual wayv, it had the equiva-
Straight 5/h-in. carding teeth 482 816 1.7 S 076 X 27 Tont of o Hooratioal b lat e
Crimped wire 44.5 64.0 c L e e . P, =
Bent !/s«-in. carding teeth 40.4 84,0 1.7 122 (2.0) 0.76 X 27 corresponding to an H. K. T. P.
1-turn No. 24 Lucero wire helix 38.2 82.0 L. Ces TR of 5.4 inches.
Miscellaneous carding teeth 35.1 92.1 2.2 e . 0.76 X 27
Double-cross wire form 34.0 71.9 2.1 110 (1.8) 0.76 X 27
QOutside prong rivets 31.3 66.2 e e FE N
2-turn and 3-turn No. 24 Lucero wire helix 30.3 86.5 e e e LiteraTUurE CITED
E T SR T BT &

o. single-link iron jack chain 25. . 5. S S . I
No. 2 cut tacks 233 64.5 2.4 58 (0.9) 0,80 X 55 (1) Beatty, H. A, and Calin
6-turn No. 24 Lucero wire helix 21.1 91.2 8.0 . N 0.80 X 68 gaert,G., Inp.Enc.CrEM.,
Il\j'o. 18 single-link iron jack chain igg gg? 6.5 2.0 X 33 26, 504 (1934).

€8811g rings . . P A TR . .
Bifurcated rivets 17.7 54.5 - L (2) Bromiley, E. C., and Quig.
No. 3 cut tacks 17.1 68.0 .. . e e gle, D., Ibid., 25, 1136
Glass ':ubes1 Nink | ‘ack chai %23 ggg 2.5 73 (1.2) 0;§ § %Z (1933).
gi(;'cilsﬁhgxtng e-link iron jack chain 148 2.2 e . .73 . 7 (3) Bruun, J. H., and Schick-
Cholet-Vanderhoef rings 12.6 90.0 tanz, S. T., Bur. Stand-
B. B. shot 8.4 41.5 ards J. Rezsearch, 7, 851

(1931).
(4) Fenske, M. R., Ixp. Exa. CHEM., 24, 482 (1932).

TasLe XV. Erriciency Tests oF LABORATORY CoLUMNS
Using CARBON TETRACHLORIDE AND BENZENE

HeieHT Toravn

PACRED THEORETICAL
Dianm SECTION PraTEs H.E.T.P
Inches Inches Inches
0.43 10.3 10.0 1.1
0.51 15.0 6.0 3.0
0.32 15.8 7.7 2.4
0.55 17.3 9.6 2.0
0.51 17.3 12.5 1.5
0.55 17.7 12.0 1.6
0.36 20.9 15.0 1.5
0.63 23.6 10.7 2.4
0.51 24.8 10.0 2.7
0.67 32.2 13.5 2.6
0.59 34.7 19.5 1.9
0.55 53.1 22.3 2.5

to this and partly due to the different heights of packed
section.

For comparison, data on the following columns are as
follows:

CoLum~ A. A glass column 0.78 inch in diameter and having
a packed section of 27 inches was packed with 1/, X !/, inch glass
tubes. When tested with a mixture of carbon tetrachloride and
benzene in the usual way, it had the equivalent of five and a half
theoretical plates, corresponding to an H. E. T. P. of 6.0 inches.

CoruMx B. This was an indented glass column 0.43 inch in
diameter and 27 inches tall. The indentations were not made
at random but were carefully spaced and shaped so as to give
maximum vapor-liquid contact. The diameter of a column
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(6)
)

€))
9
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