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PAUL V. PEURIFOY, JAMES L. OGILVIE anp ISAAC DVORETZKY
Shell Ot Companry, Houstorn Research Laboratory, Houstonr, Tex, (U.S.4.)

(Received September r3th, 1960)

A number of preparative-scale gas—liquid chromatography units have been de-
scribed!-8 which for the most part employ columns of 1 in. or less in diameter and
25 ft. or less in length. Although an increase in column capacity is generally achieved
by increasing the diameter of the column, the existing literature is somewhat con-
flicting with regard to the effect of increased diameter on column efficiency. In some
instances, for example, it has been stated??® that an increase in column diameter
above I in. results in a rapid decline in efficiency. In at least one case3, however, it
was reported that a 3-in. diameter column resulted in little loss in efficiency over that
of a x-in. column. DE WET AND PRETORIUS!® have studied various factors affecting
gas-liquid chromatographic separation of large samples with a I%4-in. diameter
column and found that HETP (height equivalent to a theoretical plate) values below
I cm can be obtained for samples up to 1o mlin volume. A similar study has recently
been reported by HuUYTEN, VAN BEERSUM, AND RIJNDERs!. We describe below a
column 1% in. in diameter with sufficient length so that very efficient separations
may be made on reasonably large samples. The unit has been used successfully for a
variety of applications, including the separation of catalytically cracked gasoline,
kerosene, isobutane—olefin alkylate, and olefin concentrates. :

APPARATUS

The column section of the unit is composed of eight vertically mounted 1 %5-in. X g-ft:
stainless steel tubes connected by 3/8-in. tubing returns at both ends. Column tubes,
heaters, and carrier-gas preheater Jine are cast in aluminum. At the base of the column
in separately heated sections are found the sample vaporizer, thermal conductivity
cell, and trapping manifold. The thermal conductivity cell is operated on a slip stream
from the main flow. Effluent may be trapped from any one of three valves on the

manifold. ,
A view of the entire unit is shown in Fig. 1 and a flow diagram is given in Fig. 2.

Column
The eight tubes of the column are arranged in bundle fashion with the ends of the
tubes protruding 1 14 in. from the end flanges. The bundle of tubes and the connecting
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tubing returns are mounted so that the effective column length can ‘be: set at 18 36,
54, or 72 ft., depending upon the number of pairs of individual tubes used Six Y-in.
Chromalox tubular heating elements (No. TS-13645) of about 1000 W- each (IIO V)
are coiled around the eight tubes with 3 % turns per heater and a coﬂ helght of 114 ft.
These heaters are paired (series) so as to form three circuits. One tubular heater of
3800 W (220 V) passes through the center of the column tube bundle and is used to
bring the column rapidly to the desired temperature. The 3/8-in. tubing returns at
each end are heated by a Chromalox electric range element (M’lC 926MN 650 W
110 V) which is located about 1 in. above (or below) the returns. ‘

Four inches of 859, magnesia insulation covers the ‘body of the column, and
insulation caps of 12-in. diameter pipe msulatlon cover the tubmg returns a.nd hold

the electric range elements in place

Sample vaporizer _ ‘
Carrier gas entering the sample vaporzzer is preheated by passage through a 3/8-1n
stainless steel tube which extends through the length of the column section. The
vaporizer chamber is an 8 X I34-in. stainless steel bar with a 7/x6-in.. hole dr1lled
through the center. Heating is prov1ded by two. 4oo-W str1p heaters and the tubmg
making connection with the column is heated with a heatlng tape. Both the vaporizer
and connecting tubing are insulated with a.sbestos pipe - msula.tlon ‘Samples are
injected into the chamber through a serum bottle stopper near the mlet side.

Thermal conductivity cell : -

A Gow-Mac TE-III, Model No. 9234 thermal conduct1v1ty cell is used with a 6-V
wet storage battery and a trlcl».le charger. An ‘automatic attenuator is-included in the
bridge circuit. The thermal conduct1v1ty cell is. located in a container consisting of a
small round can inside a larger round can with 3 in. of insulation between the two. Bead-
ed Chromel A wire which is wound around the inside can heats the cell compartment.

Trapping system ‘
Gas emerging from the last tube of the column is split into two flows; one small
stream goes through the thermal conductivity cell, the remainder goes to the trapping
manifold. The valves are Hoke 411-series all-metal cam-operated diaphragm valves
which can be used up to 250°. Distance between valves was made as small as possible
in order to reduce sample holdup and carryover. Final exit of gas from the manifold
is through a needle valve used to adjust the outlet pressure. The inlet sides of the traps
are connected to the manifold by ball-and-socket joints and the outlet sides are
connected to the needle valve with tygon tubing. Heat for the trapping manifold
is provided by 12 ft. of No. 25-gage Chromel A resistance wire (500 W), and the mani-
fold is insulated with 1 in. of asbestos. |

Instruments ‘
Chromatograms are recorded with a o-5 mV Brown strip-chart recorder. A six-point,
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0-1200° F Weston Indicating Potentiometer controller (Celectray) is used to control
the three main heating circuits of the column, as well as those of the sample vaporizer,
thermal conductivity cell compartment, and trapping manifold. All other heated
points are manually controlled.

High-temperature-limit system

A high-temperature-limit control system was designed to shut off the Celectray in
case of failure of a relay. For each of the three main heating circuits of the column,
a sensing thermocouple is provided. This high-limit control provides positive shut
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Fig. 3. Schematic wiring diagram for high-temperature-limit circuit

off until the condition has been corrected and the control reset. The system is simple,
inexpensive, and can be made to monitor a number of points. A schematic wiring
diagram is shown in Fig. 3.

PROCEDURE

Nitrogen carrier gas is dried by passage through a large tube filled with magnesium
perchlorate and indicating drierite. A rotameter and a pressure gauge serve as rough
indicators of flow rate. More precise flow adjustment is obtained by use of soap film
meters of 50- and 350-ml capacity. Due to the large volume of the column, several
minutes are required for 4 steady rate to be reached after each adjustment of the
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regulating needle valve. The column is operated with an outlet pressure 10-20 mm
above atmospheric pressure so as to assure a flow of 50~100 ml/min through the thermal
conductivity cell.

The two silicone liquid phases used, GE-g6 and DC-710, were deposited in the
amount of 20 wt.% on 20-40 mesh Johns-Manville C-22 firebrick. Changing the
column packing of the unit is a relatively simple matter. Removal of the two end
insulation caps exposes the ends of the column tubes, and the diameter of the tubes
is large enough to allow rapid removal or addition of packing material. It is our
experience that uniform packing can be realized without agitation. However, if
additional settling is required, a heavy-duty massage-type vibrator produces some
vibration of the tubes.

Samples are introduced into the sample vaporizer chamber with hypodermic
syringes. For samples larger than 1 ml, a 2o-gage needle is used so that injection can
be made rapidly. A 5-ml sample can be injected in about 2.5 seconds.

Temperature in the sample vaporization chamber is maintained 50-70° above
the column temperature while the trapping manifold is held 2zo0-50° above the
column temperature. The thermal conductivity cell is usually operated at the same
temperature as the column; however, for some higher-boiling samples the cell is
held 10-20° above the column temperature. With its large mass, the body of the
column heats up rather slowly; but, once the desired temperature is reached, it
maintains a stable temperature to 4 1°. About 2 hours are requir« to bring the
column to 100°, and 2 additional hours for each 50° increment up to 250°. The recorder
baseline does not show appreciable fluctuation due to temperature cycling until 200°
is reached. :

The phenomenon of peak inversion!2-14 was encountered under certain conditions
with the Gow-Mac thermal conductivity cell and with nitrogen as a carrier gas. If
gold-plated filaments are used in the cell, rather than tungsten, the temperature at’
which inversion takes place is raised. Pentane, for example, is inverted below 100°
with tungsten filaments, whereas with gold-plated filaments it is not inverted until
a temperature between 110° and 150° is reached. '

One of the more important and difficult phases of preparative-scale gas-liquid
chromatography is recovery of separated material from the carrier gas stream. When
one attempts to condense relatively small amounts of vaporized material from a
large amount of fast-moving heated carrier gas, the result is usually a fog which is
difficult to precipitate. A sophisticated technique for overcoming this difficulty has
been described by WEHRLI aND KovATs!8, We have mvestlgated a number of simpler
traps and techniques for collecting fractions.

Two of the most useful designs we have employed feature glass vessels tightly
Packed with glass wool in one case and with copper turnings in the other. The glass
wool trap is 7.6 cm long and 2.5 cm in diameter. Gas enters through a side arm and
exits through a central tube, around which the glass wool is wrapped. Gas enters
the trap (15 X I.7-cm Vigreux-type tube) containing copper turnings near the bottom
and exits at the top. Recovery with the copper-packed trap is about 97 % and is
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somewhat better than the mecovery obtaimed with the glass wool packing. Small
amounts of liquid held up by the glass wool can be recovered bw centnfugmg and
withdrawal of the freed liquid with a hypodermic syringe.

For the most part, a dry ice—isopropyl alcohol cooling bath is used. As the carrier
gas is nitrogen, the use of liguid mitrogen for cooling relatively small traps results in
a freeze-up which restricts the flow of gas.

‘ FACTORS AFFECTING COLUMNX EFFICIENCY
Column length

The bundle-type column arrangement permits a simple study of the effect of column
ength on separating efficiency. A comparison of efficiemcy at three different column
engths and various sample sizes is shown in Fig. 4. The number of theoretical plates
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Fig. 4. Effect ©of sample volume and ocolommm lemgth om nomber of theoretical plates. Sample:

benzene, toluene, m- and p-xylene. Column packing: IDC-710 silicome. Column temperature: 110°,

Nitrogen flow rate: Tooo mijmin. Measured peak: wme- and p-xylene. Column length: curve A.
18 ft.; curee B, 36 ft.; curve C, 72 fto

was calculated acoording to JoENSON AND STROSS'™. Throughout the range of sample
size indicated, doubling of the columm lemgth more tham doubles the mumber of
theoretical plates. Although the rate of decrease in efficiency with increasing sample
volume is most rapid in the case of the full column lemgth of 22 ft., the point of
diminishing returns from an increase in colummn length has apparently not been: reached.

Component concentration
To the extent that the concentration of a given component influences the number of
calculated plates, Fig. 4 does not fullv exemplify the performance of the apparatus.
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In particular, components present in high concentration give rise to peak spreading
(column flooding). As an example of the number of plates that .can be realized for
components present in low concentration, the peak for 2,4-dimethylpentane (2—-3'%
of sample) in the chromatogram of an 8.7-ml charge of alkylate (cut 4 of Fig. 5 and
Table I) shows an efficiency of over groo plates.
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Fig. 5. Chromatogram of alkylate. Sample: 8.7 ml isobutane—butylene alkylate. Column packing:
36 ft. GE-96 silicone + 36 ft. DC-710 silicone. Column temperature: 1350° Nitrogen flow rate:

Flow rate

1000 ml/min.

The effect of carrier gas flow rate on separation efficiency is illustrated in Fig. 6 for
5-ml samples of a five-component mixture. As the flow rate increases, the mumber
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Fig. 6. Effect of flow rate on number of theoretical plates. Column packing: DC-710 silicone.

Column temperature: 110°. Column length: 72 ft. Sample volume: 5 mil.

of plates for each component decreases; however, the rate of decrease is much greater
for those components which have longer retention times.
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Flluetiawm thimaa:.

The madhtiom betweem theoreticall plates: and! elution time goes through a maximum
wilmicth s dllmstratted] im Figs. 7.. This: maximum moves toward shorter retention times
wiiith fimoremsimg flowe ratte:. Examination of the: chromatograms shows that the peaks
mear mesimmm efficiemey are: found! to be: very nearly symmetrical, while those with
sihontter rettemttiom time: are: tailed and! those: beyond the maximum show leading.
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TFig. 7. Relhttionsiiip bettweem numbern off theoreticall plates: and elution time. Column packing:
IDC-7moe silizone:. Columm length: 72 ft. Sample volume: 5 ml.

This efficct may be: dre to overloading of the column. Nonideal adsorption on the
support camses tailfine amd nomideall solution: effects produce leading!?. Tailing can
e avoided by wsimg somalll samyples: which do not fall on: the strongly curved region
of tihe adsompttiom isotihemn; hosever, as the samples used here are intentionally large,
taillimg cammott e avoided im this: manmer.. Leading' can: also be improved by working
att low comoemtiration, where: tie activity coefficient varies only slightly, or by in-
creasimg tihe temmperature im order to produce: more nearly ideal solution conditions.
Tt iis sevem fim Fiig. 77 tifaitt weitth am imerease: im temperature-of 40°, the relative symmetries
of tine pealks are damged.. Tailing: probably occurs: for all peaks, with the effect of
endiime heconmimg more promounced! as: the: retention: volume increases. Symmetrical
peks oromr wihem there is a balance between: tailing and leading. Slow sample
waporization,, a firequemnit difficulty im connection: with la.rge sample sizes, is a further

fEacttor imfimemcime peak shape..
Statti Tiamai N
The IDCy1o silicome: fnidl used as: one: off the: column: liquid phases produces  some
sqparation by hydrocanbom type: ass may be: demonstrated by the separation of 2,4-
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dimethylpentane (b.p. 80.51°) and .cyclohexane ((bgp. Ba.749).. On tthe asis of the
formula 24y/(ya + )18, where Ay is the distance [between the ttwo peak mrrsimm
and yq and yp are the peak widths determined Iby the intercepits curt @n tihe hase e
by the tangents to the two peaks, the «olumn reschution for tthese two peadis witth
18 ft. of DC-710 silicone was 0.9935,:and for 36ift.of GIE-<g6:silicane plus 36 it . @f IDC-71m
silicone was 1.99. If the column resolution walue is = 1 tthe pealks @ane aompilatdly
separated. With the short 18-ft. column of DC-yro-silicone, it was [peossikile to prapare
a 100 % pure (by mass spectrometric analysis) sample ©f cydldhexane firam tihe Dllendl.

Sample volume

It has been reported!8 19 that with plug-flow sampleiintreduction of sufficientlly smmalll
samples, sample volume will not contribute ito the peak widtth. Wikth tihe apparatms
described here, the peak width does depend on :sample wdlume, prdbdiily hecomse off
several factors. The introduction of large :samples by hypodenmic syninge cammot Ine
accomplished instantaneously and ithe .charge time iincreases wiith inoreasing samypile
volume. Sample volumes for which this unit was designed ((@bowe T mml) ame considlor-
ably above the limit for nonbroadening :allowed by the equatien of Vax IDErwmmR
et al.?0, For samples below about 0.2 ml, the sample walume has @nly @ small «ffect
on the base width, and the number of jplates @btained iis maere wmifonm. If e plate
numbers used here were corrected for the peak widening @ue tto the detedtar wolhmme™®,
the values would be increased by about 10%,.

APPLICATIONS

Light catalytically cracked gasoline

Samples of a 45-120° catalytically cracked igascline fraction were Ghanged in wdlmmes
up to zo ml with the column cperated:at 110°:and at a nitregen flow xatke ©f T@O® mll
per min. Seven distinct peaks were obtained from :a F-ml«harge wiifh 1B ffit. @f cdlmmm,,
12 peaks with 36 {t., and 16 peaks with ;72 £t. ((first 36 ffit. padked wiith GIE-g6 silinome,
second 36 ft. with DC-710 silicone). The first three pediss fram the mun witth o$ fit. of
column were trapped and rerun on:a 34-in. X 25-ft. GIE<gb6 silicane adlnmmm. The st
peak contained Cg4 saturates and .olefins, the second contained mainly €, clldfims plus
a small amount of C, saturates .and .olefins (dbout 1.5 wdl.%)), and tihe thind cmt
contained C4 olefins and C, saturates :and olefins writh the @mommt «f €, muatfreniiall
increased. With a full column of 7z ft., very marrow «wencentrates conld e obtainead

from such a sample.

Isobutane—butylene alkylate

A portion of the total liquid product from:anexpetimental alkyllation mon was diamged
to the preparative-scale chromatography unit iin 5-ml thatches wiith @ightt «uts Irding
taken (Fig. 5). Further identification ‘was «carried out @n @ Y-m. x 4ft. GE-gb
silicone column with variable-temperature operation. IRestlts are shown iin Table 1.
In cases where there is a carry-over of :a few tenths of @ percent, and higher pumity

J.. Chromatag,, 5 ((06x) 4uB—4mp
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TABLE 1

SEPARATION OF ISOBUTANE-BUTYLENE ALKYLATE

Cud Components B‘:ys; s?"Z‘t’ g;‘::i:&i(t’f‘:fz?lgu‘sg
I Isobutane 47-5 39.3
n-Butane 51.6 11.4
Ysopentane 0.9
2 Isopentane 72.4 4.40
n-Pentane 27.6 1.08
33 n-Pentane o.1
2,3+-Dimethylpentane S7.7 3.80
3-Methylpentane 12.2 0.30
+ 2,4-Dimethylpentane 100.0 © 2.1
5 2;3-Dimethylpentane 3.0 0.94
2,2, 4-Trimethyvilpentane 95-5 14.4
6, 2,2, 4~ Trimethylpentane 0.8
Dimethylhexane 99.2 3.66
7 Dimethylhexane 0.7
2;3;3—and. 2,3,4-Trimethylpentane 83.2 12.6
Trimethylhexane 15.6 . 1.88
8 Boiling range, °C" -
£25-040- 8.2 0.47
140-L65 17.9 0.83
r65—-x8o 18.5 0.65
rSo-zo0 55.4 1.81
" Evomu elution-time calibration data’based on n-paraffins.
G GeCa G G C Cis
100~ (A | l | I
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g
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Q
(28]
J“ N
:L.: 50 beu- L
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=
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@
/] L ] 1 1
o 120 150 180 210 240

ELUTION TIME (min.)

Fig:. 8. Ciromatogram: of kerosene. Sample: 5 ml kerosene. Column packing: 36 {t. GE-96 silicone
-4 36 fir. DC~7 10 silicone. Column temperature: 200°C. Nitrogen flow rate: rooo ml/min.

J. Chromatog., 5 (1961) 418—429



428 P.W., IPEGRIROY,, JJ.. L. (@QGEDVIE,, II. DAWORTENZIRSY

is desired, ‘the cut jpoints should Ibe madie so that tihe hwtittomm off e wallew- Betnweem
peaksiis discarded.

Kerosene

Kerosene -samples:and :a mumber of -symttthertic [Hlends iin tithe heilihg nange: off 27705
‘were Tun :at .a .column temperature @f zoo". A ttwppicel dinomutiegnamm off kerosene: is:
shown in Fig. 8.

Olefin concentrates

A large number of olefin concemtratesiin whe (G tro (C;, rrargre withith wene prepaned] from
a catalytically cracked (gasdline samyple by iguild ciremmsatiwgnephine and! distillatiom
were -separated iin 5-ml portions with o8 fit. @f cdlunm ((DCsymy)) att ay flewy natie: off
1000 ml/min :and «column temperatures of moo-zop™. e auits talem fiomm the unitt
showed that separation by z=number ({in tthe cempirtica] flommudle C, My, - 2) withh about:
90 % -selectivity was :achieved ewen ttheugh campldte messititm wass nott ebttadned] im
all cases.

Purification of S8-methylhexane

The ;preparative-scale mnit was wused o prgpare @ twital @ff 175 mil off naplithene-free:
3-methylhexane {from Phillips technicalgrafie matteaniadl ffar use im neactiom studies..
Previous .attempts to wemoxe tthe maphthenes by predisiom dsttiilhtiom wene un-
successful, ibut they were «comgpletdly memowed by tihe prgpeatice-sealk: umitt (G-mil
sample, 36ft..of DC:7x0silicone, 1ro™, moas mil fimin).. Taking intie acceuntt the:sample:
lost ‘through the thermal conduativiity wdll sifle sthreanm, @ maweweny off gFz 5%, wass
obtained by using wtwo wtraps iin seties, tthe fiirst codkedl wiitth dinw le and! acetione;, andl
the second with lliquid mitregen. Wiith :a mamxew-ballingrmge samplke such ass this;,
it was possible ito complete:a mun e@wveny 5 miin.

ASAOKNOMINIED GENHENNTT

The authors-expressttheir:apprediation o ¥l. JJ. ONEw, IR. A BawesEron,, MIawsweDnn.
NAGER,!C./Q. ReED,:and [J orx (. WankeR ffar tihdir syggestions commenming the: dewel-
-opmentof thiswortk, and o IH. W.. AwmErsox ffor his esxaniintiom off the: mamasenipt.

An -efficient jpreparative-scdle gas-lliguid «dhromatograpiiy unitt hoes beem dewelbped
which features:a.column«composed «of €ight T3%45in. 3 @it tiibes connectied] iin seniis:.
The tubes are .arranged -so that ithe «ffedtiixe cdiumm length com e sett att 1%, 36, S
‘or 72 ft.\Operation:at temperatures up tto 250" and witth sangike sixes ass lhnge:ass zomll
is practical. Performance studlies iindicate that sqpardtivns egmicalkntt to geo® e
more ‘theoretical :stages :are ppossible. The amiit hes heen applird to the prepanatiom
-of narrow concentrates :and compounds «f high pmiity ffar anwlivtica] andl reactiom
studies. '
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