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Abstract

A comparative assessment is performed of the separation capability of three types of PLOT capillary columns: PTMSP032
(poly(1-trimethylsilyl-1-propyne)), Rt-Q-BOND (polydivinylbenzene), GS-GasPro (silica), and it is studied of the possibility
of their use for the determination of impurities in commercial (target, technical) n-butane. Satisfactory separation of alkanes,
alkenes, arenes and methanol was achieved on PTMSP032 and Rt-Q-BOND columns. The effect of the main component
amount of the mixture on the separation of trace amounts of hydrocarbons and methanol is studied. It is shown that the
macrozone (>99%) of n-butane is selectively separated from the accompanying impurities. With an increase in the injected
sample volume, the resolution for the peaks of C,—C, hydrocarbons and the structural isomers of o-, m-, and p-xylenes on
the PTMSPO032 column is significantly higher than on the Rt-Q-BOND column. A comparative assessment of the precision
of the measurements of the hydrocarbons and methanol retention times on PTMSP032 and Rt-Q-BOND is characterized by

a relative standard deviation (RSD) of not more than 0.3%.

Keywords PLOT columns - Poly(1-trimethylsilyl-1-propyne) - Polydivinylbenzene - Impurities in n-butane - Precision -
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Introduction

Natural gases and associated petroleum gases are valu-
able minerals and mainly consist of alkanes, a small
amount of cycloalkanes and aromatic hydrocarbons,
nitrogen and argon, as well as traces of helium and
hydrogen. In addition, the gases sometimes contain
hydrogen sulfide, mercaptans and carbon dioxide. The
composition of gases released from oil during its produc-
tion differs significantly from the composition of free
gases extracted from gas-bearing reservoirs. Gases are
classified as natural gases consisting mainly of 90-98%
methane (dry gases), and associated and gas condensate,
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which usually contain 50-100 g-m~ of hydrocarbons
from C; and above [1].

n-Butane is found in sufficient quantities in natural
gas, shale and associated petroleum gas (APG) and it
is not produced artificially. n-Butane is released during
the purification and separation of natural gas and APG,
during the distillation of oil and during the cracking of
petroleum products. n-Butane mixed with propane is
widely used as fuel for household stoves, transport means
and heating appliances due to its high flammability.
n-Butane is today used as a refrigerant in refrigeration
systems (as a safer gas for the environment than freons).
Gasoline with a high octane number (a measure of deto-
nation resistance that is the ability of a substance to resist
self-ignition during compression) also contains n-butane.
n-Butane is used as a raw material in the chemical and
petrochemical industries to produce butylene which is
used as a fuel (mixed with other gases) for the synthe-
sis of butyl alcohols, methyl ethyl ketone, /,3-butadiene
using for the production of synthetic rubber and other
chemicals, in metal cutting and gas-oxygen welding. It is
also used in the food industry as a food additive E943a—
a solvent of edible oils and flavorings [2].
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It should be noted that the determination of the qual-
ity of the raw material (target, technical or commercial
product) is one of the most important conditions for its
further effective use. For example, the admixture of
acetylene hydrocarbons in n-butane has a negative effect
on the production of 1,3-butadiene. Small amounts of
i-butane increase the yield of low-value products such as
acetone and methyl acetate and an admixture of butenes
and propene reduces the yield of acetic acid due to the
formation of olefinglicol diacetates [3].

Methanol is added to gas condensates and oil in the
fields (for example, the Urengoyskoye field) to inhibit
hydrate formation and which is present in the technologi-
cal flows in the process of gas and oil refining together
with hydrocarbons. If the content of methanol in the
streams of light hydrocarbons, for example, in the pro-
pane fraction, exceeds the permissible concentration of
0.005% [4-6], as a result the production efficiency of this
product is significantly reduced and the sales market is
decreasing [7]. Aromatic hydrocarbons (benzene, tolu-
ene, xylenes, and other arenes have pronounced carcino-
genic activity) and acyclic hydrocarbons C, and higher
are also part of associated gases, gas condensates and
some types of oil, and their trace amounts may be present
when the target product is obtained.

The main method for analyzing the raw materials used,
including commercial (target and technical) n-butane,
trace amounts of saturated, unsaturated, aromatic hydro-
carbons and methanol is the gas chromatography method.
The methods for determining the hydrocarbon composi-
tion of liquefied hydrocarbon gases, impurities in the
air of the working area and other objects use packing
columns prepared on the basis of porous polymers, sil-
ica, aluminum oxide or modified by different stationary
phases of the diatomite carrier Chromosorb P (Chromo-
sorb P NAW), as well as capillary PLOT columns Al,O5/
KCl, Al,O4/S with aluminum oxide, HP-PLOT Q, Pora-
PLOT U with porous organic polymers [8, 9], GS-GasPro
with a porous silica layer [10, 11].

The hydrocarbons C,;-C, and /-butene with i-butane
are eluted as single peak when analyzing commercial
n-butane on packed columns with di-n-butyl maleate and
on columns with vaseline oil or with a mixed station-
ary phase of di-n-butyl maleate + ,f-oxydipropionitrile,
ethane and ethylene are not separated [8]. The use of a
capillary chromatographic column with a porous layer of
Al,05/KCI makes it possible to selectively determine the
impurities of methane, saturated and unsaturated hydro-
carbons C;—Cy in technical butane [8] with the exception
of methanol which is strongly sorbed with tailing peak
on the surface of aluminum oxide.

A method has been developed that requires additional
sample preparation of gas samples for the determination
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of methanol in liquefied petroleum gases (LPG), in gas
condensate and in a wide fraction of light hydrocarbons.
Sample preparation included the concentration of metha-
nol by extraction with water from hydrocarbon gases.
The aqueous extract was injected into the injector of
chromatograph and analyzed under temperature program-
ming conditions [12].

Another method of determining the composition of
liquefied hydrocarbon gases (LPG) without preliminary
sample preparation (concentration) consists in introduc-
ing a sample into the column using a 6-port sampling
valve from the pipeline, sampler or cylinder. The total
hydrocarbon composition of LPG including saturated and
unsaturated hydrocarbons with one or two double bonds
is analyzed on the capillary column PLOT Al,05/S. The
content of methanol and the component composition of
LPG that does not contain unsaturated hydrocarbons or
in cases where the content of unsaturated hydrocarbons
in the LPG is not normalized is analyzed on a capillary
chromatographic column with an organic porous polymer
HP-PLOT Q [9].

In interstate standards the determination of the hydro-
carbons composition is carried out on two [13] or three
packed columns [14] as well as on two capillary col-
umns: one of which is PoraPLOT U with the divinylb-
enzene/ethyleneglycol dimethacrylate sorbent and the
second—with a non-polar methylpolysiloxane station-
ary liquid phase [15]. It should be noted that none of the
above columns can achieve complete separation of the
structural isomers of o-, m-, and p-xylenes.

In 2002, it was first proposed to use a glassy unsatu-
rated polyacetylene poly (1-trimethylsilyl-1-propyne)
(PTMSP) as a chromatographic sorbent in capillary
gas chromatography [16] and a stationary phase for the
preparation of packing (as composition of Chromosorb
W+ 10 wt. % PTMSP) [17] and multicapillary [18] col-
umns. It turned out that PTMSP is characterized by unu-
sual properties due to the structure of the polymer itself,
namely, the bimodal distribution of pores with sizes of
4.5 and 10-13 A, a large fraction of internal free volume
(more than 20%), and relatively high solubility in organic
solvents (for example, in toluene, chloroform) [19-23].
Further studies of PTMSP as a chromatographic station-
ary phase have shown that this material is used to solve
such analytical tasks as the determination of hydrides
[24], thiophene in the target benzene [25], structural
isomers [26], as well as products of catalytic reactions
[27-30]. The prospects of using capillary columns with
a diameter of 0.32 and 0.53 mm with different film thick-
nesses of PTMSP for the analysis of natural gas and
petroleum products were also demonstrated. The high
separation selectivity of saturated and unsaturated hydro-
carbons, sulfur compounds, as well as the determination
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of their micro-impurities in the methane macrozone was
shown [31].

The aim of this work is to determine the residual
amounts of aromatic hydrocarbons, saturated and unsat-
urated aliphatic hydrocarbons C;—C,, and methanol in
n-butane on a PLOT column with a stationary phase
poly(1-trimethylsilyl-1-propyne).

Experimental
Materials

Poly(1-trimethylsilyl-1-propyne) synthesized at the
Institute of Catalysis SB RAS according to the method
described in [32, 33] was used in this work.

Column Preparation

A capillary column with a diameter of 0.32 mm was pre-
pared by a static high-pressure method. The fused-silica
capillary (Fiberguide Industries Inc., Stirling, NJ, USA)
was filled with a 2.1% solution of PTMSP in toluene.
After that one end of the capillary was sealed and the
open end was introduced at a constant speed into the
air oven at a temperature of 200 °C [31, 34]. The pre-
pared capillary column had a length of 30 m, a diameter
of 0.32 mm and a polymer film thickness of 1.55 pm
(PTMSP032).

Commercial capillary columns were used as compari-
son columns: Rt-Q-BOND (Restek, USA) with a size
of 30 m X 0.32 mm X 10 pm with a polydivinylbenzene
sorbent and GS-GasPro (Agilent, USA) with a size of
30 m X 0.32 mm with a silica as stationary phase. The
choice of comparison columns is determined by the fol-
lowing: the Rt-Q-BOND column is made on the basis
of a polydivinylbenzene sorbent, which is a non-polar
stationary phase and exhibits similar chromatographic
properties as PTMSP [27-31, 35]; the GS-GasPro col-
umn is used to determine the hydrocarbon composition
in gas and oil refining products [10, 11].

Model Mixtures

Mixture [—calibration gas mixture of aliphatic hydro-
carbons C,-C,, prepared in a cylinder with a volume of
5 L in Limited liability company (LLC) "PGS-service"
(Zarechny, Sverdlovsk region, Russia). The composition
of the mixture is shown in Table 1;

Mixture II—n-butane (>99%, LLC “Chistye Gazy”,
Novosibirsk, Russia) + mixture I+ methanol, benzene,

Table 1 Compositions of mixture I and mixture II

Mixture I Molar fraction, % Mixture 11 Molar fraction,%
methane 0.0097 methane 0.00121
ethylene 0.0098 ethylene 0.00123
ethane 0.0097 ethane 0.00121
acetylene 0.0101 acetylene 0.00126
propane 0.0099 propane 0.00124
propylene 0.0097 propylene 0.00121
i-butane 0.0100 i-butane 0.00126
n-butane 0.0100 n-butane >99
1-butene 0.0099 I-butene 0.00124
trans-2-butene 0.0098 trans-2-butene 0.00123
cis-2-butene 0.0010 cis-2-butene 0.00126
neo-pentane  0.0099 neo-pentane  0.00124
i-pentane 0.0099 i-pentane 0.00124
n-pentane 0.0101 n-pentane 0.00126
n-hexane 0.00219 n-hexane 0.00027
n-heptane 0.00208 n-heptane 0.00026
n-octane 0.00221 n-octane 0.00028
n-nonane 0.00166 n-nonane 0.00021
n-decane 0.00145 n-decane 0.00018
nitrogen Other benzene 0.00123
- - toluene 0.00027
- - o-xylene 0.00009
- - m-xylene 0.00015
- - p-xylene 0.00013
- - methanol 0.00128

Gas mixtures were injected into to the column by syringes with a vol-
ume of 1 mL and 5 mL

The retention times of the components were determined when sepa-
rating mixture I and mixture II

toluene, o-, m-, p-xylenes prepared in a gas syringe with
a volume of 500 ml (Hamilton, USA).

Obtaining Chromatograms

The precision of the retention times measurements of the
components of mixtures I and II and the study of the sepa-
ration capability of three types of columns (PTMSP032,
Rt-Q-BOND and GS-GasPro) were performed under the
conditions of temperature programming on a Crystal 2000
chromatograph with a flame ionization detector (FID)
(Kupol production, Izhevsk, Russia). The temperature of
the injector is 250 °C, the detector is 230 °C, the carrier
gas is nitrogen. The temperature of the column oven was
maintained with an accuracy of +0.5 °C. The NetChrom
(Meta-chrome, Yoshkar-Ola, Russia) software was used to
process the chromatographic data.

Calculations of the precision index under repeatability
conditions for the retention times of the components of the
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mixtures were carried out in accordance with the Recom-
mendation on Interstate Standardization (RMG) 61-2010
[36].

Results and Discussion

The Separation of Aliphatic Hydrocarbons C,-C;,
on Capillary Columns PTMSP032, Rt-Q-BOND,
GS-GasPro

Today the capillary columns with sorbents based on alu-
mina, silica, and polydivinylbenzene sorbents are most
often used to analyze the component composition of natu-
ral and associated petroleum gas, gas condensate, and
oil [9, 12]. The selective separation of components was
observed in the analysis of natural gas on capillary col-
umns with PTMSP in previously published works [31].
The chromatographic conditions were previously selected
to determine and separate selectively of the accompanying

9+11
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impurities in n-butane which is a part of natural, associated
gases and other products of gas and oil refining. The sepa-
ration capability of the Rt-Q-BOND column, GS-GasPro
column and PTMSP032 column was compared using a
calibration gas mixture I which was injected in a volume
of 1 mL (Figs. 1, 2 and 3).

It can be seen from the chromatogram shown in
Fig. 1 that n-butane and trans-2-butene are eluted as a
single peak on the Rt-Q-BOND column. Two pairs of
compounds, /-butene-/neo-pentane and cis-2-butene/i-
pentane, are also not separated on the GS-GasPro col-
umn under these chromatography conditions (Fig. 2).
Complete separation of the components of the mixture I
including the structural isomers of n-butane and n-pen-
tane was achieved on the PTMSPO032 column (Fig. 3).

Aromatic hydrocarbons such as benzene, toluene, o-,
m-, p-xylenes and methanol along with aliphatic hydro-
carbons may also be present as co-impurities in n-butane.
The separation of the structural isomers of xylenes is
not achieved on any of the known sorbents [13—-15]. It is

0 10 20 30
Time/min

Fig. 1 Chromatogram of the components of Mixture I on the Rt-Q-
BOND column. Temperature programming: 35 °C—3 min, then heat-
ing at a speed of 7 °C / min to 180 °C. At a temperature of 180 °C,
they were kept until all the components were completely eluted. The
carrier gas is nitrogen, split ratio is 1:20. 1—methane, 2—acetylene,

Fig.2 Chromatogram of the

components of Mixture I

on the GS-GasPro column.

Temperature programming:

40 °C—11 min, then heating at 2

a speed of 7 °C / min to 220 °C. 45,6
At a temperature of 220 °C,
they were kept until all the com-

ponents were completely eluted.

The carrier gas is nitrogen, split

40 50 60

3—ethylene, 4—ethane, 5—propylene, 6—propane, 7—i-butane,
8—I-butene, 9—trans-2-butene, 10—-cis-2-butene, 11—n-butane,
12—neo-pentane, 13—i-pentane, 14—n—pentane, 15—n-hexane,
16—n-heptane, 17—n-octane, 18— n-nonane, 19—n-decane

8+12

ratio is 1:20. Peak designations-

see Fig. 1
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Fig.3 Chromatogram of the
components of Mixture I

on the PTMSPO032 column.
Temperature programming:

40 °C—11 min, then heating at
a speed of 7 °C / min to 85 °C,
kept for 0.5 min, then heating
at a speed of 10 °C / min to
220 °C. At a temperature of
220 °C, they were kept until all 4 6
the components were com- 1
pletely eluted. The carrier gas is

nitrogen, split ratio is 1:20. Peak

14

79
11 13

15 16 17
18

12 19

designations-see Fig. 1 0 10

known that a mixture of LPG and methanol is analyzed
on two columns: LPG—on the PLOT Al,O; column, the
symmetric methanol peak—on HP-PLOT Q [9]. The
peak of methanol is not possible to register on the GS-
GasPro column because it is sorbed irreversibly on silica
[37]. Further studies of the chromatographic behavior
of the components of mixture I and mixture II including
aromatic hydrocarbons and methanol will be carried out
on the PTMSP032 and Rt-Q-BOND columns.

The precision of measurements is indicated by a rela-
tive standard deviation (RSD, %) [36]. Therefore the gas
mixture I and mixture II were repeatedly and sequen-
tially introduced into the PTMSP032 and Rt-Q-BOND
columns. The standard deviation under repeatability
conditions for the retention times of the components of
mixture I and mixture II on the PTMSP032 column and
on the Rt-Q-BOND column is not more than 0.3%. The
satisfactory stability of the retention parameters on the
two types of porous-layer columns indicates the accuracy
of the experiments and their suitability for quantitative
analysis (Table 2).

Determination of Hydrocarbon and Methanol
Impurities in Target n-Butane

Mixture II that contains n-butane, mixture I, aromatic
hydrocarbons and methanol was introduced into the
injector of chromatograph in a volume of 1 ml and ana-
lyzed on Rt-Q-BOND and PTMSPO032 columns (see
Figs. 4, 5 and 6 and Table 2).

The asymmetric peak of methanol elutes to the base-
line on the PTMSP032 column. The well-resolved peaks
of propylene and n-propane are found on the tail of meth-
anol peak. The shape of these peaks is close to Gaussian.
It should be noted that a large amount of methanol in the
sample of mixture II does not interfere with the determi-
nation of propylene and n-propane (see frame in Fig. 5).
1-Butene, i-butane, trans-2-butene and cis-2-butene as
well as neo-pentane, i-pentane and n-pentane are well

20 30 40 50 60
Time/min

Table 2 Chromatographic characteristics (mean retention time <tg>
and precision under repeatability conditions, RSD) for the compo-
nents of mixture I and mixture II (n-butane content >99%) (n = 5, P
=0.95)

Compounds of mixture Column PTMSP032 Column Rt-Q-BOND

<tg>, min <tg>, min
Methane 2.06 1.87
Acethylene 2.32 3.20
Ethylene 2.63 3.35
Ethane 3.14 4.01
Methanol 5.53 12.36
Propylene 6.91 10.59
Propane 8.99 11.12
I-butene 18.53 15.57°
i-butane 19.03 15.16
trans-2-butene 19.42 16.02"
cis-2-butene 19.68 16.18
n-butane 20.34 16.02"
neo-pentane 23.99 17.70
i-pentane 25.46 19.07
n-pentane 26.01 19.58
benzene 28.11 23.06
n-hexane 29.96 22.52
toluene 32.13 29.29
n-heptane 33.45 27.66
p-xylene 36.20 40.41
m-xylene 36.49 41.60"
o-xylene 37.28 41.60"
n-octane 38.16 37.93
n-nonane 46.04 44.08
n-decane 60.28 59.68
RSD, % 0.29-0.34 0.30-0.33

n-Butane and trans-2-butene are not separated on column Rt-Q-
BOND at similar concentrations of the analyzed substances (Fig. 1)

*]-Butene and trans-2-butene eluted as a single peak with n-butane
and m, o-xylenes are also not separated in the analysis of mixture II in
the same column (Fig. 4)
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Fig.4 Chromatogram of the
components of Mixture II

on the Rt-Q-BOND column.
Temperature programming:
35 °C—3 min, then heat-

ing at a speed of 7 °C/min

to 180 °C. At a temperature
of 180 °C, they were kept
until all the components were
completely eluted. The carrier
gas is nitrogen, split ratio is
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1:20. 1—methane, 2—acety- 19
lene, 3—ethylene, 4—ethane, 12 17 18
5—propylene, 6—propane, 20
7—methanol, 8—i-butane,
9—n-butane + /-butene + trans-
2-butene + cis-2-butene, 1 14 38 40 42 44
10—neo-pentane, 11—i-pen- 15
tane, 12—n-pentane,
13—n-hexane, 14—benzene, 10 17-20
15—n-heptane, 16—toluene, F----- A 21
17— n-octane, 18—p—xylene, J_ VA LA AN A
19—m-,0—xylenes, 20—n-non- (') . 1'0 2'0 . 3'0 4'0 . 5'0 t 6|0
ane, 21—n-decane
Time/min
8-12 — 10 2
8 11
9
18 19 20 21
23 6 7 15
4 21
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14
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Fig.5 Chromatogram of the components of Mixture II on the
PTMSP032 column. Programming temperature: 40 °C — 11 min,
then heating at a speed of 7 °C / min to 85 °C, kept for 0.5 min, then
heating at a speed of 10 °C/ min 220 °C. At a temperature of 220 °C,
they were kept until all the components were completely eluted. The
carrier gas is nitrogen, split ratio is 1:20. 1—methane, 2—acetylene,

separated from the n-butane macrozone (mixture II) on
the PTMSP032 column. This indicates a high selectivity
of this column. In contrast, on the Rt-Q-BOND column
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16—n—hexane, 17- benzene,

nonane, 25—n—decane

3—ethylene, 4—ethane, 5—methanol, 6—propylene, 7—propane,
8—I-butane, 9—i—butane, 10—trans-2-butene, 11
12—n-butane, 13—neo-pentane, 14—i—pentane, 15—n—pentane,
18—n-heptane,
p-xylene, 21—m—xylene, 22—o—xylene, 23—n—octane, 24—n—

cis-2-butene,

19—toluene, 20—

the structural isomers (/-butene and trans-2-butene) are
eluted simultaneously with n-butane (Fig. 4, Table 2).
In addition, the peak resolution R for p-, m-xylenes

and m-, o-xylenes pairs is close to or greater than 1
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on the PTMSPO032 column (Fig. 5), whereas m- and
o-xylenes are eluted as a single peak on a column with
a polydivinylbenzene sorbent (Fig. 4).

Column overload

Column overload was studied by measuring the effi-
ciency at different amounts of the introduced sample.
The measurements were performed for the PTMSP032
and Rt-Q-BOND columns using ethylbenzene as stand-
ard (99%, Sigma-Aldrich) and which was dissolved in
n-hexane (99.9%, Sigma-Aldrich).

The flame ionization detector was calibrated prior to
the measurements. Dinitrogen was used as the carrier
gas. Solutions of ethylbenzene in n-hexane of different
concentrations were used. The solvent was selected so
that the peaks of the solvent and the standard did not
overlap. A more detailed method for determining the
loading capacity of columns is described in previously
published works [31, 38].

The loading capacity depends on the specific sur-
face area of the sorbent in porous capillary columns. In
gas—liquid chromatography the analyte is sorbed by the
entire volume of the stationary phase. In gas-adsorp-
tion chromatography for typical organic and inorganic
adsorbents the sorption—desorption processes occur at
the interface of the phases. However, PTMSP is not a
classical adsorbent from this point of view and appar-
ently it is able to absorb analyte molecules by the entire
volume due to the high fraction of free internal volume.
The share of free volume in PTMSP is so large (over
20%) that microvoids form a continuous network of chan-

porous structure of PTMSP formed as a result of the
three-dimensional conformation of a linear polymer is
permeable to sorbate molecules to a great depth. This
makes it possible to use this polymer for the manufacture
of membranes [21]. Therefore, the load properties of the
PTMSP should not be similar to a traditional sorbent but
to a stationary liquid phase and absorb analytes in the
entire volume of the sorbent layer.

The efficiency of the PTMSP032 and Rt-Q-BOND
columns in the separation of aromatic and aliphatic
hydrocarbons C;—C,, and methanol did not change with
an increase in the volume of the introduced gas mixture
II. A distortion of the peak shape was observed on both
columns for C;—C, hydrocarbons.

The R, value calculated for the component pairs is
greater than 1 when the gas mixture II sample was chroma-
tographed in volumes of 1 mL and 2 mL on the PTMSP032
column. The peak resolution decreased slightly only for
the methane/acetylene pair and was 0.89 when introducing
4 mL of mixture II (Table 4). However, the shape of the
peaks is distorted (Fig. 6a).

The R, value for the component pairs of acetylene/eth-
ylene decreased significantly from 0.75 to 0.33, when the
1 mL and 2 mL samples respectively, were introduced on
the Rt-Q-BOND column. The peaks of acetylene and eth-
ylene are practically not separated and it is not possible

Table 4 Resolution (R,) for peak pairs of light hydrocarbon C;-C, of
mixture 11

. . L. . . Mixture 1T Component pairs R, for peak pairs
nels. Microvoids are distributed bimodally: submicropo- injected vol- P P s oTpearp
res 4-5 A and micropores 10-15 A. The reason for the = ume, mL PTMSP032  Rt-Q-BOND
presence of a large free volume is the PTMSP structure; : Mothane! : 33 19
rigid double bonds in the polymer backbone and bulky cthancfacetylene 1. )
. . . .1 Acetylene/ethylene 1.66 0.75
trimethylsilyl groups reduce the chain mobility and pre- Ethvlenc/eth 5 66 5 66
vent the formation of effective packing [16, 33-35]. ) NI yhene/et anle 1'05 4'00
Table 3 shows that the volume of the sorbent inside Aet alne ice;ylene 1'32 0'33
the Rt-Q-BOND column is approximately 6.5 times cetylene/ethylene 1. '
. . . Ethylene/ethane 2.11 2.00
larger than in the PTMSP032 column with a layer thick- A Methane/. . 0.89 Good resoluti
ness of 1.55 pm. Despite this, the loading capacity of the Aet alne ice;ylene 1'11 ood resolution
PTMSP032 and Rt-Q-BOND columns is approximately ECIT?/ en;: e}: ylene 1.78 E} A resoluti
the same (Table 3). This may be due to the fact that the thylene/ethane : ood resolution
Table 3 ‘Character.istics Column T,°C & i.d., mm dﬁ pm B m, ng
and loading capacity (m) of
capillary column PTMSP032 140 6.7 0.32 1.55 52 18
Rt-Q-BOND [31] 200 5.6 0.32 10 8 20

B—the phase ratio calculated from the capillary diameter and the thickness of the sorbent layer, k~—the
retention factor of ethylbenzene, d—the thickness of the sorbent layer, m—the mass of the introduced
standard substance causing a decrease in efficiency by 20%
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Fig.6 A fragment of the chromatogram of mixture II introduced in
different volumes (a) on the PTMSPO032 column, (b) on the Rt-Q-
BOND column. Carrier gas—nitrogen, split ratio is 1:20

Fig.7 Separation of impurities

in industrial liquefied butane

fraction on the PTMSP032 2
column. Temperature program-

ming: 40 °C—11 min, then 7 °C

/ min to 85 °C, kept for 0.5 min,

then 10 °C / min to 220 °C.

The carrier gas is nitrogen,

split ratio is 1:20. 1—I-butene, 3
2—i-butane, 3—trans-2-butene,

4——cis-2-butene, 5—n-butane, 4
6—neo-pentane, 7—n-pentane 1

to determine the R, value with an increase in the volume
of sample to 4 mL (Fig. 6b).

At the end, an example of separation of impurities in a
real sample on PTMSPO032 column is presented. Figure 7
shows a separation of industrial liquefied butane fraction
produced by «Gazpromneft- Omsk Oil Refinery». The frac-
tion contains 98.82% n-butane, 0.28% i- butane, 0.01%
1-butene, 0.04% trans-2-butene, 0.02% cis-2-butene, 0.83%
neo-pentane and 0.02% n-pentane.

Conclusion

For the first time the prospects of using a capillary column
with a length of 30 m, a diameter of 0.32 mm and a PTMSP
film thickness of 1.55 pm for the analysis of accompany-
ing hydrocarbons and methanol in n-butane with a content
of more than 99% were demonstrated. The high selectivity
of the separation of aromatic and aliphatic hydrocarbons
C,—C,( including the structural isomers of the main com-
ponent as well as p-, m-, o-xylenes and methanol is shown.

It is shown that at the high sample volume, the resolu-
tion of pairs of peaks of hydrocarbons C,—C, on the column
PTMSPO032 with a poly (1-trimethylsilyl-1-propine) film is
higher than on the column Rt-Q-BOND with a porous layer
of polydivinylbenzene at close values of the loading capacity
of both columns.

The pore-layer column PTMSPO032 allows the introduc-
tion of a large sample volume to determine the residual
amounts of hydrocarbons and methanol in the target (com-
mercial, technical) n-butane without the stage of concentra-
tion, stack injection and backflush of the same sample.
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