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Development and Validation of a Chromatographic Method for the
Determination of C1-C8 Hydrocarbons, O2, N2 and CO2 in Natural Gas
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A gas chromatographic method was developed and validated for determination of hydrocarbons (C1-C8),
oxygen, nitrogen and carbon dioxide in natural gas samples. The experiments were carried out on a Varian
CP3800 gas chromatograph (GC). The method showed good linearity, accuracy and precision. Advantages
of this validated method consist in parallel determination of C1-C8 hydrocarbons and permanent gases in
natural gas, short analysis time and good sensitivity for all analytes.
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The natural gas is one of the vital components of the
world’s supply of energy, satisfying the actual demand of
population. Although this is considered as a clean fuel
compared to other fossil fuels, and it is also a source of
hydrocarbons for petrochemical feed stocks. Many
researchers turned their attention to natural gas field, due
to its high composition of methane, being an important
contributor for the production of other products such as
hydrogen, syngas and also helium [1-6].

Beside methane and various amounts of hydrocarbons,
natural gas can also contain other contaminants, such as
water vapours, nitrogen, oxygen, carbon dioxide, helium,
possibly hydrogen sulphide and ammonia [7-10]. Raw
production natural gas must be purified before being
distributed by companies. Thus, by removing the impurities
the calorific value of natural gas increases and the pipelines
and equipment corrosion is avoided [11-13].

Typical composition of natural gas is given in table 1
[14]. The exact composition at any site will vary among
the different regions.

Identification and quantification of hydrocarbons and
impurities represent an important criterion, having a
significant impact on the price of natural gas. In this respect,
different methods can be employed with more or less
accuracy. The most common and simple instruments are
portable analysers, more suitable for industrial usage. These
techniques have a disadvantage, namely, the hydrocarbons,
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except methane, are quantified as a total and not
separately. Regarding this, various chromatographic
methods have been described for the determination of
source and natural gas quality [15-17]. Literature mentions
a GC method with a single column and with a pulsed
discharge helium ionization detector (PDHID), used for the
analysis of C1-C5 hydrocarbons, but this was not precise
compared with multi-column methods [18-20].

The aim of this study is to elaborate and validate a
chromatographic method for the simultaneous
determination of C1-C8 hydrocarbons, oxygen, nitrogen and
carbon dioxide in natural gas.

The method validation is necessary in the practice of
chromatographic analysis for demonstrating the efficiency
of a properly implemented quality management system
[21, 22]. Consequently, the method linearity, selectivity,
repeatability, accuracy, limit of detection (LOD) and limit
of quantification (LOQ) were evaluated with the aid of a
Varian CP3800 gas chromatographic system equipped with
specific analytical columns, ionization and thermal
conductivity detection.

Experimental part
The method can be applied to the simultaneous

determination of C1-C8 hydrocarbons, oxygen, nitrogen and
carbon dioxide in natural gas, in the measurement range
of the typical composition of natural gas (table 1).

Gas chromatography system
The Varian CP3800 gas chromatography system (Varian

Instrumentation, USA) consists of a sample admission
valve, two split injection valves, a switching valve, CP-Al2O3/
KCl analytical separation column (25 m x 0.32 mm internal
diameter), CP-PoraBOND Q-HT analytical separation
column (27.5 m x 0.32 mm internal diameter), CP-Molsieve
5Å analytical separation column (50 m x 0.53 mm internal
diameter), a thermostat oven, a thermal conductivity
detector (TCD ) and a flame ionization detector (FID).

Stainless steel tubing is used throughout the sampling
system and connections were tested for integrity by
pressurizing the system with Helium and verifying for leaks
with an electronic gas detector (Edwards - Gas Check B4,
United Kingdom).

Table 1
TYPICAL COMPOSITION OF NATURAL GAS
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The Varian CP3800 is equipped with STAR GC
Workstation software, version 6.3 (Varian Instrumentation,
USA), for operation and data interpretation.

GC analysis /Measurement procedure
The temperature and pressure programming was

necessary in order to elute the more strongly retained
components from the CP-Al2O3/KCl column. The
temperature was held at 40°C and the pressure at 39 psi
for 4 min and then ramped at 200°C and 43 psi, respectively,
and held so that a total run time of 32 min was obtained.
The column flow was initially 20 mL min-1. O2 and N2 elute
from CP-PoraBOND Q-HT column and then pass to CP-
Molsieve 5Å column, where they are separated.

Via a switching valve, the thermal conductivity detector
assures the quantification of CO2 and also of O2 and N2.
Flame ionization detector provides the quantification of
hydrocarbons. Methane can also be detected by TCD, but
the signal is significantly smaller than FID detector.

The temperatures of FID and TCD were set at 250°C and
150°C, respectively. The temperature of the injection valves
was set at 50°C, the injection volume was 500 µL and a
split ratio of 1:5 was employed.

Materials and calibration standards
The carrier gas (Helium, purity: 99.999%Vol or better),

the valve actuator gas (compressed air) and the FID
combustion gas (Hydrogen, purity: 99.999%Vol or better)
were purchased from Messer Romania Gaz.

To establish and to control the gas flow from cylinders
through the gas chromatographic system, appropriate
reducers purchased from Linde Gaz Romania were used.

The samples were obtained by ICIT Ramnicu Valcea
from different regions of Romania.

Seven mixtures of hydrocarbons and permanent gases
in methane, obtained from Air Liquide, Romania, were used
for instrument calibration.

The balance gas concentrations (methane) were
calculated as the difference (the total volume-100%Vol
minus the others impurities) and they were confirmed in-
house by a validated mass spectrometry method, using a
VG Prolab Advanced (Thermo Electron Corporation, United
Kingdom). The standard concentrations are presented in
table 2.

Validation procedure
The validation procedure was performed according to

the guidelines of the Eurachem Guide - The Fitness for
Purpose of Analytical Methods, based on the criteria:
selectivity, linearity, repeatability, accuracy, limit of
detection (LOD), limit of quantification (LOQ) and
evaluation of uncertainty [21].

Results and discussions
C1-C8 hydrocarbons, carbon dioxide, oxygen and

nitrogen were separated, figure 1 presenting a typical
chromatogram recorded for a natural gas sample.

Selectivity of the method
Selectivity was evaluated by examining the relative

standard deviation (%RSD) of the retention times recorded
in a 5 injections set. The retention times for all components,
the average retention times and relative standard
deviations are collected in table 3. The method is declared
selective, because in all cases the relative standard
deviation is less than 0.5 %.

Table 2
GAS STANDARDS USED FOR GC CALIBRATION
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Linearity
Experiments run at seven concentration levels for main

components and four concentration levels for secondary
components. Table 4 presents a good linearity, obtained
for all components, with coefficients of determination
higher than 0.995.

Accuracy
The accuracy of the procedure is measured as the

difference between the measured value and the certified
value (equation 1). Table 5 presents the certified values of
components in standard, the average values of 7 replicate
measurements for each standard and the values of
accuracy.

Fig.1 Typical chromatogram of
C1-C8 hydrocarbons on the FID

Table 3
METHOD SELECTIVITY

Limit of detection (LOD) and limit of quantification (LOQ)
The limit of detection is expressed as a concentration

or quantity derived from the smallest signal that can be
detected with reasonable certainty using an analytical
procedure. The limit of quantification is the lowest
concentration of analyte that can be quantitatively

determined with an acceptable level of repeatability and
accuracy, and it is always bigger than the limit of detection.
The detection and quantification limits for hydrocarbons
were obtained by replicate analysis of a sample (N2, purity:
99.999%Vol) by multiplying the standard deviation by 3 and
10, respectively.

Due to different response and sensitivity of TCD
compared to FID and to remove any suspicion regarding
the contamination of sample with atmospheric air, the
detection and quantification limits for permanent gases
were performed by replicate analysis of a reference

(1)
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Table 4
METHOD LINEARITY

Table 5
METHOD ACCURACY
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material with the composition: 50 ppm CO2, 50 ppm O2,
50 ppm N2 in Helium balance. The results obtained after 10
consecutive injections of the sample and the values of
standard deviation, limit of detection and quantification
are collected in tables 6-8. The detection limits of
hydrocarbons resulted to be between 0.19 and 1.26 ppmv,
which indicates a high sensitivity of the method.

Repeatability
The repeatability test (checking consistency of

calculated results for the analyte peak over a short time
period, by the same user, on the same instrument) was
run using a natural gas sample (table 9). The relative
standard deviations values range from 0.043293 to
3.673469 % giving a good repeatability of measurements.

Table 6
ANALYTE CONCENTRATIONS AFTER TEN RUNS

Table 7
METHOD DETECTION
AND QUANTIFICATION

LIMITS FOR
HYDROCARBONS IN

NATURAL GAS
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Table 8
METHOD DETECTION AND

QUANTIFICATION LIMITS FOR
PERMANENT GASES IN NATURAL GAS

Table 10
ANALYSED COMPOUNDS UNCERTAINTY EVALUATION

Table 9
METHOD REPEATABILITY
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Uncertainty evaluation
The method validation involves, beside the verification

of performance characteristics, also the identification of
factors that influence these characteristics and the grade
of influence, namely the estimation of measurement
uncertainty. Uncertainty evaluation represents an important

part of the validation plan. All sources of uncertainty were
identified, while the uncertainties budget was established.

Values of standard uncertainties were obtained from
calibration certificates and method repeatability tests. The
combined uncertainty was calculated according to the
equation (2):

(2)

where: u1  is the uncertainty associated to repeatability
(the values are presented in table 9); u2 is the uncertainty
associated to instrument calibration; u3  is the uncertainty
associated to standards and u4 is the uncertainty associated
to measurement accuracy.

The cover factor used for the measurements is k=2, as
normal distribution of errors, and 95% confidence level
conditions were considered. The results demonstrate that
the method can be used for the determination of C1-C8
hydrocarbons, carbon dioxide, oxygen and nitrogen in
natural gas composition. Calculated values are presented
in table 10.

After evaluating the data from table 10, it was found
that the secondary components of natural gas present an
uncertainty significantly higher than the main components
due to lower measurement range.

Conclusions
A sensitive and accurate chromatographic method for

separation and quantification of hydrocarbons and
permanent gases in natural gas was developed. The
detection of all components was possible within 32 min
using flame ionization and thermal conductivity detectors.
The method was declared selective, the relative standard
deviations of the retention times being smaller than 0.5%
in all the cases.

The method was validated over the typical concentration
range of hydrocarbons, oxygen, nitrogen and carbon dioxide
found in natural gas.

It offers good accuracy and precision for determination
of hydrocarbons (C1-C8) and permanent gases (O2, N2,
CO2) in natural gas samples. The range of linearity makes
this method suitable for natural gas analysis, the correlation
coefficients ranging between 0.995334 and 0.999996.
Repeatability tests showed that the relative standard
deviations do not exceed 3.68%.
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