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Abstract 

An Agilent 7890A gas chromatograph configured with
three parallel channels with simultaneous operation pro-
vides a complete, high-resolution analysis for refinery gas
in six minutes. The system uses an optimized combination
of several packed columns and PLOT alumina columns to
allow fast separation of light hydrocarbons and perma-
nent gases with the same oven temperature program. A
third channel with TCD with nitrogen (or argon) carrier
gas improves the hydrogen sensitivity and linearity. This
application also shows the excellent performance for nat-
ural gas analysis.

Introduction

Refinery gas is a mixture of various gas streams
produced in refinery processes. It can be used as a
fuel gas, a final product, or a feedstock for further
processing. An exact and fast analysis of the com-
ponents is essential for optimizing refinery
processes and controlling product quality. Refinery
gas stream composition is very complex, typically
containing hydrocarbons, permanent gases, sulfur
compounds, and so on. Successful separation of
such a complex gas mixture is often difficult using
a single-channel GC system. Three parallel channel
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analyses allow a separation problem to be divided
into three sections. Each channel can optimize a
particular part of the separation. TCD with helium
carrier gas can be used for permanent gases analy-
sis like O2, N2, CO, CO2, H2S, and COS. However,
hydrogen has only a small difference in thermal
conductivity compared to helium, making analysis
by TCD using helium carrier gas difficult. To
achieve full-range capability for hydrogen, an addi-
tional TCD with nitrogen or argon as a carrier is
required. Light hydrocarbons are separated on an
alumina PLOT column and detected on a FID.

The Agilent 7890A GC now supports an optional
third detector (TCD), allowing simultaneous detec-
tion across three channels; this provides a com-
plete analysis of permanent gases, including
nitrogen, hydrogen, helium, oxygen, carbon monox-
ide, carbon dioxide, and hydrocarbons to nC5, C6+
fraction within six minutes. 

Experimental

A single Agilent 7890A GC is configured with three
channels, including one FID, and two TCDs. Light
hydrocarbons are determined on the FID channel.
One TCD with nitrogen or argon carrier is used for
the determination of hydrogen and helium. The
other TCD with helium carrier is used for the
detection of all other required permanent gases.
Figure 1 shows the valve drawing. The system con-
forms to published methods such as ASTM D1945
[1], D1946 [2], and UOP 539 [3].

The FID channel is for light hydrocarbon analysis.
The sample from valve 4 is injected via the capil-
lary injector into valve 3 to permit an early back-
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flush of the grouped heavier hydrocarbons (nor-
mally C6+). Valve 3 is a sequence reversal with a
short DB1 (column 6) for separating the hexane
plus fraction (C6+) from the lighter components. C1

through C5 hydrocarbons are separated on a PLOT
alumina column. As soon as the light components
C1 through C5 pass through the DB1column, valve 3
is switched to reverse the sequence of the DB1 and
PLOT aluminum column so that components heav-
ier than nC6, including nC6, are backflushed early.
As a result, group C6+ is followed by the individual
hydrocarbons from the PLOT alumina column.

A new tube connector based on capillary flow
technology is used to connect the valve to the cap-
illary column to enhance the hydrocarbons analy-
sis by improving the peak shape. 

The second TCD channel (B TCD) employs three
packed columns and two valves for the separation
of permanent gases including O2, N2, CO, and CO2

using helium as a carrier gas. Valve 1 is a 10-port
valve used for gas sampling and backflushing heav-
ier components; normally components heavier
than ethylene are backflushed to vent when H2S is
not required to be analyzed. A six-port isolation

valve (valve 2) with adjustable restrictor is used to
switch the molecular sieve 5A column in and out of
the carrier stream. Initially, the isolated valve is in
the OFF position so that unresolved components
air, CO, and CH4 pass quickly through the HayeSep
Q (column 2) onto the molecular sieve (column 3).
The valve is then switched to the ON position to
trap them in column 3 and allow the CO2 to bypass
this column. When the CO2 has eluted, valve 2 is
switched back into the flow path to allow O2, N2,
CH4, and CO to elute from the molecular sieve
column.

The third TCD channel (C TCD) is for the analysis
of H2. Sample from the 10-port valve (valve 5) is
injected into a precolumn (column 4, HayeSep Q)
when H2 with its coeluted compounds O2, N2, and
CO pass through the short precolumn HayeSep Q
onto the molecular sieve 5A column (column 5).
Valve 5 is switched so that CO2 and other com-
pounds will be backflushed to vent, while H2 is
separated on the molecular sieve 5A.

Typical GC conditions for fast refinery gas analysis
are listed in Table 1. The refinery gas standard
mixture that was used for the method develoment
is listed in Table 2. 

Inlet  
 

Valve 1  

Valve 2  
Valve 3  

Valve 4  

Valve 5  

Column 1 HayeSep Q 80/100 mesh
Column 2 HayeSep Q 80/100 mesh
Column 3 Molsieve 5A 60/80 mesh
Column 4 HayeSep Q 80/100 mesh

Column 5 Molsieve 5A 60/80 mesh
Column 6 DB-1
Column 7 HP-PLOT Al2O3
PCM: Electronic pneumatics control (EPC) module 

Figure 1. RGA valve system. 
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Table 1. Typical GC Conditions for Fast Refinery Gas Analysis 

Valve temperature 120 ºC
Oven temperature program 60 ºC hold 1 min, to 80 ºC at 20ºC/min, to 190 ºC at

30 ºC/min

FID channel 

Front inlet 150ºC, split ratio: 30:1 (uses higher or lower split ratio 
according to the concentrations of hydrocarbons)

Column 6: DB-1
7: HP-PLOT Al2O3 S 

Column flow (He) 3.3 mL/min (12.7 psi at 60 °C), constant flow mode 

FID
Temperature 200 ºC
H2 flow 40 mL/min
Air flow 400 mL/min
Make up (N2) 40 mL/min

Second TCD channel

Column 1: HayeSep Q 80/100 mesh
2: HayeSep Q, 80/100 mesh
3: Molecular sieve 5A, 60/80 mesh

Column flow (He) 25 mL/min (36 psi at 60 °C), constant flow mode
Procolumn flow (He) 22 mL/min at 60 °C (7 psi), constant pressure mode

TCD
Temperature 200 ºC
Reference flow 45 mL/min
Make up 2 mL/min

Third TCD channel 

Column 4: HayeSep Q 80/100, mesh
5: Molecular sieve 5A, 60/80, mesh

Column flow (N2) 24 mL/min, (26 psi at 60 °C), constant flow mode
Procolumn flow (N2) 7 psi, (24 mL/min at 60 °C), constant pressure mode

TCD
Temperature 200 ºC
Reference flow 30 mL/min
Make up 2 mL/min

Table 2. RGA Calibration Gas Standards

Compound % (V/V) Compound % (V/V)

1 Methane 5.98 15 i-Pentane 0.101
2 Ethane 5.07 16 n-pentane 0.146
3 Ethylene 2.99 17 1,3-Butadiene 1.46
4 Propane 8.04 18 Propyne 0.476
5 Cyclopropane 0.50 19 t-2-Pentene 0.195
6 Propylene 3.04 20 2-Methyl-2-butene 0.149
7 i-Butane 2.71 21 1-Pentene 0.094
8 n-Butane 2.11 22 c-2-Pentene 0.146
9 Propadiene 0.94 23 n-Hexane 0.099
10 Acetylene 1.72 24 H2 15.00
11 t-2-Butene 1.55 25 O2 2.00
12 1-Butene 1.00 26 CO 1.50
13 i-Butene 0.808 27 CO2 3.00
14 c-2-Butene 1.230 28 N2 BL
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Results and Discussion

Enhance Gas Analysis with Union Connector 

The system uses the new union connector based on
capillary flow technology for connecting the capil-
lary column to the valve, enhancing the peak
shapes in gas analysis and making the connections
easier. Figure 2 shows the comparison of peak
shapes obtained from a traditional polyamide con-
nector and the new union connecter. With the new
union connecter the improvement in peak shape is
readily apparent.

 

Traditional
connector

New union
connector

Fast Refinery Gas Analysis (RGA)

Use of an optimized combination of several packed
columns and a PLOT alumina column allows fast
separation of light hydrocarbons and permanent
gases with the same oven temperature program
without the need of an additional oven.

The separation results from each channel are illus-
trated in Figure 3.

Figure 2. Hydrocarbon peaks obtained from traditional tube connector and new union connector.
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Figure 3. Refinery gas calibration standards analysis. The concentrations for each compound are
shown in Table 2.
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The top chromatogram (FID channel) is the hydro-
carbon analysis. The PLOT alumina column pro-
vides excellent separation of hydrocarbons from C1

to nC5, including 22 isomers. Components heavier
than nC6 are backflushed early as a group (C6+)
through the precolumn. The middle chromatogram
(second TCD channel) is the separation of perma-
nent gases using helium as a carrier gas. The
bottom chromatogram (third TCD channel) is the

separation of hydrogen, since hydrogen has only a
little difference in thermal conductivity compared
to helium. Use of an additional TCD with nitrogen
(or argon) as a carrier gas improves the hydrogen
detectability and linearity.

Table 3 shows very good repeatability for both
retention time and area for analysis of the refinery
gas standard.

Table3. Repeatability-Refinery Gas Analysis (6 runs) with 1 Run Excluded

Retention time Area
Compounds Average Std. dev. RSD% Average Std. dev. RSD%        

C6+ 0.99648 0.00031 0.03 59.01 1.10 1.86 

Methane 1.50780 0.00046 0.03 490.02 1.45 0.30 

Ethane 1.70788 0.00052 0.03 807.40 2.35 0.29 

Ethylene 1.95732 0.00071 0.04 472.31 1.31 0.28 

Propane 2.41706 0.00075 0.03 1950.35 5.96 0.31 

Cyclopropane 3.18506 0.00075 0.02 145.62 0.45 0.31 

Propyene 3.26195 0.00072 0.02 732.90 2.01 0.27 

i-butane 3.64883 0.00055 0.02 885.04 3.15 0.36 

n-butane 3.79161 0.00070 0.02 682.13 2.59 0.38 

Propadiene 3.86098 0.00095 0.02 109.08 0.65 0.60 

Acetylene 3.96990 0.00120 0.03 348.17 2.39 0.69 

t-2-butene 4.47301 0.00106 0.02 507.88 2.59 0.51 

1-butene 4.57118 0.00110 0.02 332.39 2.03 0.61 

i-butylene 4.67529 0.00121 0.03 260.95 1.95 0.75 

c-2-butene 4.76367 0.00112 0.02 403.80 3.47 0.86 

i-pentane 5.03923 0.00090 0.02 45.03 0.05 0.11 

n-pentane 5.14583 0.00099 0.02 69.23 0.40 0.58 

1,3-butadiene 5.25906 0.00122 0.02 485.49 3.66 0.75 

Propyne 5.36385 0.00155 0.03 101.08 0.41 0.40 

t-2-pentene 5.58664 0.00121 0.02 82.85 0.66 0.79 

2-methyl-2-butene 5.68220 0.00117 0.02 62.54 0.61 0.98 

1-pentene 5.75553 0.00126 0.02 39.57 0.38 0.96 

c-2-pentene 5.83970 0.00131 0.02 59.08 0.50 0.85 

CO2 2.18561 0.00221 0.10 2040.33 2.37 0.12 

O2 2.72634 0.00060 0.02 930.68 6.53 0.70 

N2 3.25170 0.00044 0.01 22500.18 68.87 0.31 

CO 4.61692 0.00083 0.02 903.09 2.77 0.31 

H2 0.9869 0.00099 0.10 16097.38 106.53 0.66 
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Typical natural gas also can be characterized with
the system using the same conditions for the fast
RGA. The chromatograms of natural gas on the
three channels are shown in Figure 4; hydrogen 
(3% Mol) and helium (1% Mol) are separated on the
third TCD channel.

Flexibility for Hydrocarbon Analysis

The system is very flexible for hydrocarbon analy-
sis. By setting up different valve (valve 3) switch
times, the early backflush group can be C6+ fol-
lowed by individual C1 to C5 hydrocarbons as men-
tioned in fast RGA, or C7+ followed by individual C1

to C6 hydrocarbons, or no backflush to separate C1

to C9 individual hydrocarbons. The top chro-
matogram in Figure 5 is the result with backflush
group of C6+, the middle one is that of C7+, and the

bottom one is that of no backflush. With such flexi-
bility, a wide range of refinery gas and natural gas
compositions can be measured reliably without
hardware or column changes.

H2S and COS Analysis

H2S and COS (methyl-mercaptan) can be analyzed
on the rear TCD channel by adding an additional
delay to the backflush time (valve 1) to allow H2S
and COS to elute onto column 2 (HayeSep Q). The
analysis time is extended an additional 3 to 4 min-
utes, and requires a sample containing no water.
Figure 6 shows the chromatogram of H2S at
approximately 500 ppm and COS 300 ppm with 
1 mL sample size. The Nickel tubing packed
columns and Hastelloy-C valves can be chosen for
high concentration of H2S analysis to minimize cor-
rosion. 
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Figure 4. Natural gas analysis of a calibration gas.
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Figure 5. Chromatograms of light hydrocarbons on FID channel with different backflush times .
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Oven program: 50 hold 2 minutes, to 150 °C at 
30 °C/min, hold 3 minutes, to 
190 °C at 30 °C/min, hold 1 minute

Sample loop: 1 mL

Reporting 

A macro program provides automated gas proper-
ties calculation. It gives a report in mole %, 
weight %, volume %, or any combination of the
three. If required, heat values for the gas analyzed
and other standard calculations are also available.
Reports can be calculated using formulas given in
the ASTM/GPA or ISO standards.

Conclusions

An exact and fast analysis of the components in
refinery gas is essential for optimizing refinery
processes and controlling product quality.

One 7890A GC configured with three parallel chan-
nels with simultaneous operation provides com-
plete analysis of permanent gases, including
nitrogen, hydrogen, helium, oxygen, carbon monox-
ide, carbon dioxide, and all hydrocarbons to C5 and
C6+ as a group within six minutes. A second TCD
with nitrogen or argon as a carrier gas improves
the hydrogen sensitivity and linearity.

The configuration is very flexible for hydrocarbon
analysis, different backflush times may be set to
obtain the early backflush group for C6+ or C7+, or
no backflush to separate C1 to C10 individual hydro-
carbons. In these cases, the analysis time is
increased by 6 minutes. H2S and COS can be ana-
lyzed on the same GC configuration; it requires 3
to 4 minutes of additional time.

A macro program provides automated gas proper-
ties calculation. Reports can be calculated using
formulas given in the ASTM/GPA or ISO standards.
It gives a report in mole %, weight %, volume %, or
any combination of the three.
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