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Can we change the
carrier gas?

- It's not just a straight swap, need to
think about the optimum parameters.

Requirements of a suitable carrier gas...

- inertness
- availahility

- not a significant component in the
sample

ion: Part 3

Helium

Compare the performance of
ydrogen as carrier gases with
that when using helium

Technical details

Investigation: Part 2

Argon
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Background

Composition analysis of natural gas by gas
chromatography for the purpose of physical property
calculation is very important.

Usual carrier gas is helium as it is deemed to have the
optimum properties for this application.

The Great Helium Shortage
In 2013 and again in 2019, there were concerns about
helium shortage.

The scarcity of the gas led to significant price rises and
uncertainty of availability. Some experts suggest that
supplies could be depleted by the middle of the century.

What has caused this?

US HPA (Helium Privitisation Act) - In 1996, the US
started selling off their helium store at rock bottom prices,
now stocks are low hence prices are increasing.

Helium production has now moved towards the Middle
East and Algeria.

Can an alternative carrier gas be used?
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The Great Helium Shortage

In 2013 and again in 2019, there were concerns about
helium shortage.

The scarcity of the gas led to significant price rises and
uncertainty of availability. Some experts suggest that
supplies could be depleted by the middle of the century.

What has caused this?

US HPA (Helium Privitisation Act) - In 1996, the US
started selling off their helium store at rock bottom prices,
now stocks are low hence prices are increasing.

Helium production has now moved towards the Middle
East and Algeria.

Can an alternative carrier gas be used?
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Can we change the
carrier gas?

- It's not just a straight swap, need to
think about the optimum parameters.

Requirements of a suitable carrier gas...

- Inertness
- availability
+ not a significant component in the

So what are the other

choices?
Nitrogen

o et charactenstic met
readily availabie {78 % of abmosphens)

v

nm[opn Iy che: =amgle.

jan

n o inEitness characienslic met
redily available (0.93 % of almosphens]. So will
be evallable In the foresegable fulure.

v

Hydrogen
xﬂoﬁm".lh&mmﬂt criterion, hoseer il
regquirements can be met, this poteriialy
could be & good choice.
" Hrdrogen will also never run cut.
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So what are the other

choices?
71 Nitrogen
N Inertness characteristic met
Nitrogen readily available (78 % of atmosphere)

x normal component of natural gas (typically 1-10
% range), therefore we couldn't measure the
nitrogen in the sample.

Argon
 inertness characteristic met

readily available (0.93 % of atmosphere). So will
be available in the foreseeable future.

Hydrogen
does not fulfill the inertness criterion, however if
safety requirements can be met, this potentially
could be a good choice.

+ Hydrogen will also never run out.
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Technical details

Detection

The principle detector used for process
natural gas measurement is the Thermal
Conductivity Detector (TCD).

How does TCD work?
It works by measuring the difference in thermal
the two i I

"y 9

« When pure carrier gas is flowing there will be no
sensing difference in TC between the two sensing

flamants filamente, Element emperature and resistance wil
be constant. Constant output signal - ine

| |

carrier
gas

« Reference gas (carrier gas)

[
« From column (carrier gas OR carrier gas + _.||._)I k_/L

earmponent)
a——

« Two sensing filaments. + When carrier gas + component are flowing thered
is a difference in TC. Change in output signal

« Reference filament
- Deteclor filament

Thermal conductivity of a
carrier gas is really
important - Why?
« It detesmines the sensitivity of the carrier gas and detector.

« Which way the peak will appear on the chromatogram,
{negative values give inverted peaks)

Helium ard hydrogen have similar thermal conductiviies, thenafore
will e similar sensitivity.

Argon is an order al magnilude kess, therelore it wil be less sensife
In companson, Negaove thermal conductmaty dfterence, therefone
negadive peks. This can be acjusted for by adusting the aolarity,
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Detection

The principle detector used for process
natural gas measurement is the Thermal
Conductivity Detector (TCD).

sensing
filaments

carrier
gas

- Two gas flows:

+ Reference gas (carrier gas)
« From column (carrier gas OR carrier gas +
component)

« Two sensing filaments:

- Reference filament
- Detector filament
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How does TCD work?

It works by measuring the difference in thermal
conductivity between the two sensing filaments

- When pure carrier gas is flowing there will be no
difference in TC between the two sensing
filaments. Element temperature and resistance will

be constant. Constant output signal - Baseline

G

- When carrier gas + component are flowing ther
is a difference in TC. Change in output signal

Time ——
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Thermal conductivity of a
carrier gas is really
important - Why?

- It determines the sensitivity of the carrier gas and detector.
- Which way the peak will appear on the chromatogram.
(negative values give inverted peaks)

Thermal Thermal conductivity difference

conductivity from from from

WK helium argon hydrogen
@400 K

hydrogen
argon

nitrogen
carbon dioxide

methane

Helium and hydrogen have similar thermal conductivities, therefore
will have similar sensitivity.

Argon is an arder of magnitude less, therefore it will be less sensitive
in comparison. Negative thermal conductivity difference, therefore
negative peaks. This can be adjusted for by adjusting the polarity.
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Nitrogen

Used as a carrier gas in many GC
applications.

Itis readily available and the
inertness characteristic is met.

gas (typically 1-10 % range),
meaning nitrogen would not be
measured in the sample.

x Itis a normal companent of natural

Investigation: Part 1
Nitrogen

Normalisation

‘Compleie mixtune composition is necded for
Indese i)

Compare the performance of
nitrogen as carrier gases with that
when using helium

N

Nitrogen

Mos! analyses, whit measurng all significant
axnm peren 15, G oal s i 100 % due o sample
siza pitacts ke amosphenc prassune.

I this case we mormalise e deia

Hermilisation forces the sum ta 100% by applyng
L=} h .

It reluces urcertainty in calculeion of physical
popertes

What impact would
not measuring
nitrogen have

This normalisation correction could

not be camied out withaut the
measurement of nitrogen,

Great source of error in calculation
of physical properiies.

Cin this basis no further work on
nitragen was camied out.
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Nitrogen

Used as a carrier gas in many GC
applications.

It is readily available and the
inertness characteristic is met.

It is & normal component of natural
gas (typically 1-10 % range),

meaning nitrogen would not be
measured in the sample.

Investigation: Part 1
Nitrogen

Compare the performance of
nitrogen as carrier gases with that
when using helium

7

Normalisation

Complete mixiure compusiton is needed for
physical properties caloulation (CV, Densiy, Wobbe
Index etc)

Most analyses, while r ing all signi
components, do not sum to 100 % due to sample
size effects like atmospheric pressure.

In this case we normalise the data

Normalisation forees the sum to 10025 by applying
an adj 10 each of the

It reduces uncertainty in calculation of physical
properties.

Nitrogen

What impact would
not measuring
nitrogen have

This normalisation correction could
not be carried out without the
measurement of nitrogen.

Great source of error in calculation
of physical properties.

On this basis no further work on
nitrogen was carried out.
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Nitrogen

Used as a carrier gas in many GC
applications.

It is readily available and the
inertness characteristic is met,

It is @ normal component of natural
gas (typically 1-10 % range),

meaning nitrogen would not be
measured in the sample.
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Normalisation

Complete mixture composition is needed for
physical properties calculation (CV, Density, Wobbe
Index etc)

1al

Most analyses, while measuring all significant
components, do not sum to 100 % due to sample
size effects like atmospheric pressure.

In this case we normalise the data

Normalisation forces the sum to 100% by applying
an adjustment to each of the components.

It reduces uncertainty in calculation of physical
properties.
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What impact would
not measuring
nitrogen have

This normalisation correction could
not be carried out without the
measurement of nitrogen.

Great source of error in calculation
of physical properties.

On this basis no further work on
nitrogen was carried out.
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The Set Up

Anstrumend: Daniel model 500

Mler pressire & Mol Has similar dacosing 1o
helium, therefoee the same inlet pressure:
ahould ghve similar carier gas Aows and
ence simadlar analysis times.

Viake times ‘were adjusted Io ensure
all comnpenenls wens correctly slocated b the
columng. suitatile for thel mensurement.

containe dlihw*mwwnms founc
in nairzl gas,

Investigation: Part 2
Argon

Effect on CV

Comparison
Difference in size of responses is clear

Compare the performance of
argon as carrier gases with that
when using helium

\ "
T
I | || - ||J L HEI'um

The b, o nrining e fribsre In =i
fcter et s Ings i
igh.

muﬁ.rhwldwmwomxuwhma
suitable carler gas i this appc

| “adusted
hiazsling

[1 = oy Ao
|

Limit of Detection

i-butane, the three pentanes and C6 are
el thee limit of detection and are
therefore not wisible on the argon

Sensitivity is the issue wihen using argon as
the carrier gas.

A smaller signal will cause poor precision of
the measurement.

In the case of argon, the TCD response is
less, as is the sensitivity rmeaning the

precision of measurement will be WORSE
than when using a helium camer gas.

In each case the sensitivity is worse when
using argaon,

Sensitivity improvernent of 18 - 200 times
‘when using helium instead of argon.
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The Set Up

Instrument: Daniel model 500

Inlet pressure & flow: Has similar viscosity to
helium, therefore the same inlet pressure
should give similar carrier gas flows and
hence similar analysis times.

Valve switching times were adjusted to ensure
all components were correctly allocated to the
columns suitable for their measurement.

Reference gas used for this investigation,
contained all the significant components found
in natural gas.
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Comparison

Difference in size of responses is clear

N, [l | ¢

co,

LL _ Helium

c?

Argon*

*adjusted
baseline
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Sensitivity is the issue when using argon as
the carrier gas.

A smaller signal will cause poor precision of
the measurement.

In the case of argon, the TCD response is
less, as is the sensitivity meaning the
precision of measurement will be WORSE
than when using a helium carrier gas.
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Limit of Detection

I-butane, the three pentanes and C6+ are
below the limit of detection and are
therefore not visible on the argon
chromatogram.

component minimum detectable amount, ppm (mol/ mol) sensitivity improvement

I
e~

i
=

In each case the sensitivity is worse when
using argon.

Sensitivity improvement of 18 - 200 times
when using helium instead of argon.
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Effect on CV

Typical North Components

Sea gas below LOD
compaosition not
measured
nitrogen

vV Mi/m*

CV difference
CV difference %

The bias error arising from failure to measure
hydrocarbons below their detection limits is unacceptably
high.

No further investigation was carried out as argon is not a
suitable carrier gas in this application.
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The Set Up

An inket prassure of 37 pai tar

Pt gavee cnparable
retention Gmes and oue time o
Pl 89 P

Tt gz used was The sy o for
the apan Festgation.

Comparison

|

s |

. k-:_f_,_ '\—J' I
LA L ¥ e e L

Investigation: Part 3
Helium

Resilts of the Performance
Evaluation

Tows rasasls of s
ancl MR ke calojEsked for @i ke,

Compare the performance of
hydrogen as carrier gases with
that when using helium

1 mnd MR

Hyinugen exceeds bt e MPE and MFE

- el
a tactor of 1.60 for pentenes and
223 far methane,

S0 10723 - Performance
Evaluation of on-line
analylical system

Testing results

- Hyckogen gave betler sensiliity than belum

- Hiaever the mensurement pre ion ws
similar o hekum

= Limits of detschan well be smiar whichevsr of
et carmers 5 usst.
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The Set Up

Irnstrumend. The sarme Danie | model
500 85 previous test.

Inder pressure & fow Hydragen s %
lass viscous than helum, therefors a Fams
lowet inlel pressiure is required 1o
achlewe the sama fiaw rate,

AR inlel pressure of 37 pel foe
hydrogen gave comparable

relention bmes and cycle tme o
helum (80 psi).

Tea! ges lsed was the same as lon
the argan investigatian,

Compatison

Investigation: Part 3
Helium

Results of the Performance
Ewvaluation

) F

N
IL r

The resuls of this ciflerent bebendaur aree shoem in the MPE
and MPE values cai culssedd %ar calorfic value,

MPE M WEE ML

o

+ The similarity of the
chromatography is evident,

- Hydrogen sensitivity ks betier by
alactor of 160 lor pentanes and

2.23 for methane.

Compare the performance of
hydrogen as carrier gases with
that when using helium

‘With helium corrier MPE and MFE are win mlerarce.

Hychmgen exoeeds both the MPE and MPE

IS0 10723 - Performance
Testing results Evaluation of on-line
analytical system

Fiispezal anakysis on 7 oerdbed Kl gases
2, GO, T e Thand 08 G septem)
the b= rough

+ Eath companent i measured a1 ssven
differan eresniralines eeuly space st
the ugerstng rangs

- Demermines e meastranens eroes and
ki

« Hydrogen gave oetier sensitivity than helium

« Howeyer e measisement precision was
simiar o helum
« Limnils af detection wil be similar whichever of
the two carners is used,
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The Set Up

Instrument: The same Daniel model
500 as previous test.

Inlet pressure & flow: Hydrogen is

lower inlet pressure is required to
achieve the same flow rate.

An inlet pressure of 37 psi for
hydrogen gave comparable

retention times and cycle time to
helium (89 psi).

Test gas used was the same as for
the argon investigation.

less viscous than helium, therefore a & 3=
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Comparison

1

——helium ——hydrogen

- The similarity of the
chromatography is evident.

- Hydrogen sensitivity is better by

a factor of 1.60 for pentanes and

2.23 for methane.
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ISO 10723 - Performance
Evaluation of on-line
analytical system

+ Repeat analyses on 7 certified test gases
(N2, CO2, C1 to C5 and n-C6 to represent
the C6+ group)

« Each component is measured at seven
different concentrations equally spaced over
the operating range.

- Determines the measurement errors and

precision.

Linearity Plots

Whal information does an 150
10723 Performance Evaluation
give?

I clculistes the erors and bigs of te components
and these are compared o

| « magimun parmissitle enar (MPE)
h I R e « maimum permissible bias (MPE)

of the physical progeries:
+ Calprinc value

+ Daresity
R
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Linearity Plots
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What information does an ISO
10723 Performance Evaluation
give?

It calculates the errors and bias of the components
and these are compared to:

- maximum permissible error (MPE)
- maximum permissible bias (MPB)

of the physical properties:

- Calorific value
- Density
- Wobbe Index
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Testing results

- Hydrogen gave better sensitivity than helium

- However the measurement precision was
similar to helium

« Limits of detection will be similar whichever of
the two carriers is used.

pE— — N

Comparison of response factors shows similar behaviour far Mow let's look at methane...
a number of components, but a significant difference for
others, Firstly let's look at ethane....

HelLm RF atow masonality iy fo- sirmight ine,

Small cevabions from a simighd fine: ane

- e e ™
- Trws 1 sormal e
Thesy are emphusised by plutting the s ey e
response factons.
TR B3 SR W B
- - L ) o 51 2
Similar shape plot implies no significant difference Cofpsen] AT
b the resp P [ the two gases.
— — 1 —
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Comparison of response factors shows similar behaviour for
a number of components, but a significant difference for
others. Firstly let's look at ethane....

4.0E+08 1.41E+07 T 2.72E+07

356408 Kl 1.39E+07 2.68E+07

3.06+08 / 1.376+07 2.64€407
H 2 5E+08 /E/ E 1.35E+07 + 2.60E+07 §
§. 2,0€+08 /E/ E 1336407 - 2.56€+07 E:

1.0E+08 1.29E+07 —f 2.48&0?':

S5.0E+07 | M 1.27E+0 2. 44E+07

0.0E+00 # T T T r | 1. +07 T T T T T 2.40E+07

0 2 4 ] 8 10 12 14 16 0 2 4 6 8 10 12 14
ethane % ethane %
=&=helium =E=hydrogen =&=helium ====hydrogen
Conventional response/ amount plot. Response factor (ratio of response to
component amount for each

Both responses appear to follow measured point)/ amount plot.

straight lines (1st order polynomials)
Shows variations which were invishle

in previous plot.

Similar shape plot implies no significant difference
between the response parameters between the two gases.
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Now let's look at methane...

1.8B0E+09 8.20E+06 1.84E+07
1.60E+09 /B/EA 8.10E+06 1.826+07
L40E+09 8.00E+06 \G\ 1.80E+07
& 7.90E+06 1.78€+07

1.20E+09 E
£ 7.30e+06 1.76E+07

1.00E+09 =
/ @ 7.70€406 1.74E+07
B.00E+08
7.60E+06 - - 1.726+07
6.00E+08 7.50E+06 - 1.70E+07

response
hydrogen RF

~=
4.00E ; . - . 7.40E+06 . . 1.68E+07
60 70 80 90 100 60 70 80 90 100
methane % _methane %
=&=—helium =E=hydrogen =&=helium ====hydrogen

Small deviations from a straight line are Helium RF follow reasonably closely to a straight line.

visible. Line slopes which means RF are not uniform over the
range. This is normal for methane which commonly
They are emphasised by plotting the causes detector overload.

response factors.
The overload causes the response to follow a curve,

rather than a straight line when plotted against
component amount.
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Results of the Performance
Evaluation

The results of this different behaviour are shown in the MPE
and MPB values calculated for calorific value.

MPE MJ/m* MPB8 MJ/m’
Performance requirements 01 0.02
Helium carrier gas 0.048 0.000
Hydrogen carrier gas 0.107 -0.039

With helium carrier MPE and MPB are within tolerance.

Hydrogen exceeds both the MPE and MPE.
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Summary

Argon can be used as a carrier gas
Not recommended as an alternative to helium
because of poor limits of detection and

measurement precision.

7
Nitrogen would give very similar performance to
helium. However won't be able to measure nitrogen

) in the sample, therefore unable to normalise.
Nitrogen

Hydrogen gives very similar chromatographic
behaviour to helium with increased detection
sensitivity. However the response characteristics
when using hydrogen, particularly for
measurement of methane, are less consistent, and
cause errors and biases which are outside the
accepted tolerance.
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Conclusions

Helium is a finite resource and it is so light that once i
is released it cannot be contained by the Earth's
atmosphere.

We will have to find an alternative to helium

Hydrogen is the best alternative and further work is
needed to establish it's optimum operating parameters.

There are additional risks when using hydrogen due to
it's flammability.

Hydrogen requires different ATEX rated equipment.
This is not an easy retrofit and really needs to be
purpose built.

Instrument manufacturers are taking this on board and
we are seeing increasing numbers of instruments that
are running on hydrogen carrier.

Hydrogen generators are an option and keep the
volume of stored hydrogen to a minimum.
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