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METHANE MEASUREMENT USING GAS
CHROMATOGRAPHY—SAE J1151

SAE Recommended Practice

Report of A ive Emissions C approved August 1976

1. Purpose—This SAE Recommended Practice provides a means for a
batch measurement of the methane concentration in light duty vehicle ex-
haust samples. Non-methane hydrocarbon concentration can be obtained by
subtracting the measurement of the methane concentration from a separate
measurement of the total hydrocarbon concentration obtained in accordance
with accepted practices such as SAE J1094, J254, or a current Federal test
procedure.!

2. Scope—This Recommended Practice incorporates methane analysns in-
strumentation only.

3. Sections—The remainder of this practice is divided into the following
sections:

4. Definition of Terms and Abbreviations

The FID HC analyzer uses lammable fuel and the precautions specified by

the FID HC analyzer manufacturer should be observed.

The sample bypass line in the FID HC analyzer has a flow of about
2000 cm®/min (4 scfh) of automotive exhaust gas. This flow should be dis-
charged outside the building or into an adequately ventilated area.

5.2 Instruments

5.2.1 FID AnaLvzer—Any FID h‘ydrocarbon analyzer which is compatible
with exhaust hydrocarbon measurements and which has an electronic time
constant less than 0.23s (for examplc Beckman Model 400 hydrocarbon
analyzer, or equivalent).

5.2.2 Recorner—The recorder or other readout device should have an
input compatible with the FID analyzer output should have an accuracy
timeludt fdeadband-and-ti £=-0.25% of full scale or

. Equipment
. Principle of Operdtion

. Instrument Operating Procedures

. Instrument PCI‘fOI‘[::;lCC Specifications

LN w

. Maintenance
4. Deﬁmhmu' of Terms
4.1 Terms Used

Abbreviations

4.1.1 FLame Ionization| Derector (FID)—A hydrogen-air diffusion flame

detector that produces a signal proporticnal to the mass flow rate of hydrocar-
bons entering the flame per unit time.

4.1.2 Parts PER MiLLIgN CarBoN (ppm C)—A unit of hydrocarbon con-
centration equal to the mple fraction of methane multiplied by 106.

4.1.3 Parts PER MiLLipN Propane (ppm Cj;)—A unit of hydrocarbon
concentration equal to thelhypothetical mole fraction of propane having equal
carbon concentration multiplied by 105,

4.1.4 CaLBrRaTING Gas{—-Gas of known methane concentration used to
establish the instrument mphethane response curve.

4.1.5 SpaN Gas—Gas of|known methane concentration used routinely to set
the instrument output level.

4.1.6 Gas CuroMatocRaM—The recorder output plot of the FID signal
against time which sho::Ia peak corresponding to the elution of methane.

4.2 Abbreviations symbols:

3o e

{ir g-the-effects—of o yr-of=
better, should have a span step responseAime of 0.43-or less, and should have
a chart speed of approximately 2 cm/min (1 in/min).

5.3 Component Description—The following components are used to
modify one of the several commercially available FID hydrocarbon analyzers
to measure methane concentrations. Théschematic inf Fig. 1 shows a typical
commercial FID HC analyzer modified to measure methane.

5:3.1 Vawve—VI, should be low dead volume, gas tﬁht, and heatable to at
least 150°C (for example, Carle "Micro Volume Sampling and Switching
Valve, Catalog No. 2040, or équivalent).

5.3.2 VALVE—VZ, should be sized to permit a good|regulation of fuel flow
in the range of 30 to 60'¢cm®/min with a pressure drop of about 140 kPa
(20 psi).

5.3.3 VaLve—V3)\used to select span gas, or sample, or no flow.

5.3.4 VaLve<V4/used as a restrictor to match thq flow resistance of the
Porapak N column (for example, Hoke 1335G2Y with metal handle, or
equivalent).

5.3.5 Pressure RecurLator—PR1, and prcssurc gage, G, to control fuel
flow; provided on'commercial FID instruments. i

5:3.6' Pressure REcuLaToR—PR2, and pressure g
the rate of sample flow to the sample loop; provid
instruments.

, G2, for controlling
on commercial FID

5.3.7 GC CoLumn—Porapak N, 180/300 pm (50/8
length X 2.16 mm (0.085 in) ID X 3.175 mm (1/8 in)

CH,, and CO from the other sample constituents. Colu
at 150°C with carrier flow prior to use and at bimon
5.3.8 GC CoLumn—Molecular Sieve Type 13X, 250}

1520 mm (5 ft) length X 2.16 mm (0.085 in) ID, 3.175

separate methane from oxygen, nitrogen, and CO. Coly

at 150°C with carrier gas flow prior to us¢”and at bi

5.3.9 SampLE Loor—A sufficient length of SS t

volume (for example, Carle 2 cm? sample loop, or eq|
5.3.10 Restrictor, R1—For controlling the rate ol

the sample lines and fill the sample loop (for examp

Number 009-0211, or equivalent)..

5.3.11 Restricror, R2—For controlling the Poraj

flow rate so as to approximately equal the fore-flush
1200 mm (4 ft) of 0.254 mm (0.010 in) ID stainless st

5.3.12 Oven—To maintain columns, valve, and
temperature at or near room temperature for anal

mesh), 610 mm (2 ft)
DD S8, to separate air,
mn is conditioned 12 h
thly intervals.
/350 pm (45/60 mesh),
mm (1/8 in) OD S§, to
mn is conditioned 12 h
monthly intervals.
bing to obtain 2 cm®
hrivalent).

sample fiow to purge
le, Perkin-Elmer Part

ak column back-flush
flow rate (for example,
el tubing).

restrictors at a stable
zer operation, and

condition columns bimonthly at 150°C (for example

Carle Model 4301, or

°C —degree(s) celgius

CH, —methane

CcO —carbon monoxide

CO, —carbon dioxide

cm —centimetre(s)

CVS —constant volyme sampler
FID —flame ionizatjon detector
fig. —figure

8 —gram

GC —gas chromatdgraphic
HC —hydrocarbonjsg)r

ID —inside diameter

kPa  —kilopascal

NMHC —nonmethane hydrocarbon(s)
min — minute(s)

mm —millimetre(s)

pm —oxygen

O, —oxygen

oD —outside diamk:

ppm  —parts per million

ppm C —parts per million carbon
ppm C;—parts per million propane equivalent

psig  —pound(s) per square inch, gage

s —second(s)

scfh  —standard cubic foot per hour

SAE  —Society of Automotive Engineers, Inc.
S8 —stainless steel

% —percent

5. Equipment

5.1 Safety Precautions—Flammable FID fuel (containing hydrogen) and
potentially toxic 2% CO in exhaust gas are vented from this instrument at low
flow rates of approximately 60 cm3/min (0.1 scfh). At these low flow rates
there should not normally be a hazard from these gases, but precautions
should be observed to insure dilution of these potentially hazardous vented
gas streams.

'For example, see Federal Register, Vol. 40, No. 126, pp. 27613-27626, Part 86.

Subpart B. Sections 86.177-1-86.177-23, june 30, 1975.

equivalent).

5.3.13 VaLve Actuator—For sample injection and switching valve (for
example, Carle Model 4201, or equivalent).

5.3.14 VarLve ProcraMmerR—Timing unit to control valve actuators (for
example, Carle Model 4104, or equivalent).

5.3.15 DrveEr—To remove water and organic contaminants which might be
present in the carrier gas, a filter-dryer containing silica gel and Molecular
Sieve is used (for example, Perkin-Elmer Part Number 223-0117, or equiva-
lent). The dryer is reconditioned monthly, after removing it from the analyzer,
by fowing 50 cm3/min of dry nitrogen through it while the dryer is heated to
150°C in an oven for 12 h. (This reconditioning procedure assumes the dryer
has a metal body.)

5.3.16 FiLTER, F4—Sintered metal filter, to prevent grit from entering the
valve (for example, Carle Number 3525, or equivalent).

5.3.17 Fiter, F5—Replaceable glass fiber filter, to filter particulates out of
sample.

6. Principle of Operation—The methane analyzer (Fig. 1) measures the
methane concentration in a sample injected into a carrier gas stream by the.
valve (V1) from a fixed volume sample loop. The stream enters the Porapak N
gas chromatographic column which temporarily retains NMHC, CO,, and
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FIG. 1—-METHANE ANALYZER

COMMERCIAL FID ANALYZER

TABLE 1—TYPICAL FLOW RATES|

water, and passes air,
soon as all of the meth,
through valve V1 towa
is back-flushed to wast
filling the sample loop
separates the air {oxygyg
these constituents to t
CH,. As soon as the m|
switched to inject the
sample to injection of 4
tion of injection and ba
shapes and is easily ac
7. Instrument Operat]
tions for operation of t
of detector response (f
modification, with car
7.1 FID Analyzer
burner, the fuel restri
plugged. The sample d
7.2 Component A
methane analyzer is sl
restrictor valve V4, sa
installed in the oven. T|
port 8 must discharge
where there can be no ¢
outside the oven, with

nethane, and CO to the Molecular Sieve column. As
ine elutes from the Porapak N column and has passed
d the Molecular Sieve column, the Porapak N column
by switching the valve (V1). Switching V1 also starts
with the next sample. The Molecular Sieve column
n and nitrogen) and CO from the methane and passes
e FID, which produces a signal peak proportional to
ethane peak passes through the FID, valve V1 can.be
next sample. A complete cycle, from injection of<one
second, can be made in approximately 75 s, Automa-
ck-Aush switching assures reproducible peak times and
tomplished.

fng Procedure—In general, the manufacturer’s instruc-
e FID HC analyzer should be followed. Optimization
el and air to the flame) should be performed after
ier gas flowing, as described.in‘paragraph 7.3.3.
Modification—The fuel liné\is disconnected from the
Ctor is removed and e fuel inlet to the burner is
apillary is removed.

ssembly—The assembly of the components for the
own in Fig. 1.{(Phe'sample and switching valve VI,
mple loop, rgstrictors, and the two GC columns are
he outlet of restrictor R2 and the-outlet from valve V1,
directly sinto an open area at atmospheric pressure
fAuetit,build-up. The other components are connected
h!l Connecting tubing of minimum length. After all of

the conrfections have b

en‘made as indicated in Fig 1 the inctrument is ready

Vaive

V1 Position

Location

Inject
{Fig. 1)

{room pressy|

Measure/Fill

Flow Rhte—cm3/min

e and temperature)

1. Somple Bypass Vent 1900
2. Burner Air 350
3. Total Burner Fuel 86
4, Back Flush 58
5. Sample 65
6. Makup Fuel 30
7. Porapak N Column 56
8. Molecular Sieve Column 56

i

1900
350

with a soap bubble Aow meter. Typically. the pressu
set at approximately 140 kPa (20 psig). Turn valve
position. Adjust valve V4 so that the carrier flow rat
Sieve column and into the FID burner is the same (W
V1 is in the inject position. Check the back-flush flo
R2 to confirm that it i1s approximately equal (withi
through the columns into the FID burner. If the flo
range. restrictor R2 needs 1o be changed. Open val
mixed-fuel flow to the FID burner of 80-100 cm®/m|

7.3.1.3 Air (Should contain less than 1 ppm C HC)—|

tor PR3 _so that the air Bou-t theEID _bus

¢ recgulator PR1 will be
V1 to the measure/fill
through the Molecular

ithin 2%) as when valve

v rate through restrictor

h 25'7) to the flow rate
M rate is not within this
e V2 to provide a total

n.

Set the pressure regula-

r is in the range of

for adjustment of operating parameters. )

7.3 Operating Parameters—The timing sequence is determined by the
flow rates of the carrier gas, the gas holdup volume of system, and the column
temperature. Typical flow rates at several instrument locations identified by
the encircled numerals in Fig. 1 are given in Table 1. The following procedure
should be followed to determine satisfactory flow rates of the assembled
system and the switching times of the valves. ~

7.3.1 Set the initial operating parameters. Record oven temperature, gas
pressures, and flow rates for later reference.

7.3.1.Y Column oven temperature—ambient or near ambient (for example,
32°C), but should preferably be in a controlled temperature (heated/air
conditioned) location. The temperature control setting that maintains 150°C
for use in conditioning columns should be ascertained before column installa-
tion.

7.3.1.2 Fuel carrier (Hydrogen/helium mixture—40%/60% or the mixture speci-
fied in SAE J254 s recommended, should contain less than | ppm C HC)—With
sampling and switching valve (V1) in the inject position and valve V2 closed,
adjust pressure regulator PR1 so that the carrier flow rate through the col-
umns into the FID burner is 40-65 cm?®/min. The flow is readily measured

250-450 cm*/min. Typically this pressure regulator, PR3, will be set at ap-
proximately 110 kPa (16 psig). Since all FID units are unique, these settings of
fuel and air can be adjusted with valve V2 and pressure regulator PR3
respectively, to obtain the maximum instrument response using a methane
calibration gas. This procedure is described in paragraph 7.3.3,

7.3.1.4 Sample—Adjust the flow of span gas or sample so that the flow
discharged to the vent is about 2000 cm?/min (4 scfh). With valve \'1 in the
measure/fill position, adjust back-pressure regulator PR2 so that the flow from
port 8 of valve VI is 40-80 cm®/min. The pressure reading on gauge G2
should be in the range of 7-35 kPa (1.0-3.0 psig). If it is not in this range,
restrictor R1 needs to be changed. .

7.3.2 Timine Seguence—The analysis starts with valve V1 in the
measure/fill position. In this position the sample loop is flushed and filled with
sample (flow rate 40-80 cm®/min). With a typical instrument, it was found
that if the sample select valve, V3, selected the next sample at least 6 s before
sample injection, the sample loop was fully flushed and hence a Jonger flush
and fill time gave the same analvtical results. The sample is injected by
switching valve V1 into the inject position. The sample passes into the
Porapak N column, from which air elutes first and then methane. Carbon
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dioxide, higher hydrocarbons, and water vapor are retained longer in the
Porapak N column. It is necessary to leave valve V1 in the inject position only
long enough for all the methane to elute from the Porapak N column. If valve
V1 is in the inject position too long, CO, will also elute from the Porapak N
column; pass onto the Molecular Sieve column, be absorbed by and gradually
deactivate the Molecular Sieve column. With a typical instrument at a
column flow rate of 55 cm3/min, it was found that if valve V1 was manually
switched from inject to measure/fill 11 s after injection, the methane peak
height was 53% of its ultimate height measured with a later valve switching. If
valve V1 was switched 13 s after injection, the methane peak height was 99%
of its ultimate height, and if valve V1 was switched 14 s after injection the
ultimate peak height was reached. For this instrument, then, valve V1 was
programmed to stay in the inject position for 15s. (A thermal conductivity
detector was temporarily inserted between port 3 of valve V1 and the Molec-
ular Sieve column of this typical instrument. With an exhaust gas sample and
valve VI kept in the inject position, the air peak emerged from port 3 at 6
after injection, the CH, peak emerged at 11 s, two extremely small unidenti-

PEAK HEIGHT
18.9 ppm CHy

OXYGEN

fied peaks emerged at 18 agd=-27~7rmd-EO5 started-toermergeat4swrththe
peak reached at 50s.) The|gases in order of elution from the Molecular Sieve
column into the FID analvger are oxygen, which gives a small peak; nitrogen;
methane, which gives the peak that is measured; and CO, which elutes well
before the next methane pepk. Fig. 2 shows a gas chromatogram obtained with
this system. (In normal use|a slower chart speed is used.) With valve V1 in the
measure/ fill position, the Horapak N column is backflushed to waste to clean
it out for the next sample.| Also during this time, the sample loop is flushed
and filled with the next sgmple to be analyzed,

After most of the methage peak has eluted into the FID analyzer, valve V1

can be switched to inject
finish eluting while the nex
the cycle time was 75s.

7.3.3 DetecTOR OPTIMIZ
following procedure. Run
automatically cycling. Adj
ane peak height above thg
shift with changes in fuel f
the point where maximum
methane peak height with
should be selected that res
flow rate to the burner. Fi
valve V2 slightly to obtain
zation should be performe

7.4 Calibration—Eac}
methane in air.

Typically, a FID analyz
sponse is generally linear
should be verified for each
tions are nonlinear and rq
gases, containing methane
of concentrations within w|
be used for calibration. P
ppm CH, of the calibratig
obtained, no calibration (
checked with a series of t|
2.6-120 ppm methane in ai
a straight line with a zero §
line was equivalent to 0.1
determined after the FID }
ever comes first.

the next sample. The last traces of methane can
t sample is being injected. In a typical instrument

hrioNn—The detector response is maximized by the
Fepeated samples of span gas with the instrument
st the bypass fuel valve V2 until maximum meth-
baseline is obtained. Note that the baseline will
ow rate. Adjust the air pressure regulator PR3 to
methane peak height is obtained. If the change in
air pressurc is very small, then a pressure setting
Llts i an air flow rate of 3.2 to 4.5 times the fuel
hally, reoptimize the fuel flow rate by readjusting
maximum methane peak height. Detector optimi-
H at six month intervals.

six-bag test series is calibrated with a span‘gas/of

er requires only a one-point calibration since re-
with methane content of sample./However, this
FID because some instruments at“eertain condi-
quire a calibration curve. A series of calibration
of known concentration in_air;\covering the range
hich sample gases may be expected to fall, should
ot CH, peak heights (above the baseline against
n gas. If a linear response with zero intercept is
urve will be needed: (A typical instrument was
en span gases-whoSe concentrations ranged from.
r. A plot of\peak heights against ppm CH, yielded
htercept: The standard deviation from the straight
f ppm €Hgy.) The calibration curve should be re-
urner/sserviced or at six month intervals, which-

——
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FIG. 2—TYPICAL METHANE ANALYSIS GAS CHROMATOGRAM

7.6.1 MeTHaNE—The following example illustrates the method of calcula-
tion:
Span—18.9 ppm C methane—50.0 chart divisions
Bag Analysis
Methane—25.0 chart divisions
Bag Concentration Calculation

Methane-—18.9 X 50 =9.45ppm C
50.0

For calculating the mass of methane, its density pt 20°C (68°F) and
101.32kPa (760 mm Hg) pressure should be takdn to be 667 g/m?*
(18.89 g/ft3).

7.6.2 Non-MEeTHANE HypROCARBON—NMHC data anialysis is accomplished
with calculation techniques similar to those used for| total HC CVS bag
emission data analysis. The following example illustrated the method of calcu-
lation:

Span—18.9 ppm C methane or
6.3 ppm C, equivalent—>50.0 chart divisions

Bag Analysis
Methane—25.0 chart divisions
Total HC--27.52 ppm C,

Bag Concentration Calculations

25.0
Methane—6.3 x ——~ = 3.15 C,
ethane =00 ppm C,

cept is obtained, no calibr

ation curve will be needed. (A typlcal.lns(rumem

was checked with a series of ten span gases whose concentrations ranged from
2.6~120 ppm methane in air. A plot of peak heights against ppm CH, yielded
a straight line with a zero intercept. The standard deviation from the straight
line was equivalent to 0.17 ppm CH,.) The calibration curve should be re-
determined after the FID burner is serviced or at six month intervals, which-
ever comes first.

7.5 Emission Measurement Procedure—Six methane analyses may be
made in 7.5 min. It is also advisable to include a span gas measured before
and after the sample series. All these samples may be handled automatically.
The instrument may be located near the CVS in order to minimize the
sampling distance. Samples are pumped directly from the bag via a Teflon or
stainless steel tube to the sample inlet.

7.6 Data Analysis—The methane peak height is used as a measure of the
amount of methane. Peak height is the distance from the peak maximum to
the peak baseline. The peak baseline is defined as the plateau immediately
preceeding the peak. Methane concentrations are measured directly, NMHC
concentrations can be determined by the difference between an independent
total hydrocarbon concentration measurement and the methane concentra-
tion.

NMHC—(total HC ppm C; — methane ppm C.))
= 2752 — 3.15 = 24.37 ppm C;
The exhaust sample and the dilution-air bags should be analyzed and the
NMHC concentrations used for calculation of mass emissions as directed in
the Federal Register for hydrocarbon.

It can be noted that, in general, the sum of the methane mass emissions and
the calculated NMHC mass emissions will not equal the total calculated HC
mass emissions. This is because the FID analyzer measures carbon mass and
not hydrocarbon mass. The relation between these two masses depends on the
carbon/hydrogen ratio of the hydrocarbons in the exhaust gas and this is not
determined for each sample. Instead, a nominal value for the carbon/
hydrogen ratio is assumed in the Federal Register.

8. Instrument Performance Specifications

8.1 Noise—The instrument shall be run for 20 min with valve V1 re-
maining in the measure/fill position. The peak-to-peak nbise and drift of the
baseline shall not exceed the equivalent of 0.16 ppm methane. (With a typical
instrument the peak-to-peak noise and drift was 0.07 ppm methane.)

8.2 Precision—A span gas containing about 20 ppm methane in air shall
be repeatedly read on the instrument for a period of 40 min. The standard
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