APPENDIX B

Expeximental

The pressurs reaction vessel (reactor) used to conduct the experiments indicated
in this report is a stainless steel (T316 SS) 300 mL Parr® amini reactor, Figure
B-1. The rsactor is designed to perform reactions at pressures up to 2000 psig.
The reactor itsalf, is equipped with a gas inlet valve, a liquid sample valve
(both connectad to a single dip tube which reaches to the bottom of the reac-
tor), a gas sample (release) valve, an impeller type mschanical stirrer and a
thermocoupla. A controller, supplied with the reactor, operates the stirrer and
regulates the reactor temperature allowing a continuous digital readout via the
thermocouple. Prior to £illing, the glass capillary tube filled with ethyl
mercaptan i{s placed in the reactor, the reactor sealed, and a tare (egpty)
weight obtained. To fill the reacter with the liquifled propane (LP) , the gas
inlet valve is opened fully and the gas releases valve opened slightly, allowing
the liquid to displace and purge the head space until the ligquid itself is
vented, The gas ralease valve Is then closed followed by tha gas inlet valve,
effectively sealing the reactor. After reweighing the reactor, the LP is vented
until juse 100 g of LP ( 185 ml liquid) remained. Just prior to breaking the
capillary tube, & sample of the liquid phase is taken to confirm the absence of
interferences. Once confirmed the capillary tube is broken and the contents
mixed using the mechanical stirrer, as the reactor is warmed. When equilibrated
to 20°C, a sample of the liquid is ventad into a two liver Tedlar® gas bag
(representing 8 mL of liquid phase). Triplicats analyses ware parformed on
each sample,

*Hct.: The author apologizes for any confusion resulting from the
abbreviation of liquified propane [IP] vs. liquified petroleum gas
(ILPG] vs. the tarm "liquid phasa”, but these abbreviations appeared to
offer the best oprions for clarity through the text.

A\ Arthur D. Little, Inc. 32 '
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ODORANT DEPLETION IN PORTABLE CYLINDERS

Ian D. Campbell, Fh. D.
Senior Raesearch Chemist
: Esso Petroleum Canada
Sarmia, Ontario, Canada N7T TM1

ABSTRACT

e "

Several resesarch activities are underway in Canada
under the sponsorship of the Propane Gas Association of
Canada (PGAC) Residue and QOdorant Committee. This group,
with adviszory represeantation by government agencies, was
formed and actively supported by Marketer, Producer and
Manufacturer members. This paper gives an overview of
these activities, and describes in detail one of +them, the
research carried out on the depletion of ethyl mercaptan in
small cylinders at the Esso Petroleum Canada Research
Centre in Sarnia, Ontario.

The concentration of ethyl mercaptan and related
sulfur compounds has been monitorsd in a variety of small
staal propane cylinders ranging in size from 1 1lb
(disposable) to 100 1lb (refillable) containers. The
majority of the work was carried out with 20 1lb barbecue
eylinders made by different manufacturing methods and
having different intermal surface cornditions. Evidence of
ethyl mercaptan odorant depletion (fade) was found in '
saveral containers. Surface analysis of the metal
intericr=, and results on chemically cleaned or aluminum
vessels suggests that the mechanism is dependent on the
nature of the initial oxide layer. Incorporation of sulfur
into or omto the oxide layesr, and the appearance of sulfur
compounds other than the primary oxidation product (diethyl
disulfide) in the liquid phase indicates that the mechanism
is not a simple oxidation.
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ODORANT DEPLETICN IN PORTABLE CYLINDERS

BACRGROUND

The naturs of the Canadian propane busiress is similar
+to that of the USA, with major producers selling in bulk
quantities to independent distributors and marketers. The:
major producers have limited contact with distributors,
propane equipment manufacturers and end usars, but as in
the USA, are exposed to liability along with the lattar.

Iz late 1984, sevaral Capnadian industry companies
began to inovestigate various provane adorant and
contamination ixsues as a result of litigation and user
problems. Concern was expressed for the possaibility of
odorant depletion in small cyliaders because of the rapidly
increasing consumer usse of propane in Canada and the large
numbar of cylinders being manufactured and sold., Thers was
renawed intsrest in the compositicon and scurce of solid and
liquid contaminants scometimes found ia portable propane
containers and fixed and vehicle propane systems. Scme of
these depozsits frocm vehicle tanks, filtera, regulators and
carburettors wers identified asz nixed iron oxide/sulfide
(magnetic black powder), and elemantal sulfur,

Qf particular concerm was the possibility that the
phencmenum of oderant depletion was related to black
deposit and elemental sulfur formation. Littlse was known
about the reactions of ethyl mercaptan in liquid propane
systams. Howeaver, studies on sampling and analysis of
reactive sulfur compounds, and work cn odorants in natural
gas systams, szuggested that similar reactions might gecur,
eapecially in small, high surfaca to volume ratio
c7lindera. In additian. differences in reaction mechanisns
might be expected between natural gas (continucus flow)
systems and propane (batch) systems. In particular, the
occasional presence of higher and lower molecular weight
sulfur species in the liguid, elemental sulfur depoaits and
formation of ironm sulfide are difficult to explain.

It was apparent that resolution of thesa issuas would
require the combined efforta of producars, tank
manufacturers, users and government regulatory bodies. A
new working committee, the Propane Residue and Odorant Task
Forca, was formed under the direction of the PGAC, and has
met regularily since mid-1985. This group has ccnaide:able
representation by government agencies as= a result of
policies to encourage development of alternate fuels for
the purposa of Canadian Energy salf-sufficiency.

Several task force members have liaison functions with
the relatad consensus standard and regulatcocry bodies that
have responsibilities in other areas of propane productzon
and use. These are outlinad as follows:
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CGSB - Canadian General Standards Beazxd
- function similar to ASTM and/or GPA
- publishes the CAN/CGSE-3.14 propane specification

CGA' - Canadian Gas Association
- function similar to the NFPA
- Publishes the CAN/CGA-B149.2 Propane Installation
' Cade

c24A - Canadian Standards Association
- Publishe=s the CAN/CSA-B340 and related cylinder
coda

OME - Ontario Ministry of Energy
- Sponsor of the -"Drive Propane” program
- Supportad conversion of cars to propane power with
rebatas toward conversion costs and elimination of
road tax on propane fuel

OMCCR -~ Ont. Ministry of Consumer and Corporate Relations

- overseer of the Cntario Fuals Safety Branch

- mandate for enforcement, public safety and
education etc. Other provincial Gas Safety
Bracches are also active through CGA, CSA and CGSB
committees, but Ontario, with the largest
penetration of propane vehicles and programs has
maintained active and dir=sct involvement

END = Department of Natiomal Defence

combined Canadiap Military Forces

-~ maintains one of the largest fleets of propane
powersd vehicles at military bases accross Canada
(3000 propane cars/truckz of a total of about
150,000 vehicles)

EM&ER -~ Energy, Mines and Resocurces Canada
i - Similar to the 0S Department of Energy

.~ Supports a variety of government, industry and
university research and demonstration programs in
the areas of alternate fuels, off-oil initiatives.
energy consarvation etc.

- Supported applied engire resea:ch through Chrysler
Canada Engineerlng

Other PGAC RX0 task force members maintain an active
monitoring role with ASTM and NLPGA.

As in the USA, accradited consensus standards may be
recognized in various provincial and federal Acts and
regulations, and become legal requirementx. Government
regulatory representatives maintain active involvement with
the various consensus standard committees.

In addition to providing a forum for open exchange of
information obtained by individual member initiatives, the
PGAC R&0 Task Force has sponsored and funded saveral
resesarch projects which are outlined as follows:
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2)

3)

4)

5)

6)

n

8)

9)

Survey of mamhers for list of cutstanding issuas <hat
should bte addressed:

liquid residues (“"skunk oil”)

contaminants from manufacture and distribution
possible nead for tighta» contamination specs
"black deposit” in vehicle propane systems
odorant fade

possible need for altarnats odorant systems.

Sampling and analysis of typical deposits found in the -
distribution system (contractor: Petro-Canada
RBasearch).

Collection and analysis of black deposit frem a propace
truck fittad with special filtration. (Project failed
with loss of vehicla).

Teat of 17 x 20 1lb barbecue tanks for odorant 2fade
(contractor: Esso Petrosleum Canada Rasea;:h). o
Test of 13 zew 1 lb diaspasable and 2 aluminum 33 1b

tanks for odorant fade (joint study by ICG Ligquid Gas

Ltd. and Essc Petrvleum Canada Research).

Matallurgical study of the nature of the oxide
{millscalae) layer in new and used 20 lb =teel barbecue
cylindexs {=tudy hy Esso Resourcms Canada Resaarzh).

Tast of 18 x 20 1lb barbecue tanka with special heat
treating and surfaca preparation for odorant fades
{contractor: Esso Petroleum Canada Resaarch).

12 car fleet tast to collact and analyse black deposit
collectad with special filtration, as well as any
unusual deposits or residues that may be found over a
pariod of 1-2 years. Ircn oxidation stata will be
acnitored by Mosabauer spectroscopy by the University
of Manitoba., It is apticipated that a seperatas -’
university research project will study the
cerystallographic nature of the black deposits that are
collectad. (Startup August 1987 - contractors:
Oriversity of Manitoba, T. Eaton consuliant and
Government of Canada, Department of Natiocnal Defence]).

Development and testing of a field method for
gercaptan ocdorants using the Gastac stain tubes and
measurenent method and the “baggie” method of
cellecting field propane samples. (Joint study with
the CGSB Teat Methods Committes - zsee Appendix I).

- INTRODOCTION

The research that has been carried cut at the Esso

Research Centre in Sarnia has been ip four phases which are

described as follows:
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Phasze 1

The test of four 20 lb barbecue cylinders from each of
two manufacturers along with a teflon-lined control
cylinder. This experiment was conducted to document in a
scientifically rigorous manner the phenomenon of odorant
fade. Nine 20 lb barbecue containers were filled from a
common scurce of commercially available HD-5 propane.

Each cylinder was filled in the prescribed manner with five
vapour purges. The contents were analysed by sulfur-
specific gas chromatography to menitor the concentration of -
ethyl mercaptan and other low molecular weight sulfur
species. The purpose of this test was to s=creen a number

of cylinders for the occurance of odorant fade. This “as=
had the surprising result that all four cylinders from one
nanufacturer ('A’) were stable towards ethyl mercaptan,
while all four containers from the second marnufacturer.
('B’) exhibited rapid and complete fade.

This initial result was sc dramatic that it led to an
immediate investigatiorn of possible causes, and further
tests of the same manufactursra’ cylindersz under a variety
of conditions.

Fhase 2

This phase involved the random testing of 13 one pound
disposable propane containers (hand-held torch type) and
twe 33 lb aluminum cylinders (fork lifts) for ethyl
mercaptan fade. This test =howed that odorant fade had
cccured in the majority of .the one pound containers, and
that the aluminum containers were virtually immune tao
cdorant fade.

This led to the investigation of the nature of the
steel surface layers as a possible explaination for odorant
fade in some but not all =mall stasel cylinders.

fhase 3

This phase involved the study of manufacturing methods
utilized by various Caradian cylinder manufacturers, and
the detailed surface analysis of the stesl from new and
used cylinders representative of the different types of
manufacture. Crlinder=s from manufacturer 'A’' were heat
treated in an induction furnace which resulted in a very
short exposure time to high temperatures in an oxidising
environment. Cylinders from manufacturer 'B’ were furnace
heat treated, the more common heat treating method. It
should be notad that this test was not meant as a “test” of
alternats manufacturing methods.

It should alsoc be noted that the 20 lb cylinders were
salectad for testing because they are an ideal model
system, easily handled, and with a high surface to volume
ratioc to test the most extreme environment for surface
catalysis, reaction or adsorption.



The surface analysis of the 20 lb cylinders showed
striking diffarencas depending on the method of heat
treating, and led to a final phase of tasting. This fizmal
tast included intarchanging cylinders from each
manufacturer just before the heat treating step.

Phase 4

The final phase of testing included intarchanging
crlinders from sachk manufacturer just before the heat
treating stap, washing cylinders with inhibited acid, and
superpurging the cylinders with propane vapour containing
1000 wppym athyl mercaptan.

RESULTS AND DISCUSSION

haze 1

Qdorant Fade. The results from the first phase of the
tasting, which was intended primarily to be a
scientifically rigorous demonstration of the phencmenon orf
odorant fade, are given in Table 1. Thesa results clearly
show that the four cylinders from manufacturer 'A’' are
resistangt to odorant fade, while those from manufacture=r
’B’' rapidly show evidence of deplation, with no detectable
ethyl mercaptan remajining in the liquid phass aftaxr onl7y a
few days.

Multi-f4lli=mg. It was felt that these 'B’ cylinders would
aventually become passivated, and thus stablized “owards
odorant fade. These four cyliders were therefore ventad
(ligquid draw) and reafilled. The results of four completad
cycles of this refilling process are shown in Figure 1 for
cne of the four c¢ylinders. Surprisingly, the cylinder
appeared to stabilize during the second cycle, but in the
thizrd cycle, the esthyl mercaptan level again fall to zero.
In the fourth cycle, the cylinder again appears to have
been pasajivated. Thesa results iandicate that the mechanis=m
of odorant fade is indeed complax.

Mechanjzm. The complexity of the mechanism ia illustrated
in the next 3 figures (Figures 2 - 4). Figure 2 is a G.C.
trace of a newly-filled cylinder. Note the three peaks for
LPG, methyl mercaptan (MeSH) and ethyl mearcaptan (EtSH).
(MeSH is often present in LPG from gas fields).

Figare 3 shows the G.C. trace scme time later. Nota
the additional peaks for dimethyl disulfide (DMDS), diethyl
disulfide (DEDS) and a higher molecular weight sulfur
compound, believed to be diethyl trisulfide. Sarprisingly,
mathyl ethyl disulfide is absent.

Figure 4 shows a similar G.C. trac=a, but with:
G.C. in an attempt to pick up
higher-boiling sulfur compounds which are believed to be
involved in the mechanism. MNota that three additiconal

L/
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sulfur peaks are indeed evident.

Further work on the mechanism of the fading of ethyl
mercaptan, including the addition of oxyger and water to
the system, has been started, and will be the subject of 2
seaparzta report.

Thase 2

The reasults from the second phase of the program, the
~ study of other cylinders, will now be discussed.

Cne Pound Cylinders. Table 2 highlights the results from a
randem sampling of one pound disposable cylinders. Note
that in the majority of the samplaes, significant fading has
occurred. (The "normal” treat level for ethyl mercaptan in
LPG of 1 1b per 10000 USG is equivalent to 24 wppm).

Crlinders. Two 33 1b fork-lift type aluminum
cylinders were subjactad to 4 x one monthly cycles of fade
teating. The results are graphically illustrated iz Figure
5 for cne of the cylinders. Although there is some scattar
in the data, the ethyl mercaptan appears to be stable in
this system. This is borme ocut by the absence of diethyl
disulfide in the G.C. tracss.

Pha=a 3

The third phase of the test program consisted of a
study of the differeant methods of manufacture used to make
‘A’ and 'B’ c¢ylinders, and a detailed metallurgical
analysis of the interior surfaces of new and used cylinders
from each manufacturer.

This study showed that manufacturer 'A’ heat treated
the cylinders in an induction furmaces. X-ray analysis of
the intericr surface showed a continuocus film of wustite
(FeQ). Thix presumably is produced as a result of the
relatively short aexposure time to the oxidising
environment. Manufacturer 'B’ used a conventional furmace
for the heat treating process, resulting in an irregular
surface of Fe.03;/Fezglun as revealed by the T-ray analysis.
This is consistant with a longer exposure time allowing
mere oxidation to occcour.

The X-ray technique revealed the further interesting
fact that sulfur (elemental, sulfide, or sulfate - exact
state not known)} had been incorporated into the surface
layer of used cylinder=s which had exhibitad fade.

Fhase 4

Wash. Since the interior suxrfaces of stable
cylinders 'A’ and 'B’ were substantially different, one
¢ylinder of each type was chemically washed with a solution

£l
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of inhibitad hydrechloriec acid. Each ¢7linder was then
subjected to a fade test az before. The results are shown
in Figures 6 and 7. Both cylinders are very similar aftar
the acid wash, in that both rapidly lose about one-hal? of
the athyl mercaptan present initially, and %hen stabilize.
These cylinders will be refilled and monitored faor turther
avidence of odorant fade.

Heat Treatment Erocess. The sigunificance of the heat
treatlent process in the fade phenocmencn was demonstrated

by intesrchanging <rlinders from each manufachurer,

Cylinders were removed from each producticn line just prier
to the heat treating step, rapidly transferred to the other

manufacturer, and the manufacturing process completad from
the heat treatament stap to the end of the production lire
in the normal way.

Two cylinders from each modified batch were tested for

ethyl mercaptan stability in the usual way. The results
are illustratad in Figure 8. The cylinders finished hy

' manufacturer 'A’ using the induction furnace were almost as

stable to mercaptan fade as the regular prsduction
crlinders from that plant. Cylinders finished at
manufacturer 'B’, while not as prone to ocderant fade as
hafore, still shoawed evidence of severa Zfade, aone of the
two cylinders being much worse than the othar.

Superpurging. Some earlier work had indicatad that
cylinders could be passivatad by “superpurging”; i.e.,
using propane vapour highly eanriched with ethyl mercaptan
(1000 wppm) rather than normal propane vapour (5 wppm) as
spacified by the code.

Two cylinders from manufacturer ‘B’ wers superpurged
five tines and compared to a similarly tresated ‘A’
cylinder. The results are shown graphically in Figurss 9
and 10. Figure 3 shows that the superpurge tachrnigue
initially adds about 20 wppm ethyl mercaptan to the LFG.
Not much change occurs during the first 3 days.
(Unfortunately this test was prematurely ended). Both 'B’

crlinders (Figure 10) rapidly lose ethyl mercaptan in spitas

cf the superpurge. Rafilling the containers in the
conventional manner shows that they both are still
susceptible to cdorant fade.

CONCLUSIONS

The main conclusions that can be drawm from this study

are as follows:

- Ethyl mercaptan fades in sSome steel c7linders but
not all

- The mechanism of mercaptan fade is very complex
= Ethyl mercaptan does not fade in aluminum cylinders
8
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- The intarior surface of +the steel is the moszt
significant factor affecting fade

The heat treating step significantly affects the
~fading of ethyl mercaptan in steel c¢ylinders.
Unfortunately, the induction heating methed which,
so far, produces the most stable 20 1b barbecue
eylinders, is the least common heating process, and

nmmmgnmmmmwmm.
FUTURE STUDIES

. There are several aresas of research which need to be
completed beafore the problem of ethyl mercaptan depletion
can be completely resolved. These include:

(a) A bettar understanding of the mechanism of odorant
fade and the factors which affect it.

(b) Evaluation of other odorant systems.
(c) Method=s of passivating intericr sufaces.

{d) A study of different heat treating processes.
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APPENDIX 1

SECOND DRAFT Propesed Method far PGAC

July, 1587 and CGS8
A.L., Pickard CAN/CGSB-3.0
No.

TEST FOR ETHYL MERCAPTAN
OOQURANT IN PROPANE, FIELD METHOO

l. SCOPE

1.1 This method is intended for the semi-quantitative (ie
+/= 25%) deatermination of ethyl mercaptan odourant

. (within the range of &6 ta 120 ppm) in propane. The
method is intended for field application, and may be
suitaple for use Dby ncn-laboratory personnel. A gas
chromatographic method should Ge used for more precise,
guantitative determination of ethyl mercaptan in propane.

(Note: The units of measurement (eg. vppm, mg/L, wppm)

for ethyl mercaptan in propane oy this method stfll need

to pe determined.)

1.2 Other low molecular weight mercaptans, such as methyl

. mercaptan, may interfers py giving a positive rasult,

Doc. #.0079y
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1.3

2.1

2.1.1

2.1.2

2.2

3.1

High concantrations af propylene may intarfers, turning
the "stain tube® gray. Thus ‘tnis field methed may not
be suitanle for some (commercial) propane containing

significant levels of propylane,

APPLICABLE PUSLICATIONS

The following publicaticns are applicablas to this metnod:
Canadian General Stand;rds 8aard (CGS3)

CAN/CGS8-3.1l4-M, Liquefied Peatroleum Gas (Propane).
Canadian Gas Assaciation

CAN/CGA-8149.2-4, Praopane Installation Code.

The scurcs for these publications is shown In the Notss

section.

SUMMARY OF METHQOD

A raprasent;tive sample of ligquid propane is completaly
vapourized by one of two procsdures (a flowing stream gf
gaseagus propgane or evaporation of a sample in a plastic
vag) and then tasted for odourant concantration Dy usa
of a hand-held testar which utilizes a detector tune

(*stain tube®) specific far ethyl mercagtan.

~—

bR e 8 aeee lags mwmmeilmme n = rem peee meememan me iR SW - e apme st M IER e weeco

Ly



4,1

5.1

3.2

6.1

SIGNIFICANCE AND USE

Propane, a colourless, odourless gas, is iIntentiomally
tTesatead with a&an qdourant, ethyl marecaptan, to allow
propane g@gas leaks 'to be detected, waever, the
concantration of etnyl mercaptan in prupane may decfeasa
("fade") over time due to adsorption on metal surfaces
and oxidation, potentially leacing to total odourant
depletion. Therefore, a "field™ test is requireg to
allow determination of ethyl mercapltan in propane in the

distribution systsm and at consumer's sites.

PRECAUTIONS

Nota the extreme flammagility of propane and ensure Ihac
tnis test is performed in a well-ventilated area, free
of ignition sources.

Ligquid propane evaporatss rapidly, ang can r=agily
fremze flesh. Avald skin egntact,

APPARATUS AND MATERIALS

Gastec Prscision Gas Sampling pump (or equivalent),

avallable from Levitt-Safety Limited 1In Canada (part

" no. IG 6800, wniecn inmcorporates a "test complete”

indicator).



§.2°

§.3.1
§.3.2

Gastec Etnyl Mercaptan Qetactor Tuse No. 72, 5-120 ppnm

(or equivalent) part no. IG 72.

Sample container suitable for collecting and holding

liguid propane, and conditioned By prior axposurs to
prepane odourized with expectad levels of ethyl

mercaptan to minimizes adscerption of ethnyl marcaptan foom

" the sample. - A sample cylinder of at least 500 aL

capacity is requirsd fcr Procaduzrs A, The fallaowing
sanples cylinders (with outage tubes) nave gesn fgund ta
be syitabls:

Teflon-lined stainless st2el pressurs cylindsrs;

‘316 stainlass steel pressure cylinders dedicated ta

stanchad propane sacvice. Initial commissicning af new
or cleaned/recongitioned stesel cylinders should include
charging tne cylindsr with stenched prapane, staring for
at least 24 hours, ind repeating tnils cnhnarging/staring

procass at laast 5 times (Nate l).

Note 1: Sampla cylihders for stanched propane servicse
§nauld nat routinely age left open to the atmospnere or
cleaned (eg steam cleaning). A cylinder that nas Qesen
exposad to axygen QT water {vapour) must ce

recommissiconed as given in €.3.2.

Vagourization Jdavice, depending on the particular sample

greparation methad chosen:
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6.4.1 Heating oath (40 - 50°C - very not tap watsr) with 3 a

coileg l/8" stainless steel tuping (see note aftaz Par.
- 10.3), fittingrfur sample cylinder, and a flow meter and
canﬁrol valve (see Figure 1) ar '

6.4.2 Plastic food storage dags. Dow ™Zipleoc™ 1.75 mil, 27 x
28 cm freezar Bags have Been found to Se practical. The
second choice is Glad-lock fosd storage ocags, 25 x 33 cm
(10" x 137).

§.4.,2.1 Mark the "standard volume™ c¢f liquid propane ta ose put
into esach 27 x 28 cm bag By pouring 15 atL (one
tablespaon) of water inte cne Bag, and tilting the bdag
-sa that the water frills one corner of tne 2ag. Mark a
line diagomally across the corner of the Dpag to
rapresent the 15 Al +zl.z3. Mark each plastiec sag w#ith
a line at tnis detsrmined location (but dao not use a dag
wnich has contained water for an actual athyl mercaptan

tast).
7.  PROCEDURE

CAUTION: This test procedure requires the relsase af
combustible propane liquid and vapour. The wuser 1is
warned to take oroper safety precauticns tg prevent
ignitioﬁ and/or liquig burns, This procedurs should
never oe performed in an enclosed ouilding or near a

source of ignition.
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7.1

7.2

7.3

7.3.1

7.3.2
7.3.3

el —— . T et P DA

€itner collect a represantative sample of liguid propane
in an appropriate sample container, taking care ts lagve
a vapoui space in the cylinder (eg 20%) to allew for
expansion of the liquid propane, or arrange for a fine
flow of liquid propans at the sampla point for tasting

"an sits".

CAUTION: A fully énarqed cylinder, witnout Toutage®
(ie. 20% vapaur space) will exploda when allgwed ta warm

up.

PFrocesd wikh tne. determination of etnyl mercapgtan
odourant by Procedur= A gr Procedurs 3, 3cth pgrocsdures
achisve total vapourizatien ef a paortien of liguig
propane, and allow measurement of eathyl mercaptan in the

vagaur ghase. See Notas, para. 10.3.
PROCEDURE A - FLOWING PROPANE GAS STREAM ANALYSLS

Assempsle the apparatus as shawn in Figure 1, in a fume
noad or otner well-ventilated place, at an ambient
tamperature of 15 - 30%.

Qpen thes lower valve on the sample cylindesr.

Carefully open the needle control valve to allow a gas
stream of 300 alL/min to flow through the caoiled tupe,

three-way valve and flow meter.
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7.3.4

7.3.5

7.3.8

7.3.7

7.3.8

7.3.9

7.3.10

Purge the tuping (eg for 2 minutes) and wnen tne flaw af
propane ‘gas nas stagilized, Te2adjust to 500 mL/min.

Tdrn the S-way valve to cause the propane vapour ta exit
through the open, test port, u
Prepare the Gastec detactor tube as spacifisd oy tne
manufacturer (is break both ends off dy inserting them
in the tube tip orsaker of the pump) and insert the tupe
into the rubber inlest af the pump with tne arzow an the
tube pointing towards thne pump.

Hake certain the pump nandle is 3zll the way in. Align
the red dots aon the shaft and nousing cf the pump.

Place the opsn tip of the detector tube inside the apen
test port, in the flowing stream of propane gas, and
draw back the handle all the way out for one full
stroke, until it locks at the l0Q AL mark. Keep the tip
of the detectar tube in the port for twec minutes, to
allow the correct volume of gas to pass througn the
tute., The current version of the Gastec gump has an
indicator button to show when sampling is complate.
Immediately (within 30 seconds) read Ehe caloured
(yellow) porticn of the tube.

It thne reading is below 10 ppm, repe2at tne procsdure
{(using the same tuce) vy turning the handle l/4 turn in
either direction and returning it to the starting point
and repeat 7.3.7 tg 7.3.9. Qivide the reading of a

dauble stroke test ay 2.

9 ot



7.3.10

7.4.1

7.4.2

7.4.3

B e e SR, B

o et R e L e i

Neta 2: The QGastac sthyl mercaptan detsctor tuge «ili
given an errcnecusly lew result if the tamperature of
the tube is much nelew 20°C. Keap the tubes in a warm

placs (20 - 309C) before outside use in cgal wsather.

Close the samples cylinder and control valve and snsure
the tasting equipment and area are cleared of propane

vapcur;.
PROCEDURE B: ANALYSIS OF PROPANE IN A PLASTIC 3aG

Perform this test in a wellwventilat=sd ars=a, at an
ampient tamperatur= of 135 - 30°¢. .
Immed;ately nefors each saries of measursments, tast the
pumg for leakage as follows: insart an unopesned tube
and turn alignment marks off "lock™ pasitian; pull full
straké, hald for 5 seconds. and carsfully lest vacuum
return handle, making. sure the rsturn 1is gack ta
ariginal starting paint. If it does not, laock far
vacuum leak and restast.

Clamp the sample cylinder in a vertical position.
Attach a short tube to the lower valve (eg. 2 cm of S nm
tubing). | _

Pregare the Gastec detectar tupe as sgecir;ed By the
manufacturer (ies oreak Both ends off the tube By
inserting them i{n the tube tip brsaker of the pumpg) and

insert the tube into ths rubber inlet of the pgump with

J

the arrow gn the tupe pointing towards the gump, 27



7.6.53

7.4.9

7.4.10

Maxe certain the pump nandle {s all the way in, Align
the red dots an the shaft and housing of the pﬁmp.

Take a new flat plastic Bag (with a diagomal line across
one corner to indicate a 15 mL volume) and open a short
length (eg 2 - 3 cm) af tne bag, minimizing the volume
of tne-nag that 1s open to the air, -

Crack the lower valve af the sample cvlinder ooen and

allow 3 slow streaam of liaquid orggane tq flow cut nefaore

placing the tag for sample c¢ollection under the strsam.

Note: Ensures thers are na ignition sgurces in the are=a
of the test, Avoid contact of stenched propane witn

flesh ar clathing. Wear glaves faor steps 7.4.7 to 7.4.9.

Immegiately collect about 15 mb of liquid propane (fill
to the diagonal line) in tne plastic oag, seal the bag
and clese the sample cylindeﬁ valve,

Shake or tumole the 2ag ¢ently to aild evapgeraticn aof the
liqulid praopane, and tc mix the gases tnarcugnly.'

As scon as the last drop of propane evaporates, proceed
with the Gastec tast py either:

NQTE: If pag has oscome drum tignt, stop test and
rsstart using new bag. If pressure inside bag breaks

seal, restart test using new bag.



7.‘.10.1

7.4.10.2

7.4.11

7.4,12

7.4.13

Puncturs the gplastiec 23g oy rstacoing" Lt with the
Gastec detsctor tuoe, @nd proceegd with tna test gy
drawing Back tne nandla af the pump. (It may oe
necassary to prass down an  one part of the bag to give
a taut "ballacned™ Bnag ta stab.)

Altarnatively, opan 3 small corner of the cag (eg 1 - 2
cm length), insert the ethyl mercagtan detactar tuce all
the way and draw Back thne handla of the pump until it
locks. Reseal the B8ag argund the Ltuce as aygh as
possible. Keap the tube in places for 2 minutas ta allaow
tne corrsct volume of gas to pass througn the datsctgr
tube. _ |

Immediately (within 30 saconds) re=ad the coloursd
{yellow) section of the tube.

NOTE: ULeave the tuhe in the cag while taking rsading in

casa 3 second pump stroke 1s requirzed (see 7.4,12)

If the reading is oelow 10 ppm, repeat the Ctast
pracadurs {using the same tube) with a second 1230 mi
stToke, and divide the result oy 2. Low lavel results
(belaw 10 ppm) are not very reliatle oy this procsadure,
But should ce indicative af a‘Lcw adourant lével.

NQTE: If the Gastec detector tugde turns gray, it
indicates a nignh level of praopylene. Oiscentinue tnha
test since it {3 not valid in the presences gof propylena.
Oestroy the sample Qag oy litsrally tearing Lt apart,
angd ensyre EtRat the test area 1ls clearesd of opropane
vapours. (A npag of pgropane vapour is a serious

explosive hazard.)
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10.1

REPCRT"

Regort the esthyl mercaptan cantent in liguid praopane to
the nearest even whale number.

(NQTE: The units aqf measursment nave vyet taga Qe
resolved. Wnile the Gastec result is prabavbly in vopm,
it may oe preferaple to convert tne gastsc reading to
mg/L for direct comparisan ta specificacion

raquirements.)
PRECISION

Ta ce detsrmined 2y cg-cperative tasting.

(Initisl indicationms show a repsatapility of +/- 13% .
NOTES

The puolication referred to in par. 2.1.1 -may ce
cbtained from the Canadian Gavernment Puplishing Center,
Supply and Service Canada, Qttawa, Canada, RlA 0Ss.
Telephone (819)997-236Q.

The puolication referred to in par. 2.1.2 may Qe
cbtained from the Canadian Gas Association, SS_Scarsdale

Road, Don Mills, Ontario, Canada, M38 2R3,



10.3

Etnyl marcaptan is very salubls in propane, out nas a
lowar vapour pressurle. Therefqre, the equilidrium
cancentration of ethyl mercapgtan in the vapour phase of

a cylinder is much lower (possioly about one fifth) than

the goncantration of ethyl mercaptan In the liguid

propane (depending on Cthe tamperaturs andg amount af
propane in the cylinder). Thus if a viapour sampls of
propane is taken freom the vapour spacs of a3 cylinder,
the amount'of athyl mercaptan preseant «culd generally ca
anly a fraction of that measured on a sample of liquid
propane oy this metnad., Sines this metned is limitsa to
aoout § ppr ethyl mercaptan, Lt ls catter ta analyzs a

ligquid samples (wnicn (s torally vapaurizsd oy ==&

{n

method) and thus expect to get a result in the range of

15 to 3Q ppm.

NGTE: re 6.4.1, 7.3.3, 7.3.4: 'Agparéntly the aQerage
flow rate of gas into the Gastec tube is 200 mi/minute.
Hawever, the peak flow rats at the Deginning of a strakas
is muen nigher than 200 aL/min. Therefore, a flow ratas
of 300 mL}minute for praopane vapgour in the tuné is
suggestad. Will 2 3 m lengtn of L/8" tubing deliver
s0Q mL‘ propane vapcur per minuta? For interast, an
American odourant test usas a gas reserveir for the

stain tube device as the point of test,



< Sample cylinder with liquig
propane

Flow Meter

3 way valve

x ' “—Gastac Testar
T'o..rf "Pr
=5 L/8" stainless sta22l tuds,

coiled

< Nesdle control valve

—

\_@j\ “ Heating bath, &5 OC

{(eg not water Bath)

FIGURE 1. APPARATUS FOR PROCEDURE A, FLOWING PROPANE GAS STREAM
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