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ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This document requires the use of solvents to extract the oil captured on the sampling disc used in the
sampling process. As a result of world-wide agreements such as the Montreal Protocol on the reduction
of ozone depleting substances, a number of solvents used, for example 1,1,2 trichlorotrifluoroethane
(TCTFE) have become subject to application restrictions. The revision of this document in 2007 did not
identify a solvent but indicated the required characteristics.

This revision introduces the use of equipment that does not require the use of specific solvents and also
an alternative solvent with reduced properties for the current method.

This revisig
compresseq

n will also include guidance to methods which provide an indication of oil aerosol conte
air.

ntin

Vi
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Compressed air — Contaminant measurement —

Part 2:
Oil aerosol content

1 pcope

This| document specifies test methods for the sampling and quantitative analysis of{liquid oil and oil
aerofsols that can typically be present in compressed air. Test methods for oil vapour ate ex¢luded from
this document as they are covered by ISO 8573-5.

Two|different methods are described, Method A and Method B. Method B is,subdivided intp two parts
to clparly distinguish between procedures for obtaining the quantity of oil\for analysis.

Method A describes an oil collection technique using inline coalescing filters whereas Meth¢d B utilizes
sampling discs in a holder from which the collected oil is extracted with a solvent and analysed by
infrgred spectrometry or gas chromatography with flame ionization detection.

This| document also includes descriptions of alternative oil aerosol detection by the use pf indicator
typd devices, see Annex E.

2 Normative references

The [following documents are referred to in the text in such a way that some or all of their content
congtitutes requirements of this document:-For dated references, only the edition cited ppplies. For
undgted references, the latest edition of the referenced document (including any amendments) applies.

ISO B857-4, Compressors, pneumatic teols and machines — Vocabulary — Part 4: Air treatment
ISO 8573-1, Compressed air — Paxt 1: Contaminants and purity classes

[SO 8573-5, Compressed air.— Part 5: Test methods for oil vapour and organic solvent content
ISO 12500-1, Filters foircompressed air — Test methods — Part 1: Oil aerosols

DIN B2645, Chemical' analysis — Decision limit, detection limit and determination limit under nepeatability
conditions - Terms, methods, evaluation

3 [lFerms and definitions

For the purposes of this document, the terms and definitions given in [SO 3857-4 and [SO 8573-1 apply.
[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

4 Units

General use of SI units as given throughout this document is recommended, see ISO 80000-1. However,
in agreement with accepted practice in the pneumatic field, some non-preferred SI units, accepted by
ISO, are also used.

© ISO 2018 - All rights reserved 1
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1 bar =100

NOTE

000 Pa

bar (e) is used to indicate effective pressure above atmospheric.

11 (litre) = 0,001 m3

5 Reference conditions

Reference conditions for oil aerosol content volume statements are as follows:

air tem

erature: 20 °C;

relativd

6 Guida‘['nce for selection of sampling method

The sampli
A or B dep
shown in Ts

absolute air pressure: 100 kPa [1 bar (a)];

water vapour pressure: 0.

g methods can be used at any point in the compressed air system:The selection of Method

ends upon the actual level of oil contamination present in theccompressed air syster
ble 1. Where wall-flow is present, then Method A shall be used:!

Table 1 — Guidance for the selection of sampling method

n, as

Parhmeter Method A Method B1 Met!md B2
Full flow Fudl flow Partial flow
Min/max detection limit >1 mg/m3 0,001 mg/m3 to 10 mg/m3
Sampling tie (typical) 50hto 200 h 10 minto 10 h
Filter constfuction Coalescing line filter Sampling disc
7 Methqgd A — Description, measuring procedure and calculation of results

7.1 Desc

ription of sampling equipment and method

7.1.1 GeI:eral

This sampli
two high ef

This sampling methddymay be used at any point in a compressed air system where heavy contaminza

levels of oil

g method is suijtable for full flow only and samples all of the air flow that is passed thr
Ficiency coalescing filters in series and measures oil in both aerosol and wall-flow form

hre believed to exist.

7.1.2 Sarn

npling equipment

7.1.2.1 General description

pugh

b.

ition

The typical arrangement of equipment used in Method A is shown in Figure 1. The sampling equipment
should not influence the collection sample. An explanation of the equipment is included in the listing as

follows.
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full-flow ball valve 9  multi-turn flow control valve
pressure dewpoint sensing/measuring 10 flow sensing/measuring
femperature sensing/measuring 11 silencer
bressure sensing/measuring a  To liquid collection.

kampling filter
back-up filter

Figure 1 — Typical arrangement for Method A

Compressed air sampling point (see Figure 1, key item.1).

Che compressed air sampling point is a test pointat a nominated location in the com
cystem under investigation.

Full-flow ball valve (see Figure 1, key item -2):

This is an optional item for convenient(Connection to the compressed air sampling pd
Lhe same bore as that of the pipe to which it is attached to prevent restrictions.

Pressure dewpoint sensing/measuring (see Figure 1, key item 3).

A pressure dewpoint sensifig/measuring device is used to determine the moisture co
rompressed air being samipled.

Temperature sensing/measuring (see Figure 1, key item 4).

femperatureatithe time of the test.
Pressur€.sensing/measuring (see Figure 1, key item 5).

A pressure-sensing/indicating device is used to confirm that the coalescing filters ar
Within manufacturer's specifications.

pressed air

int and has

ntent of the

A temperature-sensing/measuring device is used to indicate the compressed air sanppling point

e operating

Sampling filter (see Figure 1, key item 6).

The sampling filter is a high efficiency, coalescing filter capable of removing the oil whose
concentration is being measured from the upstream concentration and of reducing the downstream

concentration to 0,01 mg/m3 or less as determined by ISO 12500-1.

The sampling filter shall be operated within the manufacturer's recommendations.

The measurements are only valid once this filter has reached steady state conditions (see Figure 2).

Back-up filter (see Figure 1, key item 7).

This filter is identical to the sampling filter and, in the event of malfunction of the sampling filter,

collects any oil that passes through it.

© ISO 2018 - All rights reserved
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h) Differential pressure gauge (see Figure 1, key item 8).

These gauges determine the pressure drop across the sample and back-up filters.
i) Flow control valve (see Figure 1, key item 9).

In order to adjust the flow accurately, a valve with fine adjustment is required.

j)  Flow sensing/measuring (see Figure 1, key item 10).

A suitable flow meter with an accuracy of £5 % of the actual value is used to determine the air

sample volume, which shall be referred to reference conditions.

k) Silencef (see Figure 1, key item 11).

This ig to limit the noise during the test and assist in meeting any local noisetredugtion

requirgments.
7.2 Sampling procedure

7.2.1 Start-up

The user shpll ensure that the equipment selected for the measurement is safe for use at the operational
pressure and temperature at which the liquids are collected and compatible with the collected liqulids.

Open full-flpow ball valve (see Figure 1, key item 2) fully to pressirize the sampling equipment. Adljust

flow using flow control valve (see Figure 1, key item 9) to required flow conditions shown on the
sensing/mdasuring device (Figure 1, key item 10).

7.2.2 Stapilizing sampling filter

flow

The sampling filter element (see Figure 1, key item 6) operates in a saturated equilibrium conditiorj and

time shall be allowed for this condition to be rgached. Equilibrium is considered to have been achi

bved

when liquid oil is observed in the bottom of the filter housing in which the sampling filter is contafined

and the rat¢ of change in pressure drop is less than 1 %/h of the measured pressure drop.

Starting frgm this point, the liquid cdllécted from the drainage of the sampling and back-up filters

(see

Figure 1, ittms 6 and 7, respectively), is discharged to a collection device and the mass or volume is

measured with a suitable measuring device.

Necessary precautions whendischarging the liquid, include taking care in controlling the liquid

flow

and any suljsequent rapid.escape of compressed air that can cause the collected oil to foam. In addition,
if air bubbles appear in-the collected liquid, then allow time for settling before taking a reading of

volume. Th¢ mass_of'the oil can be directly measured in milligrams by weighing.

Measurement Shall be taken only when the differential pressure of the sampling filter reacheg the
stable part pfthe graph (from point A to point X, see Figure 2) and oil is visible in the filter bowl of the

sampling filter (Figure 1, key item 6).

4 © IS0 2018 - All rights res
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A X
Key
X time
Y pressure drop across sampling filter
A position of pressure drop equilibrium (change in pressure drop@s)less than 1 %/h of t
pressure drop)
1 characteristic curve for unused sampling filter
— | characteristic curve for previously used sampling filters
Figure 2 — Typical characteristic curves for sampling filters
A stable pressure drop is indicated by the differential pressure gauge (see Figure 1, key
unuged sampling filter may take longer to reacha’stable condition than a filter that has prey
used. The time required to reach a stable pressure drop depends on the oil/water loading.
7.2.3 Oil measurement
Drain the collected liquid for measurement from the sampling filter (see Figure 1, key i

trangfer to a suitable volumetrie:measuring cylinder. Measuring intervals depend upon th
liquid collected. Allow the collected oil to separate in order to avoid incorrect readings due
and ftake care during measuirement to account for the meniscus. Record the volume of oil

in

The
filte
sign

7.2.4

illilitres. Alternatively; the collected oil may be weighed and the mass, m, recorded in m

first samplingdilter (see Figure 1, key item 6) collects the oil to the required accuracy:. ]
" (see Figuréd;-key item 7) is used to ensure the first sampling filter has functioned co
of oil in the(second filter may indicate that it is necessary to replace the first filter elem|

} AOil/water measurements

he measured

item 8). An
iously been

tem 6) and
b amount of
to foaming,
collected, V,
illigrams.

[he back-up
rrectly. Any
ent.

The

Hquid—cottected Tonsistsof Watet;, oit/water emutsion and oit. Depending o the

ype of ail,

separation of the oil/water emulsion can occur, allowing the water to be drained off and the oil to be
measured; see Figures 3 and 4.

If a water/oil emulsion zone occurs, drain the oil-free water then add a measured quantity of solvent
and stir to dissolve the oil; see Figure 4.

The collected oil and solvent may be weighed and the mass recorded in milligrams having subtracted
the solvent mass.

© ISO 2018 - All rights reserved
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|

Key
oil

2 oil/watér emulsion

3  water
Figure 3 — Oil/water separator
\
LI/
Key
1  water

2 oil/solvent solution

Figure 4 — Oil-solvent/water separator
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Drain the heavier oil/solvent solution and measure the actual quantity of oil collected by subtracting
the measured quantity of solvent from the total. Record the volume of oil collected, V, in millilitres.
Alternatively, the collected oil may be weighed and the mass, m, recorded in milligrams.

7.2.5 Air flow-rate (discharge)

The air flow-rate measurement should have an accuracy of better than 5 % at the actual flow being
measured.

7.2.6 Temperature

The

7.3

7.3.]

The
volu
pres|

7.3.1

Whs
air, i

whe

Whe

whe

temperature is measured in degrees Celsius with an accuracy of better than 1 °C.
Calculation of test results

| General

accuracy of the test is dependent on the volume of oil collected_and increases with
e of oil and collection time. It is necessary to ensure that restlts are stable, rep
ented in a form that shows that this has been achieved.

P 0il content

n the volume of the collected oil is measured, the oil gontent, X, in milligrams oil per
5 calculated using Formula (1):

__Vxp
qxHx3,6

e

/' is the volume of oil collected, expressed in millilitres;

b is the specific density ofithe oil, expressed in kilograms per cubic metre;

increasing
patable and

rubic metre

e8]

7 is the air flow-rate, expressed in litres per second at reference conditions; see Claug

f{ is the duration 6f the test, expressed in hours.
n the mass ofithe collected oil is measured, the oil content, X, is calculated using Formu

B m
qxHX3,6

la (2):
(2)

& is the mass of oil, expressed in milligrams.

8 Method B — Description, measuring procedure and calculation of results

8.1

General description of sampling equipment and method

Method B deals with the sampling and analysis of oil aerosols at constant flow rate. Within the
constraints detailed above, this method permits the quantification of oil aerosols present in a
compressed air system, provided wall-flow contamination is not present.

The method is subdivided into procedures B1 and B2. Method B2 uses the same sampling equipment
employed in Method B1; with the addition of a sampling probe to allow partial-flow sampling under
isokinetic conditions from the main pipe flow if the velocity constraints of the air flowing through the
sampling disc of Method B1 are exceeded. Accuracy and limitations are as stated in Method B1.

© ISO 2018 - All rights reserved
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The optimum duration for sample measurement may be determined after an initial test to determine
the approximate oil concentration present. When carrying out full-flow sampling, it is possible to
route the air back into the compressed air system, preventing loss of the product. Conversely, it is also
possible to vent the flow to the atmosphere. Flow measurement is required to determine the volume
of air sampled, whichever method is adopted. As the sampling apparatus is portable, different sample
locations may be chosen provided the stated parameters are not exceeded and suitable connections
for insertion of the sampling equipment into the circuit exists. Obvious precautions to prevent shock
depressurization, which can damage the sampling discs, or ingress of atmospheric contamination are
necessary.

The sampling and analysing equipment used as described give an accuracy of better than +10 % over the
range from|0,001 mg/m3 to 10 mg/m3 oil content with a minimum sampling time calculated to.¢dllect
sufficient oil to meet the requirements of the oil mass-per-volume of solvent used when determining the
response characteristics of the measuring equipment. The upper limit for the air velocity (at'eperating
pressure) in} front of the sampling disc is 1 m/s.

Asthis metmod concerns the measurement of relatively low concentrations of oil aerosohin air, parti¢ular
attention shall be paid to the cleanliness of the sampling equipment and other pnecautions shall be
taken, e.g. yalve purging and stabilization to constant test conditions. Good andlytical techniques help
improve the confidence level of the measurements. At very low oil concentration the recommended
sampling tijne should be increased.

8.1.1 Sampling disc

In order to jobtain good measuring accuracy, a high-efficiency binder free microfibre sampling digc or
similar shalll be used. To achieve the accuracy specified for thismethod, three or more layers of sampling
discs in serjes and in intimate contact shall be used and the‘individual sampling discs should meef the
requirements given in Table 2.

r

[able 2 — Typical high-efficiency microfibre glass sampling disc properties

Parameter Specification
Particle removal efficiency (1 and 2) % >99,995
Surface mass, g/m? 130 to 150 (for glass fibre)
80 to 90 (for quartz fibre)

NOTE 1 Thelparticle removal efficieneyis typically measured according to EN 1822-3(3].

NOTE 2 An ¢quivalent particle penetpation rating is a 1 pm particle retention in liquid filtration. Suitable binder free glass
fibre sampling discs typically havie-a thickness of 0,7 mm, a surface mass of 140 g/m? and air resistance of 95 mbar per|disc,
binder free qyartz fibre samplifig discs a thickness of 0,4 mm, a surface mass of 85 g/mZ2 and air resistance of 50 mbar per|disc.

8.1.2 Sampling dis¢'support

In order to prevent the collection sampling disc from bursting, it shall be supported by a robust, {nert
material thpt-s sufficiently strong to withstand the differential pressures of the discs in use dyring
sampling. The pressure drop losses from the support should be minimized to allow the sampled
compressed air flow to pass with a minimum of resistance; see Annex B.

8.1.3 Pipes and valves

It is important that the pipe inner diameter from the connection point in the compressed air system to
the sampling disc holder be constant and crevice free to minimize system loss.

The valves (for example see Figure 5, key item 8) should be full-flow ball type and the hole in the ball
should have approximately the same diameter as the bore of the pipe.

The bypass pipe (see Figure 5, key item 6) may consist of a flexible tube and although a full-flow ball
valve (see Figure 5, key item 8) is indicated, this may be of any convenient type.

8 © ISO 2018 - All rights reserved
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8.1.4 Sampling disc holder

The design of the sampling disc holder shall be such that the air flow is evenly distributed across the
surface to prevent jetting which can cause an uneven oil loading or even damage to the sampling disc
surface. One such design of sampling disc holder can be seen in Figure B.3.

In circumstances where only a portion of the sampling disc is to be analysed by solvent extraction, tests
shall establish that the oil is distributed evenly throughout and the measured oil quantity corrected for
the ratio of the analysed area to the total area used during sampling.

8.1.5 Construction materials

Aluminium and its alloys shall not be used for any component that can come into contdct with the
analsis solvent.

8.2 | Sampling equipment arrangement

8.2.1 Sampling equipment Method B1 — Full flow sampling

A geperal arrangement of typical sampling equipment is shown in Figure 5.

3 4 5
S 10
LD/
P27 oy m g
Dt Pt
1 2 6 o
><1
Key
1 |compressed air sampling point 8  full-flow ball valve (open)
2 |full-flow ball valve (open) 9  sampling disc holder
3 |pressure dewpoint sensing/measuring 10 sampling disc holder depressurising palve
4  |temperature sensing/measuring 11 full-flow ball valve (closed)
5 |pressure sensing/measuring 12 multi-turn flow control valve
6 |bypass pipe 13 flow sensing/measuring
7  |full-flow ball yalve (closed) 14 silencer

Figure 5 — Typical arrangement for Method B1

In Method B1 all of the sampled air flow is diverted through the sampling equipment via|suitable in-
line valves, which have been previously checked to ensure they do not contribute to the level of oil
contamination already present.

8.2.2 Sampling equipment Method B2 — Partial flow sampling

A general arrangement of typical sampling equipment is shown in Figure 6.

© ISO 2018 - All rights reserved 9
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hetic

3 4 5
o« 12 13

1 2 6 7 ‘ 14 15 16 17

>—P<4 D><—_"1 N D e T
Key
1 compregsed air sampling point 10  flow sensing/measuting
2 full-flowf ball valve (closed) 11  silencer
3 pressur¢ dewpoint sensing/measuring 12 sampling disc‘holder
4  temperdture sensing/measuring 13  samplingdisc holder depressurising valve
5 pressur¢ sensing/measuring 14  full-flow ball valve (open)
6  full-flow ball valve (open) 15  multi‘turn flow control valve
7  isokinetjc probe insertion point — see Figure 7 16 _flow sensing/measuring
8 full flow|ball valve (open) 17 ~“silencer
9  multi-tupn flow control valve

Figure 6 — Typicalarrangement for Method B2

In Method B2 a proportion of the air flow is sampled using a sample probe operated at isokil
conditions, [and allows a sample of ait to be taken from the compressed air supply under identical

velocity conditions. The test apparatus can be attached to any section of the compressed air sy
using suitable connections dnd valves, which have been previously checked to ensure the)
not contribute to the levelCofoil contamination already present. The probe may be inserted t
approximately central pesition across the main pipe diameter and it is recommended that a numb
preliminary tests be made.

It is necessdry to knew both compressed air supply pipe flow and sample flows to define the samj
conditions.

btem
y do
D an
er of

The pressureseats
when in contact W1th the analysing solvent Itis 1mpract1cal to return the sample flow to the main
flow downstream from the sampling disc holder, and it is usual to vent this flow to atmosphere.

8.2.3 Equipment set-up for isokinetic sampling

pipe

The set-up for the isokinetic sampling probe at the insertion point of the compressed air system under

investigation is shown in Figure 7.

10 © ISO 2018 - All rights reserved
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(10 D) min® (3 D) min®

a F—r—f e ———————
(=1 i
= |
5 I \ )
| 2 4
D a

Key
1 sokinetic sampling probe in the main pipe a  Main pipe inside diameter, D.
2 hdjustable gland to allow adjustment of probe b ~“Minimum straight length in front of prope, 210 x D.

¢ Probe insertion point at minimum of =3 x D.
d  Internal probe diameter, djp.
e Direction of flow.

Figure 7 — Typical set-up of probe insertion for isokinetic sampling

For gampling from high-flow systems, isokinetic sampling may be used when wall-flow is n¢t present.

8.2.4 Compressed airflow-rates for isokinetic conditions

The pir velocities within the compressed air pipeline and within the probe shall be identical{throughout
the sampling period. This is accomplished through adjustment of the flow controllers|to provide
apprjopriate readings on the flow meters.

Verificatipnrof'identical pipe and probe velocities can be evaluated by the following procedyres.
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If sampling disc size is known If probe size is known

Start Start
l l
Select a disc Select a probe
size size
l l
Check thaf Checkthat flow
flow in the in main pipe is
main pipe |s qm > D/20 turbulent qm > D/20
turbulent
l l
Calculate the Calculate
maximunj 05 sample flow
probe < ) rate for dp = qm * (din/D)2
diameten] din <0,028x Dy XDX[(‘D+1)/qm] isokinetic
conditions
d
Select prolje Calculate
diameter for minimum s
possible ude sampling disc |p > 35,7x 1)1
thatis <di}, diameter m [qp /(p )]
l l
Calculate Select a
sample flow sampling disc
using actugl holder
brobe 0p = qm % (dAD)>
diameter
selected
l
Check
minimuni
sampling 0,5
disc D,, 235,7><[qp/(p+1)] !
diameter i's
OK
l
Test
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where

qm  isthe flow through the compressed air supply pipe, expressed in litres per second (at reference
conditions);

dp is the flow through the isokinetic sample probe, expressed in litres per second (at reference
conditions);

din  is the internal diameter of probe, expressed in millimetres;

D is the internal diameter of pipe, expressed in millimetres;

Dy, is the sampling disc diameter, expressed in millimetres;

D is the system pressure, expressed in bar(e).

NOT

1P

The check for turbulent conditions is based upon a calculated Reynolds nurhbeér of >4 000.

8.3 | Equipment and sampling disc preparation

The Joil aerosol sample collection method on to the sampling discs is.the same for Methodq B1 and B2.
Whdre the concentration of oil aerosol is unknown, an initial test'ean be carried out to eptablish the
approximate level.

8.3.1 Equipment preparation

The |[sampling equipment shall be free from oil and other contaminants before it is conngcted to the
system. This is particularly important for the partsbetween the connection point and the sampling
disc|holder. Once the holder has been cleanedi¢Zhandle it only using polyethylene gloveg to protect
from finger-borne grease contamination. Using tweezers, pre-load the holder (see B.3) wjith suitable
sampling discs and insert a suitable seal on the inlet flow side of the outside diameter of the sampling
disc$ to provide an integral seal.

NOTE Equipment cleaning is of partieular importance when the equipment is used at different flest locations
or sifes.

The [chamber may then be suitably clamped externally to allow pressurization to system pressure.
Moupnt the holder in the sampling pipe as shown schematically in Figures B.1 and B.2.

The jassembly should-not contribute any hydrocarbon background of its own; checks to egtablish this
can be performed byjanalysis of the solvent used to cleanse the assembly prior to use.

8.3. 0il vapour

To prevent condensation of oil vapour, isothermal conditions should be maintained betweg¢n the main
stream-and the sample stream for the period of the test.

8.3.3 Temperature

The temperature is measured in degrees Celsius with accuracy better than 1 °C.

8.3.4 Handling

Clean sampling discs shall be stored such that they are protected against dust and atmospheric
contamination. The use of a pair of tweezers is recommended when the sampling discs are placed in
and taken out of the sampling disc holder. After the measurement is completed and before analysis, the
exposed sampling discs shall be stored and protected from extraneous contamination.

NOTE An amber glass bottle with stopper is most suitable, so that the sample is sealed from the air and light.
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Do not store the sampling discs in containers made from organic or hydrocarbon materials. The
sampling discs should be stored in a cool place below 6 °C as soon as practicable to prevent sample loss
through evaporation.

8.3.5 Sampling disc contamination check

In order to check that the sampling discs are clean, choose a new sampling disc at random, commonly
known as a “blank sample”. Analyse this disc to make sure that it does not contain oil. Additionally, the
following applies:

a) laboratory blank — taken from the original packaging;

b) field blank — taken to the point of measurement, exposed to the measurement location.

Analyse thelaboratory blank before beginning the sampling. Analyse the field blank on its-return t¢ the
laboratory. [For the field blank, where oil is found that will be reported.

8.4 Compressed air sampling procedure
8.4.1 Typical sampling Method B1

8.4.1.1 Start-up

The aeroso] oil content is measured by means of collection sampling discs (see Figure 5 and 8J2.1),
which are placed in the sampling disc holder. Before inserting the'sampling discs, divert the air through
the bypass pipe as follows.

a) Turn fulll-flow ball valve in the bypass pipe (see Figure'5, key item 8) to the open position.

b) Close vhlves (see Figure 5, key item 7 and key item 11). The air flow is now diverted through the
bypassjtube (see Figure 5, key item 6).

c) Evacuate the sampling disc holder byymeéans of the valve (see Figure 5, key item 10) and the
sampling disc holder can be removed.

d) Open the sampling disc holder (see'Figure 5, key item 9) and place a supporting disc and thrge or
more sampling discs in to the holder (the supporting disc shall be placed after the sampling dliscs
(downstream); see also Figlire’B.2 for more details relating to the arrangement of the samjpling
discs inf the holder).

e) Close the depressurising valve (see Figure 5, key item 10) and insert the sampling disc holder.

8.4.1.2 Sampling

The aerosoll méasuring device is now ready and is used in the following way.

a) Open the sample holder inlet valve (see Figure 5, key item 7) carefully, so that the sampling disc
holder is pressurized.

b) Turn valve (see Figure 5, key item 11) to the open position and carefully close valve (see Figure 5,
key item 8), the flow control valve (see Figure 5, key item 12) having been pre-set to provide the
required flow through the sampling disc as displayed on the flow sensing/measuring device (see
Figure 5, key item 13). Ensure that the maximum flow rate through the sampling disc does not
exceed a velocity of 1 m/s, see 8.1.

c) Measure the time required for collection, which should be at least 2 min, stop the test by opening
valve (see Figure 5 key item 8) and closing valve (see Figure 5, key item 11).

d) Close the sample holder inlet valve (see Figure 5, key item 7) and evacuate the sampling disc holder
using valve (see Figure 5, key item 10).
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e) Either remove the sampling discs, or place the whole assembly, in a hydrocarbon-free container,
seal and protect from contaminants.

For methods of analysis and calculation of the amount of oil present, see Clause 9.

8.4.2 Typical sampling Method B2

8.4.2.1 Start-up

The aerosol oil content is measured by means of sampling discs (see Figure 6 and 8.2.2), which are
p]ac:-d in the qnmp]ing disc holder Before inserting the cnmpling discs release the pressure from the

Sam

a)

b)

8.4.]
The

d)

bling disc holder as follows.

Turn full-flow ball valves (see Figure 6, key items 6, 8 and 14) to the closed positien tq
hpparatus from the compressed air supply.

Fvacuate the sampling disc holder and supply lines by means of the valye\(see Figure
13) and remove the sampling disc holder (see Figure 6, key item 12).

Dpen the sampling disc holder (see Figure 6, key item 12) and place a supporting dis|
ayers or more of sampling discs in to the holder (the support dis¢.shall be placed after t
Hiscs (downstream); see also Figure B.2).

tem 7).

Close the depressurising valve (see Figure 6, key item 13).

P.2  Sampling
herosol sampling device is now ready and is used in the following way.

Dpen the compressed air supply valves carefully (see Figure 6, key item 2 and key iten
the sampling disc holder is pressurized.

Turn valve (see Figure 6, key item 8) to the open position, the flow control valve (s¢
key item 9) having been\pre-set to provide the required supply flow as displayed
ensing/measuring deviee (see Figure 6, key item 10).

Turn valve (see Eigute 6, key item 14) to the open position, the flow control valve (s
key item 15) having been pre-set to provide the required flow through the sampling

maximum.flow rate through the sampling disc does not exceed a velocity of 1 m/s, see §

Measure the time required for collection, which should be at least 2 min, stop the tes|
valve (see Figure 6, key item 14).

isolate the

16, key item

c and three
he sampling

Re-install the sampling disc holder on to the isokineti€ probe insertion point (see Figure 6, key

h 6), so that

be Figure 6,
bn the flow

be Figure 6,
disc holder

hs displayed_on’the flow sensing/measuring device (see Figure 6, key item 16). Ensure that the

1.

t by closing

e)

Turn valve (see Figure 6, key item 8) to the closed position and then close the compresse

d air supply

valve (see Figure 6, key item 6) and evacuate the sampling disc holder using valve (see Figure 6, key
item 13).

f) Remove the sample disc holder and isokinetic sample probe from the isokinetic probe insertion
point (see Figure 6, key item 7) and either remove the sampling discs, or place the whole assembly,
in a sealed hydrocarbon-free container and protect from extraneous contaminants.

For methods of analysis and calculation of the amount of oil present, see Clause 9.
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9 Analytical procedure for Methods B1 and B2

9.1 Gene

ral

Examples of the analytical procedure to be followed for Method B1 and B2 are given in Annex C for the
IR method and in Annex D for the GC FID method.

9.2 Apparatus

9.2.1 Usy

al laboratory glassware

Clean all glg

9.2.2 Infi

Double-bea
3400 cm-1

9.2.3 Gag

A gas chror
(GC-FID).

9.3 Anal

A straight-1
response fn
response ra

less than 0,995; otherwise, the analysis shall be repeated.

9.4 Anal

ssware by the usual procedures for this type of analysis and check for cleanliness.

rared spectrometer (IR)

n or Fourier-transform infrared spectrometer covering a wave numbér range of at
to 2 500 cm-1 and with a transmittance reproducibility of better than 0;3 %.

chromatograph and flame ionization detector (GC-FID)

hatograph equipped with a non-discriminating inlet system<¢and flame ionization detg

ytical procedure linearity check

ne least-squares regression analysis shall be ,performed to establish that the instru
om either the IR or GC-FID analytical metheds used was linear across the full instru
nge. The computed linearity, as indicated by the coefficient of determination, R2, shall b

ytical procedure — Oil recovery coefficient

To establis
sampling d
calculated
directly to

This metho
collected or

The averag
more than ]
exactly equ

H

that the solvent selected has. the correct level of solvency for the oil being investigat

y use of the response coéfficient (see C.1.7.3 and D.1.7.2). The mass extracted is comp
he original dosed mass and the recovery coefficient calculated.

1 is performed 3imes at each of 10 %, 50 % and 90 % of the maximum allowable mass {
the sampling discs.

e 0il recavery coefficient calculated from all nine dosed sampling discs shall not deviaf
| + 0,15:The recovery coefficient is equal to 1 if the extracted oil from the sampling dif
b1 to the amount of oil that it was dosed on the sampling discs.

b

east

ctor

ent
ent
€ no

ed a

sc is dosed with a predetéritined mass of oil which is subsequently extracted and the nass

ared

o be

e by
csis

To determi
GC-FID can

vl | 1 1 LA | radald . 1 1 1 LA | 1 o4 O
1€ LIIC JOUSCU Ull IELUVEly COCITICICIIL, LIIC [)l oCcUuul © ucidliicd 111 U.1.0 D[JCLLI UbLUp_y Ul
be used.

9.5 Limit of detection

The limit of

detection shall be determined in accordance with DIN 32645.

9.6 Calculation of test results

9.7 General

1.5

The mass of oil, m, determined to have been extracted from the sampling disc holder, sampling discs and
isokinetic sample probe (when used), obtained from the analytical procedures in Annex C or Annex D,

16
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is then substituted in Formula (2) to determine the oil content of the compressed air sample under

investigation.

10 Presentation of results

Minimum data to be recorded and their form of presentation are shown in Annex A, which includes the

following:
— date of test;

— location:

— Pquipment;

— Huration of sampling;

— pil type and reference;

— pil concentration;

— [emperature;

— pressure;

—  full flow;

— pample flow;

— hnalytical technique used (IR or GC-FID);
— Instrument response data;
— roefficient of linearity;

— fecovery coefficient;

— est method.

11 Uncertainty of the method

Usinlg the test apparatus as described, the uncertainty of the method is better than #1
meagured value.

© ISO 2018 - All rights reserved
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Annex A
(informative)

Typical test report

When measured under the conditions mentioned below, the compressed air sample, analysed according
to method (A, B1 or B2) has been found to contain X mg/m3 of oil in liquid or aerosol form.

Conditions:
The sample|was taken from (e.g. receiver, main pipe, branch pipe, etc.).

At the sampling point, the following conditions prevailed:

Test referenice: Date of test:
Location:

Pressure: kPa [bar (e)]
Temperaturg: °C

Full flow: /s

The comprgssed-air system had the following configuration (spécify if appropriate):

Equipment:
Test method [ A: B 1: B 2]

Instrument pesponse data: Analytical technique [IR - FF/IR - GC/FID]
0il type and reference:

Duration of pampling (h): Sample flow: 1/s

Coefficient ¢f linearity R2: Oil recovery coefficient O,:

0il concentrjation: X mg/m3

General

Compressor|1 was running at % load
Compressor|2 was running,at % load
Compressor|3 was running at % load
Compressor{n was ruining at % load

Additional Notes
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Typical equipment layout and dimensional details

B.1 _Method B1

The general arrangement of the test equipment at the point of measurement is shown in"Eiglire B.1. The
sampling disc holder shown is that for which a design is included in B.3. The type of holder may actually
be any commercially available type which utilizes the same circular section as theSampling disc holder
(keylitem 6).

The |test apparatus, including sampling disc holder assembly, especially‘apstream of the sampling
disc|should be conditioned to be at the same temperature as the test dir) otherwise condensation or
evayloration can occur.

5 8 9 | 10
| ] 0 1 [ g =11h"
1 1\ 5
\. J
Key
1 fompressed air sampling peint 7  sampling disc-holder depressurising valve
2 pressure dewpoint sensing/measuring 8  multi-turn flow-control valve
3 femperature sensing/measuring 9 flow sensing/measuring
4  pressure sensing/measuring 10 silencer
5 full-flow ballwalve 11 bypass pipe
6  pampling-disc holder

Figure B.1 — Typical test equipment for Method B1: Full flow sampling

B.2 Method B2

B.2.1 Isokinetic sampling — General
The test apparatus including the isokinetic sample probe and sampling disc holder assemblies especially

upstream of the sampling disc should be conditioned to be at the same temperature as the test air,
otherwise condensation or evaporation can occur.
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Isokinetic sampling devices should exhibit the following characteristics.

a) The probe should be a minimum distance of 10 pipe diameters from upstream bends or restrictions
and three diameters from downstream bends or restrictions.

b) The size of the probe should not influence the air stream. The nozzles may vary in shape and

construction.

c) Precautions are necessary to prevent surface condensation of oil vapours.

Turbulent flow conditions within the main air stream are required for sampling (Reynolds number

greater thap 4 000)

In normal ipdustrial use, compressed air is in a state of turbulent flow, which occurs when the\flow, g,
expressed ip litres per second at reference conditions, in the pipe meets the condition in Formula (B.1):

qm > D/RO

where D is the pipe bore, expressed in millimetres.

The test set-up for isokinetic sampling comprises the elements as shown in Figure B.2. The valve

item 8) and|flow meter (key item 9) allow adjustment and measurement ofisample flow, respectively.

2 3

E) =

)

Direction of flow

A
11— = 37

7 8 9 10

Direction of flow

6

Key
1 pressufre dewpoint sensing/measuring 7 sampling disc-holder depressurising valve
2 tempefature sensing/measufing 8 multi-turn flow-control valve
3 pressufre sensing/meaguring 9 flow sensing/measuring
4 nozzlewith gland 10 silencer
5 isokingtic probe 11 three or more sampling disc layers
6 sampling dise,holder 12 stainless steel support disc

Figure B-Z2—Typicalttestequipmentfor Method B2, isokineticsampling {shownfor-bend

[B.1)

(key

insertion of probe)

B.3 Design of sampling disc holder

Figure B.3 provides guidance on the dimensioning of the various elements used in the construction of
the sampling disc holder. The design shown in Figure B.3 facilitates the use of 55 mm sampling discs.

20
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Key
1 fypical erevice-free joint
2 frevicé-free joint to suit probe

Figure B.3 — Typical sampling disc holder

B.4 Design of the isokinetic probe

The general construction of the probe is shown in Figure B.4 and is intended for use at reference
conditions at 700 kPa (7 bar) to match the velocity of that in the main line for sampling when used with
a suitable sampling disc holder designed for a 55 mm diameter standard disc.

The probe should be of circular cross-section, the open end having a thickness of less than 1,5 mm and
the internal and external surfaces having an inclination not greater than 30° to the axis of the nozzle;

see Figure B.4.
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The angle at the nozzle minimizes the effect of impact onto the end of the probe.

D7y
« <[ 7[/_ _________ I Y _
1S IS
L
/7
C
] ) A B C
Typical probe sizes
mm mm mm
7 9,6 200
10 12,6 200
17 19,6 400
Figure B.4 — Typical isokinetic sampling probes
B.5 Prohe installation

An isokinet

¢ sampling probe should not create a problem, providing the general design in Figure B.4 is
followed. A simple compression seal may be used, provided a fluorocarbon elastomer (or similar) s¢al is
used to preyent contamination during the analysis procedure.

For the insdrtion of the isokinetic sampling tube, a gland with an integrated seal can be used. This|seal
shall be caplable of maintaining the probe\in the pipe up to the maximum working pressure. Ideally| this

gland should allow insertion of the pfobe to differing lengths if necessary.

22
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Example IR analysis and calculation of test results for Method B

C1

Analyvtical procedure

C.1.

The
suitg
sam

The
thus
of rq
mee

General

following describes an example procedure based on IR spectroscopy that has,been p
ible for the determination of the mass of oil, m, expressed in milligrams (mg) colle
bling apparatus.

response of the IR spectrometer is performed to determine the insttument response a
establishing the operational range over which the measurements\are made. In addition|
covery of oil from the sampling discs using solvent is also determined. These parar
[ the minimum levels required by the document.

Once¢ the response, linearity and the oil recovery coefficientthave been established the af
colldcted on the sampling apparatus can be analysed and the concentration of oil in com
calctilated.

C.1.2 Principle

0il dollected on the sampling disc, sample disc*holder and isokinetic sample probe if presg
B2) |s extracted from the apparatus with*a-suitable optical grade solvent and the amou
determined by infrared spectroscopy.

The
mor
rang
and

The
ano

Due
anal
fron
anal

concentration of oil in solution is’proportional to the absorbance of infrared (IR) lig
e wave numbers and is characteristic for each oil under investigation. These are nor
e 2960 cm~1and 2 860 cri~1; but the exact peak positions and number are dependent on
pil type.

hbsorbance obtainéd)due to the presence of an unknown amount of oil in the solvent is
1 mass concentration in solvent by use of the response coefficient.

to variationin instrument response the oil used to perform the response and level
ysis shallbe the same as that found in the compressed air and if necessary samples shall

the compressed air system for this purpose. The same absorbance peaks shall be emp
i/ S1S.

roven to be
cted by the

nd linearity
the degree
heters shall

nount of oil
pressed air

nt (Method
nt collected

t at two or
ally in the
the solvent

onverted to

of recovery
be obtained
loyed in the

C.1.

Solvent

For the purpose of oil extraction from the sampling discs and holder, a suitable solvent, for example
tetrachloroethylene, shall be chosen that has a good solvency for the oil in question, contains no C-H
bonds in its chemical composition and has an optical transparency at the infrared wave numbers of
interest. The reagents should be handled with care and in accordance with manufacturer or supplier
instructions. The solvents chosen should be specifically prepared for use in infrared spectroscopy. An
example of the typical purity of tetrachloroethylene is given in Table C.1 for guidance.

NOTE Tetrachloroethylene is also known under the systematic name tetrachloroethene, or
perchloroethylene.
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Table C.1 — Example of typical purity of tetrachloroethylene

Designation Specification
Chemical formula: C2Cly
Ultrapure, Spectrophotometric Grade >99 % purity
CAS number: 127-18-4
Molecular weight: 165,83 g/mol
Residual water: <0,05 %
Residue on evaporation: <0,0005 %

C.1.4 Apparatus

C.1.4.1 Glassware

Glassware
with glass 3
ensure that

C14.2 In

Double-bea
3400 cm-1

C143 In

Various des
have been f
in the analy]
match ther
have been f

C.1.5 Ins

The instrun

C.1.5.1 Pi

Using an arj
0,01 mg, wq
solvent to c
be dispensg
sample con

sed for determination of volume shall be of Class A according to ISO 1042, borosilicate §
topper and supplied with a batch certificate. It shall be cleaned beforé'use and checkg
it does not contribute any hydrocarbons during the analysis process.

frared Spectrometer

n or Fourier-transform infrared spectrometer covering-a_wave number range of at
to 2 500 cm-1 and with a transmittance reproducibility of better than 0,3 %.

frared Spectrometer Cuvettes

igns of cuvettes are available for applicationtih IR spectroscopy. Quartz glass, lidded
bund to be suitable and where more than onécell is required (i.e. twin beam spectrome
sis all cells should be matched pairs. A spitable cuvette path-length should be determing
sponse and linearity required by the method. Cuvette path-lengths between 1 cm and
bund to prove suitable in the majority of cases.

frument response, linearity . and oil recovery coefficients

hent response, linearityand oil recovery coefficient shall be determined as follows;

eparation of the response graph

alytical balance)or other precision weighing instrument with a resolution of no less
igh out 100. Mg of the oil under investigation and dilute it to a volume of 100 ml with ¢
reate a stoc¢k solution with an oil concentration of 1 mg/ml. If the exact amount of oil ca
d themnsthe actual amount weighed out shall be recorded for use later in calculation o
rentrations.

rlass
d to

east

cells
ters)
ed to
. cm

than
lean

nnot
f the

From this ir

sl ot 1 | Y 3 1 ot +la rad £ o] 4+ 4+
ItIdl SCUCIKN SUIULIVLI, lJl Cl)al C OoIA Dalll}.}lcb L1Idti DlJClll LIIc CAPC\,LCU I ausc Ul UITl CUTICTCIILTI At

ons.

Samples should be prepared by measuring a prescribed volume of the initial stock solution and diluting
it with clean solvent to a volume of 50 ml. Prescribed volumes of the initial stock solution and the
resulting oil concentrations of the diluted samples are given in Table C.2.
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Table C.2 — Dilution of the stock solution

It sh
weigd

resullting concentrations should be calculated based on the actual masgofthe oil weighed o

For ¢

The

whe

Sample oil concentration
Volume of initial (after dilution of the stock
. solution with 50 ml of clean
stock solution
solvent)
Cs
ml pg/ml
0,1 2
0,5 10
10 20
2,0 40
3,5 70
50 100

ould be noted that the resulting concentrations shown in Table C.2 assume that the
hed out in preparation of the stock solution is exactly 100 mg. Inpractice, this is u

bach sample, record an IR spectrum (see Figure C.1) and calculate the absorbance.

[R absorbance, 4, a dimensionless ratio, is calculated as given'in Formula (C.1):
In
A =1g 0
1, xI,
e

[0 baseline light intensity;
{1 IR transmittance at one characteristic wavenumber;

n number of peaks at which the absorbance has been obtained for a specific oil type.

mass of oil
nlikely and
ut above.

(C.1)
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Figure C.1 — Example transmittance spectra
Example absorbance data are given in Table C.3.
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Table C.3 — Infrared absorbance example data

Volume of stock 0il concentration Infrared absorbance
solution Cs A

ml pg/ml

0,1 1,990 0,006 10
0,5 9,950 0,030 00
1,0 19,90 0,056 00
2,0 39,80 0,100 00
3,5 69,65 0,190 00
5,0 99,50 0,268 00

as shown in Figure €:2.

26

e data the original>stock solution contained 99,5 mg of oil diluted in to 100 ml of solvent
tock solution concentration of oil in solvent of 995 pg/ml.

sults obtainied, construct a response curve by plotting absorbance against oil concentralion,
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Figure C.2 — IR Absorbance against variation in oil concentration in solvengt

C.1.5.2 Instrument response coefficient and linearity

The [instrument response and linearity for increasing oil concentration in solvent is detprmined by
perfprming a least spares regression analysis forva straight line on the collected data that was used
to cgnstruct the response curve shown in Figur@ C.2. Regression analysis determines the|instrument
resplonse coefficient, C¢, and coefficient of determination, R2, for which the intercept, C, is zdro.

A=(CcxC)+C (C.2)

whele

A absorbance (dimen§ionless);

(. represents thefinstrument response coefficient;

s oil in solyént concentration, expressed in micrograms per millilitre;
[ intercept at the origin of the plot (normally 0).

In the example curve Figure C.2 the instrument response coefficient. C, is equal to 0,00 7 and the
coefficient of determination, R?, is equal to 0,998 8.

The instrument response curve varies according to the degree of oxidation the oil has undergone.
Therefore, when constructing the instrument response curve, oil should be collected from the
compressor supplying the compressed air. If it is not practical to collect oil from the compressor, the oil
used in the determination of the response curve should be of the same manufacture as the oil in use in
the compressor.

The instrument response curve is valid only for the specific oil analysed and the instrumentation and
cuvettes used during the test. A separate response curve shall be constructed for each oil type and also
for each batch of the same oil and shall not be more than 3 months old.
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C.1.6 Oil recovery coefficient

To establish that the solvent selected has the correct level of solvency for the oil being investigated a
sampling disc is dosed with a predetermined mass of oil which is subsequently extracted and the mass
calculated by use of the response coefficient, C, (see C.1.5). The mass extracted is compared directly to

the original

dosed mass and the recovery coefficient, O, calculated.

This method is performed at 10 %, 50 % and 90 % of the maximum allowable mass to be collected on
the filter discs when in use and the average oil recovery calculated for the nine samples measured.

C.1.6.1 Preparation of dosed sampling discs

Using an arj
0,01 mg, wg
solvent to c

From this ix
(see Table (
dosed oil, d
be exercise

surfaces such as those supporting the sampling discs since this would résult in an apparent u

recovery of

It should b

weighed out in preparation of the stock solution is exactly 200 mg. In practice, this is unlikely

resulting cg
formulating

C162 M

Each of thg
measured.
follows:

ass of oil by extraction from dosed sampling discs

alytical balance or other precision weighing instrument with a resolution of no_less
igh out 200 mg of the oil under investigation and dilute it to a volume of 20 mlwith ¢
Feate a stock solution with an oil concentration of 10 mg/ml.

litial stock solution, dose three individual sampling discs with each of the following voly
.4) of stock solution to create nine samples and allow the solvent to evapoerate. The ma|
d, remaining is then ready for extraction and the IR absorbance détermined. Care sh
l during dosing to prevent loss of the dosed volume of solvent and"gil solution to secon

the oil.

Table C.4 — Dilution of the stock selution

. Mass of pil dosed on the
Volume of stock solution sambling disc
added to the sampling disc p Odg
ml mg
0,03 0,3
0,15 1,5
0,27 2,7

e noted that the resulting concentrations shown in Table C.4 assume that the mass

ncentrations should be _calculated based on the actual mass of the oil weighed out
the stock solution,

oil dosed\sampling discs is then extracted with clean solvent and the IR Absorb
'he mass'of oil extracted “Oe” from the sampling disc is then computed from Formula (C.

0, :%‘%xvs

where
O ma
A
C. res
Vs vol

All nine res
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B) as

ss of oil extracted from the sampling disc;

absorbance of the solvent oil mixture by IR spectroscopy;

ponse coefficient for the specific oil under investigation;
ume of solvent (ml) used to extract the oil from the sampling disc.

ults are recorded and used to determine the average oil recovery coefficient.
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C.1.6.3 Calculation of oil recovery coefficient

The recovery coefficient, O, is calculated from Formula (C.4) for each of the nine sampling discs as
follows:

0=—t (C.4)

0 oil recovery coefficient for a single sampling disc (dimensionless);

De recovered mass from the sampling disc by extraction (pg);
D4 dosed oil on the sampling disc before extraction (pg).

Example oil recovery coefficient data are given in Table C.5.

Table C.5 — Example oil recovery data and calculated oil recovery coefficient

Dosed oil Recovered mass Oil recovery|coefficient
Sampling disc reference Od Oe 0
mg mg

1 0,298 5 0,3349 1,122
2 0,298 5 03298 1,105
3 0,298 5 0,336 6 1,243
4 1,492 5 1,508 1,010
5 1,492 5 1,516 1,016
6 1,4925 1,498 1,004
7 2,6865 2,692 1,002
8 2,686 5 2,687 1,000
9 2,6865 2,664 0,992

Average oil recovery coefficient, 0, 1,042

NOTE In the above example data the original stock solution contained 199,0 mg of oil diluted ijn to 20 ml of

solvgnt creating a stock solytion of 9,950 mg/ml.

C.1.V Quality eontrol

C.1.7.1 General

The [linéarity of the method can be checked by the degree of fit to a straight line as indigated by the
coefficiént of determination, R2. In addition, the oil recovery coefficient 0, checks the effeftiveness of
the solvent to recover oil from a sampling disc and establishes that the solvent chosen has the correct
level of solvency for the oil under investigation.

C.1.7.2 Linearity

The linearity to a straight line is indicated by the coefficient of determination, R2, this shall be no less
than 0,995; otherwise, the analysis shall be repeated. In the example data (see Figure C.2) the value of
the coefficient of determination, R2 is 0,998 8 and is thus accepted.

NOTE The R2 value represents the deviations of the data points from a straight line and indicates how well
the data fits this line; when multiplied by 100, the R2 value gives a percentage degree of fit.
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C.1.7.3 Sampling disc oil recovery coefficient

The average oil recovery coefficient, Oy, is calculated from Formula (C.5) below:

0, = leO (C.5)
=)

where

0,  calculated average oil recovery coefficient;

N number of tests performed (in this case, nine);

0 individual values of the oil recovery coefficient determined for each test performed:
This methofl is performed 3 times at each of 10 %, 50 % and 90 % of the maximum allowable mass o be
collected o1 the sampling discs.
The results|from all nine dosed sampling discs shall not deviate by more than 1T # 0,15. Wherein, if the
extracted o}l from the sampling discs were to exactly equal the amount of oilavith which the discs yere
dosed, then|the recovery coefficient would be equal to 1.
In the exanpple data of Table C.5 the average oil recovery coefficient; 03, is calculated as being 1,042
representil;Ig a 4,2 % over recovery from the dosed sampling discs,‘which remains within the allqwed
tolerance apd is therefore accepted.
C.1.8 Oil[collection apparatus analysis procedure
Extract thq oil from the collection apparatus, including sampling discs, sample disc chamber|and
isokinetic spmple probe (if present), by adding a known ‘amount of solvent to the surface of the sampling
discs and a]lowing it to drain back through the upstream half of the sample disc holder and thr¢pugh
the probe (if present). Record the spectrum from3 400 cm~1 to 2 500 cm~1. The analysis procedufre is
shown schematically in Figure C.3. The compohent parts of the oil collection apparatus can be analysed

separately lut the individual amounts shall bé summated to determine the total mass of oil collect

the apparat
sampling ay

bd in
us. To ensure that all of the sample is extracted by the solvent, pass the solvent through the
paratus a minimum of 3 times.

30
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Methed B1 - Full flow sampling Method B2 - Isokinetic sgmpling
Key
1 isokinetic probe a  From control valve.
2 sampling discs b To control valve and flow meter.
3 oil plus solvent ¢ To main flow meter.
4 infrared spectrometer cuvette d  Remove sample disc holder, sampling disc and
isokinetic probe if present.
5 typical infrared’spectrum e Add solvent; see C.1.3 and C.1.8.
x-axis wave,humber, expressed in f Fill cuvette with sample.
reciprocal éentimetre
y-axis\transmittance, expressed in percent g  To infrared spectrometer.
Io\ by and I infrared spectrum peak height

Figure C.3 — Schematic representation of the analysis of the o1l collection apparatus

C.1.9 Calculation of oil mass in the oil collection apparatus

Once the IR transmittance spectrograph of the oil in solvent has been obtained the absorbance “A” of the
spectrograph is calculated using Formula (C.1) for the same individual peaks used during the process
detailed in C.1.5.1.
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After determining the absorbance of the spectrograph the total oil mass, m, (mg) on the oil collection
apparatus can be determined using Formula (C.6)

m=—— XV,
1000xC,

where

m

Ce

Vs

A (C.6)

mass of oil extracted from the oil collection apparatus (mg);

absorbance of the solvent oil mixture by IR spectroscopy;

insfrument response coefficient for the specific oil under investigation;

totpl volume of solvent (ml) used to extract the oil from the oil collection apparatus.

In instancep where individual components of the oil collection apparatus have been extracted with

solvent sepqrately the mass of oil determined for each component shall be summated-

The oil aer¢sol concentration measured in the compressed air can then be calculated by substituting

umn in

C.1.10 Limit of detection

The limit ofldetection shall be determined in accordance with DIN\32645.

32

to Formula 2.
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Example GC FID analysis and calculation of test results for Method B

D.1 Analvtical procedure

D.1/1 General

The
ionij
oil, 1

following text describes an example procedure based on gas chromatography-fitted
ation detection (GC-FID) that has been proven to be suitable for the detegmination of
h, expressed in milligrams collected by the sampling apparatus.

Cali
estaplishing the operational range over which the measurements arée.made. In addition, th
recoery of oil from the sampling disc using solvent is also determihed. These parameters
the minimum levels required by the document.

Oncg
colldcted on the sampling apparatus can be analysed and the concentration of oil in com
calcyilated.

D.1.2 Principle

The
and

oil collected on the sampling apparatus_is‘dissolved in a suitable solvent (preferred i

The
of n-

concentration of oil in solution is‘proportional to the area under the spectrum betweg
decane (C1p, boiling point = 175 °€) and n-tetracontane (C40, boiling point 525 °C).

This
0,00
For
the
hig

area is compared with pil\standard solutions (synthesized with reference oil) in t
P mg/ml and 0,3 mg/m{ and the amount of oil is calculated with regard to the regreg
igher concentrationg the validity of the response curve shall be tested with a suitable
easured amount differs by more than 10 % of the expected amount, a new response
r standard conéentrations shall be performed.

D.1.3 Solvent

For the purpose of oil extraction from the sampling discs and holder, a solvent shall be chose
good solvency for the oil in question. The reagents should be handled with care and in acco
manufacturer or supplier instructions. The solvents chosen should be specially prepared fqg

the amount determined by gas chromatography with flame ionization detector (GC-FID).

with flame
the mass of

ration of the GC-FID is performed to determine the instrument response and linearity thus

e degree of
b shall meet

 the response, linearity and the oil recovery coefficients have been established the amount of oil

pressed air

s n-hexane)

n the limits

he range of
sion graph.
standard. If
curve with

n thathasa
rdance with
r use in gas

chromatography (e.g. for residue analysis) and shall not interfere with the marker C1g.

The preferred solvent is n-hexane because of its available purity and good manageability. Other solvents,
such as n-pentane or n-heptane are also suitable, however certain oil types may not be soluble in

n-hexane, in which case it is suggested that acetone is used. An example of the typical purity
is given in Table D.1 for guidance.
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Table D.1 — Example of typical purity of n-hexane

Designation Specification
Molecular formula: CH3(CH2)4CH3
Gas chromatography FID Grade 298 % purity
CAS number: 110-54-3
Molecular weight: 86,18 g/mol
Residual water: <0,01 %
Residue on Evaporation: <3,0 mg/1

D.1.4 Apparatus

D.1.4.1 Glassware

Glassware ysed for determination of volume shall be Class A to ISO 1042, borosilicate glass with a §
stopper and supplied with a batch certificate. It shall be cleaned before use and chi¢cked to ensure
it does not ¢ontribute any hydrocarbons during the analysis process.

D.1.4.2 GC-FID typical operating conditions

Analyser:

Carrier gas

Column:

PTV-Injectq

o]

Injection vdlume:

Temperatuye program:

Gas chromatography with flame ionization detector (GC-FID):
Trace GC Ultra

Helium, const. flow 1,2 ml/min

MEGA SE-52-HT

Film thickness df = 0,25 pm;

Column length 415 m;

Column internal diameter (mm) d; = 0,32 mm

Pre-column [IP deactivated guard column by (2 m x 0,53 mm)]

Splitless

80/°C isothermal for 0,05 min
10 °C/sec. to 320 °C

320°C isothermal for 10 min

5ul

50 °C isothermal for 2,5 min

200 Q000

rlass
that

Detector temperature:

aJd C/lllill tU 1UU \ )
50 °C/min to 330 °C
330 °C isothermal for 4,3 min

360 °C

D.1.4.3 Sampling disc preparation

The sampling discs shall be prepared before they can be used. The sampling discs are heated at 800 °C
in an oven for approximatively 1 h to remove all hydrocarbons.

34
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D.1.4.4 Blank sample preparation

A blank sample is prepared by extracting a clean 3 layered sampling disc and determining the area of
the peaks in the chromatogram between C1g and C4o.

D.1.5 Instrument response, linearity and recovery coefficients

The GC-FID instrument response, linearity and oil recovery coefficients shall be determined as follows.

D.1.5.1 Preparation of the instrument response graph

Usinjg an analytical balance or other precision weighing instrument with resolution of,rjo less than
0,01/mg, weigh out approximately 0,5 g of the oil under investigation and dilute it to a velume of 25 ml
with clean solvent to give a stock solution with an oil concentration of 20 mg/ml. It showld bg noted that
the fesulting concentrations shown in Table D.2 assume that the mass of oil weighéd out in preparation
of tHe stock solution is exactly 0,5 g. In practice, this is unlikely and resulting ‘soncentratiions should
be cplculated based on the actual mass of the oil weighed out above. From<this initial stock solution,
prepgare at least 10 samples that span the expected range of oil concentration. To prepare the samples,
diffdrent volumes of the initial stock solution are diluted with clean\solvent and interjnal marker
(0,2ml C10/C40) to 10 ml. This results in oil concentrations between 0,002 mg/ml and 0,3 [mg/ml (see
exarmple Table D.2). The solvent that is intended to be used for extraction and analysis, also called a
blank sample (i.e. only the solvent), is also analysed.

Table D.2 — Preparing standard solutions in the range 0,002 and 0,311 mg/inl

Vplume of stock . Added volume af, | Added volume of Resulting standard
solution Oil mass C10/Ca0 hexane solutjon
ul ug pl ml mg/ml
1 20 200 9,799 0,0Q2
2 40 200 9,798 0,004
3 60 200 9,797 0,096
4 80 200 9,796 0,008
5 100 200 9,795 0,010
6 120 200 9,794 0,012
7 140 200 9,793 0,014
8 160 200 9,792 0,016
9 180 200 9,791 0,018
10 200 200 9,790 0,040
20 400 200 9,780 0,041
30 600 200 9,770 0,041
40 800 200 9,760 0,042
50 T000 200 9,750 0,103
60 1200 200 9,740 0,123
75 1500 200 9,725 0,154
100 2000 200 9,700 0,206
125 2500 200 9,675 0,258
150 3000 200 9,650 0,311

For each sample, record a GC-FID chromatograph and determine the total peak area by integration. An
example chromatograph is shown in Figure D.1.
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