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Foreword

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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Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

In hydraulic fluid power systems, power is transmitted and controlled through a liquid under pressure
within an enclosed circuit. The fluid is both a lubricant and a power-transmitting medium. Reliable
system performance requires control of the contaminants in the fluid. Qualitative and quantitative
determination of the particulate contaminants in the fluid medium requires precision in obtaining
the sample and in determining the contaminant particle size distribution and concentration. Liquid
automatic particle counters (APC) are an accepted means of determining the concentration and size
distribution of the contaminant particles. Individual APC accuracy is established through calibration.

This documentisa-standard-ealibration-procedurefor-ARCthatareusedfor-determiningpartielesizes
and counts.|The primary particle-sizing calibration is conducted using NIST SRM 2806x suspehfions
with particle size distribution certified by the United States National Institute of Standardg and
Technology [NIST) for particle sizes 30 um(c) and smaller, and using polystyrene latex spheres at larger

sizes.

A secondary calibration method uses suspensions of NIST RM 8631x, ISO MTDJor other test|dust
conforming|to ISO 12103-1, which are independently analysed using an APC calibyated by the pripnary
method. Minimum performance specifications are established for the APC coéfficient of variation|(CV)
of sample vqlume, CV of flow rate, resolution and particle counting accuracy:The operating limits pf an
APC, including its threshold noise level, coincidence error limit and flowdate limits are determined.

vi © IS0 2022 - All rights reserved
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Hydraulic fluid power — Calibration of automatic particle
counters for liquids

1 Scope

This

document specifies procedures for the following:

a) ;Lrimary particle-sizing calibration for particle sizes 1 um(c) and larger, sensor-res

q

q

q

q

\
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ISO §
ISO 1

[SO 1]
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ounting performance of liquid automatic particle counters that are capable of amal

gamples;

gecondary particle-sizing calibration using suspensions verified with a pritmary calibrd

bstablishing acceptable operation and performance limits;

rerifying particle sensor performance using a test dust;

determining coincidence and flow rate limits.

document is applicable for use with hydraulic fluids, ‘a@viation and diesel fuels, en
- petroleum-based fluids. This document is not applicable to particle-sizing calibj
SRM 2806b primary calibration suspensions.

Normative references

following documents are referred to ir_the text in such a way that some or all of t
Fitutes requirements of this document. For dated references, only the edition cited
ted references, the latest edition of\the referenced document (including any amendme

722, Hydraulic fluid power —Fluid sample containers — Qualifying and controlling clean

787, Laboratory glass apd-plastic ware — Volumetric instruments — Methods for testin
pr use

598, Fluid power-systems and components — Vocabulary
2103-1, Roadyvehicles — Test contaminants for filter evaluation — Part 1: Arizona test dI

6889, Hydraulic fluid power — Filters — Multi-pass method for evaluating filtration pe
br elepient

olution and

[ysing bottle

ited APC;

bine oil and
ration using

heir content
applies. For
hts) applies.

ing methods

g of capacity

st

rformance of

3

Terms and definmitions

For the purposes of this document, the terms and definitions given in ISO 5598 and the following apply.

ISO and [EC maintain terminology databases for use in standardization at the following addresses:

[

|

3.1

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

EC Electropedia: available at https://www.electropedia.org/

automatic particle counter

APC
instr

©ISO

ument that automatically:
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or light scattering principles;

a)
b)
c) sortsor
d)
e) reports
f) facilitat

measures the size of particles;

compiles particles into size ranges;

counts particles in each size range;

the number of particles in each size range per unit volume; and

es instrument calibration according to this document.

senses individual particles suspended in a controlled volume of fluid using optical light extinction

Note 1 to entf
engine oil an

3.2

threshold 11
minimum v
exceed 60 c

Note 1 to en
subclause A.2

3.3

ry: APC used for particle size (3.7) determination with hydraulic fluids, aviation and diesel

oise level
bltage setting of an APC (3.1) at which the observed pulse-counting frequency doe
unts/min due to electrical noise in the absence of flow in the sensing volume (3.3)

l can result in erratic results.

sensing vol
portion of t
the light is g

3.4

resolution
measure of
determined

3.5
coincidenc
highest con
with an err
volume (3.3]

3.6
working fld
flow rate th

3.7
particle siz
projected a

me
e illuminated region of the sensor through which thefluid stream passes and from v
ollected by the optical system

the ability of an APC (3.1) to distinguish-hetween particles of similar, but different, siZ
in accordance with Annex D of this document

e error limit

Centration of NIST RM 8632x that can be counted with an automatic particle counter
pr of less than 5 % resulting from the presence of more than one particle in the se
at one time

w rate
rough the sensor used for sample analysis

e
rea“equivalent diameter of particles as determined by NIST using scanning ele

l other petroleum-based fluids shall be calibrated in accordance with Clause 5 of this document.

fuels,

5 not

ry: The Brownian motion of any detectable particles in the sensing:zone during performarce of

rhich

S as

(3.1)
nsing

rtron

microscopy

traceable to SI units through a NIST length standard or using a liquid optical single pa

"ticle

APC (3.1) calibrated according to this document

Note 1 to entry: NIST uses scanning electron microscopy to determine the projected area equivalent diameter
of particles in NIST standard reference material 2806x, where x is the letter used by NIST to designate the batch
number of the certified primary calibration (3.9) suspension.

© IS0 2022 - All rights reserved
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3.8

particle size distribution

cumulative number concentration of particles larger than a specified size, expressed as a function of
particle size (3.7)

Note 1 to entry: A certified particle size distribution is one provided by a producer of primary (3.9) or secondary
calibration (3.10) suspensions, and certifies that the particle size distribution reported for the suspensions was
determined by NIST or determined according to Annex F of this document. The particle size distribution of SRM
2806x used for primary calibrations (3.9) shall consist of the values for Diameter [um(c)] and the corresponding
Cumulative Particle Concentration (part/mL) given in the Certificate of Analysis for Standard Reference
Material® 2806x[51.

Note [2 to entry: Verification of particle size distribution of calibration samples is detailed in Anjnex H of this
document.

3.9
primary calibration
sizing calibration conducted according to the sizing calibration procedure specified in Clause 6 of this
docujment using NIST standard reference material 2806x for particle sizes (3.7) 30 um(c) pnd smaller,
andLstling polystyrene latex spheres at larger sizes

Note [L to entry: For details of NIST standard reference material 2806x, see-4:.4.

3.10
secondary calibration
sizing calibration conducted using secondary calibration suspensions

Note|l to entry: The sizing calibration procedure is speeified in Clause 6 and the preparation jof secondary
calibyation suspensions is set out in Annex F.

3.11
multi-channel analyser
MCA
electironic device capable of sorting ineeiming electric pulses according to their amplitude

4 Materials and equipment

4.1 | Polystyrene latex spheres that:

a) 4arein aqueous suspension;

b) have a nomjnaldiameter of:

1) 10 umif used for resolution determination in accordance with Annex D;

2) “larger than 30 um for particle size calibration in accordance with Clause 6 for particle sizes of
larger than 30 um;

c) have a coefficient of variation that is less than 5 % where the coefficient of variation is the ratio
of the standard deviation of the latex particle diameters in the suspension to their mean particle
diameter;

d) have a certificate of analysis that indicates that the latex spheres mean particle diameter and
coefficient of variation were determined using techniques with traceability to national standards.

Once opened, suspensions of polystyrene latex spheres shall be used within three months unless the
size distribution and cleanliness of the suspension have been verified.

NOTE1 The size distribution of polystyrene latex spheres can be verified using the method described in D.14.

NOTE 2  Polystyrene latex spheres in aqueous suspension have a limited shelf life. Shelf life is a function of a
variety of factors including temperature and microbial contamination of the suspension.

©1S0 2022 - All rights reserved 3
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diluent, consisting of the test liquid used in ISO 16889 and containing:

a) an antistatic additive at such a concentration that resultant conductivity of the clean diluent is
(2500 %1 000) pS/m at room temperature; and
b) lessthan 0,5 % of the number concentration of particles equal to or larger than the smallest particle

size of i

nterest expected to be observed in the samples.

4.3 Clean aerosol OT diluent, for use in calibration for particle sizes greater than 30 um(c) and to
determine sensor resolution in Annex D (the clean diluent specified in 4.2 is used for all other operations

in this docum

a)

is prepa
(4.2), w

1) hea
and

2) dily
b) meetst

Aerosol OT
absorbed w

NOTE In

ent), which:

red from a concentrate made by adding 120 g of aerosol OT to each litre of clean, di
nich is:

ted with clean diluent (4.2) to a final concentration of 12 g of aerosol OT per litre; and
ne same cleanliness levels as the diluent specified in 4.2.

[dioctyl sulfosuccinate, sodium salt) is a waxy, hygroscopic-$¢lid. If it appears damp, o
hter prior to use, dry it first for at least 18 h at approximately 150 °C.

4.3 a) 1), it is critical that all of the aerosol OT be disselved prior to proceeding to 4.3

Depending upon the local conditions, complete dissolution can require ih excess of 6 hours of heating and st

as described.

WARNING |
sheet (avai

4.4 NIST
where x is t
suspension
calibrations

4.5 NIST
designate tH
for at least
performed

4.6 ISO n

— Follow the precautions for safe handling and usage described in the safety
able from the supplier of the aerosol OT).

standard reference material 2806x (SRM 2806x) primary calibration suspen
he letter used by NIST to desigmate the batch number of the certified primary calibr
available from NIST, for use in primary calibrations. SRM 2806b shall not be use
according to this document;

|8 h at a temperatiire between 110 °C and 150 °C, for use if secondary calibration is
see 6.1).

edium test dust (MTD) or other test dust conforming to ISO 12103-1, dried for at

18 h at a temperature between 110 °C and 150 °C before use, for use if secondary calibration is

performed

sec 6.1).

ked to approximately 60 °C and stirred until no undissolved aerosol OT is vi§ible to thg

reference material-8631x (RM 8631x) dust, where x is the letter used by NIS
e batch number of thereference material, available from NIST, prepared by drying the

luent

eye;

Ir has

a) 2).

rring

data

sion,
htion
d for

T to
dust
to be

least
to be

4.7 NIST reference material 8632x (RM 8632x) dust, where x is the letter used by NIST to
designate the batch number of the reference material, prepared by drying the dust for at least 18 h at
a temperature between 110 °C and 150 °C, before use, required for determination of coincidence error
limit and in Annexes A, B, C and E.

NOTE The reference materials specified in 4.4, 4.5, 4.6 and 4.7 can change as new batches are produced. Such
a change does not affect the particle sizing calibration (Clause 6), but the ability of an APC to meet the counting
accuracy requirements of E.9 can be affected if the batch of RM 8632x used to prepare the samples differs from
the batch used to create Table A.1.

4.8 Automatic particle counter for liquids, with bottle sampler with at least 8 channels that can be
set at various threshold settings.

© IS0 2022 - All rights reserved
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4.9 C(Clean sample containers, with closures (appropriate bottle caps, for example), and volumetric
glassware of at least class B accuracy as defined in ISO 4787, with cleanliness levels lower than 0,5 % of
the number of concentration of particles (larger than the smallest particle size of interest) expected to
be observed in the samples, confirmed in accordance with ISO 3722.

4.10 Mechanical shaker, such as a paint or laboratory shaker, suitable for dispersing suspensions.

4.11 Ultrasonic bath, with a power density of 3 000 W/mZ2 to 10 000 W/m? of bottom area.

4.12
4.13

4.14

a)
b)

‘)
d)

4.15
calib

5

5.1

adjug
to be
priof

orre
calib,
D, arg
Figul
requ

Annd
APC
anne

NOTH

1
gccuracy (agreement with true mass): £0,05 mg;
precision (repeatability): 0,05 mg;

f

N

Linear-linear graph paper or computer software, for generating graphics.

Log-log graph paper or computer software, for generating graphics.

Analytical or electronic balance, with the following minimum specifications:

eadability: 0,01 mg;

ront or side doors and a covered top to eliminate the effegtof air currents.

Secondary calibration suspension, prepared aceording to Annex F for use if
frations. Secondary calibration samples shall not béused for primary calibrations.

bequence of APC calibration procediires

Conduct the procedures of this Clause when a new APC is received or following the

tment of an APC or sensor as show1rin Table 1. See Figure 1 for a recommended sequg
followed when performing a fullcalibration on a new APC. Annexes A and B shall b
to proceeding to Clause 6. Ptoceed to Clause 6 if neither the APC nor the sensor has bg
pdjusted, if no detectable Change in the operating characteristics has occurred since tH
ration was performed, and if the APC has been subjected to the procedures in Anng
d E and the resultsthave been documented. The specific order of annexes and clau
‘e 1 and Table 1 aré&recommendations. The operator may follow a different order, a
red parts are petformed.

xes A, B, Ci:Drand E may be performed by an individual laboratory or by the manufac
prior to.delivery. If these are performed prior to delivery, it is not always required to
xes upon receipt of the APC, depending upon the manufacturer's recommendations.

For the purposes of this subclause, repair or re-adjustment of an APC refers to sery

secondary

"epair or re-
nce of steps
e performed
en repaired
e last sizing
bxes A, B, C,
ses given in
s long as all

turer of the
"epeat these

ice or repair

procedures that arftect the ability of the AFPU To accurately size and count particles.

©ISO
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No

Have
preliminary
procedures been
performed?

A change in

Perform preliminary
instrument check
(Annex A)

Determine
annexes to be
repeated

Determine
coincidence error
limit (Annex B)

Perform sizing
calibration
(see Clause 6)

Determine flow
rate limits
(Annex C)

Determine
resolution
(Annex D)

Verify particle-
counting accuracy
(Annex E)

alibration(cemplete

Figure,1 — Recommended sequence of APC calibration procedures

Yes

Has APC
changed or been
serviced?

Perform sizing
calibration
(see Clause.6)

thevoperating characteristics of the APC can be detected by several different methods,

including bt

t not limited to the fn]]m/ving'

a) using particle data from control samples collected over time and a statistical process control chart,
such as an individual moving range (IMR) chart, to detect significant changes in calibration;

b) comparing calibration curves reporting particle size in units of pm(c) over time to detect a

significant change in calibration;

c) returning the APC to its manufacturer for evaluation and assessment of the change in calibration;

© IS0 2022 - All rights reserved
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analysing a primary or secondary calibration suspension in accordance with 6.5 through 6.7, then
comparing the resulting particle concentration data to the corresponding particle size distribution
for the sample:

1) ifthe results agree within the limits for the maximum allowable D, (6.6) given in Table C.2, the
ability of the APC to size and count particles has not been significantly affected;

2) iftheresults do not agree, a significant change has occurred, so proceed as indicated in Table 1.

determining the threshold noise level of the APC in accordance with A.2, then comparing the
resultmg noise 1evel to prev1ously obtamed results If the threshold n01se level has increased by

ete calibration
f the APC has changed and the APCisin need of repair. Ifthe threshold noise 1evel has not changed,
tthis is not proof that the APC's operating characteristics are unchanged.

If the light source or any part of the optics is adjusted, repaired or replaced, repeat the procedures of

Clauge 6 and Annexes A, B, D, and E.

If th¢ sensor or counting electronics is adjusted, repaired or replaced, repeat the procedurep of Clause 6

and

Annexes A, B, C, D, and E.

If th¢ volume measurement system is repaired, replaced or re-adjusted, the procedures ¢f A.3 to A.9

and

Itis

:[fAnnex C shall be performed.

ot necessary to repeat these procedures following normal cleaning procedures, the attachment of

cablgs or peripheral equipment, the replacement of plumbing lines or connections, or follpwing other
operftions that do not involve disassembly of the APC, sensor or volume measurement system.

5.2

5.3

5.4

5.5

5.6

5.7

Perform the preliminary APC check, which intludes volume accuracy, in accordance wjith Annex A.
Determine the coincidence error limits.of the APC in accordance with Annex B.
Perform the sizing calibration procedure in accordance with Clause 6.
Determine the flow rate lifnits of the APC in accordance with Annex C.
Determine the APCfesolution in accordance with Annex D.

Verify the particle-counting accuracy in accordance with Annex E.

In ordertgd conform to the requirements of this document, the APC shall:

e calibrated in accordance with 5.4;

and 5.7;

be operated using the calibration curve determined in accordance with 5.4 within the coincidence
error and flow rate limits determined in accordance with 5.3 and 5.5.

©1S0 2022 - All rights reserved 7
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6 Sizing calibration procedure

6.1 Conduct the sizing calibration set out in Figure 2 every three to six months, when a new APC is
received, or after the repair or re-adjustment of an APC or sensor. After a suitable calibration history
for an APC and sensor has been developed, the time interval between successive calibrations can be
increased, but shall not exceed one year. For particle sizes 30 pm(c) and smaller, use NIST calibration
suspensions (see 4.4) for primary calibrations or secondary calibration suspensions (4.15) prepared
in accordance with Annex F for secondary calibrations. For particle sizes larger than 30 um(c), use
polystyrene latex spheres (see 4.1) for primary calibrations or use secondary calibration suspensions
prepared in accordance with Annex F for secondary calibrations.

Cond
the A
repe

Cond
repe

Dete

Proc
calib]
The |
largd
proc

The
that
chan
betw
softy

uct all phases of the calibration at the same working flow rate. Determine the flowy
LPC in accordance with Annex C. Discard any data obtained at flow rates outside-thes
ht the corresponding part of the procedure using the proper flow rate.

uct the sizing calibration using the same sample volume used in 5.2. If a different vol
ht the procedure in 5.2 using the new sample volume to avoid volume measurement er

bed to 6.2 to calibrate for particle sizes smaller than or equal to 30 pm(c) and fo
rations for particles larger than 30 pm(c) using samples prepared in full conformance W
brocedure described in 6.2 through 6.10 shall not be usedfor primary calibration at p
r than 30 um(c). Proceed to 6.11 for primary calibration at particle sizes larger than 3
edure described in 6.11 through 6.14 shall not be used for particle sizes 30 pm(c) and 3

brocedure described in 6.2 to 6.15 assumes maintal calibration of an APC with at leas
Can be set at various threshold settings. Alternatively, calibration can be performed u
nel analyser (MCA) or software that follows. the same procedure. If an MCA is used, the

yare and MCA methods tend to be fastérand more accurate than manual methods.

ate limits of
e limits and

ime is used,
rors.

Fmine the threshold noise level of the APC using the method in A.2/hefore proceeding to 6.2.

r secondary
rith Annex F.
article sizes
D um(c). The
maller.

t 8 channels
bing a multi-
relationship

een the measured voltage of the MCA and the APC threshold setting shall be establishedl. In general,
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Figure 2 — Sizing calibration procedure

6.2 Chooseatleast 16 different particle sizes from those listed in the certified particle size distribution
of the calibration suspension samples. The smallest particle size chosen shall be the smallest particle
size of interest and the largest particle size shall not exceed 30 um(c) for primary calibrations and
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shall not exceed the largest reported particle size that is in conformance with Annex F for secondary
calibrations.

Record these particle sizes and their corresponding particle concentrations from the certified particle
size distribution in the corresponding columns of the Particle Size Calibration Summary of Table 4.

6.3 Determine a minimum of 12 different threshold settings to use in constructing a calibration
curve. The first (lowest) threshold setting, /, shall be 1,5 times the threshold noise level of the APC. The
highest threshold setting, H, shall correspond to a particle size of approximately 30 pm(c) or less for
primary calibrations and shall correspond to a size that does not exceed the largest reported particle
size that is in conformance with Annex F for secondary calibrations. The value of constant K shall be

calcylated using Formula (1):

 — 10(1031'1—]0%])/(6—1)

/ (0

whel
thref
thres
off tl
cons
the f

6.4
that
shall
over

6.5

Agits
1 mi
gas {
imm

e G is the number of threshold settings to be used to construct the calibration curve. |
hold settings between J and H shall be determined such that the value of each i
hold setting shall be equal to the value of its preceding channel times’K. It is permissi
e values of all threshold settings to the nearest value attainable~by the APC, but t
bcutive channels shall not be the same. Record the values determined for the threshol
rst column of Table 3.

Set the APC to the cumulative mode. Using at least eight different channels, set the ch
Lhe threshold settings are arranged in order of increasing voltage. The settings for thg
be selected from the list of threshold settings previously determined (6.3) and shall be
this range of settings.

Prepare a calibration suspension sample for analysis. Shake the sample vigorous
ite the sample ultrasonically for at least 30 s then shake it on a mechanical shaker
h to disperse the dust in the liquid:;Continue shaking the sample until it is to be aj
he sample under vacuum or ultrasonically until no surfacing bubbles are observed ]
pdiately. Obtain five consecutive particle counts, each consisting of at least 10 mL

particles at the smallest threshold setting. Record the particle concentrations obtain

ntermediate
ntermediate
ble to round
he values of
1 settings in

annels such
se channels
distributed

ly by hand.
for at least
halysed. De-
hen analyse
and 10 000
ed for each

threghold setting for each of the five counts in the appropriate cells of Table 2.
6.6 | Calculate the mean-observed number of particles counted, X, using Formula (2):
X=XV (2)
wheie
XI5 the mean particle concentration, in particles per millilitre, of all acceptable coupts from the
sampleforaparticularchannel
V' is the sample volume, in millilitres, for a single count.

Calculate the total number, N, of particles counted for each channel using Formula (3):

N=5X (3)

The value of N shall be greater than or equal to 1 000 in order to ensure statistically significant results
for that particular channel. The value of X shall not exceed the coincidence error limit of the APC (5.3).
If the value of X exceeds the coincidence error limit, prepare dilutions of the calibration samples as in
accordance with Annex G and analyse them as described in 6.5.
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maximum, X

Formula (4):

X max X
D =-~max_ “min

2022(E)

X

, which is the difference expressed as a percentage between the minimum, X, ;,,

max’

x100

and

observed particle concentration for each channel in particles per millilitre, usmg

(4)

Record the threshold voltage setting, particle concentration data, X, and D, for each channel in the
calibration suspension worksheet in Table 2 for the appropriate sample.

Using Table C.2, find the maximum allowable D, corresponding to the value of X for each channel. If the

value of D

are at least|eight channels with acceptable data, proceed to 6.7. If not, examine the results of

unacceptab

Calculate D

Xy ist

is less than the maximum, then the Value of X for that channelis acceptable for use. If

e channels as follows.

using Formula (5):
X _Xmin
(o —Xn|

he outlier test parameter;

he observed particle concentration of the suspectedutlier (either X ..
millilitre;

or X,,;,) in par

he observed particle concentration closest in.walue to X in particles per millilitre.

If Dy forap
then recalc

If N is less than 1 000 for any channel) do not use the data for that channel. If sufficient numbsg

particles co
to a smaller

Do not colle

NOTE 0Ot
diluent or gls

the APC, or bubblessin'the samples. Flow rate variability due to counting while the sample chamber is

pressurized
turbulence in

articular channel is less than 1,44, discard‘the related outlier data point, X, from Tal

late X using the remaining four data-points, and use the recalculated value of X
calibration purposes. If D for a particular chanmnel is greater than 1,44, all data from this channe
not acceptable and shall be discarded. If thererare at least eight channels of acceptable data (usin
Dq and Dy, criteria), proceed to 6.7. If not, take appropriate corrective action and repeat 6.5 to 6.6.

nted is the only quality'criterion that is not met, change the threshold setting to corres

here
any

6)

ficles

ble 2,

for
l are

o the

rs of
pond

particle size that yields sufficient counts, or repeat 6.5 to 6.6 using a larger sample volume.

't and re-use priftary and secondary calibration samples. Avoid the use of magnetic stiy

her failures:to\meet the quality criteria can arise from a number of sources, including contami
ssware, volumetric errors, calculation errors, operating too closely to the threshold noise le

br dueto other sources, also leads to problems. Particle settling can occur. Excessive agitati

rers.

hated
el of
being
on or

troduces bubbles into samples.

12
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Table 2 — APC particle sizing calibration worksheet (see 6.6)

APC Model Date
Serial number Operator

Sensor type Model Noise level mV
Serial number Flow rate mL/min

First calibration suspension worksheet

First calibration suspension identification number

Channel | Channel | Channel | Channel | Channel | Channel | Channgl | Channel
1 2 3 4 5 6 7 8

Thregshold setting (mV)
Count 1 (particles/mL)

Courjt 2 (particles/mL)
Courjt 3 (particles/mL)
Cournlt 4 (particles/mL)
Count 5 (particles/mL)
X (particles/mL)

)
Xy (particles/mL)

Second calibration suspension worksheet

Second calibration suspension identification. iumber

Channel | ChannelN Channel | Channel | Channel | Channel | Channgl | Channel
1 2 3 4 5 6 7 8

Threshold setting (mV)

Count 1 (particles/mL)

Courjt 2 (particles/mL)

Count 3 (particles/mL)

Count 4 (particles/mL)

Count 5 (particles/mL)

X (particles/mL)

Dq

)_(N partieles/mL)

©1S0 2022 - All rights reserved 13


https://standardsiso.com/api/?name=9509f8a365f514126b8335e4096ae5c3

ISO 11171:2022(E)

Third calibration suspension worksheet

Third calibration suspension identification number

Channel | Channel | Channel | Channel | Channel | Channel | Channel | Channel
1 2 3 4 5 6 7 8

Threshold setting (mV)
Count 1 (particles/mL)

Count 2 (particles/mL)

Count 3 (particles/mL)

Count 4 (particles/mL)
Count 5 (particles/mL)

X (particleg/mL)
Dq
Xy (particlgs/mL)

14 © IS0 2022 - All rights reserved
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Table 3 — Calibration curve worksheet

Threshold - .
setting Xy (particles/mL) Mean N, uncertatnt
(particles/mL) C X y
mV Sample 1 Sample 2 Sample 3 (particles/mL)
)
nQ)
vV
AN
TN
\ N
—t
N
O
&
oV
\\\\
N
g
\$®
R\
xO
OF
&
A
O\
NJ
O\
U
AN
N
O
Y%
O
O
&‘(
C
e

6.7 Normalize the values for X recorded in Table 2 for each channel for a particular sample, using

Formula (6):
Xy =X-Dg (6)

where

X y is the mean normalized particle concentration, in particles per millilitre, of the undiluted cali-
bration suspension sample for a particular channel;
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sample for a particular channel (6.6);

Dp ist

he actual dilution ratio for the sample (G.8).

is the mean particle concentration, in particles per millilitre, of all acceptable counts from the

If the sample was not diluted, the value of Dy is 1. If the sample was diluted according to Annex G, use
the value of Dy for the sample obtained in G.8. Record the value of X, for each channel in the appropriate

cells in Tables 2 and 3.

6.8 Repeat 6.4 to 6.7 two more times using different calibration suspension samples and

approximat
least two di

Note thata d
that the AP|
samples.

6.9 Defing
cubic spline
https://sta

1ozt ¥ N rla £+ e | Ll rS P Lald i o L a3l L+l
FTy e SaC O o a S tre T ST SATpPre GO U ST C S TUTU STTHIT S S TUT CatiT Satirpre—SutiT ot

[ferent samples are analysed for each of the threshold settings listed in Table 3 (6.3].

ifferent undiluted calibration sample shall be used each time 6.4 to 6.7 is repeated-to eq
C calibration curve is based on data from 3 different primary or secondary calibr

the relationship between particle size and threshold voltage setting.using the constrz:
technique. A spreadsheet to carry out this interpolation is provided at the following

To use the gpreadsheet, open the worksheet labelled 6.9 and enter the threshold voltage setting;

dards.iso.org/iso/11171/ed-5/en.

at at

sure
htion

1ined
URN:

and

corresponding values of X’N for each calibration suspension sample taken from the first four colymns

of Table 3 (6.7) in the white data cells o_f columns A, B, C and D irkorder of decreasing value of thre
voltage setting. Enter only values of X, in cells for threshpld’settings that were actually used

given samp

threshold se
of all accepf]

. Leave all other cells empty. Record in the fifth column of Table 3 the mean )_(N for

tting which is displayed in column E of the 69 worksheet. Calculate the standard devi
able counts for all the samples listed in-Table 2 (6.6) for each threshold setting. Calc

thold
for a
each

htion
ulate

the standarg uncertainty for each threshold settingyusing Formula (7):

(7)

SN = R:
C

sD
NG
where

is t
thd

he standard upeertainty in normalized particle concentration, in particles per millilitfe, of

undiluted calibration suspension sample for a particular channel;

SN

ist
(6.

he standard deviation, in particles per millilitre, of all acceptable counts from all the san
h) obtained from a particular channel;

hples

Dy is thedactual dilution ratio for the sample (G.8);

N, is the total number of acceptable particle counts from all samples for a particular channel

(i.e. 8to 15).

C

Record in the appropriate cells of Table 3, the values of N-and sy, for each threshold setting.

NOTE Failure to enter the threshold voltage settings in the subclause 6.9 worksheet in the proper order
results in error. The worksheet will display values of 0 for the interpolated threshold voltage settings in column
H if the threshold voltage settings in column A are not consecutive or not in order of decreasing voltage. A value
of 0 for the interpolated threshold voltage setting will also be displayed for any particle concentration that falls
outside the range of the data in column E.

6.10 Determine the threshold voltage settings that correspond to the particle concentrations for each
size selected in 6.2 using the same subclause 6.9 worksheet. Enter, in order of increasing particle size,

16 © IS0 2022 - All rights reserved
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the size and corresponding particle concentrations from Table 4 in the blue data cells of column F and G.
The worksheet displays the interpolated threshold voltage setting corresponding to each size in yellow
column H. The values of extrapolated points are displayed as “0”. Record the interpolated threshold
voltage settings for each of these sizes in the right column of the Particle Size Calibration Summary
of Table 4 that corresponds to this size. The use of extrapolated data is forbidden. Proceed to 6.11 to
continue calibration for particle sizes larger than 30 um(c) for primary calibrations or for particle sizes
greater than the largest size listed on the certificate of analysis for secondary calibrations. If the APC is
not to be calibrated for larger particle sizes, proceed to 6.15.

6.11 Obtain polystyrene latex spheres (4.1) with nominal diameters larger than 30 pm and spanning
the pqrfir]p size range of interest The pnrfir]p size of the smallest pn]vcfvrnnp latex qphere (ﬂ)

chos
appr

and

latex
susp

6.12
setti

a)
b)

)

d)

Use

6.15

6.13
least
Evalyate the particle countydata using the criteria described in 6.6. If D is less than the
valug
susp
action (see NOTE in6.6).

NOTH
obtai
the c
Follo

bn shall be between 35 pm and 45 pm. The particle size of the next largest latex sphd
pximately equal to the size of the smallest latex sphere times a constant with a value
|,5. Subsequent larger latex particle sizes shall be approximately equal to the large
particle size times a constant with a value between 1,1 and 1,5. Preparei\the polys
ensions for each size of latex spheres as described in D.2.

Set the APC to the differential mode and set the first four channels of the APC
hgs, as follows:

q

set the first channel to 1,5 times the threshold noise level of the APC;

q

get the third channel to the threshold voltage setting expected to correspond to the
latex sphere size;

q

yoltage setting of the third channel;

N

yoltage setting of the third channel.

only the differential particle countsCof the second and third channels determined in €
to determine the threshold setting corresponding to the polystyrene latex sphere size

Prepare and analyse thediluted polystyrene latex sphere sample as described in 6.5, 1
2 500 particles in the sécond channel, instead of 10 000 particles at the smallest thres

e shown in Table C.2for the second and third channels, proceed to 6.14. If not, discard
bct an error in_the analytical technique. Repeat 6.11 to 6.13 after taking appropriat

To_determine the half-count setting more rapidly, it may be desirable to perform 6.1
h only one count (instead of five as indicated in 6.13) of at least 500 particles in the second chayj
hangels as necessary and repeat the process until the half-count condition described in 6.14
vihg this, repeat 6.12 to 6.14 using five counts as described in 6.13.

eres shall be
between 1,1
t preceding
tyrene latex

ht threshold

polystyrene

get the second channel to the threshold voltage setting corresponding to 0,56 times the threshold

get the fourth channel to the threshold voltage setting corresponding to 1,56 times the threshold

.13 through

but obtain at
hold setting.
appropriate
the data and
e corrective

P to 6.14, but
nel. Readjust
I is achieved.

6.14 Calculate the difference in observed particle counts, D, expressed as a percentage, between the
second and third channels using Formula (8):

Dz( —x—z)xmo (8)
where

N, is the mean number of particles counted for the second channel;

N3 is the mean number of particles counted for the third channel.
© IS0 2022 - All rights reserved 17
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If the absolute value of D is less than or equal to 3 %, the threshold setting of the third channel
corresponds to the size of the polystyrene latex sphere. If not, and if the value of D is negative, the
threshold settings selected in 6.12 are too high. If D is positive, the threshold settings selected in 6.12
are too low. Re-adjust the second, third and fourth channel settings while maintaining the relationship
among these three channels as described in 6.12. Repeat 6.12 to 6.14 using the re-adjusted threshold
settings. If no threshold setting yields an absolute value for D less than 3 %, the threshold setting of the
third channel yielding the minimum absolute value of D corresponds to the size of the polystyrene latex

sphere.

For each latex sphere size, record the mean latex particle diameter in the particle size column and the
corresponding mean threshold setting in the threshold setting column of the Particle Size Calibration

Summary o

Repeat 6.12
been analys

6.15 Defing
mean thres]
constrained
following U]

To use the s

Iable 4. Do notrecord a particle concentration and leave this data cell empty.

to 6.14 using the next size of latex spheres until all latex samples prepared in(6.11
ed and then proceed to 6.15.

the APC calibration curve by interpolation of the particle size data, dnd correspor
hold voltage settings listed in the Particle Size Calibration Summary, of Table 4 usin

have

1ding
b the

cubic spline technique. A spreadsheet to carry out this interpolatien is provided aft the

RN: https://standards.iso.org/iso/11171/ed-5/en.

preadsheet, open the 6.15 worksheet and enter all of the particle sizes and correspor]

mean thres

old settings from Table 4 into the white data cells of column A and B in order of incre

particle size. Enter the values for all particle sizes of interest inte_the blue data cells of column
the workshg¢et in order of increasing size. The worksheet displays the interpolated threshold se
corresponding to each size in yellow column D and the actual calibration curve. Extrapolati

forbidden a

d the spreadsheet displays extrapolated value as"0".

1ding
hsing
C of
tting
bn is

18
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Table 4 — APC Calibration summary

APC Model Date
Sensor |Serial Number _________ Operator
Model Calibration type (primary or secondary)
Serial Number Calibration sample identification numbers
Noise level (Annex A) mV Coincidence error limit (AnnexB) ______________ particles/mL
Sample volume (AnnexA) _____ mL Working flow rate (Annex C) mL/min
C,, vol (Annex A) % Flow rate range (Annex C) mL/min
Resolution (Annex D) a
Sk pm Ry % (\(]/
S pm R, % ;
d pm R %y\/\ B
N
Verification of Particle Counting Particle gS\iftalalibration Summary
Accuracy (Annex E) o (Clause 6)
Particle Expe(-:ted Obsel:ved Parti®§< Particle Threshold
particle particle . .
Size . . Sl@ Concentration Setting
concentration concentration \
pin(c) Particles/mL Particles/mL s\\Q;n[c) Particles/mL mV
7
Y
ING
xQ
‘\C)
@)
\‘ *
o
N
)
(.O‘b
o
S
A\
N
A¥
2

7 Data presentation

7.1 Report all particle sizes obtained using an APC calibrated in accordance with this document
as “um(c)”, where the sizes were obtained through the use of an APC calibrated in accordance with
[SO 11171 using calibration samples traceable to NIST SRM 2806x.

©1S0 2022 - All rights reserved 19


https://standardsiso.com/api/?name=9509f8a365f514126b8335e4096ae5c3

ISO 11171:2022(E)

7.2 Retain completed Table 2, Table 3, Table 4, Table B.1 and Table C.1 on file for inspection.

8 Identification statement

Use the following statement in test reports, catalogues and sales literature when an APC is calibrated in
accordance with this document:

“Calibration of liquid automatic particle counter conforms to ISO 11171, Hydraulic fluid power —
Calibration of automatic particle counters for liquids.”

20 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=9509f8a365f514126b8335e4096ae5c3

1SO 11171:2022(E)

Annex A
(normative)

Preliminary APC check

© IS0 2022 - All rights reserved 21
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A.1 Conduct the preliminary APC check as set out in the flow chart in Figure A.1 when a new APC is
received, following the repair or re-adjustment of an APC or sensor.

Determine

Determine
sample volume

Prepare RM 8632x
concentrate

Prepare dilution
of concentrate

Prepare particle
counter

|

|

| Analyse diluted
| sample
|

|

|

|

Have five
particle counts
been obtained?

Obtain
another count

Calculate
Coefficient of variation)

Is coefficient

of variation

1 +h 2.0,
TESStriait—o—7o7

Take corrective
action

Preliminary APC
check completed

Figure A.1 — Preliminary APC check procedure
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A.2  Determine the threshold noise level of the APC under no-flow conditions with clean diluent (4.2)
in the sensor. Ensure that the noise levels do not differ significantly for all the channels of the APC. If
significant differences occur, re-adjust the APC. Record the APC and sensor model and serial number,
the date, operator and the threshold noise level of the first channel in Tables 2, 4, B.1, C.1 and E.1.

For APCs that use pulse height analysers (as opposed to comparator circuits), determine only the
first-channel threshold noise level. Contact the APC manufacturer in order to determine the type of APC
being used (pulse height analyser or comparator circuit type).

NOTE The APC manufacturer can provide guidance on how to determine the threshold noise level.

A.3 [Determine the sample volume actually measured during a particle-counting run usihg a method
with|traceability to a national or ISO standard. Record this value in Table 4 and usg)it|to calculate
particle concentrations in all subsequent work.

Contpct the APC manufacturer in order to determine an appropriate method of, determining the sample
voluime.

A.4 | Prepare an RM 8632x concentrate of approximately 100 mg/L asdfoHows:

a) accurately weigh out the required amount of dry RM 8632x (£0;1 mg) and transfer |t to a clean
gample bottle; and

b) fill the bottle approximately 75 % full with an accurately measured amount (+1 mL) of c|ean diluent.

Calcylate the mass concentration of dust, y,, in milligrams per litre, in the concerjtrate using

Formula (A.1):

1000m
w=—""" (A1)
Vo

wherte

m is the mass, in milligrams, of RM 8632x;
Vo is the volume, in millilitres, of clean diluent.

The RM 8632x concentrate,” prepared in accordance with this subclause, is used to determine the
coingidence error limit,(Annex B) and flow rate limits (Annex C) of the APC, as well as to verify particle-
counting accuracy (Anfiex E). Take special care in determining the dust concentration of the|concentrate
and ¢nsure that the.eoncentrate is not contaminated. Failure to do so can cause an otherwise suitable
APC to be deemed unacceptable for use.

A.5 | Cover-the bottle with a clean closure and vigorously shake the concentrate by hand. Disperse
the RM 8632x concentrate ultrasonically for at least 30 s and then shake it on a mechanical shaker
for atdeast 60 s to disperse the dust.-De-gas the concentrate under vacuum or yltrasonic lly until no

surfacing bubbles are observed and proceed immediately to A.6.

A.6 Calculate the amount of concentrate required to prepare a dilution that is about 25 % of the
coincidence error limit for the sensor recommended by the manufacturer. Estimate the number
concentration corresponding to a particular mass concentration using Table A.1.

Add accurately the required amount of concentrate and clean diluent (4.2) to a clean sample container
in order to obtain the correct total volume of diluted RM 8632x suspension. Put a particle-free closure
on the sample container.
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Table A.1 — Particle size distribution for sensor performance verification
(see A.6,B.4,E.4 and E.9)2

Median particle Particle concentration (particles/mL greater than indicat-
. . concentration (particles/mL ed size for a 1,00 mg/L sample of RM 8632x) shall be
Particle size L
greater than indicated
hm(c) ize for a 1,00 mg/L
size fora 1,00 mg/ greater than or equal to less than
sample of RM 8632x)

2 20 210 14 180 28 820

3 10 700 7928 14 440

4 6300 4 553 8713

5 3475 2330 5183

6 1631 938,2 2834

7 769,8 413,6 1433

8 379,1 179,7 799,5

9 196,2 76,57 502,6

10 88,90 27,89 2834
a  The partifle concentrations in Table A.1 are for RM 8632a and can change if a differentbatch of RM 8632x is used
A.7 Set the APC to the cumulative mode. Set the lowest threshold{setting of the APC to 1,5 fimes
the threshold noise level of the APC. Using clean diluent, adjust the flow rate to the working flow|rate.
Record the flow rate in Tables 2, 4, B.1, C.1, and E.1.
Conduct all|of the procedures at the same flow rate. Determine the flow rate limits of the APC in

accordance
correspondj

A.8 Prepa
6.5. Calculat

Cy wvol =

where

with Annex C. Discard any data obtained at flow rates outside these limits and reped
ng part of the procedure using the appropriate flow rate.

re and analyse the diluted RM 8632x"suspension sample prepared in A.6 as describ
e the coefficient of variation for volutite measurement, Cy,,, using Formula (A.2):

N¢ N¢ 2
N¢ inz - in
i=1 i=1

N¢(Ne 1)

100

X

N ist
X

X

1

is the mean.particle concentration, in particles per millilitre, for the five counts;

is theparticle concentration, in particles per millilitre, observed for count i.

e number of-consecutive particle counts performed on the sample (i.e. five);

t the

ed in

(A.2)

A9 The Cy,, shall be 3 % or less in order for the APC to be acceptable. Record the Cy, in

Table

4.

Although the Cy,,, is considered to be a measure of the ability of the bottle sampler to reproducibly
deliver the indicated volume of fluid, other sources of variability, including sample handling and the
counting accuracy of the APC, are also included. Regardless of the source of variability, only proceed
with the calibration where the Cy, is 3 % or less.

24
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Annex B
(normative)

Coincidence error procedure

B.1 Determine the coincidence error limit as set out in Figure B.1 when a new APC is received or after

ther

natrarra ~dinctiannt of A ADC A cnn oy
6+ oF-5€

The
phys

including those particles too small to be counted. The coincidence error limit determined i

shall
high
distn
that

B.2

thref
than
remd

B.3

Fluslh the sensor with at least two 150 mL batchesof clean diluent.

B.4

num
to eg
conc
using

whet

Ne

P O T T oot T oo

magnitude of the coincidence error at a given particle number concentration is-gove
jcal dimensions of the sensing volume, as well as the particle size distribution of

be regarded as a benchmark indicator that is useful for routine analyses. For work
er degree of accuracy, analyse multiple dilutions of a sample to establish that the |
ibution of the sample does not yield a particle number concentratign)significantly di
Hetermined using this annex.

Set the APC to the cumulative mode. Choose a threshold setting corresponding to 1

hold noise level of the APC or corresponding to the smallest particle size of interest if
1,5 times the threshold noise level. Only data from.this channel is used in this an
ining channels to higher settings arranged in ascending order.

Adjust the flow through the sensor to the working flow rate (see A.7) using clean dilu

Prepare dilutions of the concentrate (see A.4) which are 10 %, 20 %, 30 % to 150 % of
ber concentration limit recommended-by the manufacturer for the sensor. Table A.1
timate the mass concentration 0f\RM 8632x necessary to obtain the required part]

ufacturer;

1s the final volume, in millilitres, of the diluted sample;

rned by the
the sample,
n this annex
requiring a
barticle size
fferent from

5 times the
itis greater
nex. Set the

ent (see 4.2).

the particle
can be used
icle number

entration. Calculate the required-amount of concentrate, V3, in millilitres, needed for dach dilution
b Formula (B.1):
X Vs L
| = MYs (B.1)
100X 4
e
(v 1S theparticle number concentration limit, in particles per millilitre, recommended|by the man-

is the percentage of the limit recommended by the manufacturer;

X, isthe particle number concentration, in particles per millilitre, of the concentrate.

Disperse the RM 8632x concentrate in accordance with A.5. Accurately add the required amounts
of concentrate, V;, and clean diluent (4.2) to the sample container in order to attain the correct total
volume. Put particle-free closures on the sample containers.

©ISO
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Prepare
particle
counter

Prepare dilutions of
RM 8632x concentrate
between 10 and 150 % of
recommended particle number
concentration limit

Analyse next dilution

Is
dilution less than 150 %
of recommended
concentration
limit?

Flush sensor with

nekt dilution Plot results

l

Plot regressiolx
line for 0 %t0'40 %
dilutiofs

l

Calculate theoretical
humber of particles

l

Calculate percentage
difference from
theoretical

Plot line with
slope of 95 % of
regression line

Do results cross
95 9% line?

Coincidence error limit is the Coincidence error limit is
particle number concentration the recommended particle
where data crosses 95 % line number concentration limit

@oincidence error limit determined)

Figure B.1 — Coincidence error determination procedure

B.5 Analyse the samples prepared in B.4 as described in 6.5 in order of increasing particle number
concentration.

Evaluate the particle count data using the criteria described in 6.6. If D, is acceptable, record in
Table B.1 the mass concentration, in milligrams per litre, of the diluted sample, the corresponding
observed particle number concentrations for each of the five counts, and the mean particle number
concentration, X , before proceeding to B.6. If DQ is too large, discard the data and suspect an error in

26 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=9509f8a365f514126b8335e4096ae5c3

1SO 11171:2022(E)

the analytical technique. In this case, repeat B.4 and B.5 after taking appropriate corrective action (see
NOTE to 6.6).

B.6 Flush the sensor with the next sample to be counted using at least three times the sample volume
determined in A.3. Repeat B.5 and B.6 for all required dilutions.

B.7 Plot the mean particle number concentration, X, as a function of the mass concentration of
RM 8632%, y, on a linear-graph. Determine the linear regression line for the results from the 10 % to
40 % particle number concentration samples using the least squares method with the intercept set to 0.
The regression equation shall pass through the origin and be of the form given in Formula (B.2):

4

whet

Plot

from
relat
Tabld

B.8
of pd
appr

B.9

Reco

B.10
with

in pgrticles per millilitre{ at'which the data line (B.7) crosses the 95 % line is the coinc

limit|

mantifacturer as the.edincidence error limit of the sensor and use this value for all subsequ

Reco

{=a-y
e a is the slope of the regression line.

0 % to 150 % of the limit recommended by the manufacturer. This line defines thg

B.1 the slope, a, and correlation coefficient, r, obtained by regression analysis.

Use the regression equation obtained in B.7 to calculatethe theoretical number cq
rticles for each mass concentration, X;. Record the valug/of X, for each mass concentj
ppriate cell in Table B.1.

L

X-X
= t %100

Xt

ird the value of E for each mass concentration in Table B.1.

Determine the coincidence error limit of the sensor by plotting a line passing throug
a slope of 95 % of the tHeoretical relationship (see B.7). The lowest particle number co

of the sensor. If the“data line does not cross the 95 % line, report the limit recomme

ird the coineidence error limit, in particles per millilitre, of the sensor in Table 4 and T4

(B.2)

the regression line just determined on the graph for particle numbei concentratipns ranging

theoretical

jonship between the number concentration of particles and thesmass concentration. Record in

ncentration
ation in the

Calculate the difference, E, expressed as a pereértage, between the theoretical, X;, afd mean, X,
particle number concentration for each dilution using Formula (B.3):

(B.3)

h the origin
ncentration,
dence error
nded by the
ent work.

ble B.1.
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Annex C
(normative)

Flow rate limit determination

C.1 Perform the flow rate limit determination, as set out in Figure C.1, when a new APC is received or

follo ,

IMPORTANT — It is essential that the flow rate limits determined in accordance

anngx are followed in all APC calibration and sample analysis work. APC calibration
to flow rate. At high flow rates, the electronics may not determine the\size of ¢
corrgectly. The time interval separating successive particles can be so small that the
are ynable to distinguish them as individual particles.

within this
is sensitive
he particle
electronics

© IS0 2022 - All rights reserved

29


https://standardsiso.com/api/?name=9509f8a365f514126b8335e4096ae5c3

ISO 11171:2022(E)

Is

APC flow
rate

adjustable?

Prepare
particle
counter

Set flow to 20 %
of working flow rate

{

Prepare dilution
of RM 8632x
concentrate

Analyse sample

less then 160 %
of working flow

Set flow to working
flow rate

Increment flow rate

Prepare and analyse 5
RM 8632x dilution samples

Plot results versus
flow rate

Determiine flow rates
where results differ
by more than 5 %

Calculate COV

Flow rate limit

determination completed No
Yes
Service or replace Flow rate limit
APC determination completed

Figure C.1 — Flow rate limit determination procedure

C.2 Record the date, operator, APC and sensor model and serial numbers in Table C.1. Determine
whether the flow rate of the APC bottle sampler can be adjusted by the operator (adjustable flow rate
type) or is designed to deliver the sample at a fixed flow rate (fixed flow rate type).

C.3 If the APC is of the adjustable flow rate type, proceed to C.4. If it is of the fixed flow rate type,
proceed to C.14.
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C.4 Setthe APC to the cumulative mode. Use the calibration curve determined in 6.15 to set the first
channel to 1,5 times the threshold noise level of the APC or the smallest particle size of interest. Ignore
the data from other channels during the flow rate limit determination. Let the flow rate number, ng. = 1.

NOTE

manufacturer.

All channels to be in order of increasing threshold setting, unless otherwise recommended by the APC

C.5 Calculate the flow rate, g, in millilitres per minute, to be used according to Formula (C.1):

q= Ng qm

5

(€.1)

whet

Usin
C.6
Cc.7

C.8
1,5t

i is the flow rate number;

|, isthe working flow rate, in millilitres per minute.

b clean diluent, establish a flow rate approximately equal to gq.
Prepare a sample of RM 8632x in clean diluent as specified in 4.4 to A.6.
Prepare and analyse the RM 8632x sample prepared in"€.6 as described in 6.5.

Record the flow rate and the number of particles observed at the channel corre
mes the threshold noise level of the APC or thexsmallest particle size of interest for e

the appropriate column in Table C.1.

Cc9

the 4
show|
aften

Evaluate the particle count data using(the criteria described in 6.6. If D, is less thar

n in Table C.2, discard the data and:Suspect an error in the analytical technique. Repd
taking appropriate corrective action (see NOTE to 6.6).

sponding to
hch count in

or equal to

ppropriate value shown in Table C.2/proceed to C.10. If D, is greater than the appropriate value

atC.6to C.9

©ISO
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Table C.1 — Flow rate limit worksheet

APC Mode Date
Serial no. Operator
Sensor Model
Serial no.
Noise level
Working flow rate
Flow rate linpits ('1/
N
Y
Particle counts (C.8 and C.10) N )
ng, 1 2 3 4 5 6 7 g
Flow rate \%\J
Count 1 (s\\ N
Count 2 ,\<( -
Count 3
Count 4 (’\\\\ )
Count 5 Q;\v
X ™
©
[a
Part'\ql’e\{ounts (C.14 and C.15)
Count 1 Cour}t-aﬁu‘munt 3 | Count4 | Count5 X
Sample 1 . .V
Sample 2 ,-&\
Sample 3 OJ
Sample 4 ,.O :
Sample 5 N
Mean A )J — — — — —
Star_lda_rdvi<~ — — — — —
dev1at\@
G - -l =1 =-1=
<
32
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Table C.2 — Maximum allowable differences, expressed as percentages, in particle counts

between runs (see 6.6, 6.13, B.5, C.9,D.4, D.9, E.6, E.9, F.5 and F.6)

If X (mean observed Use these values for the Use these values for the maximum
number of particles maximum allowable D, for allowable Cy when the number of
counted) is an individual sample samples analysed is (see E.9 and F.6)
greaterthan| oo thapy | (5€€0:6,6.13 B.5C9,D4DI |\ 3 | Ny_g | N=10 | N=20 | N=40
or equal to E.6 and E.5)
10 000 11,0 7,8 5,3 4,0 2,7 1,8
5000 10 000 11,3 7,8 5,3 4,0 2,7 19
2666 5666 +1-9 79 54 41 29 2,1
4000 2000 13,4 8,0 5,6 4,3 3,4 2,4
500 1000 15,6 8,2 59 4,7 3,6 2,9
00 500 19,3 8,9 6,8 5,7 4,7 4,1
100 200 27,5 10,0 8,0 7,0 6,1 5,5
C.10| Calculate the mean observed particle concentration, X , in particles-per millilitre, and record this
result in Table C.1.
C.11| If ng. 2 8, proceed to C.12. If not, increase ng,. by 1, and repeat C.5 to C.10.
C.12| Plot the mean observed particle concentration, X gitparticles per millilitre, as a fulction of the
flow|rate on a linear-linear graph and connect the data points by a smooth curve.

C.13
more

Recolrd the flow rate limits in Table 4, Table.B:1 and Table C.1.

C.14
in C||
thref
Tabld
samyj

C.15
five

the 4
than

Ideally, always use the APC at the working flow rate. Calibrate APCs at each flow rate for wh

used

Determine the flow rates above and below the working flow rate that yield counts t
than 5 % from those observed at the working flow rate. These are the flow rate limit

Establish a flow rate equal to the working flow rate. Prepare and analyse five samples
b to C.9. Record the number of counts observed at the channel corresponding to 1
hold noise level of the APCerthe smallest particle size of interest for each count of ea
b C.1. Calculate the mean‘observed particle concentration, X, in particles per millili
le and record this resultin Table C.1.

Calculate and ré€eord, in Table C.1, the mean, standard deviation and coefficient of var
X for the samples analysed in C.14. If the coefficient of variation is less than or equal
\PC meets the flow rate specifications of this document. If the coefficient of variatid
3 %, the?APC is unacceptable and requires servicing or replacement.

Always use the APC within the flow rate limits determined in accordance with C.2 tq

hat differ by
5 of the APC.

as specified
5 times the
Ch sample in
[re, for each

iation of the
fo 3 %, then
n is greater

ich they are
C.13. If any

of th
calib

©ISO

ration within these flow rate limits.

2022 - All rights reserved

€ data USed 10T SiZe calibration was obtalned usSing 110w rates outsSide theSe IImits, repeat the size

33


https://standardsiso.com/api/?name=9509f8a365f514126b8335e4096ae5c3

ISO 11171:2022(E)

Annex D
(normative)
Resolution determination

D.1 Perform the resolution determination as set out in Figure D.1 when a new APC is received or

fOHOWiH tl" ranair o ren ~dinctannt Af A ADC A cnncny
g eFepaH-erre—aajusthe Rt o ai 056 RS56+F:

Prepare latex

———— —
sample

Prepare particle
counter

Analyse latex
sample

Do second and
third channels
differ by more
than 3 %

Is difference
betweern these channels
minimized?

v Determine new

es ;
channel settings and
set first five channels

Analyse latex
sample

Readjust first
four channels

Calculate resolution

Is resolution
acceptable?

Resolution determination
completed

Figure D.1 — Resolution determination procedure

Repair or replace
particle counter
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Determine resolution using a polystyrene latex sphere suspension with a nominal particle size of 10 um
(4.1). Measure the resolution at not less than 2,1 times the threshold noise level of the APC (see Annex A).
Use the calibration curve determined in Clause 6 to determine the corresponding size as specified in
D.3. Be aware that optical artefacts can occur that yield poor resolution results. If poor resolution is
obtained contact the APC manufacturer to determine the reason and discuss the appropriate action.

Note that the procedures may be carried out manually or by the use of appropriate software for those
APCs with microprocessor controls. Alternatively, resolution may be determined through use of an
MCA. Such practice is acceptable, provided the relationship between the measured voltage of the MCA
and the APC threshold setting is established. In general, an MCA provides faster, more accurate results
than the differential half-count method.

D.2 | Prepare a sample of polystyrene latex sphere suspension as follows:
a) (Calculate the volume of polystyrene latex sphere concentrate (4.1), V,, in millilitres, that needs to
Ibe added to clean aerosol OT diluent (4.3) to achieve a particle concentratign\that is approximately
25 % of the coincidence error limit for the sensor using Formula (D.1):
Vs X, md3
=— L (D.1)
6x1010xw,
whertte
Vs is the final volume, in millilitres, of the polystyreneélatex sphere suspension;
X, isthe desired particle concentration, in particles per millilitre;
¢, is the mean diameter, in micrometres, ofthe polystyrene latex spheres indicated qn its certifi-
cate of analysis (see 4.1);
w, is the solids content, expressed as a’percentage mass fraction, of the polystyrene |atex sphere
concentrate (this value is typically supplied by the manufacturer of the polystyrene latex spheres).
b) $hake polystyrene latex sphere concentrate vigorously by hand, then disperse it ultragonically for
30 s and finally shake it meéhanically for at least 1 min to suspend the polystyrene latgx spheres;
c) Prepare a suspension of-polystyrene latex spheres by adding the required amount of jpolystyrene
latex sphere concentrate, V,, to a sample container approximately 75 % full of clear] aerosol OT
dliluent (4.3) and dispersing the sample by mechanical shaking for at least 1 min.
The final dilution.of the polystyrene latex sphere suspension, which is counted, shall|be clear in
appeprance. Before proceeding, correct any cloudiness in the sample, which indicates|insufficient
dilutjon.
D.3 | Set'the APC to the differential mode. Use the calibration curve (see Clause 6) to ¢stimate the
thre~. hUld octtius that CUI'l CDPUlldD tU thc lJUl_y Dt_y I'CIIT }CltCA Dl}hcl < DiLC, adS fUllU VWV 3.
a) Setthe first channel to 1,5 times the threshold noise level of the APC;
b) Setthe third channel to the threshold voltage setting corresponding to the polystyrene latex sphere
size;
c) Setthe second channel to the threshold voltage setting corresponding to 0,56 times the threshold
voltage setting of the third channel;
d) Set the fourth channel to the threshold voltage setting corresponding to 1,56 times the threshold

voltage setting of the third channel.

Use only the differential particle counts of the second and third channels to determine the threshold
setting corresponding to the polystyrene latex sphere size.

© IS0 2022 - All rights reserved
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Due to differences in the optical properties of the polystyrene latex spheres and the calibration
dust (4.4), the apparent particle size obtained using an APC calibrated in accordance with Clauses 5 and
6 differs from the size stated by the supplier of the polystyrene latex spheres. As a first approximation,
choose a particle size that is 10 % to 50 % larger than the particle size stated by the supplier of the
polystyrene latex spheres.

NOTE1 D.3, D.4 and D.5 specify the moving-window differential half-count method for determining the
threshold setting that corresponds to the mean polystyrene latex sphere size. These data are critical to
determining sensor resolution. Inaccurate determination of the threshold setting corresponding to the mean
polystyrene latex sphere size can result in apparently poor sensor resolution and failure of the APC to pass the
sensor performance specification.

NOTE 2  Tq determine the half-count setting more rapidly, some labs first perform D.3 to D.5, but obtair} only
one count (inptead of five as indicated in D.4) of atleast 500 particles in the second channel, and then refadjuft the
channels as rlecessary and repeat the process until the half-count condition described in D.5 achieved:-Follgwing
this, they repleat D.3 to D.6 using five counts as described in D.4.

D.4 Prepafe and analyse the diluted polystyrene latex sphere sample as describedin6.5, but obtain at
least 2 500 particles in the second channel, instead of 10 000 particles at the smallest threshold sefting.
Evaluate th¢ particle count data using the criteria described in 6.6. If D, is léss than the appropriate
value shown in Table C.2 for the second and third channels, proceed to D:5."If not, discard the|data
and suspectjan error in the analytical technique. Repeat D.2 to D.4 afteptaking appropriate corrective
action (see NOTE in 6.6).

D.5 Calculate the difference in observed particle counts, D, expressed as a percentage, between the
second and third channels using Formula (D.2):

N.
D=|1-F2 |x100 (D.2)
N3

where

N, is tIe mean number of particles counted for the second channel;

N3 is the mean number of particleSieounted for the third channel.
If the absolpte value of D is less _than or equal to 3 %, the threshold setting of the third chqnnel
corresponds to the size of the polystyrene latex sphere. In this case, proceed to D.6. If not, and {f the
value of D i negative, the threshold settings in D.3 are too high. If D is positive, the threshold setfings
in D.3 are foo low. Re-adjust the second, third and fourth channel settings while maintaining the
relationshiplamong thesethree channels as described in D.3. Repeat D.3 to D.5 using threshold settings
for the second, third-and fourth channel which have been re-adjusted. If no threshold setting yjields
an absolute [value for'D less than 3 %, the threshold setting of the third channel yielding the minimum
absolute value of D-corresponds to the size of the polystyrene latex sphere.

D.6 Using the calibration curve obtained in 6.15, determine the particle size that corresponds to the
threshold setting of the third channel. Using the calibration curve obtained in 6.15, determine the sizes
and threshold settings that correspond to 0,9 and 1,1 times this size.

D.7 Setthe first five channels of the APC as follows:

a) Set channel A, the first channel, to the threshold voltage setting corresponding to 0,56 times the
threshold setting of the third channel, channel C;

b) Setchannel B, the second channel, to the threshold voltage setting corresponding to a size 0,9 times
the size of the polystyrene latex sphere determined in D.6;

c) Keep channel C, the third channel, at the threshold voltage setting corresponding to the size of the
polystyrene latex sphere determined in D.6;
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d) Setchannel D, the fourth channel, to the threshold voltage setting corresponding to a size 1,1 times
the size of the polystyrene latex sphere determined in D.6;

e) Set channel E, the fifth channel, to the threshold voltage setting corresponding to 1,56 times the
threshold setting of channel C.

Use only differential counts to determine resolution.

D.8 Prepare and analyse the diluted polystyrene latex sphere sample as described in 6.5, but obtain at
least 2 500 particles in the second channel, instead of 10 000 particles at the smallest threshold setting.

D.9 | Evaluate the particle count data using the criteria described in 6.6. If Dy iscless than the
apprppriate value shown in Table C.2 for the second and third channels, proceed to D.10. If|not, discard
the data and suspect an error in the analytical technique. Repeat D.8 after taking appropriate corrective
action (see NOTE in 6.6).

D.10| Calculate the mean differential particle concentration for each channeh

D.11| Calculate the apparent standard deviation of the APC using Formulae (D.3) and (D.4)

~ d
1L " 6In[1+2(Ng /N, )] (D:3)
d
R " 6In[1+2(Nc /Np)] (D4)
wherte

4, isthe apparent left or negative-side(Standard deviation, in pm;
4g  is the apparent right or positivé-side standard deviation, in pm;

d is the apparent polystyrere latex sphere size, in micrometres, obtained using th¢ calibration
curve obtained in 6.15-for the threshold setting of the third channel;

[N, is the mean numberof particles counted for channel A;
[Ny is the mean plimber of particles counted for channel B;
[N is the m€annumber of particles counted for channel C;

INp is thegnean number of particles counted for channel D.

D.12| €aleulate the positive and negative-side resolution (Rp and R;, respectively) using Formulae (D.5)

and ((B-6}:

[2 2
R :100 SL =S| (D.5)

L d
100y/s2 —s?
Ry :% (D.6)

where s, is the standard deviation of the polystyrene latex sphere size, in micrometres, stated by the
supplier.

The APC resolution, R, is Ry or R}, whichever is greater. Record d, sy, s, Ry, R, and R in Table 4.

©1S0 2022 - All rights reserved 37


https://standardsiso.com/api/?name=9509f8a365f514126b8335e4096ae5c3

ISO 11171:2022(E)

D.13 If Risless than 15 % for polystyrene latex spheres with a nominal size of 10 pum (see 4.1) and the
absolute value of the difference between Ry and Ry is less than or equal to 5 %, the resolution of the
sensor is acceptable. If R equals or exceeds 15 %, or the absolute value of the difference between Ry and
R, is greater than 5 %, the APC is unacceptable and requires servicing or replacement. Alternatively,
there might be an error in the procedure used to prepare or analyse the polystyrene latex sphere
sample, or the polystyrene latex spheres themselves might not meet the requirements of 4.1. In this
case, identify and correct the error, and repeat the resolution determination procedure specified in D.2
to D.12.

NOTE Cleaning the liquid-wetted portions of the APC system in accordance with the instructions of the
manufacturer can help improve resolution.

D.14 If the [APC fails to meet the resolution requirements of D.13, check the polystyrene latéx sphere
size distribytion using an MCA or APC in the cumulative mode as follows:

a) Determjne the size range corresponding to 0,55 and 1,45 times the size of the polystyrene [latex
spheres| as determined in D.6. Divide the size range into at least 10 equal siZe incrementg and
determine the corresponding threshold settings using the calibration curve.obtained in 6.1%. Set
the channels to as many of these threshold settings as possible;

b) Preparg and analyse a polystyrene latex sphere sample as described in*D.2 and D.4, but with the
APC set|to the cumulative mode. Repeat the analysis at different thfeshold settings until sufficient
numberjs of particles are obtained for all of the size increments:;When repeating the analysis, do
not chapge the channel corresponding to the smallest size;

c¢) Normaljze the results of each run by expressing the number of counts in each channel|as a
percentpge of the total counts observed in the smallest channel for the same run. Compile the
normaljzed results in order of ascending size in a table. For each size, calculate the differgntial
percentpge by subtracting the cumulative results foreach size from the cumulative results fgr the
next largest size;

d) Plot the|differential results versus size and fit-a smooth curve through the data.

The curve plotted in item d) should be Gaussian (bell-shaped) in appearance with no secondary geaks
and the diff¢rential percentages at the sthallest and largest sizes should approach zero. If observed and
the APC failpd the resolution requirements of D.13, the APC needs to be repaired or serviced or ¢lse a
larger number of size increments dre needed to verify the polystyrene latex sphere size distribytion.
If not obseryed, suspect a problem)with the polystyrene latex spheres or with the sample prepargtion.
Regardless pf why the APC faitéd, obtain an acceptable resolution for the APC as defined in D.[3. If
resolution chnnot be obtainéd)then the APC cannot be calibrated in accordance with this document.
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Annex E
(normative)

Verification of particle-counting accuracy

E.1 Verify sensor particle-counting accuracy as set out in Figure E.1 when a new APC is received, or

follopiretherepairerreadjustmentofanAPRCorsenser

E.2 | Prepare three identical samples containing 1,00 mg/L of RM 8632x (4.7) suspended in clean
dilugnt (4.2).

IMPORTANT — It is critical that the dust concentration in this sample is accurate, because the

pre
resu
may
avoi
purd

E.3
least]

E.4
sizes
the t

4 um(c), 6 um(c) and 10 pm(c). Use the calibration curve previously determined in 6.15 to dd

thres
mord

E.5

E.6
proc

E.7

reSI:{ts obtained by analysis are compared to the values given in Table A.1. Inaccuracie

sinsample

aration or counting can contribute to deviations from the values in Table A.1,

hich could

t in rejection of an otherwise acceptable sensor. The three*1;00 mg/L RM 8632x samples
be prepared in accordance with A.4 through A.6. When this method is used, be careful to
l errors introduced by weighing, volume measurement and settling. Alternatively, consider

hasing 1,00 mg/L RM8632x samples from a reliable source that certifies its work.

Disperse the sample ultrasonically for at least 30 s ahd then shake it on a mechanical
1 min to disperse the dust. Keep shaking the sample until it is to be analysed.

Set the APC to the cumulative mode and set’the threshold voltage settings to at least
selected from those particle sizes listed inTable A.1. These settings shall be greater th
hreshold noise level of the APC and shall include the smallest particle size of intere

hold voltage settings corresponding to these sizes. If the sensor is incapable of count
of these sizes, choose alternative’sizes within the range of sizes listed in Table A.1.

Adjust the flow rate tothe’'working flow rate.

Analyse the samples as described in 6.5. If the data meet the quality criteria spec
bed to E.8. If they-do not, discard the data and suspect an error in the analytical techni

Repeat E.2t0 E.6 after taking appropriate corrective action (see NOTE to 6.6).

thaker for at

six different
an 1,5 times
bt as well as
termine the
ng at one or

ified in 6.6,
que.
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E.8 RepeatE.3 to E.6 until three samples have been analysed.

——— . Prepare 1 mg/L
dilution of RM 8632x
,———>
concentrate

Prepare particle
counter

Analyse sample

Were three
samples analysed?

-
|

Calculate mean
and coefficient of
variation

Are\lmean
andcoefficient of
variation acceptable
for all sizes?

APC system
UYnacceptable for use
error?

| Take corrective

action

Sensor performance
verification completed

Figure E.1 — Verification of particle-counting accuracy
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