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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 o
that committee. International organizations, governmental and non-governmental, in liaison with 1SO, also take part in the
work. ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of electrotechnical
standardization.

Draft Interpational Standards adopted by the technical committees are circulated to the member badieq for voting. Publicatio
as an Intefnational Standard requires approval by at least 75 % of the member bodies casting a.vote.

Internationjal Standard 1SO 10337 was prepared by Technical Committee ISOF&rd&um products and Jubricants,
Subcommjttee SC Bulk cargo transfer, accountability, inspection and reconciliation.

Annex A forms an integral part of this International Standard. Annex B is for information only.
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INTERNATIONAL STANDARD ©1SO

ISO 10337:1997(E)

Crude petroleum — Determination of water — Coulometric Karl Fischer
titration method

WARNING — The use of this International Standard may involve hazardous materials, operations, and equipment.

This Inter
responsibi
determine

1 Scope

This Intern
petroleum
more than
5,00% (m
both.

NOTE 1
determinati

ational Standard does not purport 1o address all of the saiety problems associated with 1ts,U
ity of the user of this International Standard to establish appropriate safety and health practi
the applicability of regulatory limitations prior to use.

be. It is the
ces and

ational Standard specifies a coulometric Karl Fischer titration method for-the direct determin
It covers the range 0,08Qm/m) to 5,00% (m/m) water in crude petroleum containing less than
0,005 ¥n{¥m) of either mercaptan sulfur or sulfide ion sulfur or both. It covers the range %,
M) water in crude petroleum containing less than 0%@&/m) of gither mercaptan sulfur or sulfi

A number of substances and classes of compounds associated with condensation or oxidation-reduct
bn of water by Karl Fischer titration. However, the only likelyiAterfering substances present in crude p

tion of water in crud
2eQEn/m) but

to

e ion sulfur or

n reactiomshaterfere i
oferncaptans

and ionic slfides and providing that they are present at levels less tha Qy08), the interference is insignificant whgn determining

water in thq

NOTE 2
5,00 % Y/

range 0,036 (m/m) to 5,00 % m/m).

An alternative procedure is provided in annex B_forthe direct determination of water over the rangé/
) in crude petroleum containing less than G®B/A) of either mercaptan sulfur or ionic sulfide sulfur or b

under whiclh this alternative volume measurement may\be used are listed in annex B. The volume measurement

determine
as either m

NOTE 3
fractions re

2 Norm

The follow
Standard.
agreemen
editions of
Standards

vater in the range 0,02 W8\() to 5,00% (V/A).ifthe above interfering substances are present at levels of |4
rcaptan sulfur or ionic sulfide sulfur ot both.

spectively.

htive references

ng standards’eéontain provisions which, through reference in this text, constitute provisions o
Athe time_of publication, the editions indicated were valid. All standards are subject to revisid
s based.op'this International Standard are encouraged to investigate the possibility of applyi
the standards indicated below. Members of IEC and ISO maintain registers of currently valid

5% (
bth. The limitations
ay also be used to

ss thafo@\0N5

For the purposes of this International Standard, the terms/i%"@and "% {//V)" are used to represent the nass and volume

this International
n, and parties to
ng the most recent
International

ISO 3170:

ISO 3171:

ISO 3696:

1988Petroleum liquids — Manual sampling
1988Petroleum liquids — Automatic pipeline sampling

1987Water for analytical laboratory use — Specification and test methods

ISO 3733:1976Petroleum products and bituminous materials — Determination of water — Distillation method.

ISO 3734:1997Petroleum products — Determination of water and sediment in residual fuel oils — Centrifuge.method
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3 Principle

©1SO

After homogenizing the crude oil with a mixer, a weighed portion is injected into the titration vessel of a coulometric Karl
Fischer apparatus in which iodine for the Karl Fischer reaction is generated coulometrically at the anode. When all the water
has been titrated, excess iodine is detected by an electrometric end point detector and the titration is terminatecheéBased on t
stoichiometry of the reaction, one mole of iodine reacts with one mole of water. Thus the quantity of water is proportional to
the total integrated current according to Faraday's Law.

4 Reagents

4.1 Xylene,reagent grade.

4.2 Karl Fis
Use commer
4.2.1 Anods

Mix 6 parts b
proportions @

4.2.2 Catho

Use commer

4.3 Water,c

5 Apparat

5.1 Automa

NOTE — Th¢
manufacturers

Cher reagents
Cially available reagents that meet the performance requirements described in 7.3?
electrolyte solution (anolyte)

y volume of commercial Karl Fischer anode solution with 4 parts by volume of reagent grade
f Karl Fischer anode solution and xylene may be used providing they‘meet the performance

fe electrolyte solution (catholyte)

Cially available Karl Fischer cathode solution.

pnforming to grade 3 of ISO 3696.

LIS

ic coulometric Karl Fischer titrator

bre are presently available a number:of commercial instruments. Instructions for operating these devicq
and are not described herein.

5.2 Non-aefating mixer, capable of meeting the homogenization efficiency requirements given in annex A

NOTE — Bot
acceptable prg

5.3 Syringe$

Add test port
such that the]

h insertion mixers and\circulating external mixers, such as those used with automatic crude petroleum
viding they comply\with the principles of annex A.

D

ongtathe titration vessel by means of glass syringes with Luer fittings and hypodermic need
tip-can reach under the surface of the anolyte when inserted through the inlet port septum. T

xylene. Other
Criteria of 7.3.

schlyy pinevide

saenpdingreyst

es of suftable leng
he borekesf the need

used shall be-keptas-smalt-as-possiblebutarge-enrough-te-aveid-problemsarising-from-backpressure—o
154 14 [ }°) 1Y) |4 15 |

sampling.

NOTE 1 Needles with bores between 0,5 mm and 0,8 mm have been found suitable.

NOTE 2

Recommended syringe sizes are:

a) 1opl with fixed needle for periodic addition of water to check the titrator performance;

b) 250ul and

1 ml for crude petroleum samples.

5.4 Balancecapable of weighing to £0,1 mg.

5.5 Thermometer, capable of measuring the sample temperature to the neéfest 1

blocking whilst
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6 Sampling and sample preparation

6.1 General

Sampling is defined as all the steps necessary to obtain a representative sample of the contents of any pipe, tankeon other sy
and to place the sample into the laboratory test container.

6.2 Laboratory sample

Only representative samples obtained as specified in ISO 3170 or ISO 3171 shall be used for this International Standard.

6.3 Preparation of the laboratory sample
The follomjng sample handling procedure shall apply in addition to 6.2.

6.3.1 Redord the temperature of the sample in degrees Celsius immediately before mixing,

6.3.2 Mix|the laboratory sample immediately before analysis to ensure complete homogeneity. Mix the|
the origingl container with the mixing time, mixing power (speed) and mixer position‘relative to the bottd
found to bg satisfactory for the crude petroleum being analyzed as established by.the procedure given

laboratory sample in
m of the container
n clause A.3.3. The

volume and water content of the crude petroleum shall not exceed the maxima-validated in clause A.3.3.

6.3.3 Redgord the temperature of the laboratory sample in degrees Celsids immediately after mixing. The rise in temperature
between this reading and the reading in 6.3.1 shall not exceitidtberwisé.loss of water may occur or thelemulsion may be
destabilized.

7 Procedure

7.1 Preparation of the apparatus

7.1.1 Follpw the manufacturer's directions for préparation and operation of the titration apparatus.

7.1.2 Add the anolyte to the outer compartment of the titration cell to the level recommended by the manufacturer.

7.1.3 Add the catholyte to the inner.compartment of the titration cell to a level 2 mm to 3 mm below thq level of the anolyte.
7.1.4 Sed all joints and connections to the titration cell to prevent atmospheric moisture from entering.

7.1.5 Turn on the titrator and stirrer. Allow the residual moisture in the titration cell to be titrated until the end point is
reached. Do not proceed)beyond this stage until the background current (or background titration rate) i$ constant and less th
the maximum recommended by the manufacturer of the instrument.

NOTE — High background current for a prolonged period may be attributable to moisture on the inside walls of the fitr&énlee

shaking of the géll(or more vigorous stirring action) will wash the inside with electrolyte. Also check all fittings t eric

moisture dges:not enter the cell. It is recommended that the titrator be permanently switched on to stabilize to a lomdbaakgriu

7.2 Test portion

Mix the sample as specified in 6.3.1 to 6.3.3.

7.2.1 Immediately after mixing use a clean, dry syringe of suitable capacity (see table 1 and the note following table 1) to
withdraw at least 3 portions of the laboratory sample and discard to waste. Immediately withdraw a test portion of sample,
clean the needle with a paper tissue and weigh the syringe and contents to the nearest 0,1 mg. Insert the needle fetough the
port septum, start the titration and, with the tip of the needle just below the liquid surface, inject the entire test portion.
Withdraw the syringe, wipe the needle with a clean tissue and reweigh the syringe, to the nearest 0,1 mg. After thesend point

reached, record the water titrated from the display on the titrator.
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Table 1 — Test portion size based on expected water content
Expected water content Test portion size Water titrated
% (mim) g Mg
0,02t0 0,1 1 200 to 1 000
0,10t0 0,5 0,5 500 to 2 500
0,50t0 5 0,25 1 250 to 12 500
NOTE — Ift ’ z alstestitartion
to avoid excegsive titration time and depletion of the reagents. Further adjustment of the portion size may be madeyas necessar

7.2.2 When

shall be take

known to be
10.1.1.

7.3 Check t

The water tit

use and shal
and then aftd

occurs:
— the result

— persistent

— phase seq

— the total ¢

— the titrator

Thoroughly g

use acetone

8 Calculation

Calculate the

w =

where
w
my

mp

the background current or titration rate returns to a stable reading as outlined in 7.1.5.an’adg

homogeneous and stable as determined in clause A.3.3. Duplicates shall agree to’within the

pSt

ated is a direct function of the coulombs of electricity consumed. However, reagent performg
be regularly monitored by accurately injecting @bwater. Suggested intervals are initially with
r every 10 test portion injections. Replace the anolyte and catholyte solutions whenever one

from a 1Ql injection of water is outside 10 0Q@ = 200ugs;

y high or unstable background current;

aration in the outer compartment or crude ©il coating the electrodes;

rude oil content of the titration cell exceeds one third of the volume of the anolyte;

displays error messages which suggest replacement of the electrolytes (see manufacturer’s

lean the anode and cathode.compartments with xylene if the vessel becomes contaminated
or other ketones. Blocking-ef the frit separating the vessel compartments will also cause instf

water contem, as a percentage (mass/mass) by:

my

2 x 100
10° % mq

itional test portion

h to give a duplicate determination. Duplicates shall be taken and injected within thé period for which tise sample

repeatability limit of

nce deteriorates with
fresh reagents
of the following

instructions).

vith crude oil. Never
ument malfunction.

mp
104 x mq

is the water content in percentage (mass/mass);
is the mass of the test portion in grams;

is the mass of water displayed by the titrator in micrograms.
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If the result is additionally required in terms of percentage (volume/volume), calculate using the following equation:

Wy = Wm X 0
where
Wy is the water content in percentage (volume/volume);
Wi is the water content in percentage (mass/mass);
p is the density of the sample of crude petroleum in kilograms per cubic meteétGat 15

9 Expression of results

If the water content is less than 13Qm/m), report the water content of the sample as a percentage-(mags/mass) to the neare:s
0,001% (m/m).

If the water content is between 1 80(m/n) and 5,00/ (m/m) report the water content of the sample as a gercentage
(mass/mass) to the nearest OIm/m).

10 Pregjsion
10.1 The jprecision of this test method as determined by the statistical examination of interlaboratory tgst results is as follow:

10.1.1 Repeatability,r
The differgnce between successive test results, obtained by the same operator with the same apparatys under constant ope

conditions|would, in the long run, in the normal and correct opération of the test method, exceed the foljowing values in one
case in twenty:

rg 0,O4OX2/3

whereX is the mean of the results being comparediin the range from%,Q207) to 5,00 % (/m).
10.1.2 Reproducibility, R

The differgnce between two single and-independent results obtained by different operators working in different laboratories o

nominally |dentical test material would, in the long run, in the normal and correct operation of the test mlethod, exceed the
following Values only in one case‘in twenty:

2
R|= 0,105X/3

whereX is the mean of the results being compared in the range from%,020m) to 5,00 % n/m).

NOTE — Pee table2 for examples.

11 Test|report

The test report shall contain at least the following information:

a) a reference to this International Standard;

b) the type and complete identification of the product tested;

C) the result of the test (see clause 9);

d) the mixer type, mixer speed, mixing time and mixing position relative to the bottom of the container;
e) the temperature of the sample before and after mixing;

f) any deviation, by agreement or otherwise, from the procedure specified,;

0) the date of the test.
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Table 2 — Precision Intervals

©1SO

Water content

Repeatability

Reproducibility

%(m/m) r R
0,020 0,003 0,008
0,050 0,005 0,014
0,100 0,009 0,023
0,300 0,018 0,047
0,500 0,025 0,066
0,700 0,032 0,083
1,00 0,04 0,11
1,50 0,05 0,14
2,00 0,06 0,17
2,50 0,07 0,19
3,00 0,08 0,22
3,50 0,09 0,24
4,00 0,10 0,26
4,50 0,11 0,29
5,00 0,12 0,31
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Annex A
(normative)

Sample handling

neral

A.1.1 Thg methods of handling samples between the point at which they are extracted or drawn, and\the laboratory test ber

or sample

storage are devised to ensure that the nature and integrity of the sample be maintained:

A.1.2 Thg method of handling a sample will depend on the purpose for which it has beenctaken. The Igboratory analytical

procedure

sample. If

appropriate procedure to each sample.

A.1.3 TaKe particular care in respect of the following:

a) li
b) li
c) lig
A.1.4 Wh

and sediment content. This is a very difficult operatiomand shall be avoided if at all possible.

A.1.5 Do
laboratory
volatile co

A.2 Ho

A2.1 In

Procedure
uniform, b

verifying 1at the-sample is satisfactorily mixed before transfer are given in clause A.3.

Itisnotp

duids containing volatile material, since loss by evaporation:¢an occur;

quids containing water and/or sediment, since separatigrn tends to occur in the sample contair

the analytical procedures to be applied have conflicting requirements, then-draw separate s

en making up composite samples, take great.gare not to lose light ends from volatile liquids &

not transfer samples of volatile liquids:to other containers at the sampling location but transp
in the original sample container, cooled and inverted, if necessary. Great care is necessary i
mponents and free water.

mogenization of samples

roduction

bfore transfer from the sample container to smaller containers or into laboratory test apparaty

to be used will often require a special handling procedure to be associated withyit. For this rgason, consult the
appropriate methods of test so that any necessary instructions as to sample handling-can be given to t

e person drawing the
mples and apply the

er,

uids with potential wax deposition, since deposition ‘can occur if a sufficient temperature is ngt maintained.

Ind not to alter water

prt them to the
a sampletltontains b

s are specified for the homogenization of samples that may contain water and sediment, or afe in any other way ne

s. Procedures for

se the water and

sible to agitate manually samples of liquids containing water and sediment enough to dispe

sediment within the sample. Vigorous mechanical or hydraulic mixing is necessary in order to homogenize the sample prior t

transfer or

sub-sampling.

Homogenization may be accomplished by various methods. Whichever method is used, it is recommended that the
homogenizing system produces water droplets beloanb(but not less thandm. Water droplets below Im will give a
stable emulsion and the water content cannot then be determined by centrifuge methods.
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A.2.2 Homogenization by high-shear non-aerating mechanical mixer

©1SO

Insert a high-shear mechanical mixer into the sample container so that the tip of the shaft reaches to within 30 mm of the
bottom. A mixer operating at 15 000 Mmiris usually suitable. Other designs may be used if the performance is satisfactory.

In order to minimize loss of light ends from crude petroleum or other samples containing volatile compounds, operate the

stirrer through a gland in the closure of the sample container. A mixing time of 3 min is sometimes sufficient to ersarre that t
sample is completely homogenized, but the size of the container and the type of crude petroleum affect the homogenization
time. Verify that the sample has become homogeneous (see A.3).

NOTE — High shear mixers frequently produce stable emulsions such that water contents after mixing cannot be deterntiifadéy ce

methods.

Avoid any rig

A.2.3 Circ

Circulate by
installed extq
instructions f

Use a circuld

NOTE — At
system.

When the wh
whilst the pu
traces of the

A.3 Verifi

A.3.1 Ifthe
lubricant add
sample give

NOTE — As
mixing.

A.3.2 Ifthe
are part of th

e in temperature greater tharf@CQuring mixing.

Ilation with non-aerating circulating mixing system
means of a small pump the contents of either permanently sited or portable coftaihers throug
br the operation of the specific pump design and capacity chosen.

ting flow rate sufficient to circulate the contents at least once per minute.

pical mixing time is 15 min, but this will vary according to the water content, the type of hydrocarbon a|

ole sample is thoroughly mixed, run off the required quantity of sub-sample from a valve in tH
mp is running. Then empty the container and thoroughlysclean the entire system by pumping
hydrocarbon have been removed.

cation of mixing time
Eample remains homogeneous and stable after mixing (e.g. where completely miscible comp

tives have been blended), continue_the mixing procedure until sucessive samples drawn fror
dentical results. This establishes the minimum mixing time.

the sample is homogeneous-after this time, and will remain so, transfers from the main bulk can be ma

tample does not remain homogeneous for more than a short period of time after mixing (e.qg.
e mixture) use_the Special method for the verification of mixing time described in A.3.3.

h a static mixer

rnally in small bore piping. For portable containers, use a quick-disconnect coupling. Follow the manufacturer’s

Siythefdhe

e circulating line,
solvent round until all

pnents such as
n the main bulk of the

detethout fur

if water and sediment

NOTE — It njay be necessary, owing to the characteristics of the crude petroleum, to sub-sample whilst mixing is s prog

A.3.3 Ensur|
sample. Rec

b the sample as drawn fills the pre-weighed container to approximately three quarters full, an
prd-the mixing time, mixer speed and the mixer position relative to the bottom of the containe

H homogenize the
. After mixing take

duplicate tes

" P H oot & " — (O N 4 ! ! 41 (W A AN 1
PUTUHUTIS alfU Uit UIeh wdalSl CUTTIETTUTTTTITIEUIALTTY Uy a Stdliudia TITeiou (SET A.o0.4). 1

the teseresults giv

good agreement, within the repeatability of the method, record the mean value obtained as the blank water content. If the test
results do not give a good agreement repeat this procedure with a longer mixing time or faster mixing speed.

Reweigh the sample container and calculate the mass of crude petroleum. Add an accurately measured quantity of water to rai
the water content to approximatel$&m/m). Homogenize using the same mixing time, mixer speed and position relative to

the bottom of the container as was used for the blank. After mixing take duplicate test portions and determine their water
content immediately by the standard method. If there is good agreement, within the repeatability of the method, between the
water contents determined and the total quantity of water known to be present (added water plus that found in the blank) then
record the mixing conditions as adequate. The time between the end of mixing and taking the second test portion is the period

for which the

sample is known to be homogeneous and stable.
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If the results do not show good agreement within the repeatability of the method, then discard them. Revert to the beginning
A.3.3 and use a longer period of mixing and/or faster mixing speed.

A.3.4 Do not determine water content by the centrifuge method (ISO 3734) or by the distillation method (ISO 3733) for this
verification of the mixing system, as these methods do not determine total water content.

A.4 Transfer of samples

A.4.1 If the sample container is not portable, or if it is inconvenient to take samples directly from the container into laborator
test apparatus, transfer a representative sample into a portable container for transport to the laboratory.

A.4.2 At gvery stage of transfer of a sample, it is essential to homogenize the contents of the containef from which the samg
is being taken using one of the methods specified in clause A.2.

A.4.3 Vernfy the mixing time for each combination of container and mixer by one of the méetheds speciffed in clause A.3.

A.4.4 Complete any transfer of sample within the period during which the mixture is khown to be homdgeneous and stable.
This periogl is short; do not take longer than 20 min to complete any transfer.
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Annex B
(informative)

©1SO

Alternative test method using volumetric measurement of test portion size

B.1 Gene

ral

This alternati
with the exce
The limitation
— the prior g

— the vapor

B.2 Princ

The principle
The procedu

B.3 Addit

The presenc
petroleum to

Viscous crud

B.4 Appa

Syringes 25(

B.5 Proce

Add a test pg
using the foll

Using a clea
laboratory s3
record the va

Ve test method covers the determination of water In crude petroleum as described n this Intg
ption that a volumetric measure is used for the test portion of the crude petroleum injected in
s under which this alternative may be used are as follows:
greement of both parties has been obtained:;

pressure and viscosity of the crude petroleum permit an accurate determination of the volum

ple

is identical to that described in clause 3 except that the test portion is measured by volume i
'es described in this International Standard are followed excépt'as described below.

onal interferences

b of gas bubbles in the syringe can be a source aofiinterference leading to low results. The ten
form gas bubbles is a function of crude petroletim type, condition, and corresponding vapor

e petroleums may prove to be difficult to measure with a precision syringe.

Fatus

pl, 500l and 1 ml capaciti€sy accurate to the neargdt 2l and 0,01 ml (1Qul) respectively.

dure

rtion of the crude)petroleum to the titration cell immediately after the mixing steps, described
bwing methods

N, dry syringe of suitable capacity (see table B.1 and note following table B.1) withdraw at lea
mple ‘and discard to waste. Immediately withdraw a test portion of sample, clean the needle

port septum,

lume'in the syringe to the nearqdtd@ 10l as appropriate (see clause B.4). Insert the needle

is reached, record the water titrated from the readout displayed on the instrument.

Table B.1 — Test portion size based on expected water content

rnational Standard
to the $bedtion ve

e of the test portion.

ather than by mass

dency of the crude
pressure.

in 6.3,1106.3.3

S5t 3 porions of th
vith a paper tissue an
rough the inlet

. Attgraimé en

Expected water content Test portion Water titrated
%(V/V) ml Hg
0,02-0,1 1 200 - 1 000
0,1-0,5 0,5 500 - 2 500
05-5 0,25 1250 - 12500

10
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