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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
Commission

International

Draft Interna

Publication gs an International Standard requires approval by at least 75 % of the member bodies casting

Attention is drawn to the possibility that some of the elements of this International Standard may be the

patent rights

International
SC 7, Alumi
industry.

Annex A of this International Standard is for information only.

ISQ, also take part in the work ISQ collaborates closely with the International Flect

otechnical

(IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’3.

ional Standards adopted by the technical committees are circulated to the member bodies

ISO shall not be held responsible for identifying any or all such patent rights.

Standard 1SO 12977 was prepared by Technical Committee~ISO/TC 47, Chemistry, Sub
pium oxide, cryolite, aluminium fluoride, sodium fluoride, c&rbonaceous materials for the

for voting.
a vote.

subject of

committee
aluminium
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Carbonaceous materials used in the production of aluminium —
Pitch for electrodes — Determination of volatile matter content

1 Scoq

e

This Interpational Standard describes an empirical method for the determination of the volatile ‘matter content of

pitch by ¢
because o

2 Norn

The follow
this Intern
publication
investigatg
undated r
maintain r

ISO 565,
openings.

ISO 1042,

ISO 6257,

3 Tern

3.1 Ter
For the pu
3.11

volatile m43
total percq

as chromatographic analysis of its solution in toluene. Strict adherence to the procedurd
f the empirical nature of the method.

native references

ng normative documents contain provisions which, through reference in this text, constitute
s do not apply. However, parties to agreements based on this International Standard are e
the possibility of applying the most recent editions of the normative documents indicate

pferences, the latest edition of the normative document.teferred to applies. Members of

pgisters of currently valid International Standards.

Test sieves — Metal wire cloth, perforated métal plate and electroformed sheet — Non

Laboratory glassware — One-mark volumetric flasks.

Carbonaceous materials used in the production of aluminium — Pitch for electrodes — San

, definition and symbols

m and definition

rposes of thisdnternational Standard, the following term and definition applies.

tter content
bntage by mass of those components present in the pitch which have gas-chromatograp

is essential

provisions of

ational Standard. For dated references, subsequent amendments to, or revisions of, any of these

ncouraged to
d below. For
SO and IEC

inal sizes of

pling.

hic retention

times corr

:Qpnnding to :\fmnephnrir pressure hniling pninfc up 10360 °C under the conditions used

3.2 Symbols, subscripts and superscripts

3.2.1 Symbols

A surface area of the chromatographic peak

a slope of the regression line

B equivalent boiling point at atmospheric pressure
b intercept of the regression line

© 1SO 1999 — All rights reserved


https://standardsiso.com/api/?name=bd5b35f97d5f0798156b98db88757f47

ISO 12977:1999(E)

Wd

factor to convert tabulated peak areas to the corresponding percentages by mass in the original pitch

sample

ratio of areas of dibenzothiophene to phenanthrene
ratio of retention times

mass of calibrant compound

reproducibility

response factor for calibrant compounds (5.2)

repegtability
retention time of the chromatographic peak

percentage by mass of dibenzothiophene present in sample

3.2.2 Subsgripts and superscripts

A, B, C solytions A, B, C corresponding respectively to chromatograms A, B,,.C

d dibgnzothiophene

i i-th peak

p phepanthrene

pitch pitch

T reteption time

tot tota] surface area of calibrant compounds\in the chromatogram

0 pregence in the original pitch sample

! confribution resulting from thé addition of the dibenzothiophene internal standard
4  Principje

A calibration|analysis of @multicomponent test mixture of pure compounds comprising selected major c(
of coal tar tpgether ‘with an internal standard component is performed by gas chromatography und
conditions or a chrematographic column having a non-polar stationary phase.

mponents
pr defined

The results af this analysis establish a substantially rectilinear relationship between the chromatographi
times of the individual components of the mixture and their atmospheric pressure boiling points. In addition, the
analysis provides a mean relative response factor which relates the ratio of the total mass to total chromatographic
peak area for the selected calibrants to the equivalent ratio for the internal standard.

C retention

Because the selected internal standard compound, dibenzothiophene, is also a normal component of coal tar it is
necessary to perform the ensuing chromatographic analysis of the pitch on two solutions, one with and one without
addition of the internal standard, thus enabling the area to mass response of the chromatograph to the internal
standard to be calculated.

From the latter figure and from the mean relative response factor for the components in the calibration test mixture
the amounts of material represented by the peaks of the test sample analysis chromatogram are calculated. These
data, together with the previously established relationship between the chromatographic retention time and the

© 1SO 1999 — Al rights reserved
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atmospheric pressure boiling points of the components, allow the construction of a simulated distillation curve or
table of values for the test sample.

From these values, the sum of the percentages of components with atmospheric pressure boiling points up to and
including 360 °C may be calculated by interpolation.
5 Reagents

WARNING — Refer to the reagent supplier's Health and Safety data sheets for the precautions which are to
be taken for the safe use of the reagents listed under 5.1, 5.2 and 5.3.

5.1 Diblnzothiophene , of at least 98 % purity by mass.

5.2 Caliprant compounds 1) comprising naphthalene, 2-methylnaphthalene, acenaphthene, dibenzofuran,
fluorene, phenanthrene, fluoranthene and pyrene, all of which shall be of at least 98 % purity and npne of which
shall contfqin a measurable amount of any impurity which co-elutes with the dibenzothiophene (5.1) under the
chromatographic conditions used.

NOTE Boiling points of the calibrant compounds are given in annex A.

5.3 Tolyene, of analytical reagent quality.

6 Apparatus

Ordinary laboratory apparatus and the following.
6.1 Gag chromatograph , having a heated injector capable of operating at 300 °C, a flame-ionizgtion detector
and its apsociated amplifier, and equipped for use with capillary columns under programmed-temperature

conditions|from approximately 50 °C to 300 °C, with heating rates of 1 °C/min to 10 °C/min.

It is preferpble that splitless injection is used( Ifyany other arrangement is used, it shall be recorded in the test report
(see clausg 15).

6.2 Elegtronic integrator , designed for processing the signal from the gas chromatograph (6.1) to give the
retention ti/mes and areas of the chromatographic peaks.

The integrptor may be combinied with the gas chromatograph (6.1) or may be a separate unit.

6.3 Cagillary columfi/<" having a non-polar stationary phase with low-bleed characteristicy under the
chromatodraphic conditions used in the test.

When the |column-is operated under the selected analysis conditions without injection of a sample, the baseline of

the chromategram shall remain rectilinear without significant variation over the range of retention|times which
includes the_rétention times of n:alr_\hfhnlnnn and pyrene

NOTE 1  Typically the column will be of 12 m to 25 m length, constructed of fused silica capillary tubing having an internal
diameter of 0,53 mm minimum, taking into account splitless injection and the injection volume selected (see clause 10).

The column shall have a chemically-bonded stationary phase of the poly(dimethylsiloxane) type.

NOTE 2  Other stationary phases which have the required low-bleed characteristics and give symmetrical peaks showing a
similarly rectilinear relationship between the retention times and the boiling points of the calibrants listed in 5.2 are acceptable.

1) "Calibrant" compounds are used as the reference materials for calibration.
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6.4
of the gas ch

NOTE
6.5
6.6
NOTE

6.7 Pestle
contaminate

NOTE

6.8 Tests
receiver.

Chromatographic syringes

, of a type and capacity appropriate to the characteristics of the injecti
romatograph (6.1).

Typically the required capacity will be in the range 1 pl to 25 pl.
Volumetric flasks , conforming to the requirements of ISO 1042, of capacity 10 ml and 100 ml.
Ultrasonic bath , of a type designed for general laboratory use.

Typically this will have a power rating of 100 W to 200 W and an operating frequency of 40 kHz.

the sample.

Typical suitable materials include agate, tungsten carbide and silicon carbide.

eve, of 212 um nominal aperture, conforming to the requirements of ISO 565)and having

7 Sampli

g and preparation of the test sample

Prepare a representative sample of approximately 5 g to 10 g of the pitch\by the method described in

Grind the sa

8 Prepar

8.1 Tests

Weigh apprd
volumetric flg

Record the n
and loosely i

If the ultraso
70 °C, place

If the ultraso
60 °C to 70
ultrasonic tre

Remove the
insert the sto

ple with the pestle and mortar (6.7) until all the pitch passes‘through the test sieve (6.8).

ation of the test solutions

plution A — without added internal standard

ximately 1 g of the ground test sample. (see clause 7) to the nearest 0,1 mg directly in
sk (6.5).

hass then add sufficient toluene (5.3) to fill the bulb of the flask without reaching the calibrg
nsert the stopper.

hic bath (6.6) has a heating facility capable of maintaining the contents at a temperature ¢
the flask in the bath@nd subject it to ultrasonic treatment at a temperature in this range for 2

hic bath is not.apable of maintaining its contents at 60 °C to 70 °C, heat the flask and its ¢
C in a water bath for 5 min, then subject it to ultrasonic treatment for 5 min. Repeat the h
atment operations three more times, to give a total of 20 min ultrasonic treatment.

flask and allow it to cool to ambient temperature. Fill the flask with toluene up to the calibra
pper then shake the flask vigorously by hand for approximately 20 s. Allow the flask and its

on system

a lid and

ISO 6257.

0o a 10 ml

tion mark,

f 60 °C to
D min.

ontents to

Pating and

tion mark,
ontents to

remain undistorbed—foramimimunrof-tHand—preferabty overnight to—attowthe—suspendetsoticmatter to settle
before analysis.

Keep the solution out of direct sunlight or strong daylight, and at a temperature between 15 °C and 30 °C until
required. Perform the analysis within 48 h of preparing the solution.

NOTE

The settling period is intended to reduce the amount of insoluble material which is subsequently drawn with the

solution into the syringe (6.4) and injected into the gas chromatograph (6.1), and thus to limit fouling of the injection port or
column with involatile deposits which would otherwise degrade the performance of the system. Provided that care is taken to
prevent any loss of the solution or its volatile components, the settling process may be shortened by centrifuging a suitably-
sized aliquot portion, or by filtering through a suitable filter which does not interact with the solution.
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8.2 Test solution B — with added internal standard

Weigh approximately 0,01 g of the dibenzothiophene (5.1) to the nearest 0,1 mg directly into a 10 ml volumetric
flask (6.5) then prepare the solution as described in 8.1. Record the masses of dibenzothiophene and pitch taken.

9 Prep

aration of the calibrant solution — solution C

Weigh 0,1 g £ 0,001 g dibenzothiophene (5.1) and 0,001 g of each of the calibrant compounds (5.2) to the nearest
0,1 mg directly into a 100 ml volumetric flask (6.5); record the masses, then add sufficient toluene (5.3) to fill the
bulb of the flask but remain below the calibration mark.

Place the
Allow the

flask in the ultrasonic bath (6.6) and subject it to ultrasonic treatment until all the solidS'ha
flask to cool to ambient temperature then add toluene to bring the solution up to the-cali

ve dissolved.
pration mark.

Shake the|flask to mix the solution.

Keep the polution out of direct sunlight or strong daylight and store it in the dark and at’a temperajure between
15 °C and|30 °C, until required. Discard the solution after one month and prepare a fresh solution.

10 Selegtion of chromatographic conditions

Set the operating parameters for the gas chromatograph (6.1), the/capillary column (6.3) and the electronic
integrator |(6.2) for optimum performance in the following analysis;zaccording to the manufacturer's| instructions.
Take carq if the electronic integrator has a 'minimum area' facility’ which enables it to ignore small peaks, and
ensure that this is set to the lowest value consistent with satisfactory operation.

Set the elgctronic integrator to ignore the toluene solvent peak and collect data only for the subsequenf peaks.

Set the ini
give the 1
clause 9)

column (6
temperatu

Make trial
convenien
tailing, or
integrator.

The peak
reduce the
dilution, a

ial temperature, rate of temperature rise and final temperature of the gas chromatograph to
nost-nearly rectilinear relationship betweén the retention times of the components of so
and their atmospheric pressure boiling ‘points. If the optimum temperature conditions for
3) being used are not already known, start with the initial column temperature set at 60 °¢
Fe rise to 5 K/min and the final temperature to 300 °C.

[ injection volume whieh gives large, well-defined symmetrical peaks without appreciabl
departure from linearity of the quantitative response of the chromatograph detector or t

performance‘may be poor because the concentration of solution C is too high. In this case
injection-volume considerably below 1 pl, reduce the concentrations of all the solutions, fo
nd keepJinjection volumes to at least 1 pl. Reduce the concentration by increasing the solu

rather than by r&ducing the solute masses.

values which
ution C (see
the capillary
C, the rate of

injections of solution C (see-clause 9) using the selected temperature programme to deternmine the most

e fronting or
he electronic

, rather than
I instance by
tion volumes

11 Calibration

11.1 Determination of the mean response factor

Inject solution C (see clause 9) using the temperature programme and injection volume selected in accordance
with clause 10 to produce chromatogram C. Use the printed peak area values from the electronic integrator for the
components of solution C to calculate the average response factor, R;, for the calibrant compounds (5.2) with
respect to the dibenzothiophene (5.1) from the equation:

_ AgcXMygc (1)
Mg.c X Aot,c
© 1SO 1999 — All rights reserved 5


https://standardsiso.com/api/?name=bd5b35f97d5f0798156b98db88757f47

ISO 12977:1999(E)

where
Ad,c
Atot,C

is the area, in the units used by the electronic integrator, of the dibenzothiophene (5.1) peak;

compounds (5.2);

Miot,C

My.c

is the mass, in grams, of the dibenzothiophene (5.1) in solution C (see clause 9).

is the total sum of areas, in the units used by the electronic integrator, of the peaks for the calibrant

is the total sum of the masses, in grams, of the calibrant compounds (5.2) in solution C (see clause 9);

11.2 Deterrlnination of the retention-time/boiling-point relationship

Calculate th
pressure boi

The use of 4
Where theseg|

12 Detern

Inject test so
in accordanc

13 Calculs

13.1 Corre

Identify the f
times and cal

where
Ad.A
Ap.A

Identify the

is thg

is the area, in the‘units used by the electronic integrator, of the dibenzothiophene peak in chromg

)

ing points (see annex A) of the calibrant compounds (5.2) for chromatogram C by linear regn

computer or pre-programmed calculator is recommended for performing the’regression
are not available refer to a standard statistical textbook for the appropriate ' method.
ination
ution A (8.1) and test solution B (8.2) using the temperature programme and injection volum

e with clause 10 to give respectively chromatogram A and‘chromatogram B.

ition and expression of results

Ltion of the internal standard peak area

eaks in chromatogram A (see clause-12) for dibenzothiophene and phenanthrene by theij
culate the ratio, Kp, of their respective areas from the equation:

A

P area, in-the units used by the electronic integrator, of the phenanthrene peak in chromatog

gaks in chromatogram B (see clause 12) for dibenzothiophene and phenanthrene by thei

relationship between the chromatographic retention times and the corresponding afimospheric

ession.

alculation.

e selected

I retention

2

togram A;
am A.

I retention

times. Calcu
of dibenzothi

are the comribution, Aq o, 10 the area of the dibenzothiophene peak, Which resufted from th
ophene in the original pitch sample from the equation:

Ad0 = KaAp

where

ApB

presence

3

is the area, in the units used by the electronic integrator, of the phenanthrene peak in chromatogram B.
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Calculate the contribution, Aj g, to the area of the dibenzothiophene peak in chromatogram B, which resulted from
the addition of dibenzothiophene as an internal standard from the equation:

Adg = Aug ~ Alo )
where

AdB is the area, in the units used by the electronic integrator, of the dibenzothiophene peak in chromatogram B.

13.2 Calculation of component masses and cumulative mass totals

Convert efach of the tabulated peak areas of chromatogram B up to and including the peak foi pyrene, but
excluding dibenzothiophene, to the corresponding percentages by mass in the original pitch samplé iy multiplying
them by the factor F given by the equation:

in)Oxmd,BxR )
Ad,B X Mpitch

where

mygg isfthe mass, in grams, of dibenzothiophene added to test solution B/(see 8.2);

Re is the mean response factor of the calibrant compounds calculated in 11.1;

AgB is [the contribution of the dibenzothiophene internal standard in chromatogram B calculated i 13.1, in the
urjits used by the electronic integrator;

Mpitch IS the mass, in grams, of pitch in test solution B (see 8.2).

Calculate [the percentage by mass, Wy pitch, Of dibenzothiophene present in the original pitch sample using the
following gquation:

~100x Ay x My
Aig XMy

(6)

Wd, pitgh

Include th¢ result at the appropriate point in the table of percentages by mass.

Transform| the resulting table/of percentages by mass into a table of cumulative percentages by maks by adding
the value for each compgonent to the total of all the previous values.

13.3 Calgulation-ef corrected retention times and equivalent boiling points

Calculate thé-ratio, K, of the retention times of the dibenzothiophene peak in chromatograms C and B using the
equation:

Ky=—— (7

where

Ta,c is the retention time, in minutes, of the dibenzothiophene peak in chromatogram C;

TaB is the retention time, in minutes, of the dibenzothiophene peak in chromatogram B.

© 1SO 1999 — All rights reserved 7
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Multiply the tabulated retention times of each of the peaks in chromatogram B by Ky to give a table of corrected
retention times. Convert each of these retention times to the equivalent boiling point at atmospheric pressure using
the equation:

B=af+b ®
where
B; is the equivalent boiling point, in degrees Celsius, at atmospheric pressure of the component producing the
i-th peak;
Ti is th¢ Tetention fime, In minuies, of the I-th peak In chromatogram B;
a is thI gradient of the regression line calculated in 11.2;

b is the intercept of the regression line calculated in 11.2.

13.4 Calculation of the volatile matter content

Tabulate thg cumulative percentages by mass (see 13.2) against the correSponding equivalent atmospheric
pressure boiling points (see 13.3) in the form of a distillation table.

Locate the femperature results immediately below and immediately above 360 °C, then from thesg and the
corresponding cumulative percentages calculate the percentage distilled at 360 °C by linear interpolatign. Record
the result as the volatile matter content, expressed to two significant figures.

14 Precisipn

14.1 Repeatability

The results ¢f duplicate determinations, carried out in the same laboratory by the same operator with| the same

apparatus bt at different times on representative test portions taken from the test sample, should nqt differ by

more than r, calculated from the equation:
r=0,168 + 0,054

where X is the mean volatile matter content, in percentage by mass, expressed as the mean of dupljcate tests
carried out il a single laboratory:

14.2 Reproducibility

portions takgncfrom the same sample after the last stage of sample preparation, should not differ by mpre than R

The means of the ¥ésults of duplicate determinations carried out in each of two laboratories on represerFative test
calculated from—the cQuatiun:

R=0,125+0,071X

where X is the average volatile matter content, in percentage by mass, expressed as the mean of four tests in two
laboratories.
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