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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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Paper, board, pulps and cellulose nanomaterials —
Determination of residue (ash content) on ignition at 525 °C

1 Scope

This document describes the determination of the residue (ash content) on ignition of paper, board,
pulpc and cellulose nanomaterials at 525 °C It ig :\pp]ir‘ah]n to all fypnc of paper, hnnrd’ pu]p and

cellulpse nanomaterial samples.

This
bette

Hocument provides measurement procedures to obtain a measurement precision pf 0,01 % or

" for residue (ash content) on ignition at 525 °C.

Determination of residue (ash content) on ignition at 900 °C of paper, board, pulps and cellulose

nanoimnaterials is described in ISO 2144.

llulose nano-
cts can have
1 with paper,

In the
objec
intrin
board

context of this document, the term “cellulose nanomaterial” refers specifically to ce|
[ (see 3.2 to 3.4). Owing to their nanoscale dimensions, these” cellulose nano-obje
sic properties, behaviours or functionalities that are distinct from those associate
and pulps.

2 Normative references

The f
const
undat

[SO1
[SO 2
ISO 6
[SO7

3 1
For th

ISOa

bllowing documents are referred to in thetext in such a way that some or all of
tutes requirements of this document. For*dated references, only the edition cited
ed references, the latest edition of the réferenced document (including any amendmg

B6, Paper and board — Sampling ta determine average quality
B7, Paper and board — Determination of moisture content of a lot — Oven-drying meth
B8, Paper, board and pulps'— Determination of dry matter content — Oven-drying metH

P13, Pulps — Sampling for testing

erms and definitions
e purposes‘of this document, the following terms and definitions apply.

nd [E@’maintain terminological databases for use in standardization at the following

their content
applies. For
ents) applies.

d
od

addresses:

I(

Q-Online browsing platform: available at httns: //wwwiso org/obn
o 1 . OF 1

3.1
resid

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

ue on ignition

ash content
ratio of the mass of the residue remaining after a test specimen of paper, board, pulp or cellulose
nanomaterial (3.2) is ignited at 525 °C £ 25 °C to the oven-dry mass of the test specimen before ignition

Note 1 to entry: This property has been referred to as either “residue on ignition” or “ash content” in earlier
editions of this document.
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3.2

cellulose nanomaterial
material composed predominantly of cellulose, with any external dimension between approximately
1 nm and 100 nm, or a material having internal structure or surface structure in the nanoscale, with
the internal structure or surface structure composed predominantly of cellulose

Note 1 to entry: The terms nanocellulose and cellulosic nanomaterial are synonymous with cellulose

nanomaterial.

Note 2 to entry: Some cellulose nanomaterials can be composed of chemically modified cellulose.

Note 3 to entry: This generic term is inclusive of cellulose nano-object and cellulose nanostructured material.

Note 4 to ent
material in IS

[SOURCE: IS
abbreviation

y: See also definitions of cellulose, nanoscale, cellulose nano-object and cellulose nanostru
D/ TS 20477:2017.

D/TS 20477:2017, 3.3.1, modified — “1 nm to 100 nm” changed to “1 nm and 100
s deleted from Note 1 to entry; Note 4 to entry added.]

tured

”

nm”;

3.3
nano-object

discrete piece of material with one, two or three external dimensions in themanoscale

Note 1 to entry: The second and third external dimensions are orthogonal to the first dimension and to eachfother.

[SOURCE: IS/ TS 80004-1:2015, 2.5]

3.4
cellulose nano-object
nano-object fomposed predominantly of cellulose

[SOURCE: ISQ/TS 20477:2017, 5.2]

3.5
nanoscale

length range|lapproximately from 1 nm to, 100 nm

Note 1 to ent n this

length range.

Fy: Properties that are not lextrapolations from larger sizes are predominantly exhibited

[SOURCE: IS®/TS 80004-1:2015;2.1]

4 Principle

25 °C.
re ash
d the

The test spedimen iswé€ighed in a heat-resistant crucible and ignited in a muffle furnace at 525 °C *
The moisturg oxdry matter content of a separate test specimen is also measured. The percentag
is then detefrhined, on a dry (moisture-free) basis, from the mass of residue after ignition an

moisture or dry matter content oI the sample.

The ash may consist of

a) mineral matter in the paper, board, pulp and cellulose nanomaterial and various residues from
chemicals used in its manufacture;

b) metallic matter from piping and machinery;

c) fillers, pigments, coatings or residues from various additives.

In samples containing calcium carbonate, there is practically no decomposition of carbonate by ashing
at 525 °C. Other fillers and pigments such as clay and titanium dioxide are also unaffected by ashing at
525 °C. Accordingly, the residue on ignition provides a good estimate of the total inorganic matter in the
sample, provided that the sample does not contain other minerals which decompose at or below this
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temperature. For example, magnesium carbonate and calcium sulfate may, at least partly, decompose at
temperatures below 525 °C.

5 Apparatus

5.1 Heat-resistant crucibles, made of platinum, porcelain or silica, with a capacity of 50 ml to 100 ml.
Larger-capacity crucibles may also be used for low-density materials to accommodate sufficient sample.

A lid of an appropriate material, placed slightly ajar to allow air for combustion, may also be used with

the crucible to hp]p prevent lowz r‘]pnclfy or F]yammy material from escaping dnrlng the ash ignition

process.

Platir@um crucibles are recommended if a small amount of residue is expected.

5.2 |Muffle furnace, capable of maintaining a temperature of 525 °C + 25 °C.

It is jecommended that the furnace be placed in a hood or that meanstare provided for evacuating
smokp and fumes.

5.3 |Analytical balance, with a scale division (readability) of0;1 mg or better in ordefr to obtain a
measyirement precision of 0,01 % or better.

5.4 |Desiccator.

6 Sampling and preparation of test specimen

WARNING — The method specified in<this document involves the use of nanpomaterials.
Care [should be taken to ensure observation of the relevant precautions and guidelines for
nanofechnology laboratory safety and-best practices.

6.1 |Sample amount

Suffidient material shall be collécted to allow for at least duplicate determinations and for determination
of mojfisture or dry matter content.

6.2 [Paper, board and pulp sampling

Guidgqnce on obtginhing representative samples found in ISO 186 for paper and board and in ISO 7213
for pylps delivered in bales or rolls shall be followed in cases where the analysis is being fonducted to
evalupte a lot. In this case or if the tests are made on another type of sample, take test spgcimens from
variolis’parts of the sample making sure they are thoroughly representative of the sample

The test specimen taken for incineration shall consist of a number of small pieces no larger than 1 cm?2.
In a similar manner, obtain a moisture content or dry matter content specimen from the sample.

The specimen for incineration shall have a total mass of not less than 1 g on an oven-dry basis, and
sufficient to give a residue on ignition of not less than 10 mg and preferably over 20 mg (see Clause 7).

If the material has a very low residue on ignition (for example, in the case of so-called ashless grades),
it might be necessary to divide the test specimen into two or several smaller portions which are
incinerated consecutively in the same crucible, in order to obtain a total residue of at least 10 mg.

6.3 Cellulose nanomaterial sampling

For cellulose nanomaterials, care should be taken that the procedure is appropriate for the material
being sampled. There is no ISO standard procedure for sampling cellulose nanocrystals, either in
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aqueous suspensions or dried forms, or for sampling dilute (wet) cellulose nanofibrils. When the original
cellulose nanomaterial sample is a wet form or an aqueous suspension (dilute or concentrated), it shall
be dried using an appropriate method such as heating at 105 °C, freeze-drying or spray-drying, to give
the sample in a solid form such as flakes, powder or other solid, which shall be mixed to homogeneity.
The test specimen shall be obtained from this pre-dried sample. In a similar manner, obtain a moisture
content or dry matter content specimen from the sample. Filtration to concentrate dilute samples prior
to drying is not recommended as it may result in loss of dissolved material which gives ash upon heating
to 525 °C.

Chemically modified pulps are often prepared through TEMPO-mediated oxidation, carboxymethylation
or phosphorylation pr10r to the productlon of cellulose nanoflbrlls (CNF) Chem1cally mod1f1ed pulps,
CNF made frem pulps

by sulfuric a h the
ionic carbox)
or cellulose 1
very low ash
metal cation
NOTE TE

The mass of
particularly

id hydroly51s or oxidative procedures may contain various cations assoc1ated Wi
flate or phosphate groups introduced at the surface during production. When these
anomaterials are in the acidic form (i.e. contain only protons as the cations),.they wil
content. The ash content will be greater in pulps and cellulose nanomatérials contz:
5, such as sodium or calcium, or organic cations such as alkyl ammonium ¢ations.

MPO stands for 2,2,6,6-tetramethylpiperidine-1-oxyl.

the test specimen shall be at least 1 g on a dry basis. Forc¢ellulose nanomater
those in the form of a dilute suspension, and/or those of vefy low ash content such

pulps
| have
1ining

ials —
hs the

len to
ments

acidic forms
yield at least
of this docun

of cellulose nanomaterials - it is often not feasible to collect sufficient test specin]
10 mg of ash on ignition. This is still acceptable and in.conformity with the requirel
nent.

NOTE Legs than 10 mg ash could lead to reduced precision.

If the materi
compacted (
extraneous 1
material will

al is very low-density and/or flyaway (e.g. freeze-dried cellulose nanocrystals), it m
e.g. by compressing it manually in the crueible or using equipment which will not i1
hineral content to the sample) in a manaer to increase the bulk density such that suff
fit in the crucibles used. However, this reduces the speed of incineration.

ay be
mpart
icient

7 Proced

WARNING 1+ The method specified in this document involves the use of nanomaterials.
Care should be taken to ensure observation of the relevant precautions and guidelings for
nanotechnojogy laboratory safety and best practices.

ure

7.1 Genenal

Carry out the procedure in at least duplicate. Allow wet test specimens and moisture or dry matter
specimens t¢ air-dry, and condition other test specimens under dust-free conditions in the ambient
laboratory ajr until they reach equilibrium moisture.

7.2 Measurement of moisture or dry matter content

Determine the moisture or dry matter content on the relevant test specimen (air-dry) using the
procedure described in ISO 287 or ISO 638, as relevant. Do not use the moisture or dry matter content
test specimen for incineration. Weigh the crucible containing the moisture or dry matter content test
specimen at the same time as the crucible containing the test specimen (air-dry) used for incineration
(see 7.3).
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7.3 Incineration

7.3.1 General

Heat the empty crucible (5.1) for 30 min to 60 min in the muffle furnace (5.2) at 525 °C * 25 °C. Cool it to
room temperature in a desiccator (5.4).

Weigh the empty crucible to the nearest 0,1 mg. Add the test specimen and immediately weigh again
to the nearest 0,1 mg. To prevent low-density materials such as freeze-dried cellulose nanocrystals
from becoming flyaway during ignition, they may be compacted (the bulk density increased) as
described in 6.3.

Placefthe crucible containing the test specimen in the furnace at room temperature and(grjadually raise
the tgmperature to 525 °C (about 200 °C/h) in order to burn the sample without it bursting into flames,
and t¢ ensure that no material is lost in the form of flying particles.

7.3.2| Incineration of paper, board and pulps

Mainfain the ignition temperature of 525 °C for at least 2 h in the case 6fpulp and board samples, and
at leapt 3 h for paper samples. The specimen shall be completely charted as indicated by the absence of
black|particles.

7.3.3| Incineration of cellulose nanomaterials

Mainfain the ignition temperature of 525 °C for at least 5°h for cellulose nanomaterial sgmples. Black
partigles typically remain in cellulose nanocrystal samples after 5 h at 525 °C. It is recommended that
severpl drops of deionized water are added to the reSidue and that a further ashing is cprried out at
525 °C until no black particles remain.

7.4 |Measurement of residue (ash) mass
Remave the crucible from the furnace and allow it to attain room temperature in a desjiccator (5.4).
Weigh the crucible and contents as before to the nearest 0,1 mg.
8 Expression of results

For edch crucible, calculate the percentage ash content on ignition using Formula (1):

100m
X= : (W
mS
wher¢
X—istheasheontentasapereentageofthemassofthetestspecimenonanoven-drybasis;
m_ is the mass of the residue (the mass of the crucible with the residue, minus that of
the empty crucible) in grams (g);
m, is the mass of the test specimen, on an oven-dry basis, in grams (g). This is deter-

mined from the average of the replicate moisture content or dry matter content
determinations.

Check that there is reasonable agreement between the replicate measurements. For test specimens
with ash contents above 0,1 %, reasonable agreement exists if the deviation of results from the mean of
parallel determinations does not exceed 10 % of the mean value. If this is not the case, repeat the entire
procedure with new test specimens, preferably of larger mass.

© IS0 2019 - All rights reserved 5
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Calculate the mean ash content. Express the mean to the nearest 0,1 % for samples with ash content
above 1 %, and to the nearest 0,01 % or smaller for samples with ash content below 1 %. If the mean
ash content is below 0,1 %, it may be reported as "below 0,1 %", or the individual results of replicate
determinations may be reported.

NOTE

Precision values (repeatability and reproducibility) are given in Annex A.

9 Testreport

The test report shall include the following information:

a)
b)
c)
d)
e)

areferer
date and
completq
the resu

any dep:

could haje affected the result.

ce to this document, 1.e. 150 1/62:2019;
place of testing;

 identification of the sample tested;

t, expressed as indicated in Clause 8;

irture from the procedure described in this document or any othéer’ circumstances Wwhich
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A.1 General

Annex A
(informative)

Precision

ISO 1762:2019(E)

The pIrecision data are based on typical pulp, paper, paperboard and cellulose nanomatérial samples.

The cplculations have been made according to ISO/TR 2449821,

The repeatability and reproducibility limits reported are estimates of the makimum difference which
should be expected in 19 of 20 instances, when comparing two test results for'material similar to those

descrjbed under similar test conditions. These estimates may not be yalid for different

differfent test conditions.

NOTE

reproglucibility standard deviations by 2,77 where 2,77 = 1,96 V2.

A2

Repeatability — Pulp, paper and paperboard

In a qtudy performed by one laboratory, the ash content of a wide range of samples, in

newsprint, uncoated paper, coated paper, and paperboard, was determined as spec

materials or

Repeatability and reproducibility limits were calculated{by multiplying the rep¢atability and

Cluding pulp,
ified in this

docuinent. Mean values and coefficients of variations for each type of sample are shown in Table A.1.
T4ble A.1 — Repeatability for determination of ash content of pulp, paper and paperboard
Number of Standard Coefficient of | Repeatability
Sample P Mean value . R o .
determinations? deviation variation limit
% S, (%) Cy,r (%) r (%)
Chentical and 6 0,71 0,010 1,4 0,028
mechpnical pulp
Newsgprint 3 3,50 0,010 0,29 0,028
Uncogted printing 5 29,4 0,029 0,10 0,080
papel
Coatqd printing 13 37,3 0,090 0,24 0,25
papel
Papetfbeard 3 3,06 0,080 2,6 0,22
a S lllp}cb fl UIIT L‘lllclctl CIIU ‘UdLL‘lle WCITT ubL‘,‘L‘l fUl CdLh L_y l.)t,' Uf ITIdLTT ldl

A.3 Reproducibility — Paper and paperboard

Five samples, representing different types of paper and paperboard, were analysed by 15 laboratories,
as specified in this document.

Mean values and coefficients of variations between laboratories are shown in Table A.2.
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