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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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Introduction

The main objective of measuring lignin in pulp is to assess the effect of a particular pulping or bleaching
process on the degree of delignification. In chemical pulping, the goal is to remove lignin from wood
with minimum degradation of the carbohydrates. The higher the level of residual lignin in any type of
unbleached pulp, the greater the amount of bleaching chemicals that is applied in order to achieve a
target brightness.

Comprehensive textbooks and reviews have been written on methods of lignin determination2I-[3],
This document specifies one such method, commonly used for the determination of the total lignin
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Pulps — Determination of lignin content — Acid
hydrolysis method

WARNING — This method involves the use of hazardous chemicals. Care should be taken to
ensure that the relevant precautions are taken.

1 cope
The method is applicable to unbleached, bleached and semi-bleached wood pulp witha li%‘nin content
above 1 %. It is not generally intended for fully bleached chemical pulp, because the/lignin content in
thes¢ pulps is too low to be determined accurately.

2 Normative references

The following documents are referred to in the text in such a waykthat some or all of their content
constitutes requirements of this document. For dated references,‘enly the edition cited [applies. For
unddted references, the latest edition of the referenced document(including any amendments) applies.

ISO 438, Paper, board and pulps — Determination of dry matter content — Oven-drying methpd

ISO 1762, Paper, board, pulps and cellulose nanomaterigls — Determination of residue (ash content) on
ignitfon at 525 °C

ISO 4213, Pulps — Sampling for testing

ISO 14453, Pulps — Determination of acetone-soluble matter

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO dnd IEC maintain terminplogical databases for use in standardization at the following gddresses:

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

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

31

lignins

classn:];:)f eomplex, organic macromolecules, containing aromatic sub-units, that play a key role in the
formiation of cell walls in wood and bark, conferring mechanical strength and rigidity to c¢ll walls and
to plants as a whole

Note 1 to entry: Lignin is the main non-carbohydrate constitutent of wood.

3.2

acid-insoluble (Klason) lignin

residue after treating wood or pulp with sulfuric acid in a two-step hydrolysis procedure to solubilize
the carbohydrates into monosaccharides

3.3
acid-soluble lignin
portion of lignin (3.1) which is soluble during the acid-insoluble lignin determination

© IS0 2020 - All rights reserved 1
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3.4
acetone-soluble matter

amount of material that can be extracted with acetone from a sample of pulp by the method specified
in ISO 14453

4 Principle

A pulp sample is treated with sulfuric acid in a two-step (primary and secondary) hydrolysis process to
dissolve the carbohydrates. The residue after hydrolysis is filtered off, dried, and weighed, and referred
to as acid-insoluble or Klason lignin. A small amount of lignin is dissolved during acid hydrolysis. This
so-called ac from
the acid-ins acid-
insoluble lig

d=sotubte liguiu tsdetermimed b_y measur iug theabsorbanceat 205 mmof the fittrate
bluble lignin determination. The total lignin content is determined as the sum of the
nin and acid-soluble lignin.

5 Apparatus

5.1 Filtra
30 ml; adapf

fion equipment: filtering flask; filtering crucible, fritted glass, medium or fine por
er for the filtering crucible, siphon tube (optional).

psity,

NOTE The choice of fritted glass porosity depends on the rate of filtration,of the particular type of sa|
For slow filtgring samples, the use of medium (M) porosity is preferable,In low-yield sulfite pulps espe
lignin forms fa fine dispersion and clogs the pores of the filter. Filtration €an be facilitated by using a me

mple.
cially,
dium

porosity crud

Other types
glass fibres

ible with a disc of fine porosity glass-fibre filter paper fitted over the sintered glass in the cru

ran also be used.

of filtering crucibles, such as alundum or porouséporcelain crucibles lined with a n

ible.

at of

5.2 Constant temperature water bath, capable~of maintaining a temperature of 30 = (1 °C
(Procedure A); or 20 = 1 °C (Procedure B).

5.3 Flask|Erlenmeyer, 1 000 ml, or smallerydepending on the size of the pulp specimen.

5.4 Procedure A only: Autoclave, capable of maintaining a temperature of 120 + 3 °C.

5.5 Drying oven, convection type, maintained at 105 * 2 °C.

5.6 Analytical balance,@cctirate to 0,1 mg.

5.7 Spectrophotometer, UV-visible, diode array or simple wavelength, with high purity qpartz

cuvettes of |

athlength 1 cm.

6 Reage

S

6.1 Water, distilled or deionized.

6.2 Sulfuric acid, 72 % w/w (specific gravity 1,633 8 at 20 °C). 72 % sulfuric acid is available
commercially. It can also be prepared from concentrated sulfuric acid as follows:

Slowly add 650 ml of concentrated sulfuric acid (H,SO, sp gr 1,84) to 400 ml of water, while cooling
under a cold water trap. When the temperature has reached equilibrium with the ambient temperature,
adjust the specific gravity of the sulfuric acid solution to 1,633 8, with the use of a hydrometer, by
careful addition of concentrated sulfuric acid or water.

6.3 Acetone, only if extraction of the sample is required prior to hydrolysis with sulfuric acid.

2 © IS0 2020 - All rights reserved
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7 Sampling

If the analysis is being made to evaluate a lot of a consignment of pulp, the sample shall be taken in
accordance with ISO 7213. If the analysis is made on another type of sample, report the origin of the
sample, and if possible the sampling procedure.

Obtain a representative sample of pulp equivalent to about 10 g moisture-free pulp. Air dry the pulp
and disintegrate in a household blender, or grind in a Wiley mill to pass a No. 20 (0,85 mm) screen.
Groundwood and high yield pulps containing a significant amount of resins shall be extracted with
acetone (6.3) according to ISO 14453 before testing.

NOTH Resinsipotextractedtromthepulp-prierto-analysiswerldremaininselubleinacidand be weighed
as lignin.
NOTH Acetone is considered an effective solvent for extracting resin from pulp. Dichloronethane and

ethanol/benzene (1:2), as specified in other methods, are not recommended due to healthchazards.|[n particular,
benzg¢ne is a confirmed carcinogen.

Detefmine the moisture content of the pulp according to ISO 638 by drying a 2-3 g specimen in an
oven|at 105 + 3 °C to constant weight. If the pulp shall be pre-extracted,'the moisture confent shall be
determined on the extracted pulp.

8 Test Specimens

Weigh (5.6) a test specimen, equivalent to 300 mg to 1,0, g of oven-dried mass of pulp to|the nearest
0,1 mg (see NOTE) and transfer to a 200 ml beaker.-.Make sure that the test specimens taken are
repr¢sentative of the sample received.

The mass of the test specimen is such as to prgvide a minimum of 20 mg of lignin in{the residue
remdining after acid hydrolysis, for accurate-weighing. The following can be used as a guide to the
amonunt of pulp that should be selected for analysis, based on the lignin content:

— 310 % lignin: 300 mg pulp
— 5-10 % lignin: 500 mg pulp
— <5 % lignin: 1,0 g pulp
NOTH The amount of pulp selected for analysis also depends on whether hydrolysis prdcedure A or
hydr¢lysis procedure B isused.
9 Procedure

Run the entire procedure in duplicate.

9.1 [ Hydrolysis

9.1.1 General

Two hydrolysis procedures are described in this Standard. In procedure AlZI-[9], the primary hydrolysis
is performed at 30 °C for 1 h, followed by secondary hydrolysis in an autoclave at 120 °C for 1 h. In
procedure B[Ol the primary hydrolysis is performed at 15 - 20 °C for 2 h, followed by secondary
hydrolysis in a water bath at 100 °C for 4 h.

NOTE Boiling under reflux is not allowed if acid-soluble lignin is to be determined in the solution (TAPPI
T222, Section 9.4, NOTE 6). This is due to the possible contribution of furfural compounds to the acid-soluble
lignin, if not removed in this step (Ref.2, p. 192).

Both procedures have been shown to give the same resultslZ]; thus either one can be used for
determining acid-insoluble lignin. However, procedure A is considerably more rapid, and the use of

© IS0 2020 - All rights reserved 3
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an autoclave allows multiple samples to be hydrolysed simultaneously with minimum supervision. As
such, it is now more commonly used in laboratories equipped with an autoclave.

NOTE

in addition to the determination of lignin.

9.1.2 Hydrolysis procedure A

Procedure A is therefore the preferred method and is used when analysis of carbohydrates is required,

Hydrolysis procedure A is based on the use of 300 mg of pulp. This procedure is more commonly used
in laboratories equipped with an autoclave, and is similar to that described in other methodsIZI-[2] in
situations in which analysis of carbohydrates is required, in addition to analysis of lignin.

For larger p
remain the
accordingly.

Add 3,0 ml d
increments
material is

NOTE Sq
of acid, place
absorption.

Place the be

Add 84,0 ml
for 1 h. Alloy

NOTE
dispersed.

In|

9.1.3 Hyd

Hydrolysis |}
methods1]
NOTE  Hj

For smaller
remain the

Place the be
72 % sulfur

ulp specimens, the acid concentrations for both primary and secondary hydrolysis
same as those used for 300 mg of pulp; thus the volume of solutions must be adj

f72 % sulfuric acid (6.2) to the test specimen in the beaker. Add the acid,gradually in s
while stirring and macerating the material with a glass rod. To avoid lasses, ensure th
ticking to the glass rod when it is removed.

hlted

ust

mall
at no

me pulps do not absorb the acid and therefore do not disperse readily: [h such cases, after addlition

the beaker under vacuum, in a vacuum desiccator for at least 15 minutes to facilitate wettin|

pker in a water bath adjusted to 30 £ 1,0 °C for 1 h. Stiroceasionally.

of water. Mix, cover the beaker with aluminium foil and place it in an autoclave at (120
v the insoluble lignin to settle and for the beakerand contents to cool to approximately §

some cases, the lignin requires an overnight a¥,a longer period to settle, especially if it is

rolysis procedure B

procedure B is based on the use-of 1,0 g of pulp, and is similar to that described in
111, This procedure is also used in some laboratories.

drolysis procedure B is notuused when carbohydrate analysis is also required.

pulp specimens, thie-acid concentrations for both primary and secondary hydrolysis
ame as those uséd for 1,0 g of pulp; thus the solution volumes shall be adjusted accord

aker with thetest specimen in a water bath (5.2) at 20 = 1 °C and add gradually 20,0
c acid (62)maintaining a reaction temperature of 20 + 1 °C Stir thoroughly with a glas

for about 1 nin. To:avoid losses, ensure that no material is sticking to the glass rod when it is remd

NOTE Sq

g and

3)°C
0 °C.

Finely

bther

must
ngly.

ml of
s rod
ved.

me pulps do not absorb the acid and therefore do not disperse readily. In such cases, after ad

thé heaker nunder vacuum_in a vacunm desiccator for at least 15 min to facilitate wettin

<Eition
and

of acid, placd
absorption.

=}

Keep the beaker in the bath for 120 + 10 min with occasional stirring.

Transfer the material quantitatively from the beaker into a 1 000 ml Erlenmeyer flask and dilute with
water to 750 ml

Boil the solution for 4 h, maintaining a constant volume of solution by frequent addition of hot (80-90 °C)
water. Allow the insoluble lignin to settle and for the flask and contents to cool to approximately 80 °C.

NOTE
dispersed.

In some cases, the lignin requires an overnight or a longer period to settle, especially if it is finely
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9.2 Filtration

Without stirring the insoluble lignin residue, decant or siphon off the supernatant solution through a
pre-weighed filtering crucible (5.1) placed on a 250 ml filtering flask (5.1) (hydrolysis procedure A) or
a1 000 ml filtering flask (5.1) (hydrolysis procedure B). Proceed to filtration procedure A if hydrolysis
procedure A is used, or to filtration procedure B if hydrolysis procedure B is used.

Filtration procedure A: Transfer the filtrate to a 250 ml volumetric flask. Wash the precipitate
with 2 x 30 ml warm water (6.1) and add the washings to the volumetric flask. Allow to cool to room
temperature and fill up to the mark with water (6.1). This filtrate will be used for the acid-soluble lignin

determination.

NOTH Dilution to precisely 250 ml also allows accurate quantification of carbohydrates-in‘\he filtrate, if
required.

Filtration procedure B: Proceed as in filtration procedure A, but transfer the filtr'ate to a 1|l volumetric

flask
flask
the a

9.3

Quar
(5.1)
the
mete

Dry {
weig

If a g
plati

9.4
Use ]

Mea{
spec
proc
A) or]

NOTH
Howse

NOTH

wash the precipitate with 2 x 100 ml warm water (6.1), and add the washings to thd
. Allow to cool to room temperature and fill up to the mark with water. Fhis filtrate wil
cid-soluble lignin determination.

Acid-insoluble lignin determination

titatively transfer the insoluble lignin, from 9.1.2 or 9.1.3, fo the pre-weighed filter
using hot water (6.1) and a rod with rubber policeman."'Wash the lignin with hot wat
H of the filtrate is in the range of 6-7, as confirmed with the use of a pH indicator

r. Discard this filtrate.

he crucible with lignin in an oven (5.5) at 105, £-2 °C to constant weight. Cool in a de
h with an analytical balance(5.6).

orrection for ash is required, transfer ¢he lignin from the previous step to a small |
hum or porcelain crucible and deterniine the ash content according to ISO 1762.

Acid-soluble lignin determination
he filtrate from the acid-insoluble lignin determination (9.2) as a test specimen.

ure the absorbance™of the filtrate at 205 nm in the 1,0 cm pathlength cuy
frophotometer (5.723-Use 4 % sulfuric acid (hydrolysis procedure A) or 3 % sulfuric acid
bdure B), as a blank. If necessary, dilute the filtrate with 4 % sulfuric acid (hydrolysi
3 % sulfuricaeid (hydrolysis procedure B), such that its absorbance is in the range of

ver, this-eontribution is generally small and can be neglected.

In the round robin study (Annex A), labs using the autoclave (hydrolysis procedurs

levels

of‘acid-soluble lignin that were on average 0 2 9% higher than those obtained when using tH

b volumetric
[l be used for

ing crucible
T (6.1) until
paper or pH

siccator and

bre-weighed

ette of the
(hydrolysis
s procedure
0,2-0,7 AU.

Degradation products from carbohydrates can contribute to the measured acid-sollible ligninfel,

A) reported
e water bath

(hydrolysis procedure B). This could indicate that furfural compounds are not completely removed when using
the autoclave, due to the fact that the beaker is covered with aluminium foil during the secondary hydrolysis.
However, since these differences are relatively small, they are unlikely to have a significant impact on the total
lignin results.

10 Calculation

Calculate the mean of duplicate determinations

Acid-insoluble lignin, % = %

where
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m is the mass of insoluble lignin from 9.3, g;
M is the mass of oven-dried pulp test specimen, g.
. o A-D
Acid-soluble lignin in filtrate from 9.2, g/1 = 110
where
A isthe absorbance at 205 nm with a 1 cm pathlength cuvette;
D s the dilution factor required to bring the absorbance in the range of 0,2-0,7 AU.

The factor o

NOTE 1
was found, of
various type
lignin in pulp

NOTE 2
pulping proc

The acid-sol
Acid-sol

where

ASL i

V i9
p

Total lig|

11 Precis

The repeats
determined
samples use

Based on thq
and B for th|
hydrolysis

f 110 represents the absorptivity of lignin (1/g.cm) at 205 nml[4]-[e],

The absorption coefficient for determining the acid-soluble lignin in many wood species at 20

L average, to be 110 1/g.cm (5,6). In spite of the fact that no similar studies have béen conduct
of pulp, an absorption coefficient of 110 1/g.cm is also applied for the determination of acid-s
(4),

The extinction coefficient of lignin depends not only on the type of wood species, but also o

pss and yield[12],
juble lignin is usually expressed as a percentage of pulp, as fellows:

ASL-V-100

ible lignin, % =
1000-M

the acid-soluble lignin in filtrate, g/I;

the total volume of filtrate, i.e., 250l (hydrolysis procedure A) or 1 000 ml (hydroly
Focedure B).

nin, % = Acid-insoluble lignin\+ acid-soluble lignin

ion

bility and reproducibility of the acid-insoluble, acid-soluble and total lignin tests
by conductiiig a round robin study with several types of pulp samples. A description g
d in thisstudy and the round robin results are presented in Annex A.

e results of the round robin study, a comparison was made between hydrolysis procedu
e @cid-insoluble lignin, acid-soluble lignin, and total lignin. On average, 6 laboratories

5 nm
ed on
luble

n the

—

S

b

were
f the

res A
used

Tocedure A, and 3 laboratories used hydrolysis procedure B. 1here were no statl

differences between the two procedures.

12 Test R
The test rep
a)

eport

ort shall include the following:

reference to this documenti.e. ISO 21436:2020;

b) the date and place of testing;

<)

all the information for complete identification of the sample;

tical

d) the percent of acid-insoluble, acid-soluble, and total lignin, expressed as indicated in Clause 10;

6

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=923c7002b66c82119cc102927ce180dd

IS0 21436:2020(E)

e) any unusual features observed in the course of the test;

f) any departure from the procedures described in this document, or any other circumstances which
may have affected the result.

© IS0 2020 - All rights reserved 7
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Annex A
(informative)

Precision

A.1 General

In June 201
different co
(2 laboratot
the samples

laboratories.

A total of fiy
the study. T
document u
of the mech
analysis on

NOTE
values report

NOTE In|
decided to i
soluble ligni
insoluble pol
Tables A.1 to

Repeatabilit
each type o
ISO/TR 244

NOTE
statement.

In|

Intries: Brazil; Canada (2 laboratories); China; France; Japan (2 laboratories); and Sw
ies) participated. In the case of one laboratory, the analyses were performed .0n sor
using both hydrolysis methods A and B; these results were included as representing

e samples representing common types of mechanical and chemical pulps were includ
he samples were submitted to the participating laboratories for\festing according tc
sing either hydrolysis method A or B. The participants were also requested to extrac
anical pulp samples (unbleached softwood TMP) with acetene and to perform the ]
the extracted sample.

The percent acetone extract of the unbleached softwood TMP-sample was 3,9, based on the av|

ed by six laboratories.

spite of the fact that this method is not generally applicable to fully bleached kraft pulp, i
clude one such pulp in the round robin study.-The intent was to assess whether degraded
1 and carbohydrate degradation products thdt may condense under acidic conditions, foy
ymeric material, could potentially contributejto the lignin measurement. As indicated by the d
A.6, any such contribution, if at all present, could be ignored.

y and reproducibility data for aCid~insoluble lignin; acid-soluble lignin; and total ligni
[ sample are shown in Tables A.1 to A.6. The calculations were made in accordance
D8 [13],

a few cases, the results.were considered as outliers and were not included in the pre

The repeatgbility and reproducibility limits reported are estimates of the maximum difference y

would be ex]
described u
different teq

NOTE R¢

pected in 19,0f20 instances, when comparing two test results for material similar to {
nder similap-test conditions. These estimates may not be valid for different materig
t conditfens.

peatability and reproducibility limits are calculated by multiplying the repeatabilityj

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

D, an international round robin study was performed in which nine laboratories fro:ln six

eden
ne of
two

ed in

this
L one
gnin

erage

[ was
acid-
ming
Ata in

n for
with

ision

rhich
hose
Is or

and
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A.2 Repeatability

Table A.1 — Estimation of the repeatability of the acid-insoluble lignin test

Type of pulp Number of Mean Acid- Standard Coefficient of Repeatability
laboratories | insoluble lignin | deviation variation limit
% S0 Cyr» % %
Unbleached 10 309 0.4 13 1,0
spftwood TMP
(before acetone-
extraction)
Unbleached 10 28,1 0,4 1,4 1,0
spftwood TMP
(after acetone-
extraction)
Unbleached 8 23,2 0,3 1,3 0,7
hardwood RMP
Softwood BCTMP 10 25,7 0,3 1,1 09
Unbleached 9 3,4 03 8,8 0,7
spftwood kraft
Bledched hardwood 9 0,6 0,1 16,7 0,3
kraft

Table A.2 — Estimation of the repeatability of the acid-soluble lignin test

Type of pulp Number of MeafAcid- Standard Coefficient of Repleatability
laboratories soluble lignin deviation variation limit
(yO Sr' % CV,I" (y() r, 0/0
Unbleached 10 0,5 0,1 20,0 0,2
spftwood TMP
(blefore acetone-
extraction)
Unbleached 10 0,4 0,0 0,0 0,1
spftwood TMP
(after acetone-
extraction)
Unbleached 9 3,1 0,2 6,4 0,4
hardwoodRMP
Softweod BCTMP 10 09 0,0 0,0 0,1
Unbleached 9 0,5 0,0 0,0 0,1
softwood kraft
Bleached hardwood 9 0,4 0,0 0,0 0,0
kraft

© IS0 2020 - All rights reserved 9



https://standardsiso.com/api/?name=923c7002b66c82119cc102927ce180dd

IS0 21436:2020(E)

Table A.3 — Estimation of the repeatability of the total lignin test

Type of pulp Number of Mean total Standard Coefficient of Repeatability
laboratories lignin deviation variation limit
% S, o Cy» % r, %
Unbleached 10 31,4 0,4 1,3 1,1
softwood TMP
(before acetone-
extraction)
Unblea¢hed 10 28,5 0,4 1,4 1,0
softwood TMP
(after acdtone-
extractjon)
Unblea¢hed 8 26,2 0,3 1,1 0,9
hardwoo¢ RMP
Softwood BCTMP 10 26,6 0,3 1,1 0,9
Unbleag¢hed 9 3,8 0,2 5,3 0,6
softwood kraft
Bleached hqrdwood 9 1,1 0,1 9,1 0,3
krafft
Table A.4 — Estimation of the reproducibility of the acid-insoluble lignin test
Type of pulp Number of Mean Acid- Standard Coefficient of | Reproducibility
laboratories | insoluble lignin | cdeviation variation limit
% SR, % CV,R' % R, 0/0
Unbleag¢hed 9 30,8 0,4 1,3 1,2
softwood TMP
(before adetone-
extractjon)
Unblea¢hed 10 28,1 0,8 2,8 2,1
softwood TMP
(after acdtone-
extractjion)
Unblea¢hed 10 23,0 0,9 3,9 2,5
hardwoo¢ RMP
Softwood BCTMP 10 25,7 0,4 1,6 1,1
Unblea¢hed 9 3,4 0,5 14,7 1,4
softwood kraft
Bleached hqrdwood 9 0,6 0,4 66,7 1,0
kraft
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