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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
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INTERNATIONAL STANDARD

ISO 302:2015(E)

Pulps — Determination of Kappa number

1 Scope

This International Standard specifies a method for the determination of the Kappa number of pulp. The

Kappa

This International Standard is applicable to all kinds of chemical pulps and semi-chemica

number is an indication of the lignin content or bleachability of pulp.

pulps within

the K4
consu

To achieve the greatest precision and accuracy, the sample size has to be’ adjusted

consu

NOTE

of pulg
oxidizd
numbe|
have td
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ISO 63
ISO 72
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3.1
oxidaf
relatiyj

ppa number range 1 to 100. For pulps with a Kappa number exceeding 100, use
mption procedure (ISO 3260) to describe the degree of delignification.

mption of permanganate falls between 20 % and 60 % of the amount added.

There is no general and unambiguous relationship between the Kappa nmumber and the
. The relationship varies according to the wood species and delignification procedure.
d by KMnOy, not only lignin, will increase the consumption of KMn04, and thereby incrg

r.[8] If the Kappa number is to be used to derive an index of pulplignin content, specific rel
be developed for each pulp type.

prmative references

llowing documents, in whole or in part, are normatively referenced in this docu
ensable for its application. For dated refetences, only the edition cited applies,
nces, the latest edition of the referenced document (including any amendments) apj

8, Paper, board and pulps — Determination of dry matter content — Oven-drying met]

13, Pulps — Sampling for testing

rrms and definitions

e purposes of this decument, the following terms and definitions apply.

ion capacity
e amountofpotassium permanganate reduced (expressed as MnO3) of the total oxid

3.2
total

oxidatfion/capacity (permanganate consumption) when all permanganate is reduced into

xidation capacity

the chlorine-

| so that the

lignin content
All compounds
ase the Kappa
ationships will

ment and are
For undated
lies.

hod

htion capacity

V[n2+

3.3

Kappa number of pulp

number of millilitres of 0,02 mol/l potassium permanganate solution consumed under the specified
conditions by one gram of pulp (calculated on an oven-dry basis)

Note 1 to entry: The results are corrected to a value corresponding to that obtained when 50 % of the total
oxidation capacity of the permanganate is consumed in the test at a temperature of 25 °C.
4 Principle

Disintegrated pulp is allowed to react with a specified amount of potassium permanganate solution
for a given time. The amount of pulp is chosen so that about 50 % of the total oxidation capacity of the
permanganate is left unconsumed at the end of the reaction time.

© ISO 2015 - All rights reserved
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The main reactions are as follows:

Residual lignin + other oxidizable compounds + MnO4- + 4H* — oxidized lignin + other oxidized
compounds + excess Mn0O4- + MnOy + 2H20

2MnOg4- + 10I- + 16H* - 2Mn2+ + 5] + 8H0

MnO; + 4H* + 2I- - Mn2+ + 2H20 + I

257032- + I = S4042- + 21

NOTE

By theoretical calculation and experimental observation, a consumption of 60 % (mass/mass) is

actually the end point of the consumption for the permanganate ions, at which point the ions have been reduced

to MnO3. Furt
potassium iod
solution. The v

5 Reagen

Use only chenpicals of recognized analytical grade and only distilled water or water of equivalent

5.1 Sulfuri

Add with cauf
cool and dilut

5.2 Potassium iodide, c(KI) = 1 mol/l.

Dissolve 166

5.3 Potassium permanganate, c(KMnO4) = (0,020 * 0,001) mol/L

Dissolve 3,16
mark with w3

NOTE Fre

5.4 Sodiunj thiosulfate, c(Na3$203) = (0,200 0 £ 0,000 5) mol/l.

Dissolve 49,6
mark with wa

5.5 Starch

her oxidation, performed by means of MnO; should be considered as “out of range”. By
de solution, the reaction is terminated and the free iodine is titrated with sodium 'thig
hlue so obtained is corrected to 50 % consumption of the total oxidation capacity of perman

ks and materials

C acid, c(H2S04) = 2,0 mol/1.

ion 112 ml of sulfuric acid, HpSOg4, of density 1,84 g/ml;to about 600 ml of water. A
e to 1 litre with water.

b of potassium iodide, K1, in a 1 000 ml volunhtetric flask and fill up to the mark with

| g of potassium permanganate,"\KMnQO4 , in a 1 000 ml volumetric flask and fill up|
ter.

Eh solution is stable for atfeast 6 months if stored in a dark bottle.

b g of sodium-thiosulfate, NazS;03 - 5H20, in a 1 000 ml volumetric flask and fill up
ter.

ndicator, 2 g/l solution.

NOTE

Commercially available standard solutions may be used.

adding
sulfate
banate.

purity.

low to

water.

to the

to the

6 Apparatus and equipment

Ordinary laboratory equipment and the following.

6.1 Agitator, of the propeller type, made of glass or other noncorrosive material (a plastic- or glass-
covered magnetic stirrer may be used instead).

6.2 Wet-disintegration apparatus or blender, high-speed mixer, capable of disintegrating the pulp
completely with minimum damage to the fibres.

6.3 Water bath, capable of maintaining a temperature of (25,0 * 0,2) °C in the reaction vessel (see 8.3
regarding temperature correction).

2
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6.4 Timing device, capable of measuring 10 min to the nearest 1 s.
NOTE Automatic Kappa number analysers can be used if they follow this International Standard and give

the same results.

7 Sampling and preparation of sample

7.1 Sampling

If the test is being made to evaluate a pulp lot, the sample shall be selected in accordance with ISO 7213.
If the testis made on another type of sample, report the source of the sample and if possible the sampling
procedure used.

Make $ure that the test portions taken are representative of the pulp.

As the presence of small amounts of spent cooking liquor affects the Kappa. iitmber, erjsure that the
sampleg is well washed.

7.2 Bample preparation

Prepare the test material according to one of the following procedutes.
7.2.1 | Air-dry pulp. Tear or cut the pulp into small pieces.

7.2.2 | Screened slush pulp. Dewater the pulp sample by filtering on a Biichner |funnel or by
centrifuging, avoiding any loss of fibres or fines. Air=dry the pulp sample, or dry it at a tethperature not
exceeding 105 °C, and tear it into small pieces.

7.2.3 | Unscreened pulp. If the sample is . taken from unscreened pulp, which is normjally screened
before{bleaching or other processing, remove the shives and knots from the sample by scregning. Choose
a prodedure that gives results similar\té those obtained by industrial screening. State the method of
screeniing in the test report. Continue the sample preparation as described in 7.2.2.

NOTE If the pulp sample contains a considerable amount of shives, the screening procedure rmhay give rise to

incorrgct results. A more reliable Value may be obtained by defibrating the pulp sample before the determination.
State the method of defibrationin the test report.

8 Procedure

8.1 (General

This International Standard includes two different procedures. One is used in the Kappa 11umber range
5to 13‘0‘31rdﬂmmmwkapprm7ﬂmmg’e-rm-5.

The main difference between the procedures is the added amounts of pulp and of KMnOg4, and the
calculation. Due to stirring problems when determining Kappa numbers below 5, decrease the amounts
of pulp and permanganate.

Use 8.2 and 8.3 in both procedures. The separate procedures are described in 8.3.2 and 8.3.3.
Run the determination in duplicate.
NOTE Experimental work in Nordic countries has shown that the Kappa number determination according to

the procedure for Kappa number 5 to 100 gives results equivalent to those obtained by the procedure for Kappa
number 1 to 5, within the Kappa number range from 4 to 6.

© IS0 2015 - All rights reserved 3
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8.2 Blank

Carry out a blank determination using exactly the procedure described in 8.3, but without the pulp.
Read off the volume, V1, to the nearest 0,1 ml, of the sodium thiosulfate (5.4) consumed at the inflection
point. The consumption of sodium thiosulfate solution may vary by at most * 1 % from its theoretical
value (25,0 ml).

Divide the blank value of the Kappa number determination in the range 5 to 100 by two, for use in the
Kappa number determination in the 1 to 5 range.

8.3 Determination

8.3.1 Geneyfal

Condition th¢ test specimens for at least 20 min, or until constant weight has been-reached| in an
atmosphere near the balance prior to weighing the samples for determination of Kappanumber apd dry
matter content.

Weigh, to thg nearest 0,001 g, the amount of pulp which will consume approximately 50 % [of the
potassium pefmanganate (5.3). Examples of suitable amounts of pulps are given in Table 1 and Tpble 2.
Ensure that the consumption of permanganate is between 20 % and 60 % (mass/mass) of the amount
added (see Rdference [11]).

At the same [time, weigh a separate test specimen for determination of the dry matter content in
accordance with ISO 638, or any other method for determination of the dry matter content giving a
similar resultf

Tablg 1 — Suitable amounts of oven-dry pulpirvthe Kappa number range 5 to 100

Kappa number Amount of sample, g
5 4,5
6 4,0
8 3,0
10 2,5
15 1,5
20 1,2
25 1,0
30 0,9
35to 45 0,6
50 to 55 0,5
60-t070 04
80to 90 0,3
100 0,25
Table 2 — Suitable amounts of oven-dry pulp in the Kappa number range 1 to 5
Kappa number Amount of sample, g
1 5,5
2to3 4,0
4 3,0
5 2,5

4 © IS0 2015 - All rights reserved
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In order to avoid stirring problems when the Kappa number is low (i.e. five in the Kappa number range
5 to 100, and 1 to 2 in the Kappa number range 1 to 5), the amount of sample must be smaller than
the amount corresponding to approximately 50 % of the total oxidation capacity of permanganate.
However, the amount of sample should still correspond to at least 20 % of the total oxidation capacity of
permanganate.

Disintegrate the test specimen in 300 ml of distilled water until it is free from fibre clots and from large
fibre bundles. Avoid methods of disintegration which involve extensive cutting of the fibres. Rinse the
disintegrator with approximately 90 ml of distilled water. If a combined disintegration and reaction
beaker is used, perform the disintegration in 390 ml of distilled water.

Place the beaker in a water bath (6.3) adjusted to maintain a reaction temperature of (25,0 + 0,2) °C

during the entire reaction.

NOTE
Itisre
be diff
In such
of the
throug]
as shoy
below
contro
be rep
under
a temp

A constant temperature bath mustbe used in order to perform this test under standard
ognized, however, that a constant temperature bath may not be available, or a constdnt te
cult to maintain, as may be the case for process testing, or in certain locations of a pulp

cases, determine the temperature of the material in the reaction vessel at the beginning
10-min reaction time, average the two values, and assume this to be the\average reactio
hout the test. Correct the Kappa number, using the average of the beginning and endin
vn in 9.1 and 9.2. However, if either of the temperatures measured diiring the 10-min reg
P0 °C or above 30 °C, the test must be repeated after obtaining afemperature bath or in s
ling the temperature within the required temperature range. If ajtemperature correction

brted in Clause 10 (test report). The results must also be validated by comparison with

onstant temperature and using the same type of sample, siiice there might be some variabi
brature correction is used.

Adjustl the agitator (6.1) to produce a vortex approximately 25 mm deep in the reaction
very important that the stirring is adequate.

8.3.2 | Kappa number range 5 to 100

Pipett
into a
simult
water,

10,0 m

Immel;ﬁiately after mixing,-but without filtering out the fibres, titrate the free iodine wit
thiosullfate solution (54J~Add a few drops of the starch indicator solution (5.5) toward {
titratipn. Do not add\the starch until the majority of the iodine is reduced by the thiosu
the starch ties up.the free iodine liberated from the potassium iodide. Read off the volu
nearegt 0,1 ml,©f the sodium thiosulfate (5.4) consumed at the inflection point.

e (50 £ 0,1) ml of the potassium permanganate solution (5.3) and 50 ml of the sulfs
beaker. Bring this mixture to 25.9C, quickly add the mixture to the disintegrated
Aneously start the timing device (6.4). Rinse the beaker with approximately 10 1
and add the washings tosthe reaction mixture. The total volume shall be 500 ml.
in £ 15 s, terminate the(reaction by adding exactly 10 ml of the potassium iodide sg

lodine|volatilization has been found to be an important variable in the determination of the K

i'Eled conditions.

perature may
ind paper mill.
and at the end
n temperature
b temperature,
ction period is
bme other way
s used, it must
hose obtained
ity in results if

mixture. It is

iric acid (5.1)
Epecimen and
hl of distilled
At the end of
lution (5.2).

h the sodium
he end of the
fate, because
me, /7, to the

appa number.
he completion

The tinebetween the addition of potassium iodide solution to terminate the reaction, and t

ank.

If the titration is performed in an automatic titrator using a platinum electrode, it is not necessary to

add starch as an indicator.

8.3.3 Kappa number range 1 to 5

Pipette (25,0 + 0,1) ml of the potassium permanganate solution (5.3) and 50 ml of the sulfuric acid (5.1)
into a beaker. Bring the mixture to 25 °C, quickly add the mixture to the disintegrated specimen and
simultaneously start the timing device (6.4). Rinse the beaker with approximately 35 ml of distilled
water, and add the washings to the reaction mixture. The total volume shall be 500 ml. At the end of
10,0 min * 15 s, terminate the reaction by adding exactly 10 ml of the potassium iodide solution (5.2).

Immediately after mixing, but without filtering out the fibres, titrate the free iodine with the sodium
thiosulfate solution (5.4). Add a few drops of the starch indicator solution (5.5) toward the end of the

© IS0 2015 - All rights reserved 5
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titration. Do not add the starch until the majority of the iodine is reduced by the thiosulfate, because
the starch ties up the free iodine liberated from the potassium iodide. Read off the volume, V>, to the

nearest 0,1 m

], of the sodium thiosulfate (5.4) consumed at the inflection point.

lIodine volatilization has been found to be an important variable in the determination of the Kappa number.
The time between the addition of potassium iodide solution to terminate the reaction, and the completion
of the subsequent titration, should be as short as possible, particularly when titrating the blank.

If the titration is performed in an automatic titrator using a platinum electrode, it is not necessary to

add starch as

an indicator.

8.4 Reference pulp
To be sure thgt the resultis correct, it is recommended that a reference pulp with a known Kappa humber
in the same rgnge as the sample be analysed. Keep the reference pulp sample in a dry, cool ahddark place.
9 Calculations
9.1 Kappa/number 5 to 100
The Kappa nymber X, expressed as a numerical value only, is given by thefollowing formulae:
(V1 — VZ ) C
V,=~2 1/~ 1
: 01 (1
V_d
X, =2 2)
m
v.d
X, ==2-[1+0,013(25-¢)] (3)
m
where
X1 is the Kappa number withouta temperature correction;
X  is the Kappa number with'a temperature correction;
Va  is the volume of the,potassium permanganate solution (5.3) consumed in the determination,
in millilitres;
41 1lili-
Vo n
millilitres;
c is the concentration of the sodium thiosulfate solution (5.4), expressed in moles per litre;

0,1 isthe numerical factor, which takes into account the molarity of potassium permanganate
and the stoichiometry of the reaction during the titration (f= 0,02 x 5);

d is the correction factor to 50 % (mass/mass) permanganate consumption; d is dependent on
the value of V,, (see Table 3);

m is the oven-dry mass of the test specimen, in grams;

t is the actual temperature of reaction, in degree Celsius.

© ISO 2015 - All rights reserved
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Table 3 — Correction factor d, expressed as a function of V,
(Kappa number 5 to 100)

Va d
ml 0 1 2 3 4 5 6 7 8 9
10 0,938 0,942 0,946 0,950 0,954 0,958 0,962 0,966 0,970 0,975
20 0,979 0,983 0,987 0,991 0,996 1,000 1,004 1,009 1,013 1,017
30 1,022
NOTE The correction factor d is based on an experimental study which gave the following formula:
%
bofry X = gy —* + 0,000 93(2V, - 50)
m
9.2 Kappanumber1to5
The K@ppa number X, expressed as a numerical value only, is given bythe following formylae:
V.
v, |c
Vol @
b 0,1
Vid
X|= _b” (5)
m
v
X = —[1—1—0,013(25—1&)} 6)
m
where
X4 is the Kappa number without a temperature correction;
X7 is the Kappa number with a temperature correction;
V]  isthe volume-of the potassium permanganate solution (5.3) consumed in the Kpppa number
determifiation range 1 to 5, in millilitres;
V1 is thewolume of the sodium thiosulfate solution (5.4) consumed in the blank test in the
Kappa number determination range 5 to 100, in millilitres;
V3 _~is the volume of the sodium thiosulfate solution (5.4) consumed in the Kappa nimber deter-
mination range 1 to 5, in millilitres;
c is the concentration of the sodium thiosulfate solution (5.4), expressed in moles per litre;
0,1 isthe numerical factor, which takes into account the molarity of potassium permanganate
and the stoichiometry of the reaction during the titration (f= 0,02 x 5);
d is the correction factor to 50 % (mass/mass) permanganate consumption; d is dependent on
the value of V, (see Table 4);
m is the oven-dry mass of the test specimen, in grams;
t is the actual temperature of reaction, in degrees Celsius.
© IS0 2015 - All rights reserved 7
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Table 4 — Correction factor d, expressed as a function of V,, (Kappa number 1 to 5)

Vb d
ml 0 1 2 3 4 5 6 7 8 9
0 1,022 1,026 1,030 1,035 1,039
10 1,044 1,048 1,053 1,057 1,062 1,066
NOTE The Kappa number can also be calculated using the following formula:

%
log o X =logq, E‘Mo,ooo 93x 2V},

9.3 Expregsion of results
Report the Kdppa number of the pulp as the mean of two determinations to the following precisipn:
Kappa nuymber < 50: to the nearest 0,1;

50 < Kappa number < 100: to the nearest 0,5.

9.4 Example of calculation
Air-dry mass|of the test specimen 1,100 g

Dry matter cqntent of the sample 91,5 % (mass/mass)

91,5
0 x 1,100 g = 1}006 g

Oven-dry mags of the test specimen

Volume of thg sodium thiosulfate solution (5.4) consumed in 152 ml
the blank test, V1 ’

Volume of thg sodium thiosulfate solution (5.4) consumed in
e 9,5 ml
the determingtion, V>

Concentration of the sodiumrthiosulfate solution (5.4), c 0,191 ( mol/I

Volume of theg potassiym permanganate solution (5.3) (25'2 - 9'5) x0,191 0 _

consumed in the test;V; 0,1 39,0 ml

Correction fattor d 1,022

30,0 x 1,022

Kappa number, X1 “Tooe 30,5

10 Test report

The test report shall give the following information:

a) all information for complete identification of the sample;
b) areference to this International Standard, i.e. ISO 302;

c) date and place of testing;

8 © IS0 2015 - All rights reserved
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d)

f)
g)
h)

j)
k)
D)

IS0 302:2015(E)

the result, as specified in 9.3;

whether or not an automatic device is used;

the procedure (8.3.2 or 8.3.3) used;

whether or not a temperature correction was used

the mass of pulp tested;

if the sample has been screened, the procedure used;

if the sample has been disintegrated, the disintegration procedure;

ar

ar
as

y unusual features observed during the work;

y departure from this International Standard, or any other circumstances,or influel
optional, that could have affected the results.

ices regarded

© ISO 2015 - All rights reserved
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Annex A
(informative)

Precision

A.1 General

The precision data are based on four pulp samples with different kappa numbers ranging front4|to 40.
The calculati«{ns have been made according to ISO/TR 24498.
The repeatabjlity and reproducibility limits reported are estimates of the maximum'difference{which
should be expgected in 19 of 20 instances, when comparing two test results for material similar tq those
described unfler similar test conditions. These estimates may not be valid for_different materfials or
different test{conditions.
Note Repeatgbility and reproducibility limits are calculated by multiplying the repeatability and
reproducibility standard deviations by 2,77, where 2,77 = 1,96 V2.
A.2 Repedtability
Four pulp sapnples were analysed in two different laboratories with a manual device and in|seven
different labojratories with an automatic device. Each labgratory analysed the different pulp samples 10
times. The repeatability data are shown in Table A.1
Table A.1 — Repeatability for determination of Kappa number
Manual device
Kappa numper Standard Coefficient of Repeatability
level Mean deviation variation limit
Sr COVr r
(%) (%) (%)
4 4,0 0,038 0,95 0,10
10 10,4 0,088 0,85 0,24
16 16,3 0,18 1,1 0,50
40 41,7 0,25 0,60 0,69
Automatic device
Kappa numbér Grand Standard Coefficient of RepeatalIility
level Mean deviation variation Lt
means S CoVy r
(%) (%) (%)
4 4,3t04,5 4,4 0,026 to 0,14 0,6 to 3,1 0,072 to 0,39
10 10,2 to 10,7 10,4 0,062 to0 0,16 0,6 to 1,5 0,17 to 0,44
16 16,1 to 16,7 16,4 0,082 t0 0,28 0,5to 1,7 0,23t0 0,78
40 42,3t042,8 42,6 0,17 to 0,51 0,4to 1,2 0,47 to 1,41
a  Since only the range of mean values was available for the laboratories using an automatic device, the grand mean,
standard deviation and repeatability limit could not be calculated exactly, but were estimated based on the average value of
the two extreme mean values. However, since the mean values cover a narrow range, any possible deviation from the true
values are not considered to be significant.
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