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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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Pulps — Kraft liquor — Determination of residual alkali
using potentiometric titration

1 Scope

This document describes a procedure for determining the content of residual alkali in Kraft black

liqu

The
liqud

The Jower limit of determination is 0,1 g/1 of eq. NaOH.

2 Normative references

Ther]

Fort
ISO 4
— 1
— 1
3.1

residual alkali

resid
contyq

Note

Terms and definitions

TS Taving a dry matter comntent up to 40-9%6:

method is based on a potentiometric titration with hydrochloric acid and is iftend
r samples with an initial pH = 11,0.

e are no normative references in this document.

he purposes of this document, the following termsand definitions apply.
nd IEC maintain terminology databases for use ifi standardization at the following adc

SO Online browsing platform: available athttps://www.iso.org/obp

EC Electropedia: available at https: //www.electropedia.org/

ual effective alkali
ent of hydroxide ions remaining in the black liquor

1 to entry: The hydrexide ions can result when sodium (or potassium) sulphide is dissolved

ed for black

Iresses:

in water and

sulphide ions are hydrolysed.

Note [2 to entry: The'vesult is expressed in moles of hydroxide ions per litre of sample or in graims of sodium
hydroxide per litre-of sample.

4 Principle

The ‘atkatime—speties contaimed T the bltacktiquor—sampte —are titrated—potentiomet

ically with

hydrochloric acid to the first inflection point, which occurs at pH between 11,0 and 11,5. Before the
titration, sodium carbonate is added to the sample to give a better inflection point and to buffer the
titration solution. If the initial pH of the black liquor sample is between 11,0 and 12,5, a known volume
of sodium hydroxide shall be added to the sample before the titration. The content of residual alkali is
calculated from the consumption of the acid at the first inflection point. The result is corrected by a
correction factor to obtain only the hydroxide ions concentration and remove the contribution of other

alkal

ine species.

Precision data are available in Annex A.
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5 Reagents

All chemicals shall be of analytical grade. The water used in the titration and in the preparation of
reagents shall be distilled or deionized.

WARNING — The use of this document can involve hazardous materials, operations and
equipment. It does not purport to address all of the safety or environmental problems associated
with its use.

5.1 Sodium carbonate solution 1 M, dissolve 106,0 g of sodium carbonate, Na,CO; in water and
dilute to 1 litre with water.

5.2 Hydrochloric acid 1 M, The actual concentration of hydrochloric acid, HCI, shall be knewn 4

nearest 0,0(

NOTE Cq

5.3 Sodium hydroxide solution 1 M, Dissolve 40,0 g of sodium hydroxide, NaOH, in water in a 1

volumetric f
acid. The ac

NOTE Cq

5.4 Ethan

5.5 Buffe
available or

— pH 7,00
2hat1

the man

pH 11,0
at105°
mark.

6 Appar

The usual laboratory apparatus and, in particular, the following shall be used.

6.1 Autorn

motorized Hurette-10 ml or 20 ml) and a recorder shall be used.

1M.

mmercially available standard solutions can be used.

lask and dilute to the mark with water. Check the concentration by'titration with a stan
fual concentration shall be known to the nearest 0,005 M.

mmercially available standard solutions can be used.
ol, for washing the electrodes.

I solutions, having pH values such as 7,0 and 11,0.Suitable buffer solutions are commer
can be prepared as follows:

, 25 °C: Dissolve 6,80 g of potassium dihydrogen phosphate, KH,PO,, previously drie
D5 °C, and 1,16 g of sodium hydroxide, NaOH, in water in a 1 I volumetric flask and dily
k.

0, 25 °C: Dissolve 3,55 g of disoditim hydrogen phosphate, Na,HPO,, previously dried f
C, and 0,16 g of sodium hydxoxide, NaOH, in water in a 1 | volumetric flask and dilute t

atus

natic titrator or pH-meter, an automatic device for potentiometric titration includ

o the

litre
dard

rially

d for
te to

r2h
o the

ing a

NOTE If

hecessary, a manual titrator and a separate pH meter can be used.

6.2 Electrodes, suitable glass and reference electrodes. A combined pH glass electrode may be used.

A high sodium pH-electrode is recommended.

NOTE Cl
6.3 Fume
2

ean the electrodes with ethanol (5.4) if the response time deteriorates.

hood, to ventilate any gases.
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7 Sampling and sample pretreatment

The sample bottles shall be kept completely filled with black liquor and tightly closed to prevent
oxidation by air.

NOTE

Black liquor is sensitive to oxidation by air.

8 Calibration and check of pH meter

Operate the pH meter in accordance with the manufacturer's instructions. Wash the electrodes (6.2)

with

distilled water: allow the distilled water to drain from the electrodes

Fill t
solut]

The {
elect
Adju
temp

he titration vessel with the first standard buffer solution (5.5), measure the temper
ion and immerse the electrodes.

irst buffer solution shall be chosen so that the pH value of the solution is in the same 1
ric zero point of the pH meter (usually pH = 7).

5t the pH-meter so that it indicates the known pH of the first buffer solution at the actug
erature. A slow but continuous increase or decrease in the readingindicates faulty ele

Waslh the electrodes with water as before and immerse them i the second standard bu

(5.5)
the t
instr

9 1

Ensu
The 1

If th{
wate

With
titra

NOTH
10 m

Run

many
the 4
the g
degr

The temperature of the second buffer solution shall notdeviate by more than two d
emperature of the first buffer solution. Adjust the mete¥, in accordance with the ma
uctions, so that it indicates the known pH of the secend buffer solution.

Procedure

re that the black liquor in the sample bottleis properly homogenized before the sample
amples shall be swirled and not shaken(to avoid the effects of oxygen on the sample.

e dry matter content of the sample-éxceeds 40 %, the sample needs to be diluted wj
r to a dry matter content around.20 %.

the aid of a calibrated pip&tte or equivalent device, transfer the chosen volume of sg
ion vessel. The sample yolume shall be known with a precision of at least 1 per cent.

The exact sample.volume is determined by the level of residual alkali. Usually the sam|
to 20 ml.

the determination in duplicate. Operate the titration equipment (6.1) as instru
ifacturer. Wash the electrodes (6.2) with distilled water, allow the distilled water td

ature of the
egion as the
] measuring

ctrodes.

Ffer solution
egrees from
nufacturer's

s extracted.

ith distilled

ymple to the

ple volume is

ted by the
drain from

lectrodes and insert them in the black liquor sample. Stir with a magnetic stirrer and measure

H of the sample at least twice. The temperature of the sample shall not deviate by mg
bes from the temperature of the buffer solutions.

re than five

WARNING — Hydrogen sulphide can be formed during the titration. Since hydrogen sulphide is
a toxic gas, the titration shall be performed under a hood or other measures shall be taken to
protect the operator.

If the pH is below 11,0 the sample contains no residual alkali.

If the pH is between 11,0 and 12,5, add approximately 5 ml NaOH-solution (5.3) to the nearest 0,01 ml
to the titration vessel before titration and follow the procedure described below.

If the initial pH of the sample is above 12,5, add 80 ml of water, 10 ml of sodium carbonate solution
(5.1) and 10 ml of black liquor in a suitable vessel for titration. The amount of liquor can be reduced or
increased, if necessary depending on the amount hydrochloric acid consumed. In this case, the amount
of water and sodium carbonate solution shall be adjusted correspondingly.

© IS0 2023 - All rights reserved
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Insert the electrodes in the solution and stir with a magnetic stirrer. Titrate with hydrochloric acid
(5.2) past the first inflection point so that an S-shaped curve is obtained. If an automatic device is not
used, read the potentiometric value after each addition and construct the titration curve by plotting
each reading against the corresponding total volume of hydrochloric acid (5.2) added. Read the volume
of hydrochloric acid at the inflection point (a). If there is no distinct inflection point, read the volume of
hydrochloric acid at pH 11,5. This shall then be mentioned in the report.

10 Calculation
Calculate the residual alkali from the Formulae (1) to (3):
_0,95(aCy - bCy)

X > -0,012 6Y)

X, =40, (2)

X3 =31k, (3)
where

X, is the residual-alkali content of the black liquor expressed as OH-, in moles per litre;

0,95 is a correction factor;

a is the volume of the hydrochloric acid consumed:at the first inflection point, in millilitfes;

C; is the concentration of hydrochloric acid (5.1), moles per litre;

b is the volume of the sodium hydroxide’(5.2) added before the titration (here 5 mfl), in
millilitres;

C, is the concentration of sodium hydroxide solution (5.2), in moles per litre;

% is the volume of the sampleyin millilitres;

-0,012 s a correction facton;

X, is the residual-alkali content of the black liquor expressed as NaOH, in grams per litre;
40 is the relative molecular mass of NaOH, in grams per mole;
X3 s the residual-alkali content of the black liquor expressed as Na,O0, in grams per litre;
31 is-the relative molecular mass of Na,0, in grams per mole.

NOTE1 Residual alkali is usually expressed in equivalent NaOH (g/1) in Europe, whereas in North America is
usually expressed in equivalent Na,0 (g/1)

NOTE 2 If the value of the residual alkali is negative, then the result is expressed as <0,1 g/1 NaOH. The
negative value indicates the amount of hydrochloric ions needed to titrate weak acids present in the solution.

NOTE 3  The correction factor (0,95) and correction term (-0,012) are explained as follows:
The hydroxide ion content calculated at the first inflection point of the titration gives an overestimated value.

The difference between the measured and true values of the hydroxide ion concentration depends on
the acid/base properties of the organic and inorganic substances present in the black liquor. When the
titration is performed according to this document where the pH-value is between 11,0 and 11,5, parts
of these other species are also titrated. This is not the case when a reference method is used for the

4 © IS0 2023 - All rights reserved
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determination of the hydroxide ion content, since for this method the pH-range used is >12,5. Thus the
measured value according to this document always has to be corrected in order to obtain the true value

of th

e hydroxide ion content.

The correction factors of the residual alkali in Formula (4) are based on a reportlll presented in SCAN
N33-94[2], The true value of hydroxide ions is calculated by an extrapolation method using data from
a potentiometric titration of a sample of the black liquor. According to this reference method the
correction equation for all types of black liquors is:

[OH‘}T :0,95*[0H‘]M ~0,48

wherte

Calc

(4)

e }T is the true hydroxide ion content expressed in g/1 NaOH;

o~ JM is the measured hydroxide content expressed in g/1 NaOH.

late the mean value of at least two duplicate determinations.~The results of the duplicate
determinations shall not deviate by more than 5 % from their mean.

NOTHE 4  The method shows good correlation when compared by, mé€asuring the residual effec
capillary electrophoresis[3l.

11 Report

The test report shall include the following:

a)
b)

reference to this document, i.e. ISO 23772:2023;

ate and place of testing;

c) identification mark of the samplé tested;

d) the method of determinatiof-sed and if relevant identify the pH-endpoint of the titrat

e) the measured starting pHof the sample;

f)  the result given totwo significant figures;

g) 3

©ISO

iny departurefrom the standard procedure and any other circumstances that may h
he result.

rive alkali by

on;
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