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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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INTERNATIONAL STANDARD 1SO 23774:2023(E)

Pulps — Kraft liquor — Determination of total, active and
effective alkali using potentiometric titration

1 Scope

This document specifies a potentiometric titration procedure for the determination of total, active and
effectiveatkatiimwiiteamd greem Hquors obtaimed and used i tire kraftorsutpirate pulping process.

This|[document is not applicable for the analysis of liquors such as oxidized white liquors‘which contain
significant amounts of polysulphides. The method given in this document is netlintended for the
determination of particular ionic species, such as sulphides or carbonates.

2 Normative references

Therge are no normative references in this document.

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

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

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

31
tota] alkali
total[concentration of alkaline constituents determined by titration of a sample of the liquorjwith strong
acid to the third inflection poinptiaccording to specific requirements

Note [l to entry: The specificrequdirements are described in this document, ISO 23774:2023, Claused 8 and 9
Note 2 to entry: See also Anfiex B.

3.2
active alkali
total| concentration of alkaline constituents, except carbonates, as determined by titration of a sample
of the liquer'with strong acid according to specific requirements

Note [L't0’entry: The specific requirements are described in this document, ISO 23774:2023, Claused 8 and 9

Note 2 to entry: In practice, active alkali is considered to be the sum of the concentrations of hydroxyl and
hydrosulphide ions, including hydroxyl ions formed by hydrolysis of sulphides. See also Annex B.

3.3

effective alkali

concentration of strongly alkaline constituents determined by titration of a sample of the liquor with
strong acid to the first inflection point according to specific requirements

Note 1 to entry: The specific requirements are described in this document, ISO 23774:2023, Clauses 8 and 9

Note 2 to entry: In practice, this is considered to be the concentration of hydroxyl ions, including those formed
from sulphides by hydrolysis. See also Annex B.

©1S0 2023 - All rights reserved 1
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4 Principle

The determination of total, active and effective alkali in a liquor sample is based on an acidic dosage by
a strong acid of the alkaline species contained in the sample. The major alkaline species in green liquor

are hydroxyl ions (OH), hydrosulphur ions (HS-), carbonate (CO%‘ ) and hydrogenocarbonate ions (

HCO3 ), whereas in white liquor they are mainly hydroxyl ions (OH") and hydrosulphur ions (HS").

During the acidic dosage, these alkaline species lead to different inflexion points for specific pH ranges
as described in Clause 8.

A sample of the llquor is t1trated with hydrochlorlc ac1d of known concentratlon The pH value (or

a suitable fyr
recorded co|
determined

NOTE

From the aif
alkali of the

Precision dg

5 Reage

WARNING
equipment

with its usg.

All chemica
reagents shi

5.1 Hydro¢chloric acid 1 M, the actual concentration of hydrochloric acid, HCI, shall be known t

nearest 0,0(

5.2 Buffe

available. They can also be prepared in the laboratory as follows:

Buffer
phthala
solution

Buffer
decahyq
boiling.
dioxide

The titration is preferably performed using an automatic titration equipment.

ntinuously and from the recorded data the consumptlon of ac1d at the inflection p01

hounts of acid required to reach the three inflection points, the effective; active and
sample are calculated.

ta are available in Annex A.

nts

— The use of this document can involve hazardous materials, operations
It does not purport to address all of the safety er;environmental problems associ

s shall be of analytical grade. The water;1iiSed in the titration and in the preparati
11 be distilled or deionized.

5M.

I solutions of known pH¢values near 4 and 9. Suitable buffer solutions are commer

solution, pH 4,01:4dna 1 000 ml volumetric flask dissolve 10,12 g of potassium hydr

is stable for.2'\months.

solution; pH 9,18: In a 1 000 ml volumetric flask dissolve 3,80 g of sodium tetrab
Irate (borax), Na,B,0,-10H,0, in water from which carbon dioxide has been expellg
Dilute to the mark. The solution is stable for 6 weeks. The solution will absorb ca

ke, KHCgH,0,, in‘water and dilute to the mark. There is normally no need to dry the sal{.

[l are
ts is

total

and
ated

bn of

o the

rially

ogen
The

brate
d by
rbon

when in contact with ambient air. Therefore, keep the solution in a stoppered bottle a1|1d do

not leav

6 Appar

The usual la

e the bofttle open more than absolutely necessary.

atus

boratory apparatus and, in particular, the following shall be used.

6.1 Automatic titration equipment, including glass and reference electrodes, that records the
titration curve (pH against titrant consumed) or any function of the titration curve, such as the first
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derivative, so that the inflection points of the titration curve can be determined. A combined pH glass

elect

rode may be used. Check the precision of the equipment as instructed in Clause 7.

For the analysis of green liquors, titration equipment that automatically evaluates the inflection points

shall

NOTE

be used.

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

7 Calibration and check of pH meter

it in
decr

Was
not r
buffe

8 1

Oper]
titra

WAR
a toy
to pr

Chod
meas

Ensuy
The {

With|
titra

samy
folloy

V
T

icates the known pH of the buffer solution. If the reading slowly but contihuously
ases, this indicates faulty electrodes.

the electrodes with water as before and immerse them in the second standard buffer
eadjust the meter. The reading shall now agree to within 0,2 pH unit'with the value as{
r. Failure to do so indicates a faulty electrode.

Procedure

ate the titration equipment as instructed by the manufacturer. Use hydrochloric acid
nt.

NING — Hydrogen sulphide will be formed:during the titration. Since hydrogen
ic gas, the titration should be performed-uinder a hood or other measures shou
otect the operator.

se the sample volume, v (ml), so that about half the burette capacity (or equival
uring device) is used.

re that the sample in the sample bottle is properly homogenized before the sample i
amples shall be swirled andmot shaken to avoid the effects of oxygen on the sample.

the aid of a calibrated pipette or equivalent device, transfer the chosen volume of s§

le with water te-a-suitable volume. Start the titration and note the volume of acid ¢
vs:

olume cefisumed at the first inflection point: a (ml)

otak velume consumed at the second inflection point: b (ml)

nd reference

eter so that
ncreases or

solution. Do
igned to the

(5.1) as the

sulphide is

Id be taken

ent volume-

s extracted.

ymple to the

ion vessel. The sample volume shall be known with a precision of at least 1 per cen. Dilute the

onsumed as

T

45l ol ~n crr +hird inﬂnna-inr\ nint.

NOTE

o (nal
i

A n ]
calr v oTarrcCoTTr STt T O i CC IO pOTIT 12y

Normally, the three inflection points appear at the following pH values:

1stinflection point - close to 11;

2nd inflection point- between 8 and 9;

3rd inflection point - close to 4.

9 C(Calculation

The results may be given in units of substance concentration (moles per litre) or in the conventional
way as “grams of sodium hydroxide per litre” or “grams of sodium oxide per litre”.

©ISO
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To obtain the results in moles per litre calculate according to formula (1) to (3):

a*m
Aefr = (1)
1%
(2a-2b+c)m
Ayp =——— (2)
v
c*m
Ao = (3)
v

If the results are required in g NaOH per litre, multiply the above results by 40.
If the result$ are required in g Na,0 per litre, multiply the above results by 31.

where

Agr 1s the effective alkali

A, Is the active alkali

Aio; Is the total alkali

m is the concentration of the hydrochloric acid in moles per litre;

v isthe volume of sample taken, in millilitres;

a volume consumed at the first inflection point in ml;

b  totpl volume consumed at the second inflection point in ml;

¢  totpl volume consumed at the third inflection point in ml;

40 is the relative molecular mass of NAOH, in grams per mole;

31  is|the relative molecular mas$ef Na,0, in grams per mole.
For calculatjon of sulphidity and degree of causticizing, see Annex B.

Report the results to the nearest’0,01 mol/1 or to the nearest 1 g/1.

10 Report

The report ghall include the following:

a) areferenceto this document,i.e. ISO 23774:2023;

b) date and place of testing;
c) identification mark of the sample tested;
d) the result given to two significant figures;

e) any departure from the standard procedure and any other circumstances that can have affected
the test results.

4 © IS0 2023 - All rights reserved
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A white liquor and a green liquor were included in the inter-laboratory study to develop this precision
statement.

In Talble 1, the repeatability and reproducibility are presented as one standard deviation.

Table 1 — Repeatability and reproducibility as standard devidtions

Level Repeatability (s,) Reprodug¢ibility (sp)
Total alkali Average Standard deviation Standard deviation
g/l NaOH g/1 NaOH g/l NaOH
White liquor 180 0,12 1,5
Green liquor 170 0,14 4,2
Level Repeatability (s,) Reprodug¢ibility (sg)
Active alkali Average Standard deviation Standard deviation
g/l NaOH g/1 NaOH g/l NaOH
White liquor 160 0,14 1,9
Green liquor 64 0,15 1,4
Lével Repeatability (s,) Reproducibility (sp)
Effective alkali Average Standard deviation Standard deviation
g/1 NaOH g/1 NaOH g/1 NaOH
White liquor 130 0,11 1,4
Green liquor 36 0,07 0,8

The tifference between four tést results found on identical test material by one operator using the same

appal
on ay

Test
repr
COrr

atus within the shortest feasible time interval will exceed the repeatability limit (r),|see Table 2,
rerage not more thait once in 20 cases in the normal and correct operation of the methpd.

results on identical test material reported by seven laboratories will differ by mqre than the
pducibility. limit (R), see Table 2, on average not more than once in 20 cases in the |normal and
ct operation of the method.

Talhlé2 — Repeatability and reproducibility, difference between two tests at 95 % probability
Tevet
Level Repeatability (r) Reproducibility (R)
Total alkali Average Limit Limit
g/1 NaOH g/1 NaOH g/1 NaOH
White liquor 180 0,34 4,2
Green liquor 170 0,39 6,2
Level Repeatability () Reproducibility (R)
Active alkali Average Limit Limit
g/1 NaOH g/1 NaOH g/1 NaOH
White liquor 160 0,40 53
© IS0 2023 - All rights reserved 5
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Table 2 (continued)

Level Repeatability (1) Reproducibility (R)
Active alkali Average Limit Limit
g/l NaOH g/1 NaOH g/l NaOH
Green liquor 64 0,43 4,0
Level Repeatability (r) Reproducibility (R)
Effective alkali Average Limit Limit
g/1 NaOH g/1 NaOH g/1 NaOH
White liguor 130 032 3.8
(reen liquor 36 0,20 2,1
The accuraqy data were determined from an experiment organized and analysed in accordance|with
[SO 5725-2 in 2021 involving eight laboratories.
The repeatability and reproducibility are valid for liquids similar to the liquids, evaluated fol the
precision statement. Other types of liquids, with properties different from the“evaluated liquids,
may have r¢peatability and reproducibility that are different from what is réported in this predision
statement.
NOTE Not all laboratories homogenized the samples before analysing.
6 © IS0 2023 - All rights reserved
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Annex B
(informative)

Quantities and units for the characterization of white and green

liquors

Whep-the 2 0 e overy—furaa RO in water, the
majofr anionic species formed are OH~, HS~ and CO%‘.
The major cationic species are Na* and K*. The liquor also contains a number of minor donstituents,
suchfas SOAZ}_ , so§‘ 5 SZO§_ , CI~and many others as traces. Oxidized liquors mayalso contaip significant
amoynts of polysulphides, i.e. ions of the general composition S S%~ or HS, S
The pnalytical procedures described in this document are based on the-assumption thaf only three
anionic species OH-, HSand CO%‘ are present in significant amounts: The presence of other anionic
specles is thus disregarded. If the concentrations of other species,-such as polysulphided and others
formling weak acids, rise to a significant level, the above assumption becomes invalid and the properties
calcylated from the titration procedure lose their meaning.
Whep the titration curve (pH against acid consumption) is recorded, three inflection] points are
obtalned. These are considered to be the end points efthe reactions B.1 to B.3:
)'OH_+ySz_+(x+y)H+—>xH20+yHS_ (B.1)
4C0%¥ +zH" -z HCO3 (B.2)
VHS™ +zHCO3 +(y+2z)H" — yH,S(g)+2C0,(g)+zH,0 (B.3)
whete
X is the amount'efhydroxyl ions in the original sample;
)y  isthe amiount of sulphide ions in the original sample;
7 is the. amount of carbonate ions in the original sample.
In rdality, 'no S%-ions are present in white and green liquors because of hydrolysis according to the
reactionB.4:
S* +H,0 > HS™ +OH™ (B.4)

This reaction takes place when the smelt is dissolved in water. More correctly, the first reaction in the
titration shall be written as reaction B.5:

(

x+y)OH™ +(x+y)HJr —(x+y)H,0

(B.5)

The quantity “effective alkali” is thus a measure of the total concentration of hydroxyl ions, regardless
of whether these are formed by dissolving sodium (or potassium) hydroxide or by hydrolysis of sulphide

ions.

The quantity “active alkali” is the calculated sum of the concentrations of OH- and HS~.

©ISO
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The quantity “total alkali” is determined from a titration of all alkaline species, including HCO3~ ions
formed from CO?. Minor concentrations of alkaline constituents other than the main components are
also included. Any sulphite ions present are included in the values for total and active alkali.

From acid consumption at the three inflection points, it is possible to calculate the concentrations of
the three ionic species OH-, HS~ and co%‘ present at the beginning of the titration according to formula
B.6 to B.11:

a*m:v:OH_} (B.6)
b*m=v [0H‘]+[C0§—]) (B.7)
c*m=v [0H‘}+2[CO§_]+[HS_]) (B.8)

which gives

oH |4 atm (B.9)
= \%

(s ]4az2bre)tm (B.10)
L v

[co,% ] _(b—a)*m (B.11)
L . v

The brackets denote amounts of substance concentrations of ionic species. The other symbols are
explained in Clauses 8 and 9.

The concenftrations of HS- and CO3 - are)obtained as the differences between experimentally
determined|numbers. If the difference is small compared with these numbers, it is markedly influgnced
by experim¢ntal errors. The results fersHS™ and coé‘, when calculated as indicated, therefore pften
have a poor precision. This shall beorne in mind when such results are used.

Three derived properties are nioge or less commonly used to describe white and green liquors according
to formula B.12 to B.14:

Sulphidity = phad 3.12
| 0H=+[ Hs™ ] (P12
o ][]

Degree J[Luuotl.t,l.z.l.u.y—|:0H_:|_|:H5_i|+2|:cog_i| ( 13)
HS‘]
Degree of reduction = . (B.14)
ot

where

Siot 1s the total sulphur.

These properties are dimensionless quotients and they are normally expressed as percentages.

8 © IS0 2023 - All rights reserved
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