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INTERNATIONAL STANDARD

1SO 777-1982 (E)

Pulps — Determination of calcium content —
edta Titrimetric and flame atomic absorption

spectrometric methods

WARNING| — The methods specified in this International Standard involve the use of some hazardous chemicals and of
gases that|can form explosive mixtures with air. Care shall be taken to ensure that the relevant safety precautions are

observed.

0 Introduction

In ISO Recdmmendation R 777, published in 1968, a titrimetric
method wag prescribed for the determination of the calcium
content of gulp. However, in practice, such determinations are
frequently made by application of a flame atomic absorption
procedure, |f the equipment is available. As comparative tests
have proved that similar results are obtainable by both
methods, this International Standard provides guidance on the
use of flam¢ atomic absorption spectrometric equipment as an
alternative procedure.

1 Scope and field of application

This Interngtional Standard specifies two_‘methods for the
determinatipn of the calcium content of pulp, namely

— an ¢dta titrimetric method (method A);

— a flame atomic absorption spectrometric method
(method B).

These methods are applicable to all kinds of pulp.

2 References

3.2 Reagents

During the analysis, use only reagents of re¢ognized analyticai
grade and énly distilled water or water of equivalent purity.

3.2.1. Hydrochloric acid, about 6 mol/I splution.
3.2.2 Hydrochloric acid, about 1 mol/I splution.

3.2.3 Potassium hydroxide, about 8 mol/l solution.

Store the solution in a polyethylene bottle.

3.2.4 2,2’,2”-Nitrilotriethanol [Triethanolamine]
[N(CH,CH,0H);], 100 g/I solution.

3.25 Hydroxylammonium chloride [Hydiroxylamine hydro-
chloride] (HONH3Cl), 20 g/! solution.

3.2.6 Calcium, 0,01 mol/I standard refergnce solution.

Weigh 1,00 + 0,01 g of calcium carbonate {CaCOj3), dried at a
temperature not exceeding 200 °C, into a 500 ml beaker. Add
100 ml of water and from a burette add, drop by drop, the least

amount (about 20 ml) of the hydrochloric a
necessary to dissolve the calcium carbonate.

ISO 638, Pulps — Determination of dry matter content.

1SO 1762, Pulps — Determination of ash.

3 Method A : edta Titrimetric method

3.1 Principle

Ashing of the pulp and dissolution of the ash in hydrochloric
acid. Titration of the test solution with a standard volumetric
Na,yHjedta solution at a pH in excess of 12, in the presence of a
suitable indicator, interfering ions being masked by
triethanolamine.

tid solution (3.2.2)
Boil in order to ex-

pelthe carbon dioxide, cool and, by finsing v

vith water, transfer

the solution quantitatively to a 1 000 ml one-mark volumetric
flask. Dilute to the mark and mix.

Store the solution in a polyethylene bottle.

3.2.7 Disodiumdihydrogen [ethylene-dinitrilo]
tetraacetate (NajH.edta), 0,01 mol/l standard volumetric
solution.

3.2.7.1 Preparation of the edta solution

Dissolve 3,80 g of the Na,H,edta in water in a 1 000 ml one-
mark volumetric flask, dilute to the mark and mix.

Store the solution in a polyethylene bottle.
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3.2.7.2 Standardization of the soiution

Place in a conical flask 20,0 ml of the standard reference
hydroxide solution (3.2.3), 2 mi of the hydroxylammonium
chloride solution (3.2.5) and about 100 mg of the indicator
(3.2.8). Titrate with the edta solution (3.2.7.1) until a colour
change from wine-red to pure biue occurs.

3.2.7.3 Blank test

3.5.1 Number of determinations and determination of
dry matter content

The determination shall be carried out in duplicate.
Simultaneously with the determination, two 10 g test portions

shall be taken to determine the dry matter content in accor-
dance with 1SO 638.

Carry out a blank te -llluhallcuuo:y with-the-standat d:._ut;v:‘.,
using the same procedure and the same quantities of all the
reagents used for the standardization, but replacing the stan-

o L

dard reference caiciyim soiution with an equal volume of water.

3.2.7.4 Calculatior} of the concentration

The equivalent congentration, expressed in moles per litre, of
the edta solution is|given by the formula

0,01 ¥,

=
Vo = V3

where

V; is the volume, in millilitres, of the standard reference
calcium solution (3.2.6) used for the standardization
(3.2.7.2);

V, is the volyme, in millilitres, of the edta solution
(3.2.7.1) used fdr the standardization (3.2.7.2);

V3 is the voliime, in millilitres, of the edta solution
(3.2.7.1) used fgr the blank test (3.2.7.3).

NOTE — If the concentration of the standard reference’salution used is
not exactly as specified in the list of reagents, an appropriate correction
should be made.

3.2.8 Indicator.

Grind 100 mg of 3-hydroxy-4-{{2-hydroxy-4-sulfo-1-naphthyl)
azol-2-naphthoic acid (commercially available, for example,
under the name of| cal-red)~in a mortar with 10 g of sodium
sulfate (Na,SO,) td fermha homogeneous mixture.

3.5.2 Test portion

Weigh, to the nearest 0,01 g, about 10 g, of the tes[ sample.
li

NOTE — If method A (edta titrimetric ‘method) is applied to pulps
having a calcium content greater thah 500 mg/kg, weigh a test

portion corresponding to a maximum) of 5 mg of calciun, or replace
the edta solution specified in 3.2.7 by a 0,05 mol/| standardl volumetric
edta solution.

3.6.3 Ashing of.the test portion

Carefully clean a dish of fused silica or platinum. Rgmove any
spots insthe*platinum dish by rubbing with fine sanf.

Ash(the test portion as specified in ISO 1762.

3.5.4 Blank test

Carry out a blank test simultaneously with the detgrmination,
following the same procedure and using the same gliantities of
all reagents as used for the determination, but omitting the test
portion.

3.5.5 Determination

Rinse the inside wall of the dish, and add about 10 fnl of water
to the ash residue (3.5.3). Then add 3 ml of hydroghloric acid
solution (3.2.1). Heat the dish on a steam bath for §to 10 min.
If a brown precipitate of manganese dioxide is formed, filter the
contents of the dish through a filter paper into a 30 ml conical
flask, and wash with water. If no insoluble residue i$ visible, or

Store in a dark bottle.

NOTE — When the sample contains more than 0,03 mg of copper, the
indicator is blocked. In this case, use calcein as the indicator, or mask
the copper present by the addition of 5 ml of a 1 g/l solution of
potassium cyanide.

3.3 Apparatus

Ordinary laboratory apparatus.

3.4 Preparation of the sample

Tear the air-dry sample into pieces of suitable size.

2

if the residue is colourless, filtration is unnecessary. In this
case, rinse the contents of the dish directly with water into a
300 ml conical flask, and adjust the volume to between 50 and
100 ml.

Add 5 ml of the potassium hydroxide solution (3.2.3) and after
5 min, with occasional shaking of the conical flask, add 5 ml of
the triethanolamine solution (3.2.4), 2 mi of the hydroxyl-
ammonium chloride solution (3.2.5) and about 100 mg of the
indicator (3.2.8). Titrate with the edta solution (3.2.7) until a
colour change from wine-red to pure blue occurs.

When new reagents are being taken into use, check that they
do not contain any calcium by titrating a blank solution contain-
ing all of the reagents, and with the sample solution replaced by
an equal volume of water.
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3.6 Expression of resiilts

The calcium content, expressed in milligrams per kilogram, is
given by the formula

(V4 — Vi) x ¢ x 40,08 x 103

my

where

Vs, is the volume, in millilitres, of the edta standard
volumetric solution (3.2.7), used in the determination

1ISO 777-1982 (E)

AN N~

4.23 Calcium, standard solution corresponding to 500 mg
of Ca per litre.

Weigh 1,249 *+ 0,001 g of calcium carbonate, dried to a
temperature not exceeding 200 °C, into a 1 000 ml one-mark
volumetric flask. Add 50 ml of water. Add a minimum volume
of hydrochloric acid (approximately 10 ml), drop by drop, to ef-
fect the complete dissolution of the caicium carbonate. Dilute
to the mark and mix.

1 ml of this standard solution contains 0,500 mg of Ca.

(3.5.5);

Vg is the volume, in millilitres, of the edta standard
volumetri¢ solution (3.2.7), used in the blank test (3.5.4);

¢y is thefconcentration, in moles per litre, of the edta stan-

dard voiufnetric solution (3.2.7), calculated in accordance
with 3.2.71.4;

mg is the mass, in grams, of the test portion (3.5.2),
calculated on an oven-dry basis in accordance with
ISO 638.

Report the cglcium content as the mean of the results of the
two determirfations, as specified in table 1.

Table 1
Mean |of results Nearest unit of report
mg/kg mg/kg
£ 100 1
10( to 500 5
b 500 10

4 Method B : Flame atomic ahsorption
spectrometric method

4.1 Principle

Ashing of the pulp and disselution of the ash in hydrochloric
acid. Aspiration of the) test solution into an acetylene-
dinitrogen mpnoxide “or" acetylene-air flame, after addition of
lanthanum igns,Ato\suppress certain interferences. Measure-
ment of the|dbsorption of the 422, 7 nm line emitted by a

4.2.4 Calcium, standard solution correspor|ding to 50 mg of
Ca per litre.

Transfer 100 mi of the standard calcium sollition (4.2.3) to a
1 000 ml one-mark volumetric flask, \dilute to the mark and mix.

1 mi of this standard soiution)contains §,050|mg of Ca.
4.3 Apparatus

Ordinary laboratory apparatus and

4.3.1 Atomic absorption spectrometer, ffitted with either
an acetylene and dinitrogen monoxide burnef or an acetyiene
andrairburner.

4.3.2 Calcium hollow-cathode lamp.
4.4 Preparation of the sample
See 3.4.

4.5 Procedure

4.5.1 Number of determinations and determination of
dry matter content

See 3.5.1.

4.5.2 Test portion

Weigh, to the nearest 0,01 g, about 10 g of the test sample.

4.5.3 Ashing of the test portion

calcium hollow-cathodetamps:

4.2 Reagents

During the analysis, use only reagents of recognized analytical
grade and only distilled water or water of equivalent purity.

4.2.1 Hydrochloric acid, about 6 mol/| solution.

4.2.2 Lanthanum, about 50 g/I solution.

Moisten 59 g of lanthanum oxide (La;O3) with water. Slowly
and cautiously, add 250 mi of hydrochloric acid, ¢ 1,19 g/ml,
to dissolve the lanthanum oxide. Dilute to the mark in a
1 000 ml one-mark volumetric flask and mix.

See 3.5.3.

45.4 Blank test
Carry out a blank test sirmultaneously with the determination,
following the same procedure and using the same quantities of

all reagents as used for the determination, but omitting the test
portion.

455 Preparation of the calibration graph

4.55.1 Preparation of the standard matching solutions

Into each of a series of five 100 ml one-mark volumetric fiasks,
place 20 ml of the lanthanum solution (4.2.2) and 10 ml of the
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hydrochloric acid solution (4.2.1), and then, respectively, the
volumes of the standard calcium solution (4.2.4) shown in
table 2. Dilute to the mark and mix.

residue in the dish, and heat on the steam bath. With the aid of
water, transfer this last portion to the main quantity in the
volumetric flask, dilute to the mark and mix.

4.5.6.2 Choice of dilution ratio

If the approximate content of calcium is known, choose a
volume of 1,0 ml, 2,0 mi or 5,0 ml of the basic test solution for
dilution so that the calcium concentration of the test solution,
prepared as described in 4.5.6.3 falls within the range specified
in table 2.

Table 2
Standard calcium Corresponding mass
solution (4.2.4) of Ca
ml mg
0* 0
1,0 0,05
2,0 010
5,0 0,25
10,0 0,50

* Blank test on readents for calibration graph.

455.2 Adjustment of the apparatus

Fit the hollow-cathode calcium lamp (4.3.2) in the apparatus
(4.3.1), switch on the current and allow to stabilize. Adjust the

current, the sensiti
the characteristics
the region of 422,

ity and the aperture of the slit according to
bf the apparatus. Adjust the wavelength in
f nm to maximum absorbance. Adjust the

pressure of the acetylene, the air, and the dinitrogen monoxide,
according to the characteristics of the burner. To avoid explo-
sion, it is necessdry to light the burner with air-acetylene,
before switching t@ acetylene-dinitrogen monoxide.

Adjust the aspirati

n rate to between 2 and 4 mi/min.

45.5.3 Spectrometric measurements

Aspirate the series|of standard matching solutions (4.5.5(1) in
succession into tHe flame and measure the absorbance for

each. Take care to
the preparation of

eep the aspiration rate constant throughout
the calibration graph. Spray water through

the burner after each measurement.

4554 Plotting t

he graph

Plot a graph having, for example,{he'masses, in milligrams, of
Ca2+ (contained ir] 100 ml of thestandard matching solutions)

as abscissae, and
absorbance, reduc
in the blank test

the correspanding values of the measured
bd by thevalue of the absorbance measured
on Ahel reagents for the calibration graph

(table 2, term 0), els ordinates.

If the approximate content of calcium is not knéwp, measure
with a pipette a volume of 2,0 ml of the basic-test splution into
a 50 ml one-mark volumetric flask and testas gpecified in
4.5.6.3. If the calcium concentration so”obtained dpes not fall
within the range specified in table2,\carry out the test by
choice of the correct volume according to the vplue of the
calcium concentration so derived:

4.5.6.3 Spectrometric méasurement

With a pipette, measure the chosen volume of the basic test
solution (4.5.6.1).into a 50 ml one-mark volumetrid flask. Add
10 ml of the “\lanthanum solution (4.2.2), 5ml of the
hydrochloric,acid solution (4.2.1), and dilute to th¢ mark with
water. Ifsthé’solution contains suspended matter, dllow this to
settle, \Use the clear solution and carry out the spectrometric
measurement as specified in 4.5.5.3, after having gdjusted the
instriment to zero absorbance against the blank test solution
(4.5.4).

45.7 Expression of results

The calcium content, expressed in milligrams per
given by the formula

ilogram, is

m
Ve X my

50 000 x

where

my is the amount of calcium, in milligrams, |of the test
solution, obtained from the calibration graph (4.5.5.4);

Ve is the volume, in millilitres, of the basic tgst solution
(4.5.6.1) taken for the determination;

45.6 Determination

456.1 Dissolution of the ash and preparation of basic test

solution.

myg is the mass, in grams, of the test portion (4.5.2),
calculated on an oven-dry basis in accordance with
1ISO 638.

Report the calcium content as the mean of the results of the
two determinations, as specified in table 3.

To the ash (4.5.3) add 5 ml of the hydrochloric acid solution
(4.2.1), and evaporate to dryness on a steam bath. Repeat this
once, and treat the residue with another portion of 5 ml of the

Table 3

hydrochloric acid solution, and heat for 5 min on the steam Mean of results Nearest unit of report
bath. mg/kg mg/kg
. . . <100 1
With the aid of water, transfer the contents of the dish to a
. 100 to 500 5
100 ml one-mark volumetric flask. To ensure complete extrac- > 500 10
tion, add a further 5 ml of the hydrochloric acid solution to the
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