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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.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fofj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Scope

5 document specifies a procedure for determination of accelerated formaldehyde re
pated and coated wood-based panels using the gas analysis method. The procedure is al
the testing of other materials (e.g. edge bands, floor coverings, foams; foils, lamin
ducts, veneered wood products, coated wood products).

Normative references

following documents are referred to in the text in such’a 'way that some or all of th
stitutes requirements of this document. For dated reférences, only the edition cited 4
ated references, the latest edition of the referenced doctiment (including any amendmen

16979, Wood-based panels — Determination of moisture content

16999, Wood-based panels — Sampling and cutting of test pieces

Terms and definitions
erms and definitions are listed in this document.
and IEC maintain terminolegical databases for use in standardization at the following ad

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

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

Principle

low, and pressure are controlled to defined values. Formaldehyde released from the

mix

gaslw

es-with the air in the chamber This a1r is contmually drawn from the chamber and pass

st piecé\of known surface area is placed in a closed chamber in which the temperatursg,

lease from
so suitable
hted wood

Pir content
pplies. For
[s) applies.

dresses:

humidity,
test pieces
es through

dbf the test,

the formaldehyde concentratlon is determmed photometrlcally or fluorlmetrlcally The formaldehyde
release is calculated from this concentration, the sampling time, and the exposed area of the test pieces

and

5

is expressed in milligrams per square meter and hour (mg/m?h).

Reagents

Reagents of recognized analytical purity and distilled or demineralised water (referred throughout the
following text as distilled water) shall be used for the analysis.

5.1 4 ml acetylacetone solution are added to a 1 000 ml volumetric flask and made up to the mark
with distilled water.
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5.2 200 g ammonium acetate solution are dissolved with distilled water in a 1 000 ml volumetric
flask and made up to the mark.

Optionally, a premixed reagent of acetylacetone and ammonium acetate as described in ISO 12460-4
can be used.

5.3 Formaldehyde solution, commercially available (concentration typically between
35 % mass fraction to 40 % mass fraction).

5.4 Standard iodine solution, c(1,) = 0,05 mol/l.

5.5 Standard sodium thiosulphate solution, c¢(Na,S,03) = 0,1 mol/L.
5.6 Standard sodium hydroxide solution, c(NaOH) = 1 mol/l.
5.7 Standard sulphuric acid solution, ¢(H,S0,) = 1 mol/l.

5.8 Starc¢h solution, 1 % mass fraction.

6 Apparatus

6.1 Main composites of test apparatus (see Figure 1).

6.1.1 Dulst or particle filter.

6.1.2 Formaldehyde filter (bottle filled with water;silicagel or other formaldehyde absorber).
6.1.3 Depiccator, 500 ml, containing silica gell

6.1.4 Airf pump.

6.1.5 Negdle valve.

6.1.6 Eqnipment for measuring rate of air flow through apparatus.

NOTE Needle valve and\equipment for measuring rate of air flow can be replaced by a mass flow controlller.

6.1.7 Test chamber (diameter: 90 mm to 100 mm with a length which gives an internal volumfe of
(4 000 = 2()0) mhwrith double casing of stainless steel or glass.

6.1.8 Heatingeqtipmentforairfe-g—coppercoitinside-thedoubtecasing):

6.1.9 Thermostat.

6.1.10 Magnetic valves.

6.1.11 Pairs of gas wash bottles, 100 ml or optionally, pairs of gas wash bottles, 30 ml.
6.1.12 Pressure monitor.

6.1.13 Temperature monitor.

2 © IS0 2023 - All rights reserved
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6.1.14 Test piece holder, constructed as a shelf with three rods made from stainless steel or another

inert material.

NOTE The test apparatus described in Figure 1 is based on a waterborne heating system. A test apparatus
with an electrical heating system can be used optionally.
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Figure 1 — Gas analysis test apparatus

6.2 Laboratory equipment

6.2.1 Ventilated oven, as described in ISO 16979 for determination of moisture content (if requested).

© IS0 2023 - All rights reserved
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6.2.2 Spectrophotometer, with cells of 50 mm optical path length and capable of measuring
absorbance at 412 nm.

6.2.3 Water bath, capable of maintaining a temperature of (60 * 1) °C.

6.2.4 Water bath, capable of maintaining a temperature in the range of 20 °C to 25 °C.

6.2.5 Six volumetric flasks, 100 ml (calibrated at 20 °C).

6.2.6 Fowrvotumretricflasks; 256t oroptiomatty, four votumetricftasks,106—mt{catibratef at

20 °C).

6.2.7 Twpo volumetric flasks, 1 000 ml (calibrated at 20 °C).

6.2.8 Vo
50 ml, 100

umetric pipettes (calibrated at 20 °C), 1 ml, 2 ml, 5 ml, 10 ml, 15 ml, 20pml, 25 ml, 30
ml.

6.2.9 Sixflasks, 50 ml (with stoppers).

6.2.10 Mi
6.2.11 Bu

6.2.12 Ba

7 Samp

croburette.
rette, 50 ml, graduated (calibrated at 20 °C).

ance, capable of measuring to 0,00 1 g.

ling and preparation of test pieces

7.1 Preparation of test pieces

Three test
prepared fi

If the samp
combined ¢

For testing
the respec
test piece.

Each test
temperatu

br the determination of formaldehyde release giving a total emitting surface area of 0,04

le available does not allow the preparation of test pieces of the specified dimension, then|
pmitting surface area-of the test pieces(s) should be as close as possible to 0,04 m2.

layer glued materials (e.g. plywood, veneered particleboard), test pieces shall be cut f
Live panel wifh'the fibre direction of the faces perpendicular to the longitudinal axis of

piece-has to be hermetically wrapped immediately after cutting and stored at amb
e,

ml,

pieces, each with the dimensions of (400 = 1) mm x (50 * 1) mm x board thickness, shall be

m?2.

the

fom
the

ient

Before tes

Ing, each test piece shall be stored hermetically wrapped at least one day at amb

lent

temperature in order to improve the repeatability. For factory production control with hot test pieces, a

valid corre

lation has to be established.

Test pieces shall be representative for the tested boards.

For testing, the test pieces shall be edge sealed with temperature resistant (i.e. 260 °C) self-adhesive
aluminium tape or an alternative sealing method if equivalence has been demonstrated. The emitting
(unsealed) surface area of the sealed test piece has to be measured and calculated in square metres

(m?).

For decor finish foils it is recommended to pre-condition the material as follows in order to take into
account inhomogeneity as to improve precision: 7 days at (20 + 2) °C and (65 * 5) % relative humidity.
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7.2 Selection of test pieces for factory production control

Sampling and cutting of the test pieces shall be performed in accordance with the principles of
ISO 16999.

Test pieces are taken, uniformly distributed over the width of the (cooled) board, but excluding a
250 mm wide strip from the end of each board.

The formaldehyde determination should be carried out not more than 72 h after sampling.

7.3__Selection of test pieces for other purposes

The procedure of sampling, preparation of the test pieces, and conditioning (e.g. from-boaids already
insflalled) shall be noted and described in the test report. The number and dimensions)of'the|test pieces
shall be as given in 7.1.

7.4 Preparation of test pieces in case of dispute

If this method is used in case of dispute, e.g. linked to disagreement about compliance and no§ otherwise
agreed upon, the conditioning of the test pieces shall be carried out ac¢ording to the following reference
confditions.

The test pieces shall be conditioned to constant mass at a temperature of (20 + 2) °C and a relative
humidity of (65 * 5) %.

Corstant mass is considered to have been reached when the results of two successive [weighings,
carried out at intervals of not less than 24 h, do not-differ by more than 0,1 % of the mass|of the test
pieges. Alternative two weeks of conditioning can becused.

Conftamination of test pieces from other sources“of formaldehyde during conditioning shall Qe avoided.

8 |[Procedure

8.1/ Number of determinations

Determination shall alwaysbe“made in duplicate using two different test pieces prepared a¢cording to
7.1.|A third determinationsshall be carried out

— |if the average emiisSion value of the two determinations is >1,0 mg/m#h and the twd replicates
deviate moredhan 20 % of the average value, or

— |if the average emission value of the determinations is <1,0 mg/m2h and the two replicates deviate
more than 0,2 mg/mZ2h from the average value.

Forffactery production control, a single determination can be sufficient.

8.2 Determination of moisture content

Moisture content shall be determined in accordance with ISO 16979 using a separate sample (see 7.1).
8.3 Determination of formaldehyde release

8.3.1 General

The determination of formaldehyde release can be done by using different procedures, which are
described as standard procedure (see 8.3.2), to improve the sensitivity (see 8.3.3 and 8.3.4) and to
simplify the procedure (see 8.3.5).

© IS0 2023 - All rights reserved 5
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Seal the edges of the test pieces in accordance with 7.1.

Close chamber (6.1.7) and preheat it to (60 + 0,5) °C.

For each test hour connect a pair of wash bottles (see 6.1.11), each bottle containing between 8 ml to
40 ml absorber solution, in series to the outlet of each magnetic valve (see 6.1.10) using flexible tubing
by using four different options to improve the sensitivity of the analytical procedure and simplify the
test method (8.3.2 to 8.3.5). The flexible tube shall be isolated in case of using the procedure of 8.3.3 or
8.3.5 in order to avoid condensation which requires the rinsing of the tube.

The absorber volume is chosen to maintain an overpressure of (1 100 + 100) Pa in the test chamber. The

pressure i

Place a test piece in the preheated test chamber. After closing the test chamber and starting thé test,)the
test piece ik uniformly exposed to practically formaldehyde free, heated air (60 * 0,5) °C with!a relafive

humidity

f <3 %. Immediately set the airflow into the chamber to (60 + 3) 1/h using the.needle valve

(6.1.5) and| the air volume meter (6.1.6). This air is led into one of a series of pairs of gas wash boftles

via a mag

tic valve (6.1.10).

Instead of leading dry and clean air through gas wash bottles, dry and clean(compressed air may be

used optiohally.

As the forrhaldehyde released from the test piece shall be determined_at hourly intervals (up to 3 h or
4 h from sfarting the test), a new series of gas wash bottles has tode connected and analysed eyery

hour accorfling to the analytical procedures given in 8.3.2 to 8.3.5. This exchange should be automI‘ic.

For uncoated and coated particleboards and MDF with a thickness of at least 6 mm the test period

ay

be reduced to 3 h. For all other material, a test period of 4 his*equired. Tests can be carried out forl 3 h
provided that there is no significant difference with the results obtained after 4 h.

An overviegw of the 4 options for the determination ofiformaldehyde release is given in Table 1.

Table 1 — Options for the analytical procedure

Option | Yolume | Number | Number Type of Volume of Procedure Volume
of wash | ofwash of wash absorber absorber for analysis of solution
bottle bottles bottles solution resp.
connected | used.for filled volumetrjc
to gas analysis in wash flask aftdr
analysis bottles rinsing
apparatus
ml ml ml
1 100 2 2 distilled water 20to 40 transfer and 250
rinsing to defined
volume of volu-
metric flask
2 30 2 2 distilled water 8to 10 transfer and 100
rinsing to defined
volume of volu-
metric flask
3 100 2 2 distilled water 30¢ 10 ml distilled | not applicable
water used for
analysis (8.4.3)
a  Mixed reagent: 10 ml distilled water/10 ml acetylacetone solution/10 ml ammonium acetate solution.
b 2nd wash bottle can be filled with water for pressure adjustment only.
¢ Other volumes may be used but the exact volume has to be determined and recorded for further calculation.
d  Provided equivalence of test results was shown for each individual type of wood-based panel.

© IS0 2023 - All rights reserved
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Table 1 (continued)
Option | Volume | Number | Number Type of Volume of Procedure Volume
of wash | ofwash of wash absorber absorber for analysis of solution
bottle bottles bottles solution resp.
connected | used for filled volumetric
to gas analysis in wash flask after
analysis bottles rinsing
apparatus
ml ml ml
4 100 2 1 mixed acetylac- 30 to be analysed | not applicable
= -
only etone reagent directly (8.4.3)
1st wash
bottleP
5 100 2 none air wash bottles | to be analysed*by | notlapplicable
only used to | laser spéetrosco-
maintain the pyd
pressure
a  |Mixed reagent: 10 ml distilled water/10 ml acetylacetone solution/10 ml ammonium acetate solution.
b 12nd wash bottle can be filled with water for pressure adjustment only.
¢ |Other volumes may be used but the exact volume has to be determined and recorded for further calculatign.
d  |Provided equivalence of test results was shown for each individual type’of wood-based panel.

8.3

Use
dist
(6.2

8.3

Use
dist
may
dist

8.3
Use
pip
a pi
(5.2

8.3

2 Determination of formaldehyde release — Option 1

two washing bottles with volume of 100 ml (see 6.1.11), each containing between 20 m

.6). Rinse the bottles and their associated tubing thoroughly and transfer the rinsings to

3 Determination of formaldehyde release — Option 2

two gas wash bottles with volume of 30 ml (see 6.1.11), each containing between 8 m]
illed water. To improve the sensitivity of the analytical procedure, 100 ml volumetric f13
' be used optionally, possibly in combination with 30 ml gas wash bottles. Fill to vc
illed water and determine-the formaldehyde content as specified in 8.4.

4 Determination’of formaldehyde release — Option 3

two gas wash bottles with volume of 100 ml (see 6.1.11) and add 30 ml distilled wz
ette (6.2.8)dn‘each wash bottle as absorber solution. 10 ml are taken from the aqueous so
pette (6.2.8) and added to 10 ml acetylacetone solution (5.1) and 10 ml ammonium acet3
) in a.stoppered flask (6.2.9).

and 40 ml

illed water. Transfer the contents of each pair of gas wash bottles to a 250 ml volunetric flask

the flask.

and 10 ml
sks (6.2.5)
lume with

iter with a
Jution with
te solution

5 -/ Determination of formaldehvde release — Option 4

Using two gas wash bottles with volume of 100 ml (see 6.1.11), each containing 10 ml distilled water,
10 ml acetylacetone solution (5.1) and 10 ml ammonium acetate solution (5.2) as mixed reagent. Close
the wash bottle, shake it, and heated for 10 min in a water bath (6.2.3) at 60 °C. The heated wash bottle
is then cooled in a water bath (6.2.4) operated in a temperature range between 20 °C and 25 °C for at
least 15 min protected from sunlight or is cooled to room temperature protected against the influence
of light (for about 1 h).

Only the first wash bottle has to be analysed. The second wash bottle is only used to maintain the
overpressure and can be rejected. To obtain the pressure of (1 100 + 100) Pa for option 4 the volume of

the

©IS

second wash bottle can be 20 ml to 40 ml depending on the device used.
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8.4 Determination of formaldehyde content of the absorber solutions

8.4.1 General

The formaldehyde content of the absorber solution from each 1 h sampling period shall be determined
photometrically.

A fluorimetric determination may be used optionally. The description of a procedure is given, e.g.
in EN 717-1. In case of using the analytical procedure described in 8.3.4 or 8.3.5 the photometric
determination by using a cell with 10 mm path length can be used as described in ISO 12460-5.

8.4.2 Principle

The deter;rination is based on the Hantzsch reaction in which aqueous formaldehyde.reacts with
ammoniun ions and acetylacetone to yield diacetyldihydrolutidine (DDL). DDL has-an-absorpfion
maximum pt 412 nm. The reaction is highly specific to formaldehyde.

Other suitable photometric procedure can also be used provided the methods shew equivalent fest
results to 4dcetylacetone analysis for each individual type of wood-based panel.

NOTE The procedure to show equivalent test results is described in ISO 12460-2.

8.4.3 Analytical procedure

10 ml are tken from the aqueous solution (see 8.3.2 to 8.3.4) witha pipette (6.2.8) and added to 10 ml
acetylacetgne solution (5.1) and 10 ml ammonium acetate solution (5.2) in a stoppered flask (6.2.9)

To improve the sensitivity of the analytical procedure, equal amounts of aqueous solution (see §.3.2
to 8.3.4) ajd mixed reagent (see 5.2) can be added optiénally considering that the service life of sufh a
mixture isshorter than the service life of the separate solutions.

The flask i stoppered or wash bottle closed (see 8.3.5), shaken, and heated for 10 min in a water Qath

(6.2.3) at 6|0 °C. The heated flask is then cooled.in a water bath (6.2.4) operated in a temperature rg

between 2
protected :

The absorh
spectrophd
considerat

844 Ca

8.4.4.1 (

The calibr4

D °C and 25 °C for at least 15 min_protected from sunlight or is cooled to room temperat
gainst the influence of light (for about 1 h).

ance of this solution is determined at a wavelength of 412 nm against distilled water usi
tometer (6.2.2). A blank-value is determined in parallel with distilled water and taken
on in the determinatien of the gas analysis value.

ibration curve

feneral

has been d

itioh curve is produced from a standard formaldehyde solution, the concentration of wt
etermined by iodometric titration. The calibration curve shall be checked at least on

nge
ure

g a
nto

ich
ea

week. It is possible to modify this frequency if it is proved that the slope of the standard curve does not
deviate. In this case, the checking shall be made at least once a month and for each change of reagents.
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4.2 Formaldehyde standard solutions

Standard iodine solution c(I,) = 0,05 mol/l;

Standard sodium thiosulphate solution  ¢(Na,S,03) = 0,1 mol/I;

— Standard sodium hydroxide solution ¢(NaOH) = 1 mol/];

— Standard sulphuric acid solution c(H,S04) = 1 mol/l;

— Starch solution =1 % mass fraction.
The solutions shall be standardized before use.

Abd

ut 1 g formaldehyde solution (concentration 35 % to 40 %) is diluted in a 1 000-mlwolun

netric flask

(6.4.6) with distilled water and made up to the mark. The exact formaldehyde-concentration of this
solytion is determined as follows.
20 l of the formaldehyde standard solution are mixed with 25 ml iodiné\s6lution and 10 {ml sodium
hydroxide solution. After 15 min standing protected from light, 15 ml)of sulphuric acid [solution is
added. The surplus iodine is back-titrated with the thiosulphate solufion. At the end of thfe titration,
sonje drops of starch solution are added as an indicator. A blank test with 20 ml distillgd water is
cartied out in parallel.
The formaldehyde content is calculated using Formula (1):

c(HCHO)=(Vy—-V) x 15 x ¢(NA,S,03) x 1000 /20 1)
whére

c¢(HCHO) is the formaldehyde concentration, in milligrams per litre (mg/1);

c(Na,S,03) is the thiosulfate concentration, in mols per litre (mol/1);

Vo is the volume of thiosulphate titration solution for the blank test, in millilifres (ml);

4 is the volurhe) of thiosulphate titration solution for the test, in millilitres (njl).
NOTE 1 ml 0,1 mol/I(thiosulphate solution corresponds to 1 ml 0,05 mol/] iodine solution fand 1,5 mg
formaldehyde.
Othler titration procedures such as the method described by ISO 2227 or ISO 14184-1 can be used for
the|determination of the formaldehyde concentration.
8.414.3 Formaldehyde calibration solution
Usipg~the concentration determined in 8.4.4.2, calculate the volume which will confain 3 mg

formaldehyde. Transfer this volume using a microburette to a 1 000 ml volumetric flask and make up to

the

mark with distilled water. 1 ml of this calibration solution contains 3 pg formaldehyde.

Ready to use formaldehyde standards with defined formaldehyde content may be used as well. The
determination of formaldehyde content by titration of standard solution is not required, the ready
to use formaldehyde solution has to be only diluted in order to prepare a solution containing 3 mg of
formaldehyde in 1 000 ml volumetric flask.

8.4.

4.4 Determination of the calibration curve

Pipette 0 ml, 1 ml, 2 ml, 5 ml, 10 ml, 20 ml, 50 ml, and 100 ml of formaldehyde calibration solution
(see 8.4.4.3) in 100 ml volumetric flasks and fill to volume with distilled water. 10 ml of each dilution
are analysed photometrically by the same procedure as described above (see 8.4.3). The absorbance
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values are plotted against the formaldehyde concentrations, ¢, (between 0 mg/ml and 0,003 mg/ml),
and the slope, f, is calculated (see example in Figure 2).

9 Expression of results

9.1 Gas analysis value

For each 1 h sampling period, the gas analysis value, G;, in milligrams per square metre and hour (mg/

mZ2h) is determined and calculated using Formula (2):
(As —Ag) Xf xV
G="F—" 2)
F

where

G;  is the formaldehyde content of the solution for each hourly sample in milligrams (mg) divjd-

¢d by the area of the exposed, unsealed surface in square metres (m2);

i ils the first, second or third or fourth hour;

Ag ils the absorbance of the solution from the wash bottles;

A is the absorbance of distilled water;

f is the slope of the calibration curve for standard forntaldehyde solution, in milligrams per

mnillilitre (mg/ml);

F iis the combined area of the emitting (unsealed) surface, in square metres (m?2) (see 7.1);

%4 ils the volume of the volumetric flask, in millilitres (ml).
9.2 Calculation of results
9.2.1 Cajculation of results of test pieces
If the formpldehyde content of the\liquid absorbent accumulated during the 15t hour is lower than that
of the 2nd Hour, the formaldehyde yield shall be calculated from the sum of the contents collected dufing
the 2nd to §he 3rd or 4th hour'and is related to the surface area, F, of the test pieces. If the formaldeHyde
accumulated in the 15t houtr+s equal to or greater than that of the 2nd hour, the sum of all three or four
hourly sanjples shall beiséd in the calculation.
Consequently, the-arithmetic average formaldehyde gas analysis value, G,,, in milligrams per sqyare
metre and hour {mg/mZh) of a test piece is calculated considering the test period used to determine/the
formaldehyderelease (see 8.3.1) according to either Formula (3) or (4) (test period of 3 h) or Formuld (5)
or (6) (testlperiod of 4 h):
10 © IS0 2023 - All rights reserved
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