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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
ical standardization.
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Introduction

Increased use of plastic shopping bags can cause several environmental problems, such as terrestrial
pollution and contamination of soil, water and marine environment pollution. These pose a severe
risk to ecosystems, biodiversity and human health. Recently, many countries, regions, and cities have
enacted legislation to ban or severely reduce the use of plastic shopping bags to help tackle these issues.

This document does not aim to bypass this legislation; it aims to specifically address the following
aspects where plastic shopping bags suitable for industrial composting can be appropriate for specific

uses:

a) offering methods for testing industrial compostability, followed by demonstrating, the impact of
imdustrial compostable shopping bags on the ecological environment;

b) ploviding a reference for the evaluation of industrial compostable plastic¢ .shopp
imdustrial composting.

ing bags for

Development of this document is expected to improve the quality contrel of plastic shopping bags

suita
availd
stron

le for industrial composting, in countries, regions, and cities where industrial c
ble. Furthermore, this document ensures provision of industriakcompostable shoppi
ber.

bmposting is
ng bags to be
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INTERNATIONAL STANDARD ISO 5412:2022(E)

Plastics — Industrial compostable plastic shopping bags

1 Scope

This document specifies the requirements, test methods, test regulations, packaging, transportation
and storage of industrial compostable plastic shopping bags.

ThlS (roct

e 3 cabletoplastics astic resin as
the mlain raw material, processed by hea

This flocument does not apply to industrial compostable plastic bags such as industrial [compostable
roll bags (also known as tear bags or point break bags made from above materials)yand other bags that

This dlocument enables to characterise the compostable plastic bags following two testing approaches
that Hring to the definition of two classes (class I and class II).

NOTE In some regions, industrial composting is referred to as proféssional composting.

2 Normative references

The fpllowing documents are referred to in the textdnsuch a way that some or all of their content
constjtutes requirements of this document. For dated references, only the edition cited applies. For
undafed references, the latest edition of the referenced document (including any amendmé¢nts) applies.

ISO 291, Plastics — Standard atmospheres for Conditioning and testing
ISO 527-3, Plastics — Determination of tedsile properties — Part 3: Test conditions for films qnd sheets

[SO 2i859-1, Sampling procedures for inspection by attributes — Part 1: Sampling schemés indexed by
acceptance quality limit (AQL) fordet*by-lot inspection

ISO 4592, Plastics — Film and-sheeting — Determination of length and width
[SO 4593, Plastics — Film7nd sheeting — Determination of thickness by mechanical scanning

ISO 7f65-1:1988, Plastics film and sheeting — Determination of impact resistance by the frde-falling dart
meth¢d — Part 1. Staircase methods

[SO 17088, Plastics — Organic recycling — Specifications for compostable plastics

3 Terms-and-definitions

For the purposes of this document, the following terms and definitions apply.
[SO and IEC maintain terminology databases for use in standardization at the following addresses:

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

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

31

industrial compostable plastic shopping bags

bags made of industrial compostable plastic resin as the main raw material, and having a structure
suitable for carrying goods, which are intended to use for packaging and carrying shopping (as groceries
in stores, restaurants and other places) and intended for industrial composting when the use is finished

©1S0 2022 - All rights reserved 1
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3.2

industrial composting
composting process performed under controlled conditions on industrial scale with the aim of

producing compost for the market

Note 1 to entry: In some regions, industrial composting is referred to as professional composting.

[SOURCE: ISO 17088:2021, 3.13]

4 Requir

ements

41 Dimeﬁsion deviation

4.1.1 Typ¢

Shopping ba
stress at bre
and are pun
four types ad

The volume in litres is calculated according to Formula (1) that refers to Figure 1.

s and dimensions

Table 1 — Types and dimensions

bs are classified into two categories: class I and class Il according to sealing strength and
hk requirements (refer to 4.3 for detail). Class Il consists of bags thathave a sealed bpttom
hed to form handles (often called "T-shirt bags"). Class Il shopping)bags are dividefl into
cording to their volume as indicated in Table 1.

Volume
Type Denomination |4
litres
L Large bag V>25
M Medium bag 15<V<25
S Small bag 9<V<15
XS Extrasmall V<9

{L—K}@xm”
T

is the total width, in millimetres (mm);

€y

y
T
where
L=(h -L)
W =(w; +2w,
W1
W2
I
I

is the gusset width, in millimetres (mm);

is the total length, in millimetres (mm);

is the cutting length, in millimetres (mm).
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Wi

Wi

Key
¢tal width

w, ghsset width
w; hhandles width

=

w, clitting width
I; tqtallength
I, ctitting length

Figure 1 — SchematicTepresentation showing each parameter of a shopping bag fpr volume

4.1.2| Thiekness and deviation

calculation

For class I, the thickness limit deviation and the average deviation shall be in accordapce with the

requikements-ofTable-2:

Table 2 — Thickness deviation

Nominal thickness Average thickness deviation
Thickness limit deviation Range Y
e
mm mm ’
mm
+0,010 0,016 +20
e=0,015
-0,006 -6
+0,010 0,018 +20
0,015 <e<0,020
-0,008 -6

© IS0 2022 - All rights reserved
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Table 2 (continued)

Nominal thickness Average thickness deviation
Thickness limit deviation Range %
e 0
mm mm
mm
+0,010 0,018 +15
0,020 <e<0,025
-0,008 -10
+0,010 0,018 +15
0,025 <e<0,030
-0,008 -10
0,010 0,018 15
0,030 <4< 0,035
-0,008 -10
+0,009 0,018 +14
0,035 <¢< 0,040
-0,009 9
+0,010 0,020 +14
0,040< ¢|< 0,100
-0,010 -9

For class II, the average tolerance on thickness must be within the range -5 %and +15 % of the de¢lared
nominal thickness (as described in 5.2.1.3).

4.1.3 Width deviation

The width dgviation of industrial compostable plastic shopping bags shall be in accordance with the

requirementg of Table 3.

Table 3 — Width.deviation

Nominal width Limit deviation
w mm
mm
w < 380 +20
380 < w600 +25
w2600 +30

4.1.4 Length deviation

The length deviationcofindustrial compostable plastic shopping bags shall be in accordance with the

requirementg of Table 4.

Table 4 — Length deviation

Nominal length Limit deviation
1 mm
mm
[<380 +20
380 <1< 600 +25
12600 +30

© IS0 2022 - All rights reserved
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4.2 Print quality

4.2.1 Appearance of print

ISO 5412:2022(E)

For industrial compostable plastic shopping bags with prints, the printing ink shall be even, and the
pattern and text shall be legible and intact.

4.2.2 Stripping rate

The stripping rate shall be less than 20 % of tested area.

4.3 [Physical and mechanical properties

The physical and mechanical properties shall be in accordance with the requireménts of

and 8

Table 5 — Physical and mechanical performance requirements

Tables 5, 6,7

. Requirement
Test item
Class 1 Class II
Lifting test None of the three bags breaks None of the three bags breaks
Drop test None of the three bags breaks Not required
Water leakage None of the three bagsideaks None of the three bags leaks
Sealing strength Shown in Table6 Shown in Table 7

Dart impact

Number of none breakage = 8

Number of none bre

akage > 8

Stress at break

Not required

Shown in Tab|

e 8

Table 6 — Sealing strength requirement for class I

Nominal load bearing
Requirements
m
N/15 mm
kg
ms<2 =2
2<m<6 >4
6<m<10
m>10 >

Table 7 — Sealing strength requirement for class II

Requirements
Type
N/15 mm

L

25
M
S

>3
XS

© IS0 2022 - All rights reserved
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Table 8 — Stress at break requirements for class Il

Direction Requirement
N/mm? (MPa)
MD =20
TD >18

MD Machine direction i.e. longitudinal to the direction of extrusion

TD Transverse Direction i.e. direction transverse to the direction of extrusion

4.4 Industrial compostability

The fitness
evaluated in

5 Test methods

5.1 Samp

to industrial compostability of industrial compostable plastic shopping bags$ |shall be
accordance with 1SO 17088.

e condition adjustment and test environment

Test shall be|carried out according to the standard environment (température 23 °C = 2 °C, hurpidity

50% £ 10 %

5.2 Dimension deviation

5.2.1 Thi

5.2.1.1 Gehperal

Open the in
thickness of

as specified in ISO 291. Time for the condition adjustmentshall be no less than 88 h

ness deviation

strial compostable plastic shoppingbag, cut it off, spread it on one side, and measure the
the single-sided film with a thickness gauge in accordance with the provisions of [SO[4593.

Measure 8 goints uniformly along the width direction of the bag and calculate the thicknesd limit
deviation and average deviation of thickness according to Formula (2) and Formula (3) respectively.
For industrigl compostable plastic shopping bag having embossing, the embossing shall be flat{ened,

and the thicness of the flattened place shall be measured.

5.2.1.2 Ca

Ae=e

where
Ae

e

e

culation of thickness limit deviation (only for class I)

mir or max ~€ (2)

i$ the thickness limit rlavinfinn’ inmillimetres (mm)’

min or max 1S the measured minimum or maximum thickness, in millimetres (mm);

is the nominal thickness, in millimetres (mm).

5.2.1.3 Calculation of average deviation of thickness

Ae=2"%x100 (3)

e

where

Ae isthe average thickness deviation, expressed as a percentage (%);

© IS0 2022 - All rights reserved
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e is the average thickness, in millimetres (mm);

e is the nominal thickness, in millimetres (mm).
5.2.2 Width and length deviation

5.2.2.1 General

Spread the industrial compostable plastic shopping bag flat on horizontal surface (unfold the fold in
case there is an edge fold), measure width and length in accordance with the provisions of ISO 4592
using a ruler with a scale of 1 mm_along the length side and width side of the sample Measure the

widtH and length of the effective use area of the plastic bag at equal distance, at least 4 tinjes-points.

For industrial compostable plastic shopping bag with a hem, open the hem, and levelthe’bag horizontally
to mejasure the overall width of the bag.

Calcujate the width limit deviation according to Formula (4) and calculate‘tlie length lifnit deviation
accorfing to Formula (5).

5.2.2J2 Calculation of width limit deviation

AW =Wy3in or max —W (4)

wher¢

Aw is the width limit deviation, in millimetres (mm);

w is the measured minimum or maximum width, in millimetres (mm);

min or max

w is the nominal width, in millimetres (mm).

5.2.2]3 Calculation of length limit deviation

N =1

min or max -1 (5)
wher¢

Al is thé length limit deviation, in millimetres (mm);

1 is'the measured minimum or maximum length, in millimetres (mm);

min or max

| is the nominal length, in millimetres (mm).

5.3 Print quality

5.3.1 Print appearance

Observe visually the uniformity of the printed ink, legibility and integrity of pattern and text under
natural light.

5.3.2 Stripping rate

Cut off a portion of the bag having more printing ink for print peeling rate test. In the test, fix the sample
on a smooth surface with the print side facing up using transparent tape to expose the part for test
having dimensions of 100 mm x 100 mm. Do not touch the measurement part by hand during operation
and apply a 180° adhesive tape having peel strength of (1 N to 3 N)/10 mm, to the printed side of the
sample. Fold the tape with dimensions of 15 mm wide and 175 mm long at 180° angel and 75 mm from

©1S0 2022 - All rights reserved 7
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the end. Roll back and forth once at the bonding position with a 1 kg roller and then, peel the tape off
quickly by hand. Measure the peeled area and the residual area of the printing ink with a steel scale
having a scale interval of 0,5 mm, and calculate the stripping rate of the printing ink according to
Formula (6). Test three (3) times, take the average, and round the result to 1 %.

As=-x100 6)
S0

where

As  is the stripping rate of the printing ink, expressed as a percentage (%);

s is he peeling area, in square millimetres (mm?);

So is the tested area, in square millimetres (mm?2).
5.4 Physi¢al and mechanical properties

5.4.1 Stress at break (only for class II)

The mechanjcal traction characteristics are determined according to ISQO 527-3, on Type 2 specimens
obtained dir¢ctly from the bag in both longitudinal and transversal diréctions, in areas that do not have
bends or wellds.

5.4.2 Lifting test

For class I, put a simulant (such as sand, rice, etc.) equivalent to a nominal load-bearing capacitly and
not exceedinlg two-thirds of the effective volume of the.bag in the bag, and then hang the loaded bag
on the testirlg machine with amplitude of 30 mm *-2 mm, at a frequency of 2 Hz (120 beats /| min)
for 500 tim¢gs. Observe bag body and handle for ahy damage and record the observed phenonienon.
Perform the tests three times.

For class II, [the loading unit is represented by a typical 1 kg packet of table salt, i.e. a cardpoard
box in the shape of a rectangular parallelepiped containing 1 kg of salt. Other 1 kg packs of sjmilar
dimensions ¢an be used. The bag under testing is filled with a number of packs needed to rea¢h the
total load indlicated in Table 9, according to the bag's size. Hang the loaded bag on the testing mdchine
with amplityde of 60 mm * 2 min,-at a frequency of 2 Hz (120 beats/min) for 600 times. Obserye bag
body and hanpdle for any damage-and record the observed phenomenon. Perform the tests three tjmes.

Tableé 9 — Loading mass used for lifting test for class II

Loading mass
Type
kg
L 8
7
S 5
XS 1

5.4.3 Drop test (only for class I)

Put a simulant (such as sand, rice, etc.) equivalent to a nominal load capacity and a volume not exceeding
two-thirds of the effective volume in the bag.

Then evacuate the air in the vacant portion. Seal the bag with an adhesive tape while keeping the upper
bag film sufficiently loose. Allow the bottom of the bag drop freely from a height of 0,5 m from the
ground. The test ground shall be smooth, flat and hard. Observe the bag for any leaking out of any
simulants (i.e. sand, rice, etc.) and record the observed phenomenon. Test three times.

8 © IS0 2022 - All rights reserved
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Perform no such test for the plastic shopping bags which due to requirement for special functions were
partially heat-sealed and thus showing stress concentration in the bag, e.g. a partially heat-sealed
shopping bag (such as a partially heat-sealed beverage bag) for separating or supporting the contents
in the bag.

5.4.4

Water leakage test

Fill 500 ml of water (water temperature 23 °C £ 2 °C) slowly into the plastic shopping bag, hang the
bag and keep the bottom horizontally for 1 min. Observe the bottom of the plastic shopping bag for any
water drops leaking, and record the observed phenomenon. Test three times.

Perfo
leaka

| S £ £ ] 3 L. 3 L ot < H £, 1ol £ 43 |
IITIITU SUULIT LCLOU 1UT lJlClD LIC DllUlJlJllls IJCIBD idat drco ucalsucu 1IUT DlJCLlal TUINICLivIl diiu 11

be-proof.

This ffest is only for plastic bags that require water leakage performance.

5.4.5| Sealing strength test
As shpwn in Figure 2, samples are randomly taken in a direction vertical’to the heat-se

Shapg¢ and size of sample used in sealing strength test is shown in Figure3.

Test rhethod can be done according to methods described in ASTM(F88.

Sealifg strength of shopping bags is calculated by the arithrhetic mean of 10 samples,

N/15

Key

1

2 b
3 0t
4 b

mm, rounded to three significant figures.
3 2

3
\ |

277 7

1— Lo | [ -\2\1 [ ]
(Y% £ ?

/ /

A b

siide heat seal

hck heat seal

dp heat'seal

bttom heat seal

eds no water

hled portion.

expressed in

Figure 2 — Position of sampling for sealing strength test
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NN\

100 +T

15 £0,1

1 adhesive tape

a Heat-sealj&d portion.

b Same material of bags.
¢ Unfolded|length.

Figure 3 — Shape and size of sample used for sealing strength tést

5.4.6 Dartimpact test

Perform the|dart impact test in accordance with ISO 7765-1:1988,;method A, single-piece sample
method inst¢ad of step method. Determine the number of undamagéd samples by using dart of| fixed
mass as shown in Table 10. Use 10 pieces of samples.

Table 10 — Mass of dart

Nominal thickness Mass of dart
e G
mm g
0,015<e<0,025 20
0,025 <e< 0,030 25
0,030 < e <0035 40
0,035 < ¢ <0;,040 60
ec.0;040 80

5.5 Industrial compeostability
Industrial compostability testing shall be in accordance with ISO 17088.

Industrial cgmpostability test shall be conducted in the case of product declared as an indystrial
compostable|shopping bag.

6 Testing regulations

6.1 Batch

Products are accepted in batches. Products produced continuously using the same process from raw
materials of the same grade, specification and formula.

6.2 Inspection classification

6.2.1 Factory inspection

Factory inspection items include print quality, thickness, width, length, drop and leak test.

10 © IS0 2022 - All rights reserved
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The type inspection items include dimension deviation, print quality, physical and mechanical

properties. In one of the following cases, the type inspection shall be carried out:

a) firstbatch production;

b) when the raw material variety, product structure, production process or equipment changes;

c) when the factory inspection result is significantly different from the previous
result;

type inspection

d 1 | o e - L | s £ il Ve =l
) WTITeTY PIOUUCLLIVIT TTOSUIIITS dItT SUSPTIISIUIT U pIrUOUULLIVIT TOT IITUT T U4l U TITUIILILS,

e)

f) when required by relevant national quality supervision authorities.

bntinuous production for one year;

(@]

6.3 [Sampling plan

6.3.1| Dimensional deviation

A doyble sampling plan for normal inspection of ISO 2859-1 shall*be used. The inspectign level (il) is

the ge¢neral inspection level ii, and the reception quality limit/(AQL) is 6,5. The sample

nd judgment

array|are shown in Table 11. Take each unit package as ,a-sample unit. The unit package can be box,
bundle, bag, piece, etc. During the test, randomly take one sample plastic bag from each unit package

for sampling inspection.

Table 11 ~<Sampling plan

. : Cumulative sam-| Acceptance Rejpction num-
Lot size Sample Samplesize .
ple size number ber
First 5 5 0 2
<50
Second 5 10 1 2
First 8 8 0 3
51-90
Second 8 16 3 4
Fiest 13 13 1 3
91-150
Second 13 26 4 5
First 20 20 2 5
151-280
Second 20 40 6 7
First 32 32 3 6
281-500
Second 32 64 9 10
First 50 50 5 9
0I-1 200
Second 50 100 12 13
First 80 80 7 11
1201-3 200
Second 80 160 18 19
First 125 125 11 16
3201-250 000
Second 125 250 26 27

6.3.2 Print quality, physical and mechanical properties, industrial compostability

Take randomly a sufficient number of samples from the extracted samples for testing.

© IS0 2022 - All rights reserved
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