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Foreword

This British Standard has been prepared under the authority
of the Plastics Industry Standards Commjttee at the request
of the British Plastics Federation, It was first published in
1961, under the title ‘Low density polythene materials for
moulding and extrusion’, was revised in 1966 under the
title ‘Polythene materials for moulding and extrusion’, and
has now been revised and extended to bring the specifica:’
tion up to date with latest polyethylene manufacturing
practices.

A classification has been added, based on ISO 1872
‘Polyethylene thermoplastic materials. Designation’, and

on UK submiissions for its revision. In this British Standard,
materials have been classified according to: polymer type,
density, major end use, melt flow rate ;, and modifications.
The major difference between this standard and ISO 1872
is that in the latter there is no provision for classification of
polymer types. “an
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This British Standard has been extended to include certain
ethylene copolymers used for moulding and extrusion
applications. No attempt is made to specify all the
properties of a polyethylene or ethylene copolymer that :
may be of importance in a particular application, and in
many cases it will be necessary for the user to state his
own special requirements in addition to those covered by
this standard. Attention is drawn to the limitations to the
use of melt flow rate: as a parameter for mechanical
properties and processing performance.

Certification, Attention is drawn to the certification
facilities described on the inside back cover of this
standard.
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British Standard Specification

BS 3412 : 1976

Polyethylene materials for
moulding and extrusion

1. Scope

This British Standard specifies basic requirements of
ethylene homopolymers and certain copolymers for
moulding and extrusion application. 1t includes products
in the density (see appendix B) range 0.910 to 0.967 g/cm®
at 23 °C and having a melt flow rate:” value between 0.05
and 40. The standard also includes copolymers of ethylene
with other 1-olefins, where the concentration of the non-
ethylene monomer does not exceed 30 % by mass. Also ~
included are copolymers of ethylene with certain other
monomers, i.e.

viny! esters of saturated aliphatic C; — Cy, mono-
carboxylic acids e.g. vinyl acetate;

alkyl esters of acrylic and methacrylic acids e.g. ethyl
acrylate and methy| methacrylate.

In every case, the concentration of any of the above non-

olefinic comonomers or mixtures thereof should not exceed .

30 % by mass.

This standard covers both hot homogenized biends and
granule blends of:

(a) different ethylene homopolymers, or
(b} different copolymers, or

(c) ethylene homopolymers with copolymers, provided
that the overall composition meets the previous require-
ments of this sectioh. One, some or all of the homo-
polymer(s} and/or copolymer(s) may contain an additive
or additives in-such an amount or amounts as is/are
necessary to the satisfactory performance of the final
“material.

This standard is not intended to cover mixtures of
pigmented granules and natural granules.

“This standard does not cover materials intenided for physical

or chemical foaming or chemical cross-linking.

2. References

The titles of the British Standards referred to in this
stahdard are listed on the inside back cover.

3. Classification
Polyethylene materials are coded with reference to
polymer type
density
major end use
melt flow rate’ -
modifications.
The materials are identified in accordance with the system
of coding described in 3.1 to 3.6. )

3.1 Polymer type. A single letter shall be used to denote
polymer type.
Type A: ethylene homopolymers containing not more
than 0.5 % by mass of hydrocarbon comonomer,

" ‘dispersed finely divided carbon black with or without

Type D: ethylene copolymers containing not more than
30 % by mass of olefinic comonomer.

Type G: ethylene copolymers containing not more than
30 % by mass of non-olefinic comonomer (see clause 1).

3.2 Density. Two digits shall be used to indicate the
density value, namely the two digits following the 9 in the
derived density (D) value, as defined in appendix B. For
example, for a polymer having a derived density (D) value
of 0.921 g/cm?, the two digits 21 are quoted.

3.3 Major end use. Major end use shall be identified by
one or more of the following letters.

blow mouiding.
extrusion coating.
general extrusion,
film extrusion,
cable manufacture.
monofilament manufacture,
moulding.
pipe extrusion.
rotational mouliding and other typical powder
processes.
Y tape manufacture. A
3.4 Melt flow Tate: ~ The nominal melt flow rate” “of th

material as agreed. between: the purchaser and the supplier
shall be quoted directly to two significant figures.

UV rATMO®

3.5 Modifications. Modifications to the polymer if present
shall be indicated by a single letter as foflows:

Class H Materials with no additives other than up to
‘a nominal 0.02 %fantioxidant’

Class J Materials with no additives other than those
normally added to protect the polymer during
processing.

Class N Materials with additives and/or .pigments,
excluding those materials specified in classes Q, R, S
and W,

Class Q Materials suitable for.insulation and sheathing
with added antioxidant, with or without colour, where
electrical losses due to the loss angle of the material are
not important to the application.

Class R Materials suitable for insulation and sheathing,
with added antioxidant and without colour, where the
loss angle complies with clause 6.

Class S Materials with no additive other than up to
0.02 % of antioxidant where the loss angle complies with
clause 6.

maning

antioxidant (see 10.3). The carbon black shall have an
iodine absorption number of not less than 110 (see 10.1).
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3.6 Complete designation of a polymer. For example,

intended for film,

of melt flow Tater 2.5 and with addmves, would be coded
s Tfollows:

A-20-F-2.5-N.

NOTE. Certain end uses, such as packaging or electrical applications
may require specific properties which are not covered in this
standard, or involve the need to meet the requirements of particular

specifications or standards, Such requirements should be agreed
between purchaser and supplier.

4. Density

4.1 A value for density for a polyethylene material shall be
agreed between the purchaser and the supplier and shall be
quoted to the third place of decimals. The value of density
{D) (derived density) of a sample determined by the methaod
given in appendix B shall not differ from this agreed value
by more than 0.002 g/cm® for the range 0.910 to 0.940.
For the density range 0.941 to 0.967 the value of derived

* density (D) shall not differ from the agreed value by more

than 0.003 g/cm?.

NOTE. Derived denslty (D} is referred to in ISO 1872 as 'nominal
density'.

4.2 For class W, the corrected derived density shall be used
to determine comformity with this British Standard. This
shall be the value obtained by subtracting from the derived
density (D} of the black material, a figure related to the
proportion of carbon black present as follows.

Corrected derived density is the derived density (D) of
. black material minus 0.0045 times the numerical value of
‘the percentage of carbon black in material.

For this-purpose, the percentage of carbon black shall be

1978
4.3 For coloured material, the density used for determining
conformity with this British Standard shall be the derived
density (D) obtained on the basic uncoloured material.

f determlned in accordance with-BS 2782 : Method 4528«

5. Melt flow rate (MFR}

The nominal melt flow rates of the material shall be
agreed between the purchaser and the supplier.

" Type A classes R andS The Toss angle 5 at any one

*The melt flow rate shall be measured in accordance W!th\

 test condition 4 of BS 2782 ! Method "720A: 1979, lfa
: measurement cannot be obtained on a low melt flow rate
" material, however, test condition 7 may be used, in which

case its use shall be indicated by ‘(7) following the number

. in the code.

The melt flow rate shall lie within the tolerances given in S
.+ accompanied by the following information:

table 1.

-Table 1. Melt flow rate tolerances

Nominal melt flow rate | Tolerance £
" g/10 min %

<1 30 R A
“>1but <56 25 ’- e s
> 5but<30 20 AR
>30 15

71 AlLa T e T T T i

frequency within the range 1 MHz to 20 MHz shall be !\

- determined on sheet prepared as described in appendix A ™

* by method 207A of BS 2782 : 1970 except that the results
' shall be expressed in microradians, The loss angle of type A .
~ Clasges Rnand 8 miatéiials'$hdl ot be greater than 300 prad.

7. Tensile strength and elongation

. be in accordance with appendix A and the tensile properties:
“shall be determined in accordance with BS 2782 : Method
1 320A : 1976. A grip separation rate of 500 + 50 mm/min
“shall be used for polyethylene with a derived density (D) .
~from 0.910 g/cm3 to 0,925 g/fem?, For polyethylenes above
*0.925 g/em?,

‘Method 320A : 1976, I
“If tensile properties are required on finished products

"Where there is a mixture of the listed antioxidants present, |
" and 0.3 %. The amount of antioxidant present shall be

"method agreed between purchaser and supplier. If the anti-
" oxidants present are unknown, they may be identified by
- BS 2782: Method 434A: 1975.

. it is possible that some pipe compounds containing somewhat less
¢ than the amounts specified in table 2 will yield pipe meeting the

antioxidant content.

- 8.5 New or additional antioxidants. New or additional
- antjoxidants may be submitted for approval (see note)

(d) suitability for classes listed in 3.5;

When these properties are required, sheet preparation shall :

the grip separation rate shall be 100 £ 10 mm/
min. Tests for determining the short term tensile properties .
for polyethylene materials are described in BS 2782 : )

e.g. cable sheath, pipe etc., the appropriate standard for
that product shall be used, . -

" NOTE, While compounds meeting the requirements of table 1 may

“also satisfy the requirements of BS 1972, BS 1973, BS 3284 and

BS 3796 it is possible that some pipe compounds containing some-:
what less than the amounts specified in table 1 witl yield pipe

meeting the requirements of the clauses of these standards :

controlling residual antlox|dant content, . o %o - T

e %

8. Antioxidant —TT—— 7 B
8.1 All classes. Matenals of all c!asses shall be adequately
: stable for fabrication and use.

8 2 Food contact use. If polyethylene is for use in contact
with foodstuffs and/or potable water, the antioxidants
, shall be listed in the British Plastics Federation/British _
' Industrial Biological Research Association Code of Practice :
- for Food contact applications, as approved for use in the
polyethylene in contact with foodstuffs*.
NOTE. In the case of contact with potable water there may be
additional requirements that may have to be met e. 9. Natlonal Water ‘
Council approval.
8.3 Non-food use. In the case of hon-food contact applica-
“ tions involving the use of polyethylene, the antioxidant
may be agreed between the purchaser and supplier.

8.4 Suitability for classes in 3.5. Unless otherwise agreed
! between the purchaser and the supplier, the nature and l
" quantity of antioxidant for class W shall be selected from |
* any of those listed in group 2 of table 2 with or without It
admixture of material(s) from group 1, but classes R and S ;
shall be selected from those listed in group 2 of table 2,

_the total amount of the antioxidant shall be between 0.1 %

determined by BS 2782: Method 434D: 1975 or by a

NO'I"E While compounds meeting the requirements of table 2. may
alsa satisfy the requirements of BS 1972, BS 3284 and BS 3796,

requirements of the clauses of these standards controlling residual

-\'\). B
{a) chemical formula, trade name and manuifacturer;
{b) proposed concentration range;

(c) whether suitable for use in a polymer in contact with
foodstuffs;

(e) a technical comparison with antioxidants in table 2
illustrating the ability of the antioxidant to confer
adequate stability for fabrication and use on the poly-
ethylene.
NOTE. Applications for approval of new antioxidants should be-
submitted to the secretary of the BS| committee respon5|ble for the
preparation of this standard.’ .

Documents

s '*Seé ‘Plastics for food contact apphcatuons. A code of BrddtieE For safety inluse’,
“revised edition. 1981, published by the British Plastics Federauon, 5 Belgrave Square,:

) London SW1X 8PH.
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!25 z1 s - Chemical Commercially available Proposed concen- | BPF/BIBRA listed; F B
: product of the type tration range max. permitted in PE. i
' (trade name) (BS 3412) f :
| not not L
. g less more .
! than than -
% % m/m final compound-
“ Group 1 '
- 2,6 di tertbutyl-p-cresol lonol CP, Topanol OC 0.05 0.20 Yes
*0,0""-dioctadecy! pentaeryrthritol Weston 618 0.05 0.30 Yes 1
bis(phosphite) max, permitted 0.30 % ¥:
. tris(2,4-ditertbutylphenyl)phosphite Irgafos 168 0.05 0.20 Yes :
. tetrakis(2,4-ditertbutylphenyl) Irgafos P-EPQ 0.05 0,20 Yes
. biphenyl-4 4"-ylenebis (phosphonite)
dioctadecyl 3,3'thiodipropionate DSTP 0.02 0.30 Yes
max. permitted 1.0 %
didodecyl 3,3‘thiodipropionate DLTDP 0.02 0.30
- Group 2
Ethylene glycol bis [3,3'(3"-tertbutyl-4"- Hostanox 03 0.05 | 030 | VYes
hydroxyphenyl) butyrate] max. permitted 0,50 %
2,2,2" 6,6’ 6"-hexatertbutyl-a, Irganox 1330 0.05 0.30 Yes
o' ,a'*-(2,4,6-trimethylbenzene;1,3,5-triyl)
tri-p-cresol(3-5-ditertbutyl-4-hydroxybenzyl)
‘ benzene
octadecyl 3-(3,5-ditertbutyl- lrganox 1076 0.10 0.30 Yes
4-hydroxphenyl)propionate
pentaerythrito! tetrakis Irganox 1010 0.10 0.30 Yes
(3-(3,6-ditertbutyl-4-hydroxyphenyl)
propionate]
di- 2-hydroxymethyl-3-6,6'"-bis Permanax WSP 0.10 0.50 Yes
(1-methylcyclohexyl)-2,2"-methylenedi max. permitted 0,20 % !
{benzy! alcohol)
6,6"-ditertbutyl-4,4'-thiodi-m-cresol Santonox or TBM6T or 0.05 0.30 Yes
: Santonox R or TBM6P max. permitted 0.25 %
6,6',6"-tritertbutyl-4,4°,4'"- Topanol CA 0.10 0.30 Yes
(1-methylpropan-1-yl-3-ylidene)tri-m-cresol max. permitted 0.25 % .
non fatty 0.20 % )
fatty foods 0.10 %
NOTE. It is recommended that antioxidants in group 1 are not used on their own but in conjunction with antioxidants from group 2.
The nomenclature given in table 2 follows the [UPAC rules and may differ from nomenclature used by some manufacturers.
Weston 618 is the registered trade mark of Borg Warner Chemiicals Ltd. 7
B ‘lonol’ is the registered trade mark of the Shell group of companies,
‘ ‘Irganox’ and ‘Irgafos’ are the registered trade marks of Ciba-Geigy Ltd,
_ : ‘Permanax’ is the registered trade mark of Vulnax International Ltd.
Topanol“ is the registered trade mark of Monsanto Ltd. . -
"TBM6' is the registered trade mark of the Société Francaise d'Organo Synthése, o -
~Hostanox'is the registered wade mark of Hoechst Led. . ST ‘ é
'\5}3'Microscopic dispersion of carbon black. The numerical

A . Colour variation and impurities
Materials shall be uniform in colour and free from obvious
foreign matter.
NOTE. Colour variation which is attributable to the presence of one °*
- of the Wnts can be disregarded. 7
\O,” Carbon black characterization and dispersion
Protection against destructive UV radiation from sunlight :
is only effected if an adequate dispersion of suitably finely °
divided carbon black is achieved. A compound shall be
. deemed to conform with the requirements of class W in
A this respect if it satisfies all the following tests.
v6 «\ Characterization. The carbon black used shall have an
- iodine adsorption number not less than 110 when tested by
’ the method described in C.1.
7 \& .2 Extrusion screen test. Not more than 70 agglomerates
A ' shall be present on the screen after extruding 640 g of
compound, when tested by the method described in C.2.
i R 3 - S -

- rating of the dispersion shall be 5 or less and the uniformity !
of appearance in respect of smears and streaks shall be
equal to or better than photomigrograph A of figure 1
w_fgn tested ‘by BS 2782 + Method 823A : 1978.

- Carbon black content ° 7
v - /The carbon black content of class W materials when
-determined by BS 2782 : Method 4528 : 1978 shall be
" not less than 2,0 % and usually not more than 3.0 %.
NOTE. In certain applications involving thin sections, e.g. film,
"+ a higher loading than 3.0 % may be required although the effect of

the higher loading in madifying other propefties should be taken
* into account,’

* If materials of class W are required for the manufacture of
! pipe for use with potable water, the carbon black shall not
. have toluene extractable constituents of more than 0.10 %

when determined by the method d?ﬁﬁumﬁté

A

of BS 1972: 1967 or BS 1273 : 19
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2", Colour fastness to day]ight

The colour fastness to daylight of class N and class Q
coloured materials shall not be worse than LFS4 when
determined by method 507A of BS 2782 ; 1970, on sheet
prepared as described in appendix A.

13 > Colour bleeding

Colour bleeding shall not occur with class N and class Q
coloured materials when sheet prepared as described in
appendix A is tested by method 506C of BS 2782 : 1970.

I . Marking

4.1 Material complying with the requirements of this -
 British Standard shall be identified by the BS number and

code reference, e.g.
BS 3412 A-20-F-2.5-N,

By agreement between the purchaser and the supplier, this
information may be given either on each package of the
consignment or in the documents relating to the consign-
ment,

lﬂ:j'zf In addition, when so requested by the purchaser, each
package of material complying with this British Standard
shall bear the manufacturer’s name or symbol, together ..
with such indication of the contents, including batch
number, as will adequately identify the material in case of
dispute, e.g. by reference to the manufacturer’s catalogue
or other trade literature.
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