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Foreword

This British Standard was prepared under the direction of
the Fibres, Yarns, Fabrics and Production Standards
Committee.

There has been an increasing interest over recent years in
the flammability performance of textiles. In the metal
industries the principal environmental hazards are heat and
molten metal splash and this standard is intended to
provide a method by which the protective ability of
differing materials can be assessed. The standard is solely

a method of assessment and therefore gives no required
performance levels for materials for this type of protection.

The test method is based on the results of a research
project carried out by the International Wool Secretariat.
The original work was based on the use of large and a
small volume metal splash, via a refractory brick and was
reported in the October 1977 issue of ‘Textile Institute
and Industry’. In further work the mass of metal was
varied so that a failure point could be identified,

the refractory brick was dispensed with and use was made
of direct pour but the basic principle of assessment by
use of simulated skin was retained.

The test takes into account the heat transfer properties of
the material being tested and its dynamic resistance to
penetration of the molten metal. The full test procedure
is based on stepped increases in mass of metal but it is
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expected that performance specifications will simply
require a specified mass of metal to be poured at which
the material should not cause damage to the skin simulant.
Two methods of pouring are described; one hand
operated, the other motorized. |t was decided to include
the relatively simple hand pouring apparatus although the
motorized apparatus would be likely to lead to improved
reproducibility and a greater degree of operator safety.

It has been assumed in the drafting of this British
Standard that its procedures are entrusted to appropriately
qualified and experienced people. The principle of the
test method is such that any metal can be used but for
particular molten metals (e.g. sodium) changes in the
materials used for the apparatus will be necessary and
additional safety measures needed.

If changes in sensitivity of the test are needed,

for example to accommodate the assessment of materials
as protection against a particular metal hazard, then two
of the test conditions (pour height and specimen angle to
the horizontal) can be varied. Recommended test
conditions for a small range of metals are given in
appendix A.

Compliance with a British Standard does not of itself
confer immunity from legal obligations.
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British Standard Method for

Assessment of resistance of materials used in protective

clothing to molten metal splash

1. Scope

This British Standard describes a method for assessing the
resistance of materials used in protective clothing to
molten metal splash.

NOTE., The titles of the publications referred to in this standard
are listed on the inside back cover.

2. Definitions

For the purposes of this standard, the following
definitions apply.

2.1 pour height. The vertical distance from the axis of
rotation of the pouring ring to the centre of the pin
frame,

2.2 molten metal splash index. A figure equal tothe
minimum mass of molten metal poured which just causes
damage {e.g. smoothing, pin-holing) to the skin simulant.

3. Principle

Materials are tested by pouring small quantities of molten
metal on to the test specimen supported at an angle to

the horizontal on a small pin frame. Damage is assessed by
placing a PVC skin simulant directly behind the test
specimen and noting damage to the skin simulant after
pouring. Any adherence of the metal to the test specimen
surface is also noted. Depending on the result, the test is
repeated using a greater or smaller mass of metal, until the
minimum quantity to cause damage to the skin simulant -
is observed.

4. Apparatus

4.1 Commercial grade metal, appropriate to the end use.
NOTE. [t is recommended that coarse filings or small pieces cut
from solid bar or sheet should be used, as fine filings have been
found difficult to melt. A range of pouring temperatures
appropriate to different metals is given in appendix A.

4.2 PVC skin simulant®, comprising an embossed PVC
sheet, of mass per unit area 230 + 10 g/m? which,
when tested as described in appendix B shows no
smoothing or modification of the embossing at a block
temperature of 166 £ 2 °C but shows smoothing or
modification at a block temperature of 183+ 2 °C.

4.3 Cruciblet, the approximate external dimensions being
a height of 97 mm, a top diameter of 80 mm, a bottom
diameter of 56 mm, and a capacity (brim full}) of 190 mL.

4.4 Detachable crucible holder, 1o enable the crucible
containing the molten metal to be quickly and safely
removed from the furnace to the test apparatus.

4.5 Furnace, capable of operating at a temperature
100 °C above the pouring temperature specified in
appendix A. The furnace type may be either a muffle
furnace or an induction type furnace. Muffle furnaces
normally have an in-built temperature control and are
capable of holding at least four crucibles, i.e. internal
furnace size of 135 mm X 190 mm x 380 mm while
induction furnaces require a separate means of measuring
the temperature of the molten metal, using either a small
thermocouple probe or an optical non-contact
temperature device.

4.6 Pouring apparatus, pin frame and tray, shown in
figure 1, consisting of a pouring device supported on
adjustable legs, a specimen holder and a sand tray.
The sand tray shall have minimum dimensions 250 mm
wide X 350 mm long X 50 mm deep and shall be filled
with dry sand to a depth of 30 mm to 40 mm.

Warning. When using molten sodium and similar metals
it is essential that no sand is present either in the tray or
in the vicinity of the test apparatus.

The pouring device shall consist of a metal ring 80 mm
internal diameter which is pivoted about a metal rod
attached to its front edge.

The pouring apparatus shown in figure 1 is hand operated;
details of a suitable alternative version, fitted with an
electric motor, are given in figure 2 with a circuit diagram
for the motor drive shown in figure 3.

A metal bar is attached to the pouring device to prevent
the crucible from falling through and to serve as a stop to
prevent the crucible rotating before the molten metal is
poured.

The pivoting rod shall be firmly supported and be
adjustable in height so that the specified pour height
(see appendix A) can be achieved.

The specimen holder shall consist of a rectangular pin
frame, 160 mm wide by 170 mm deep made from 8 mm
square steel. It shall have four tenter pins, two on the top
edge and two on the bottom edge, spaced 80 mm apart
and 40 mm from the respective corners. The pin frame
shall be supported on a suitable frame which enables the
angle of the specimen to the horizontal to be varied

*For information on the availability of a suitable material apply to Central Enquiries Section, British Standards Institution,
2 Park Street, London W1A 2BS, enclosing a stamped addressed envelope for reply.

TFor most molten metals, a graphite impregnated material (if an induction furnace is used) or a ceramic nQQaC(umﬁlnts
furnace is used) has been found suitable for the crucible but for sodium and similar metals, a stai \les: steol erucible should be used.
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(see appendix A) and the position of the test specimen
relative to the pouring device to be adjusted so that the
main Impact of the molten metal is near the centre of
the test specimen. :

4.7 Balance, capable of weighing to an accuracy of 1.0 g.

4.8 Template, in the form of a rigid rectangle 180 mm X
100 mm with four holes, one in each corner and 10 mm
from the two adjacent edges, their centres forming the
corners of a rectangle 160 mm x 80 mm.

5. Conditioning and testing atmospheres

An atmosphere having a temperature of 15 °C to 25 °C
and relative humidity 65 % to 65 % shall be used for the
conditioning of specimens. For testing, an atmosphere
substantially free from draughts and having a temperature
of 16 °C to 30 °C and a relative humidity of 20 % to

65 % shall be used.

6. Preparation and conditioning of test specimens

Lay out the laboratory sample without tension but free
from wrinkles and creases on a flat, smooth surface.
Initially, mark and cut seven test specimens using the
template with the longer length in the machine direction
{except where this does not apply, e.g. leather, when the
direction of cutting is unimportant). Using the template,
mark the position for the pins (of the pin frame) on the
material by spots 2 mm in diameter at the centres of the
holes for the pins. Cut a similar number of pieces of skin
simulant and mark the position of the pins in an identical
rmanner.

Subject the test specimen to the atmosphere for
conditioning for 24 h. If the test is not carried out
immediately after conditioning, place the test specimen in
a sealed container until the start of the test. Begin testing
each test specimen within 3 min of removing it from
either the conditioning atmosphere or the container.
NOTE. The assessment uses an iterative procedure and therefore
the exact number of test specimens needed cannot be stated.
Seven test specimens are usually sufficient to give a result.

If there is previous experience of the material or if a material is

being assessed for compliance with a specification, fewer
test specimens will be needed.

7. Operator safety

Suitable protective clothing and equipment shall be worn
by the operator when using the high temperature furnace
and the test apparatus, in order to protect against the
hazard of accidental splashes from molten metal.

NOTE. Suitable sye protectors are specified in BS 2092,

gaiters and footwear in BS 4676 and gloves in BS 16561.
Warning. In addition to the hazard of molten metal
splashes, certain metals (e.g. sodium) ignite spontaneously
when heated in air and produce toxic fumes when so
heated. Additional safety measures will therefore be
necessary when testing the resistance of materials to
these metals.

8. Procedure

8.1 Setting up the apparatus. Adjust the position of the
crucible holder to give the specified pour height, and the
angle of the pin frame to give the required specimen angle
to the horizontal (see appendix A).

8.2 Preparation of molten metal. Place approximately
50 g (weighed to the nearest gram) of metal {or multiple
of 60 g if it is known that the material under test will
withstand a higher amount), either coarse ground or cut
from bar or sheet, into the dry crucible and melt it to a
temperature slightly above that at which it will remain
molten throughout the test (see appendix A).

8.3 Attachment of test material to pin frame. Attach a
piece of PVC skin simulant to the pin frame by pushing
the pins through the marked positions with the embossed
side uppermost. Position the test specimen over the PVC
skin simulant and attach it to the pin frame in an
identical manner. Ensure that the test specimen is in
intimate contact with the PVC skin simulant, free from
creases and with the face of the material designed to be
on the outside of a garment exposed to the molten metal.

8.4 Pouring of molten metal. Carefully transfer the
crucible, using the detachable crucible holder, to the
pouring ring. Allow the molten metal to cool to the
pouring temperature (see appendix A) and then operate
the pouring ring so that the crucible turns through 110°
in 3 £ 0.2 s at a constant rate.

Pour the metal over the edge of the crucible and not via
the pouring lip and ensure that an undamaged edge
surface is used.

NOTE. For hand operated pouring, care is needed not to change
the rate of rotation of the crucible when metal starts to flow
from the crucible.

8.5 Examination

8.5.1 30 s after completion of pouring, remove the test
specimen and examine the skin simulant for any sign of
damage, including smoothing or modification of the
embossing on the surface. Note any such damage.

8.5.2 Note and record whether any molten metal has
solidified and adhered to the surface of the test specimen.

8.5.3 Collect, weigh to the nearest gram and record as
‘metal poured’, all solidified molten metal consisting of
mass deflected plus mass adhered to specimen plus mass
penetrating through the test specimen.

9. Repeat testing

If there is no damage to the skin simulant, repeat the test
procedure using a quantity of metal in the crucible 50 g
more than that used in the previous test and new test
specimens of material and skin simulant.

Carry on increasing the amount of metal in b0 g steps
until damage is noted on the skin simulant (or until the
capacity of the crucible is reached, in which case the test
is not sufficiently severe to obtain skin damage).

When damage is observed repeat the test using 10 g less
metal in the crucible. Continue repeating the procedure
using less metal in 10 g steps until two successive tests
show no damage to the skin simulant.

Note the higher value of the mass of metal poured

(see 8.5.3) in these two tests and the fowest mass of
metal poured that caused damage.

Record the mean of these two values to the nearest gram
as the molten metal splash index.

NOTE. This method is not suitable for use with a poured metal
mass of less than 25 g.
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