INTERNATIONAL

ISO

STANDARD 16349

First edition
2015-01-15

Refractory materials —

Determination of abrasion resistance

at elevated temperature

Matériaux réfractaires — Détermination de la résistance
d température élevée

(1 'abrasion

-_— Reference number
=) — 1SO 16349:2015(E)

©1S0 2015


https://standardsiso.com/api/?name=6133c65f098cfabc317c24410657af78

ISO 16349:2015(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2015
All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. + 41 22 749 01 11

Fax + 4122 749 09 47

E-mail copyright@iso.org

Web www.iso.org

Published in Switzerland

ii © ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=6133c65f098cfabc317c24410657af78

ISO 16349:2015(E)

Contents Page
FFOT@WOTM ........oocccceee o858 iv
1 SCOPI ...k 1
2 NOTTNATIVE TEECI@INCES .........occcccoooieeeeiesse st ssss st 1
3 Terms and AefiNItiONS ... 1
4 PIAIICEPLC ... 1
5 Apparatus 1
6 TESE PLECES ...t e 5

6.1 LT3 0= - OSSOSO S ) IS 5

6.2 Shaped refractories w5

6.3 UNShaped refTaCtOTIES ... e e 5
7 PIOCEAUTE. ...t e e e 5
8 CALCUIATION ...y oo e 6
9 TESTTEPOTT ..o R vt e 6
Annex A (informative) Determination of surface temperature of test pieces.........cfo 7
Annex B (informative) The precision data of abrasion resistance..................fo 8

© 1S0 2015 - All rights reserved iii


https://standardsiso.com/api/?name=6133c65f098cfabc317c24410657af78

ISO 16349

:2015(E)

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.
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Refractory materials — Determination of abrasion
resistance at elevated temperature

1 Scope

This International Standard specifies a method for determination of abrasion resistance of shaped
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Normative references

following documents, in whole or in part, are normatively referenced\in’ this docun
pensable for its application. For dated references, only the editign)cited applies. |
ences, the latest edition of the referenced document (including any“amendments) appl

565, Test sieves — Metal wire cloth, perforated metal plate-anhd electroformed sheet|

of openings

intended to

ent and are
For undated
es.

— Nominal

6017, Dense shaped refractory products — Determination of bulk density, apparent porosity and

porosity

6282:2007, Methods of test for dense shaped refractory products — Determination of
bion at ambient temperature

Terms and definitions

he purposes of this document, the following terms and definitions apply.

sion resistance at elevated temperature

resistance to

y of refractory test pieces to resist the surface wear caused by the mechanical action of moving

s with high speed at elevated temperature

Principle

method determines the volume of material abraded from the flat surface of a test pig
angles:to’a nozzle through which 1 000 g of size-graded silicon carbide is blasted by
450 KPa at elevated temperature.

ce placed at
compressed

5 Apparatus

5.1 Abrasion tester, used for measuring the abrasion resistance of refractory test pieces at elevated
temperature and consisting mainly of a blasting device, test furnace system, and other components

(see Figure 1).

5.1.1 Blasting device.

The function of the venturi blast assembly and nozzle is the same as the expression of ISO 16282:2007,
5.1.1 and 5.1.2; the structure and parameters can be seen in [SO 16282:2007, Figure 1. The difference is
that the glass tube of nozzle is replaced by alumina ceramic tube, and its length is 236 mm.
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5.1.2 Compressed-air supply system.

5.1.2.1 Compressed-air supply, clean and dry, supplied to the blast assembly at the required pressure
by means of a regulator.

5.1.2.2 Precise pressure gauge, with accuracy grade of 0,4 and a capacity of 0 kPa to 600 kPa.

The gauge is mounted as close to the blast assembly as possible.

5.1.3 Abrasive, consisting of silicon carbide with a particle-size distribution as given in Table 1.

Before use, femove the material retained on the 850 um ISO sieve and that passing the 300 um IS@gieve.

Table 1 — Sieve analysis of the abrasive

(1562260 ;?%nig/gg) Amount retained
pm %
850 Trace
600 20 +2
300 803
212 2 max.
<212 Trace

NOTE This silicon carbide corresponds to FEPA grit size grade P36.

514 Ablr"]usive feeding system, as shown in Figure,1.

The charging funnel shall have a suitable orificé capable of delivering 1 000 g + 5 g of abrasive intp the
delivery furjnel within (900 * 30) s. There shall be an interspace between the orifice and the deljvery
funnel to allow air to enter into the blastgun with abrasive.

5.1.5 Test furnace system, as shdwirin Figure 1, consisting of the following parts.

5.1.5.1 Pressure regulating chamber.

The pressurje regulating.chamber is connected with the sample chamber and installs an exhaust vgnt to
exhaust air.|A dust collgetor is used on the exhaust vent to purify the air. A valve is attached on theg vent
to regulate he pressuye inside the pressure regulating chamber. U-tape manometer is connected on the
upper part gf theseghamber, for measuring the pressure inside the chamber.

5.1.5.2 S a!‘afihn‘ ring' made aof corundum with 12 mm incide diametor
1=]

Trorore- o coTorroro vy o T T rrrorore-orrorrrre et

The bottom interface of the nozzle is over the separating ring and there is some distance between them.
The cold air and abrasive coming from the nozzle can be separated at the separating ring, the abrasive
gets into the sample chamber through the separating ring and the cold air is excluded through the exhaust
port mentioned in 5.1.5.1. The distance between the bottom interface of nozzle and the separating ring
can regulate the pressure of sample chamber and make the pressure of sample chamber stable.

5.1.5.3 Protective tube, made of material able to withstand a temperature of 1 400 °C, with an inside
hole of protective tube of the shape of a cone, 16 mm inside diameter of upper interface, 40 mm inside
diameter of the bottom interface, and 125 mm in length.

The protective tube is embedded in the separating ring and enters the test furnace hearth through the
furnace lining. The abrasive is blasted onto the test piece through the tube.

2 © IS0 2015 - All rights reserved
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5.1.5.4 Sample chamber, airtight, conforming to the requirements specified in 7.3 and 7.4.

The temperature difference inside the furnace shall not exceed +10 °C. During the test period, the
temperature drop of the test piece shall not exceed 20 °C (experimental method can be seen in Annex A).
The heating guard plates used for protecting the heating element from blasting abrasive are set in the
sample chamber.

The test piece is positioned on the test piece pedestal. The distance from the protective tube and the test
piece can be regulated. Pressure gauge is connected on the upper part of the chamber, for measuring the
pressure inside the chamber.

5.2 [Volume testing device of test piece.

5.2.1 Balance, with a capacity of weighing 2 000 g, and an accuracy of 0,1 g.
5.2.2 Container with overflow pipe.

5.2.3 Evacuating equipment.

5.2.4 Immersion liquid.

5.2.3 Slot for immersion liquid.

© IS0 2015 - All rights reserved 3
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charging funnel
delivery funnel

vacuum gauge

g g
] [
6  U-type manometer 10 test piece 14 protective tube
7  pressure regulating chamber 11 test piece pedestal 15 pressure gauge
8 exhaustvent 12 furnace wall 16 heating guard plate
precise pressure gauge 9  sample chamber 13 separating ring 17 heating element

blasting device

Figure 1 — Schematic diagram of abrasion tester
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6 Test pieces

6.1 General

The number of batches to be tested and the number of test pieces per batch shall be agreed between the
parties and stated in the test report.

6.2 Shaped refractories

For all materials except the most abrasion-resistant, test pieces measuring 114 mm x 114 mm x (30 to
40) mr-shallbeeutfromrefractory bricksershapesseo-thateneefthe square facesefeagh test piece
is a flat surface. Test pieces measuring 100 mm x 100 mm x (25 to 40) mm may be usédfor the most
abrasion-resistant materials. At least one of the square faces shall be a cut surface.

6.3 | Unshaped refractories

Test pieces shall be prepared directly from the material used in the test, and then'cut to the dimgnsions in 6.2
withjat least one cut square face. The preparation procedure shall be agreed between the interdsted parties.

NOTH For unshaped refractories and unfired bricks, it is necessary~to have this kind of teqt pieces pre-
heatgd. The processing temperature is set by the abrasion test temperature; holding for 5 h. Other heat treatment
conditions of test pieces require agreement between the parties.

7 Procedure
7.1 | Dry the test pieces at 105 °C to 110 °C to constant weight.

7.2 | Clean the test piece and measure its volume using the method given in ISO 5017.

The yolume of the test piece should be calculated by the following formula, V3, in cubic centiimetres.
v, =(m, _mz)/pnq

whete
my is the apparent@mass of the immersed test piece, in grams;
m3 is the mass$.of the soaked test piece, in grams;

Mliq is the-density of the immersion liquid, in grams per cubic centimetres.

7.3 | Placé the test pieces in the sample chamber (5.1.5.4) with a square face (114 mm x| 114 mm or
100 mmx 100 mm) perpendicular (ata 90° angle) to the protective tube (5.1.5.3) at a distande of 120 mm
from it. The test surface should be a cut surface.

7.4 Shut the furnace door, switch on the power supply, raise the temperature from the ambient
temperature to 1 000 °C at the rate of 5 °C/min to 8 °C/min, and from 1 000 °C to the test temperature at
arate of 3 °C/min to 5 °C/min, holding for 30 min at the testing temperature.

7.5 Turn on the compressed-air supply (5.1.2.1) and regulate the pressure to (450 * 7) kPa. Check the
vacuum degree inside the blast assembly by means of the vacuum gauge. If the vacuum gauge does not
show a minimum pressure of 50 kPa, check the position of the corundum tube or the condition of the
compressed-air supply.

© IS0 2015 - All rights reserved 5
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7.6 Measure the pressure inside the pressure regulating chamber with a U-type manometer and
maintain the pressure at 300 Pa (30,6 mm of water) by regulating the valve of the exhaust port while the

pressure ins

ide the sample chamber is 16 kPa.

7.7 Keep blasting compressed air, after the temperature of the sample chamber returns to the test
temperature, reconnect the abrasive feed line and recheck the pressure of sample chamber (5.1.5.4)
before placing (1 000 + 5) g of dry abrasive in the charging funnel slowly. Connect the feed mechanism to
the blast assembly. It shall deliver the abrasive within the specified time of (900 + 30) s. After all abrasive
has been delivered, switch off the power and allow the furnace to cool naturally.

7.8 Once
the volume

7.9 Repealt the procedure with the next test piece. Use the abrasive only one time before discardin

replace the 4

1 de d . 1 1 1 s 4=l 1 1 1 1.1 L0 4] | b 1
HTLCSU PICLT IIdS COUICU, TTIHIOVE TUITUIIT UIT SAIITPIT CIIAIITUTT, UTUVV UIT UIT UUST dITU T11Td

bf the test piece using the method in ISO 5017 (see 7.2).

ilumina ceramic tube of the nozzle every one test.

ation

bntimetres:

V>

8 Calcul
Calculate th
A, in cubic ¢
A=V, -
where
V1 ist
Vo ist

!

9 Testreport

e volume of the test piece before testing, in cuibic centimetres;

e volume of the test piece after testing, in cubic centimetres.

ort shall include the following\information:

mation necessary for identification of the sample tested, including manufacturer, type
imber;

hce to this International Standard, i.e. ISO 16349;
e of the test'éstablishment;
ension.of the test piece;

ber of test piece;

psure

b and

e volume of material lost by abrasion from each test piece according to the following forinula,

, and

the testing temperature;

treatment, etc., processes of the test piece;

The test rep

a) allinfor
batch nj

b) arefere

c) thenanj

d) thedim

e) the nunj

f)

g

h)

i) thetest

6

operator and the date of the test.

for unshaped refractories, the conditions of preparation, including temperature of drying and

the results of the test, including the results of the individual determination and the mean value (cm3);
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Determination of surface temperature of test pieces

According to the requirements of 5.1.5.4, the temperature drop of the test piece surface shall not
exceed 20 °C during the test. In order to check whether the test furnace can meet the requirement, the

temperature of test pieces can be measured using the following method.

Temperature measurement on the surface of test piece

In or{der to avoid damaging the thermocouple, the front side of thermocouple is\positioned on the test

piecg with 40 mm distance from the blasting centre (see Figure A.1).

Dimensions in millimetres

30

14

Key
1 thermocouple
2 testpiece

Figure A.1 — Temperature measurement on the surface of test piece
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