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RESUMEN

Las diversas industrias requieren de informacion de las caracteristicas de los
insumos 6 productos que son adquiridos por proveedores o empresas de servicio
referente a su procedencia y especificaciones. Para esto se realiza un nimero
determinado de ensayos, los cuales sirven de base para el aseguramiento de las

caracteristicas y propiedades en determinadas condiciones de trabajo del producto.

Muchos de estos ensayos estan basados en normas intemacionales. En este caso
particular, el informe trata sobre las especificaciones del material, aseguramiento
de las propiedades y caracteristicas de las gomas para revestimiento de estructuras

y accesorios utilizados en la industria minera y pesquera.

Los ensayos que se realizan en las distintas etapas de produccion del producto son
determinados por limites establecidos segin requerimientos que deben cumplir en
el campo de trabajo, por ello es indispensable de que estos tengan una hoja de
especificacion en donde se detalle a qué condiciones fueron producidas y que

propiedades fisicas presentan.
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I INTRODUCCION

Las industrias proveedoras de repuestos y accesorios requieren producir los
mismos en Optima calidad basadas en normas las cuales definen propiedades y
caracteristicas que se requiere para proteger elementos de las pulpas mineras que
en su forma simple no seria posible una considerable duracién en su

funcionamiento.

En nuestro pais muchas de estas industrias dedicadas al rubro de fabricacion de
revestimientos de caucho no cuentan con estas especificaciones técnicas 6 la
emplean parcialmente, pero es fundamental contar con esta informacién ya que se
necesita unos procedimientos adecuados a seguir para confiar en las operaciones
que se realizan para obtener productos de buena calidad. A fin de que el usuario
pueda acceder a estas y contar con la informacién suficiente para usar el producto

en las éptimas condiciones. Y asi asegurar una mejor vida util.

Los distintos ensayos que se mostraran mas adelante se basan en normas ASTM:
American Society for Testing of Materials. y UNE: Unificacion de Normas
Espaiiolas. De este conjunto de normas se han considerado aquellos ensayos
normados que tratan al caucho y los que son posibles de realizar dependiendo de

los equipos existentes en el laboratorio de control de calidad.

El trabajo a desarrollar esta dirigido a proponer una alternativa de informacién

para el usuario.



1 ALCANCES DEL INFORME

El presente informe esta orientado a los productos de caucho como revestimiento;
que consiste de una estructura metalica que esta completamente cubierta por
caucho, el cual fue obtenido por medio de un prensado en caliente en un molde 6
por vapor directo 6 en frio. Puede también referirse a los distintos accesorios y

estructuras que necesitan ser revestidas de una forma particular.

Este tipo de producto va dirigido hacia el sector minero en donde se maneja
pulpas 6 lodos que contienen sélidos particulados, los cuales son materiales que
originan mucha abrasién (desgaste) sobre la superficie del caucho, la que puede

ser muy rapida ¢ lenta.

El andlisis de las condiciones del material, segin las pruebas antes y después del
vulcanizado del caucho y sus condiciones para la transformacion, son importantes
ya que estas aseguran si el material soportara condiciones exigidas por el cliente.

Objetivos

. Desarrollo y disefio de la hoja de especificaciones técnicas de los

revestimientos de estructuras y accesorios de caucho.

. Mejorar la informacién que se le imparte a los clientes 6 usuarios sobre los

productos.



I DESARROLLO DE LOS CONCEPTOS Y TECNICAS

3.1. Diagrama de proceso de los productos y subproductos.

En la figura N° 3.1. Se muestra el diagrama del proceso productivo del

caucho para las aplicaciones que se mencionaran més adelante. Que consiste

primeramente en elaborar subproductos:

PRODAUCTION DE CAUCHO CRUDO PRODUCCION DE ALMAS
Y VULCANIZADO METAUCAS

Insumos
quimlicos para
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s 4
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Calandrado

$
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ancho: 1005mm -

Figura N° 3.1. Diagrama de proceso de sub productos
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3.1.1 Descripcion del diagrama de proceso de los subproductos.

Recepcion de insumos quimicos, dosificacion, pesado y embalado de
estos. Luego se envia para servicios de molienda, obteniéndose los
masterbatch, posterior a este se le agrega algunos aditivos
adicionales para convertirlo en una mezcla que pueda vulcanizar,
obteniéndose el caucho acelerado crudo. Al caucho acelerado
crudo se le somete a temperaturas altas en un respectivo molde de
plancha obteniéndose el caucho vulcanizado 6 curado
generalmente este caucho vulcanizado se usa para revestimientos en
frio.

Para las piezas metalicas que son elaboradas con el prop6sito de dar
mas rigidez y forma definida a los respuestos de caucho,
generalmente son de acero nodular, SAE1045 etc. Estos se fabrican
de acuerdo a un plano se hace el respectivo corte, el armado y con

uso de soldadura se une las piezas, obteniéndose el Alma metilica.

3.1.2 Descripcién del diagrama de proceso de los productos.

En la figura N° 3.2. Se detalla la utilizacion de los subproductos de

caucho para cada linea de produccion.

A la estructura se le recubre con el anticorrosivo y adhesivo se
clasifca si la estructura es un alma metalica 6 un accesorio (Tuberia,
valvula, etc.). Para un accesorio de mayor tamaiio se pueden revestir
en frio 6 en caliente si es un accesorio de medida estandar este
encaja en el interior del molde y se le hace un vulcanizado en

caliente en prensa caso contrario en un autoclave.
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Tambien se detalla las operaciones de un revestimiento en frio que es
casi el mismo procedimiento solo el caucho ya viene en planchas

vulcanizadas.

- -1

PRODUCCION DE REVESTIMIENTOS DE CAUCHO BN CAUENTE Y EN FRIO

Figura N° 3.2. Diagrama de proceso de los productos.
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3.2. Dosificado.

3.2.1 Magquinarias y herramientas.

Maguinarias

e Guillotina, 1000 psi reductor eléctrico.
e Balanza MIYAKE, 5kg (3 cifras significativas).
e Balanza MIYAKE, 30kg (2 cifras significativas)

o Balanza Y Tonelada.

Herramientas

¢ Cuchillo para corte de caucho.
e Martillo para quiebre de resinas.

e (Calador de caucho.

3.2.2 Ingreso de materias primas al drea de dosificado.

Cuando ingresan insumos 6 materias primas para el dosificado es
necesario que se tengan certificados de calidad en donde se
especifique las propiedades fisicas y quimicas del producto, y que se
pueda contrastar los datos existentes de la hoja con los datos
impresos en el producto ¢ en el envase del mismo. El insumo se
inspecciona visualmente observando las condiciones de empaque y
si es posible el material, debe estar correctamente embalado con
descripcion de la fecha de produccién, fecha de expiracién y el
numero de lote del certificado, estos como datos son muy

importantes para asegurar la buena calidad del insumo que se utiliza.
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Descripcién de la operacién.

Se utiliza la formulacién de la composicion quimica establecida para
cada caucho en el pesado del dosificado, reine los tipos de
materiales necesarios para la produccién de los Masterbach (para
caucho de revestimientos) y Mezclas madre (acelerantes de los

cauchos para revestimiento).
Disposicion del dosificado hacia molienda externa.

En esta etapa luego del pesaje del dosificado este se dispone hacia
una molienda extena, para suministramos el masterbach o mezcla
madre en planchas almacenables, para el trabajo en molienda de

aceleracion de los cauchos.
Registros de ensayo.

De estos subproductos de molienda externa es necesario hacer la
mediciéon de la densidad utilizando densimetro el cual mide la
densidad relativa con respecto al agua. Estos resultados son

registrados en el registro de control de densidad (Anexo 2).

Molienda y calandrado de caucho en area de molino.

3.3.1

Magquinarias.

Molinol:

Marca: Comercio Ercoles SPA.
Peso: 3000Kg.

Dimensiones: (32x26 x21) m.

Capacidad de Maxima carga: 100Kg.
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Molino Calandra:

Modelo: XY3 1200.
Potencia; 55kW.
Diametro: 400mm.

Descripcion de la operacién.

a) Molienda.

Es la aceleracion de un masterbach para la obtencién de un
caucho crudo que puede vulcanizar, se tiene el masterbach
producido en la molienda externa. Para la mezcla, el
masterbach se hace pasar sobre dos cilindros posicionados
en paralelo, los cuales giran en sentido contrario, separados
por una apertura O luz, y estos friccionaran con el
masterbach calentandose hasta que adquiera un estado
blando, en donde se podra agregar y mezclar con algunos
componentes que no contienen los masterbach (ver figura
N° 3.3)).

Figura N° 3.3. Molino (Mezcla, Aceleracion 6

reprocesamiento del caucho).
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Calandrado.

La calandra usada para la obtencién de rollos de caucho
crudo, recibe el caucho acelerado que viene del molino con
una temperatura entre 78°C — 88°C en planchas, estas son
pasadas a través de dos rodillos llamados polines en donde
estos son calentados con vapor a una determinada
temperatura entre 95°C — 110°C, dependiendo del tipo de
caucho que se desea calandrar y tiene como funcién dar un
espesor parcial adecuado al caucho para su utilizacion (ver
Figuras N°3.4. y N°3.5.).

Figura N° 3.4. Calandra de Caucho.

Figura N° 3.5. Faja de la calandra.
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En el segundo polin, se define el ancho de los rollos,
mediante el corte que se le hace con los cuchillos giratorios,

los cuales son graduados manualmente.

Luego de pasar por los dos polines, el ancho de la 14mina de
caucho pasa por un tercer polin, el cual solo tiene funcién
de que el caucho tenga una determinada tensién para que
pueda mantener el espesor parcial generado por los dos
primeros polines y a la vez esta pueda llegar a las fajas de
reposo en donde se montara capa sobre capa, obteniendo un
espesor final requerido. Detalles se muestran en la figura N°
3.6.

r

L )
T

;\
T=0==0 ;U U -nuﬁ;)
Figura N° 3.6. Esquema del enrollado del caucho en la faja

de la calandra.

3.3.3 Ensayos correspondientes.

Entre las operaciones de aceleracion de los masterbach en el molino
y al momento de laminar en la calandra, se corta una probeta de
caucho crudo acelerado de la zona de los rodillos de la calandra con
dimensiones (10x100x200) mm aproximadamente, el cual es llevado
al laboratorio para hacerle el ensayo de reometria, dureza y medicién
de densidad.
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Tamafios de muestra para los ensayos correspondientes:

e Ensayo de reometria: (10 x 40 x 40) mm.

eEnsayo de Dureza: (10 x 70 x 70) mm.

e Ensayo de Medicion de densidad: (5 x 5 x 10) mm.

De estos muestreos mediante probetas y ensayos realizados
comparados con los limites establecidos se aprueba los materiales
rollos de caucho crudo acelerado.

Registros de ensayos correspondientes.

Los resultados de estos ensayos son registrados en los formatos de:

= Registro de ensayos de reometria y dureza (Anexo 3).

= Registro de densidad de la goma cruda. (Anexo 1).

Revestimientos de caucho por prensado en caliente sobre almas

metalicas.

3.4.1 Maquinarias.

Para realizar el prensado de estos revestimientos es necesarios contar
con prensas a vapor de caracteristicas sefialadas y pueden ser vistas

segun las Figuras N° 3.7. y N° 3.8,
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Prensa N° 1

Presién méaxima de trabajo: 1500 psi.
NP pistones: 4 de 10” y 2 de 1.1/2”.
Apertura maxima: 700mm.

Superficie: 1.3m x 1.3m.

Prensa N° 2

Presién maxima de trabajo: 1500 psi.
N° pistones: 1 de 28”

Apertura maxima: 700mm.

Superficie: 1.2m x 1.2m.

Prensa N° 3

Presion maxima de trabajo: 1500 psi.
N° pistones: 4 de 24” y 2 de 1.1/2”,
A pertura maxima: 785mm.
Superficie: 1.6m x 1.6m.

Prensa N° 4

Presi6n maxima de trabajo: 1500 psi.
N° pistones: 4 de 12”.

Apertura méaxima: 500 mm.

Superficie: 1.2m x 1.6m.

Prensa N° 5

Presion maxima de trabajo: 1500 psi.
N° pistones: 1 de 8”.

Apertura maxima: 500 mm.

Superficie: 0.5m x 0.5m.
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Prensa N° 6

Presién maxima de trabajo: 1500 psi.
N° pistones: 1 de 8”.

Apertura maxima: 500 mm.
Superficie: 0.5m x 0.5m.

Figura N° 3.7. Prensas grandes del 1 a 4 neumaticas a vapor.

Figura N° 3.8. Prensas pequefias neumaticas a vapor.
3.4.2 Toma de condiciones ambientales.
La estructura no debe exponerse a mas de 85% de humedad relativa,

ya que originaria ataques de corrosién sobre la superficie de la

estructura. Se mide temperatura del metal y 1a humedad relativa.
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3.4.3 Descripcion de la operacion.

Las almas metélicas granalladas se hacen llegar al 4rea de prensas y

se evita que estén en contacto con la humedad del ambiente, por

consiguiente se efectia la aplicacion de capas de anticorrosivo y

adhesion para caucho sobre la superficie metalica, 6 si estas capas no

son colocadas las almas metdlicas se protege con laminas de plastico,

para luego aplicarle los respectivos recubrimientos colocarle caucho

y el prensado respectivo.

3.4.3.1

3.4.3.2

Medicion de la rugosidad.

Antes de aplicar la capa protectora contra la corrosion esta
estructura metdlica es sometida a una mediciéon con el
_rugosimetro, para asegurar si la rugosidad esta dentro de lo
requerido (2.5 mils de pulg.), asi pueda existir un anclaje
para que el revestimiento de caucho se sujete a la superficie

metalica.

Por ello es importante evitar el contacto de la superficie

metalica con la humedad del ambiente.

Aplicacion de capa protectora anticorrosivo en la

estructura.

Para evitar corrosion sobre la superficie metdlica de la
estructura se aplica un recubrimiento anticorrosivo
(Chemlock 205), el cual mantiene la rugosidad de la
superficie, asi también permita la penetracion del adhesivo

sobre la porosidad resultante de la superficie metalica.
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Aplicacién del adhesivo.

El propdsito para la aplicacion del adhesivo (Chemlock
220) es para tener un mejor anclaje metal caucho y esta
pueda complementarse con la rugosidad de la superficie

metalica de la estructura.

Aplicacién de pegamento.

Se utiliza en el momento de colocar las planchas de caucho
para fijar posicion en frio y sirve para ayudar al adhesivo
creando un contacto del caucho con el metal, cuando el
accesorto O estructura se someta a temperaturas altas,
alrededor de 140° C - 150° C, en donde empieza la

vulcanizacion.

Cargado de caucho al molde 6 a la estructura metalica.

En esta operacion hay dos tipos de procedimiento segun la
geometria del alma metalica. Uno de estos es de colocar el
caucho sobre la estructura metalica para tener una buena
distribucién. El otro caso cuando la estructura es simple,
esta se coloca dentro del molde, luego se distribuye el
caucho para que cuando se someta al calor esta adquiera
fluidez y se distribuya por todos los espacios libres del

molde — alma metalica

Prensado del molde.

Para el prensado del molde, este se somete a una
temperatura de 140° C a 150° C y una presion entre 1000 psi
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a 1500 psi, por un tiempo de 1.5h a 2.0h, segin sea el
tamafio del molde.

Luego de este tiempo la estructura metalica y el
revestimiento es extraido del molde como una sola pieza, y
este es dejado enfriar por espacio de 30 minutos para darle

acabado.

3.4.3.7 Inspeccion visual.

Después del tiempo de curado en el prensado, la operacion
de extracciéon de la pieza revestida del molde es muy
forzada produciéndole al revestimiento imperfecciones, por
ello se le debe dar diversos acabados para eliminar los

defectos originados por la mencionada operacion.

3.4.3.8 Prueba de Dureza.

La prueba de Dureza se hace utilizando un durémetro de
contacto que se encuentra en una escala Shore-A, esta
medicion se evalia en base a tablas de especificaciones de

dureza para cada tipo de Caucho).

3.4.4 Identificacion de parimetros a controlar.

Los parametros a controlar para las operaciones son:

¢ Rugosidad del la estructura metalica (alma metalica)
¢ Presion de prensado
¢ Temperatura de prensado

¢ Tiempo de prensado
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eDureza del revestimiento.

Estos son los pardmetros mas importantes, y generalmente dependen

del tamafio y de la forma del accesorio.

3.4.5 Registro de ensayos correspondientes.

Los resultados obtenidos son llenados en los siguientes registros:

El registro de condiciones ambientales (Anexo 5).

El registro de ensayos de reometria y dureza del caucho (Anexo 3).

3.5. Revestimiento por vulcanizacion en caliente (Vapor directo Autoclaves)

y en frio.

El método de revestimiento por vulcanizacién usando vapor directo se
aplica para estructuras que no tienen una forma geométrica definida y a la
vez si tienen considerables areas por recubrir. Esta operacién se puede

realizar mediante dos métodos distintos.

Para estas dos alternativas se tiene revestimientos en frio y en caliente

(Vapor directo).

3.5.1 Magquinarias.
A continuacién se presentan las caracteristicas de los equipos y
también imagenes de algunos autoclaves los cuales se puede apreciar

en la figura N° 3.9,

Autoclave 1:
Fabricante: CONRAD ENGELKE.
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Tipo: Horizontal.

Presién mdxima de trabajo: SOpsi.
Diametro: 1.28m.

Largo: 2.5m.

Autoclave 3:

Marca: Servindustria Ltda.

Afio Fabricacién: Abril 2008.
Presién maxima de trabajo: S0psi.
Diametro util: 1.97m.

Largo util: 12m.

Figura N° 3.9. Autoclaves para vulcanizado de estructuras.
3.5.2 Descripcion de la Operacion.
3.5.2.1 Revestimiento en caliente.
En esta operacion se prepara la estructura a revestir con un
arenado 6 granallado y se hace la medicién de la rugosidad

con una lamina pelicular, con el objetivo de tener 2.5 mils

de pulgada de rugosidad; como minimo después se fijan las
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condiciones de operacion donde la humedad del ambiente
toma un papel determinante sobre la estructura a revestir,

debe ser menor a 85%.

Luego de esto se procede a colocarle el anticorrosivo el cual
servira de proteccion contra la humedad y la corrosion, este
tendra que colocarse sobre toda la superficie del alma

metalica.

De igual forma se aplica el adhesivo que se coloca por todo
el area que se desea revestir, este recubrimiento facilita la
unién del Caucho con la superficie metélica en el momento

que se le sometera al calor.

Para fijar el caucho crudo sobre las zonas de la estructura a
revestir, se le coloca pegamento, previamente secado al
ambiente por 30 minutos se hace el respectivo ruleteo (ver
figura N° 3.10.).

Figura N° 3.10. Ruleteo de plancha de caucho sobre las

superficies metalicas.
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Estas estructuras son llevadas a la autoclave segun el
tamaifio que este tenga y estas autoclaves son calentadas con

vapor de agua directo con la estructura a revestir.

Revestimiento en frio

Para este tipo de revestimiento previamente se hace el
vulcanizado de una plancha de caucho de espesor segin el
espesor y area requerida. Aqui se prepara la superficie
metalica a revestir con un proceso de granallado 6 arenado y

que la rugosidad en esta sea como minimo a 2.5 mils.

Sobre la superficie de la estructura se hace la aplicacion de
anticorrosivo y adhesivo previamente arenada o granallada
para evitar formaciéon de capas de oxido que pueden

perjudicar el anclaje de las capas protectoras y del caucho.

Se prepara la plancha de caucho vulcanizado, previamente
cortada segun el tipo del revestido, con la aplicaciéon de
pegamento en frio de igual forma sobre la superficie
metalica que se desea revestir, se deja secar por espacio de 1
hora. Previo a esto se debe cuidar tanto las superficies de la
estructura como la superficie de caucho que contienen el

pegamento.

Transcurrido el tiempo de secado el revestimiento es
colocado, presentado una vez que se fija todas las zonas, y
se procede a incidirle presion entre la cara del caucho y la
superficie metalica que contienen el pegamento, para que
este pueda juntarse lo necesario asi el pegamento actie

como medio de anclaje en la unién de caucho metal.
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Después de esta tarea se espera 24h como minimo para el

secado.

3.5.3 Toma de condiciones ambientales.
Estas mediciones se hacen 3 veces por dia, al inicio de la jomada, a
mitad de la jormada y casi al finalizar la jornada, para saber c6mo es
el comportamiento del ambiente si este trae mucha humedad o si se
encuentra en condiciones optimas de trabajo humedad como méximo
85%.

3.5.4 Identificacion de parametros a controlar.

Los parametros a controlar en la operacién son:

e Humedad de ambiente de trabajo.
e Dureza del caucho vulcanizado.

¢ Acabado superficial e inspeccién visual.

3.5.5 Registro de ensayos correspondientes.

Los datos obtenidos se llenan en los formatos siguientes:

= El registro de condiciones ambientales. (Anexo 5)

= El registro de ensayos de reometria y dureza del caucho (Anexo 3)
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3.6. Caracteristicas generales de la pulpa minera que afectan a los

revestimientos de caucho.

3.6.1 Clasificaciones de la pulpa minera segun sus caracteristicas
fisicas.
La mezcla que esta en contacto con los revestimientos se clasificar

en tres categorias: mezcla ligera, media y pesada.

a) Mezcla ligera:

Son generalmente las mezclas de pulpas mineras que no
estan destinados a transportar sdlidos. La presencia de los
sOlidos ocurre accidentalmente ya que el disefio del

elemento para el transporte (tuberia) no lo contempla.

. Tamafio de los solidos menores o iguales a 200
micrones.
. Presencia de solidos es principalmente por accidente
. La gravedad especifica es de 1.05
. Solidos menos del 5% en peso.
b) Mezcla media:

Son los lodos mineros que se encuentran en el intermedio

de un lodo ligero y pesado. En general, el porcentaje de

solidos en una mezcla media oscilara entre 5% a 20% en

peso.

o Los sélidos se clasifican desde 200 micrones a 1/4
pulgada (6.4 mm)

o La gravedad especifica de la mezcla es de 1.15
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o El porcentaje de sélidos es del 5% a del 20% en

peso.

c) Mezcla Pesada:

Son lodos pesados que estdn disefiados para transportar el
material de un lugar a otro y son los casos mas reales en
donde el fluido tiene una consistencia pastosa con particulas
no homogéneas. Muy a menudo el fluido portador en una
mezcla pesada es muy necesario para ayudar a transportar el

material deseado.

o El tamaifio de los sélidos es mayor que 1/4 pulgada
(6.4 mm).

o El de la gravedad especifica de la mezcla es de 1.15.

o El porcentaje de los sélidos mayor del 20% en

peso.

3.6.2 Pardmetros fisicos de la pulpa minera que influyen sobre los

revestimientos de caucho.

La pulpa minera genera efectos que depende de las caracteristicas y

propiedades fisicas que presenta el fluido de trabajo:

a) Del solido a transportar.
° Granulometria.
° Densidad.
° Forma.

° Dureza.
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Del fluido como medio de transporte.

° Densidad.

° Viscosidad.

De la instalacién.

o Diametro interno de la tuberia.

° Longitud.

. Desnivel.

. Rugosidad interna.

. Angulos de inclinacion de la tuberia.

° Singularidades (estrechamiento, codos, etc.).

Del régimen sistema.

o Tonelaje de sdlidos a transportar.
. Velocidad de flujo

° Pérdida de carga.

De la mezcla.

. Concentracion de solidos en volumen y en peso

° Densidad de la mezcla.
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3.7. Factores importantes que producen efecto en el transporte hidrdulico
de sélidos.

En forma paralela al desarrollo teérico, se realizaron estudios
experimentales que permitieron conocer las caracteristicas de

funcionamiento del transporte hidraulico de s6lidos.

Debido a la carencia de una teoria bien desarrollada para el transporte
hidraulico de sélidos, los primeros analisis experimentales,
fundamentalmente para flujo en tuberias a presion, se caracterizaron por su

aleatoriedad en la fijacion de las variables de estudio.

Los estudios aludidos se centraron en el anlisis de los tres pardmetros mas
importantes del transporte hidraulico de s6lidos desde el punto de vista

industrial.

3.7.1 Velocidad limite de depésito.

Como su nombre lo indica, la velocidad limite es la minima
velocidad de flujo para que no exista riesgo de depdsito y

obstruccion en la tuberia.

La definicion mas usada y de fécil determinacién experimental es
aquella que identifica como la velocidad a la cual los sélidos gruesos
permanecen detenidos por periodos importantes en el fondo de la

tuberia (formacién de dunas méviles y/o lecho fijo de fondo).

La velocidad limite en transporte hidraulico de s6lidos depende

fundamentalmente de las siguientes variables.

¢ Granulometria de las particulas s6lidas.
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¢ Densidad relativa de las particulas solidas.
¢ Diametro de la tuberia.
¢ Concentracion de solidos en la mezcla.

e Inclinacion de la tuberia o pendiente del canal.

En menor grado, la velocidad limite también depende de:

e Factor de forma de las particulas sélidas.

¢ Temperatura de la mezcla.

Pérdida de carga en mezclas sélido-liquido.

La resistencia al flujo en una mezcla sélido — liquido, que fluye por
una tuberia puede ser considerable mayor que la resistencia en el

caso de un liquido puro.

Tasa de Desgaste.

El desgaste que sufren inevitablemente las instalaciones de

transporte hidraulico de sdlidos tiene dos causas principales.

La abrasion mecanica de las tuberias, tiene su origen en la formacién
de tensiones locales altas en la pared, causadas por el incesante
impacto sobre esta por parte de las particulas que contienen gran
energia cinética, la repeticion de estas tensiones fatigan el metal u

otro material de uso como proteccion erosionando la superficie.

Las variables que influyen en la abrasividad de un flujo s6lido
liquido son multiples: tamafio, dureza, densidad y forma de las
particulas, concentracion de sélidos, velocidad y caracteristicas

geométricas y mecanicas de las lineas. De todas estas variables. Las
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mas importantes de controlar para un sistema dado son: la velocidad
media de la mezcla y los cambios bruscos en la direccién del

flujo.

Se ha demostrado que en la generalidad de los casos la tasa de
abrasion depende de la velocidad en la siguiente razén (segun

ecuacion 1).

Tasa abrasion = V2030

...(ecuacion 1)
La abrasién local por los cambios de direccién puede controlarse
disefiando las curvas con radio amplio (superiores a 50 diametros 6

instalando protecciones antiabrasivas en codos y curvas

Aunque las caracteristicas de abrasividad de una pulpa dada deben
ser obtenidas desde pruebas en planta piloto, a veces es posible
extrapolar condiciones de abrasividad para la distinta granulometria

del material.
3.8. Propiedades de los tipos de caucho segiin sus componentes.

Los elastomeros son macromoleculas que parten de un determinado
monoémero principal acompafiado de otros compuestos los cuales favorecen
a que el compuesto premezclado obtenga propiedades definidas después de

la vulcanizacion,
3.8.1 Elastémeros o Cauchos.
Los elastomeros se caracterizan por su gran elasticidad, capacidad de

estiramiento y rebote, recuperando su forma primitiva una vez que se

retira la fuerza que los deformaba.
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Sustancia elastica, impermeable, resistente a la abrasion y a la
corriente eléctrica. Se obtiene del latex de diversas plantas y
especialmente de la Hevea brasiliensis, de la familia euforbidceas u

obtenida también por métodos sintéticos.

Caucho natural.

El Caucho natural procede del latex, el liquido lechoso que se
extrae de diversas plantas tropicales. El Caucho natural
vulcanizado es el producto de base y complemento indispensable
para conseguir cauchos de sintesis de gran valor. Se distingue por su
enorme elasticidad, la resistencia al estiramiento y su capacidad para

conservar la flexibilidad incluso en condiciones de frio extremo.

Caucho sintético.

El Caucho sintético es menos extensible y resistente que el Caucho
natural, aventaja a éste con su mayor resistencia a los solventes
organicos, aceites, petroleos y sus derivados; su menor oxidacion y
envejecimiento originado por el calor o los productos oxidantes y su

menor permeabilidad a los gases.

Cauchos Base.

Los cauchos bases mas conocidos en la industria por su uso son:

a) Poliisopreno Natural (NR) y Sintético (IR).

Los Poliisoprenos, tanto el natural como el sintético, se

caracterizan por una resiliencia excepcional, una buena
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resistencia al desgarro, a la abrasion, a la fatiga por flexion
y una excelente elasticidad. Poseen asimismo excelentes
caracteristicas de resistencia a la traccion y pueden operar a
bajas temperaturas (-54 ° C). No es recomendable su uso
para altas temperaturas, ozono, luz solar, petroleo e
hidrocarburos. El caucho natural, en comparacion con los
sintéticos, posee propiedades ligeramente mejores en
resistencia a la traccion, resistencia al desgarro, compresion,

flexion y resistencia a la fatiga.

Butadieno — Estireno (SBR).

El SBR es un elastbmero de uso general de bajo coste
econémico. Conocido como Buna-S, fue desarrollado,
originalmente para sustituir al caucho natural en la
fabricacion de neumaticos. El SBR posee muy buena
resistencia a la fatiga y es resistente a muchos productos
quimicos de tipo polar, tales como alcoholes y cetonas.
Asimismo, se considera apto para su uso en contacto con
liquido de frenos para automdviles; sin embargo, no es

resistente a los fluidos a base de petrdleo.

Polibutadieno (BR).

El Polibutadieno posee excelente flexibilidad a bajas
temperaturas (-62 ° C) y una excepcionalmente elevada
resiliencia. Resistencia a la abrasion y a la flexién son
también caracteristicas sobresalientes de este elastomero.
No se recomienda su uso con aceites, gasolinas y

disolventes a base de hidrocarburos.



d)

36

Poliisobutileno (IIR)/BUTYL.

Es conocido por su excelente resistencia al agua, vapor,
alcalis y disolventes oxigenados. Otra de su caracteristica
mas sobresaliente es su baja permeabilidad a los gases. El
butilo es capaz de proporcionar una alta absorcion de
energia (amortiguacion) y una buena resistencia al
desgarro. Su buena resistencia al calor, la abrasion, el
oxigeno, el ozono y la luz solar dependen del nivel de
saturacion del polimero.

Muy buena resistencia a los 4cidos fluidos y a los
detergentes, asi como los 4cidos fuertes. El Butilo sin
embargo, muestra una pobre resistencia a aceites a base de

petréleo, gasolinas y disolventes a base de hidrocarburos.

Etileno - Propileno (EPDM)/BUNA-EP.

Los elastomeros de EPDM poseen excelente resistencia al
calor, al agua, al vapor, al ozono y a los rayos UV
(estabilidad de color) a la vez que tienen muy buenas
propiedades de flexibilidad a bajas temperaturas. Soportan
los efectos de liquidos de frenos, medios alcalinos,
ambientes levemente 4cidos y disolventes oxigenados.
Poseen un inmejorable comportamiento frente al
envejecimiento en su uso a la intemperie a largo plazo. Los
elastomeros de EPDM son asimismo muy adecuados para
su uso con agua caliente y vapor. Son especialmente
adecuados para trabajar con liquidos de freno a altas
temperaturas. Los compuestos de caucho EPDM, no se
recomienda su uso con gasolinas, aceites y grasas a base de

petrdleo y con disolventes a base de hidrocarburos.
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Polietileno Clorosulfonado (CSM) HYPALON.

Los compuestos de Hypalon, proporcionan una excelente
resistencia al ozono, a la oxidacién, a la luz solar
(degradacion de color) y a la intemperie. Poseen asimismo
una excelente resistencia a los acidos y los alcalis y una
buena resistencia a gran variedad de productos quimicos
con excepcién de combustibles y disolventes. Poseen una

muy buena resistencia mecanica.

Policloropreno (CR)/ Neopreno.

Las caracteristicas fisicas generales del neopreno lo situan
como un elastomero de uso de amplio espectro. Sus
excelentes caracteristicas de envejecimiento frente al ozono
y los agentes atmosféricos a la vez que su buena resistencia
a la abrasion y a la flexién, le otorgan la categoria de
caucho de uso general. El neopreno es resistente a los
acidos y élcalis, retardador de llama y adecuado para su uso
con aceites con base de petréleo. Las grasas animales y
vegetales también proporcionan un entorno muy estable
para este polimero. Se caracteriza por una buena resistencia
a la flexion, excelente resistencia a la fatiga y amplia
resistencia a la intemperie y el ozono. Su excelente
adherencia a los metales lo hace ideal para el moldeo con
insertos metalicos. El Neopreno no es eficaz en contacto

con disolventes aromaticos y oxigenados.
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Butadieno Acrilo Nitrilo (NBR).

El NBR, conocido también como Buna-N y Nitrilo es un
elastbmero basado en un copolimero de acrilonitrilo
butadieno. El NBR es inherentemente resistente a los
fluidos hidraulicos, aceites lubricantes, fluidos de
transmisiOn y otros productos a base de petréleo no polar,
debido a la estructura polar de este elastomero. Los nitrilos
también son resistentes a los agentes atmosféricos y al agua.
Con la utilizacién de la variedad de polimeros de nitrilo y
de otros ingredientes en su composicion, se pueden obtener
compuestos de caucho nitrilo para resistir entornos que
requieren baja compresion, resistencia a la abrasion, baja
temperatura de flexion, resistencia a la penetracién del gas y
resistencia al ozono. Por hidrogenacién (HNBR), adicién de
4cidos carboxilicos (XNBR) o mezcla de PVC (NBR/PVC),
los polimeros de nitrilo pueden satisfacer una gama maés

amplia de necesidades fisicas o quimicas.

3.8.5 Componentes para la aceleracién del caucho.

Los principales insumos que componen al caucho son:

a)

Masterbach.

Un producto sélido (normalmente de plastico, hule o
elastbmero) en la que los pigmentos o aditivos son
dispersados de manera éptima en una concentracion elevada
contenido en un material de soporte. El material de soporte
es compatible con el caucho principal en los que se mezclan

durante el moldeo, mediante el cual el producto
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elastomérico final obtiene el color o las propiedades del

masterbatch.

Mezcla Madre:

Es un tipo de insumo que se fabrica con el propésito de
obtener un menor tiempo de molienda en la aceleracion del
caucho, y por ello al acelerar con masterbach se evitard de
estar adicionando los insumos uno por uno. Un material
premezclado es estable quimicamente y este pueda agilizar

el mezclado final del caucho acelerado.

Aceleradores de la vulcanizacion:

Son sustancias que afiadidas en cantidades pequefias a la
mezcla de caucho aumentan considerablemente la rapidez
de vulcanizacién a la vez que mejoran notablemente la
calidad del producto y disminuyen la cantidad de azufre
empleada.

Activadores y retardantes:

Un retardante es una sustancia que prolonga el comienzo de.
la vulcanizacién, no afecta el curso subsiguiente de la
vulcanizacion y ayuda a que los acelerantes ejerzan por
completo su efecto. Un retardante verdaderamente eficaz
debe aumentar el tiempo requerido para el comienzo de la
vulcanizacion (a cualquier temperatura), pero no debe

retardar la subsiguiente velocidad de vulcanizacién.
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Agentes vulcanizadores:

Un agente wvulcanizador es aquel que efectia la
vulcanizacion después de ser expuesto a temperatura
conveniente. Este agente vulcanizador debe ser soluble en el
caucho o estar dividido en particulas finas para que pueda

dispersarse con facilidad y uniformidad en el caucho.

Antioxidantes:

Son sustancias que retardan el deterioro del caucho natural,
ya sea bruto o vulcanizado, causado por la oxidacién

también se conocen con el nombre de antioxigenos.

Cargas:

Existen dos tipos de cargas las reforzantes y las diluyentes
Las cargas reforzantes se emplean por razones
preferentemente técnicas (aunque con frecuencia también
den lugar a un menor costo del material), para aumentar la
resistencia mecanica del vulcanizado, en especial su
resistencia a la abrasién y al desgarro, y en muchas
ocasiones también la resistencia a la traccion. Por el
contrario las cargas diluyentes se usan por razones
puramente econdmicas para abaratar el material, pero a

costa de un empeoramiento de las caracteristicas mecanicas.

Una carga que le da gran particularidad de dureza al caucho
es el negro de humo. Es la carga por excelencia en la
industria del caucho, consta de finisimas particulas de
carbon, obtenidas por combustion parcial de gas natural o
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aumenta el poder reforzante de la mezcla y por consiguiente
se pueden obtener vulcanizados con mayor resistencia a la
traccién, al desgarro y a la abrasion. También aumentan la
dureza y la rigidez de las gomas, y disminuye el

alargamiento en la rotura.

Plastificantes.

Son sustancias que aceleran la reduccién de la viscosidad
del caucho durante la masticacién. Se usan principalmente
con el caucho natural, el cual en estado bruto es demasiado
viscoso para su empleo inmediato y requiere el

reblandecimiento previo.

3.9. Caracteristicas relevantes de los cauchos de acuerdo a su resistencia.

Los agentes mas comunes que afectan a las superficies expuestas de los

cauchos ya sea en su operacién 6 almacenamiento son:

3.9.1 Envejecimiento.

3.9.2

Se dice que el caucho vulcanizado experimenta envejecimiento

cuando esta expuesto a la luz del sol en una atmdsfera de hidrégeno,

diéxido de carbono, aire, oxigeno, y en el vacio.

Resistencia a Hidrocarburos.

Son propiedades innatas de los cauchos sintéticos mas resistentes a

los hidrocarburos, tanto alifaticos como aromaticos.
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Temperatura de Servicio.

Es la temperatura de trabajo a la cual el revestimiento de caucho es

sometido en operacion normal.

Adherencia al metal.

Es la unién que existe entre el caucho y el metal después de la
vulcanizacion, los diferentes tipos de caucho tienen mayor 6 menor
anclaje al metal.

Ozono.

El enemigo mayor del caucho es el ozono. Las parafinas afiadidas al
caucho evitan el agrietamiento debido a la accion del ozono sobre el
caucho estirado.

Permeabilidad.

Las diferencias en la permeabilidad de los elastomeros de diferentes
gases son causadas principalmente por diferencias en la velocidad de
difusiéon y sélo en un grado muy menor a las diferencias en la
solubilidad.

Resistencia a la Llama.

Es la capacidad que tiene el elastomero para soportar temperaturas

altas con incidencia directa a una llama.
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3.9.8 Propiedades Eléctricas.

Algunos cauchos son eléctricamente continuos, semicontinuos 6
nulos segun los materiales que este tenga en su composiciéon. En la
industria del caucho se utilizan basicamente dos tipos de caucho: el
natural y el sintético. Este altimo, obtenido a través de diferentes
polimeros, sirve para la fabricacion de una gran variedad de

productos (segun la tabla N° 3.1.).



Tabla N° 3.1. Propiedades de los tipos de caucho.

SN Produccién (en miles de
S:s ;5 :e < 0 toneladas en 2000) Propledades Usos Co:
Origen Cantidad
Tailandia 1,501 Neuméticos, soportes elésticos, burletes,
acoplamientos soportes de puentes y para la
Indonesia 1,353 Usos generales; no resisten al construccion, calzado, mangueras, correas
- aceite, se hincha con los transportadoras, productos moldeados,
CauchoNatural | \fgasiq 923 disolventes; no resisten al revestimientos, rodillos, guantes,
oxigeno, ozono y luz UV preservativos, dispositivos sanitarios,
India 426 pegamentos, tejidos de fondo para alfombras,
hilos, espuma.
EE.UU. 4 Usos generales; no resisten al
. Europa aceite, se hincha con los .
Polisopreno(IR) occidental 15 disolventes; no resisten al Véase Caucho natural (p&rrafo anterior).
Japén 52 oxigeno, ozono y luz UV
EE.UU. 920 Usos generales; sustituy6 al Neumé}l::;(;z"}lﬁc‘),om ;':lzss)ponado:s.
EstirenoButadieno( | Europa caucho natural durente la segunda espon, .. calzs_ do,
SBR) occidental S guerra mundial; baja resistencia mangueras, reoubnm'lentos de rodillos,
al aceite v disolventes pegamentos, productos impermeables, forros
Japén 620 y de alfombra de letex, productos de espuma.
EE.UU. 465
Furops .Baja resistencia a! aceitey
" . occidental 297 dml“.m“; L) !‘““‘““ sl Neuméticos, calzado, correas transporadoras,
Polibutadieno(BR) imtemperie, alta d ision. pelotas de juguete.
Japén 215 | resilenciaresistencia a la abrasion | 90Teas de transmision, pelotas do jugucte.
y flexibilidad a baja temperatura,
Europa oriental 62(1996)
EE.UU. 130 Interior de tubos, cimaras de vulcanizacién
E Baja permeabilidad al gas; de neuméticos, calefateo y selladores,
un':ipa tal 168 resistente a calor acidos y aislamiento de cables, aisladores
Butilo(TIR) | occicental liquidos polares; no resiste at vibracionales, revestimiento protector de
Europa oriental 90 aceite y disolventes; excelentes | estanques y menbranas para tejados, correas
propiedades eléctricas transportadoras y mangueras para alta
Jap6n 83 temporatura.
EE.UU. 261 Flexibilidada baja temperaturs, Recubrimientos de cables; desfibradores y
Etilenpropileno / Fure resistonte a la intemperiey al burletes extruidos; productos moldeados,
Etilenpropilen- s d?ntal 201 calor pero no al aceite, 0 a los juntas aislantes; recubrimientos para silos,
dieno disolvente; excelentes tejados, estanques, zanjas y vertederos
Jap6én 124 propiedades electricas. controlados.
EE.UU. 105 Recubrimientos de cables, mangueras, correas
transportadoras, calzado, ropa impermeable,
Policloropreno(CR) | Europa 102 Resistente al aceite, Ulamas, calor tejidos recubiertos y productos inflable,
(Neopreno) occidental - ¢ intemperie extruidos pegamentos, soportes de puente y
Japén 7% rail, revestimienta, juntas de esponja,
productos de espuma de latex
EE.UU. o Sustancias taponadoras, recubrimientos y
Europa . T juntas para mangueras fesistentes a
N 108 Resistente al aceite, disolventes y . v .
Nitrilo(NBR) occidental aceite vegetal; s hincha con uo:z:bus:al:’les. cs;u:zas:’ de rodillo correas
Japén 70 disolventes polares como cetonas ey o L e
pegamentos, equipos de perforacién para
Europa oriental 30 pozos petroliferos
EE.UU. 95 Estable a temperatura altas y Aislamiento de cables, burletes, pegamentoss,
Euro bajas; resistentes al aceite, juntos productos productos moldeados y
Silicona(MQ) o dl::tnl 107 disolventes e intemperie extruidos, mascanllas de gas y respiradores,
T fisiolog{a y quimicamente estd tubos para alimentacién e implantes
Japén 59(1990) inerta. quirurgicos.
EE.UU. 20 Camisas de rodillos, revestimientos de
Furo Resistente al aceite, disolventes , mangueras juntas, productos moldeados,
Polisulfuros(OT) occi d‘:atal 0 bajas temperatiraso intemperie; taponadores, diafragmas para gasémetros,
baja permeabilidad del gas selladores de vidrio, aglomerante, s6lido de
Jap6n 3 combustible para cohetes
cadenas pollme::o_s mas cortos;
Caucho mﬁ;?::t::? ::m pode Neuméticos, umnor de tubos, felpudos,
Reciclado ° - mezcladoy menor consumo de producios mecémcols; Ftadl gamentos, asfalto
energfa menor resistencia a la —
traccidn y menor coste.




IV  DESARROLLO DEL TEMA

Los ensayos realizados al caucho se realizan con probetas crudas aceleradas y
probetas vulcanizadas 6 curadas asi podemos tener un analisis mas completo del

material que se va emplear en los revestimientos.

4.1 Pruebas y ensayos antes del vulcanizado del caucho.

Estas pruebas se caracterizan debido a que el caucho para el analisis se
encuentra en estado crudo sin vulcanizar en donde se somete a pruebas que
definen su estructura intema y el comportamiento al cambio de estado
molecular aleatorio a un estado molecular ordenado, Este estado molecular
aleatorio debe ser homogéneo en todo el material producido y asi asegurar
que toda la masa llegara a comportarse de manera similar en cualquier punto

0 zona.

4.1.1 Medicion de la densidad relativa

La densidad esta relacionada con el grado de acumulacion de materia
(un cuerpo compacto es, por lo general, mas denso que otro mas
disperso), pero también lo esta con el peso. Asi, un cuerpo pequefio
que es mucho mas pesado que otro mas grande es también mucho

mas denso.

La densidad relativa es el cociente entre las densidades de una
determinada sustancia 6 compuesto con respecto a otra sustancia o

compuesto que se toma como referencia o patron.

Para esto se usa un densimetro que tiene el principio de Arquimedes.
La prueba consiste en obtener dos muestras de dimensiones 15mm x

15 mm x 8mm aproximadamente del material que se desea analizar,



luego realizamos un peso seco en la plataforma del densimetro,
después el peso de la misma muestra sumergida en el recipiente con
agua, esta muestra se colocara sobre la plataforma que se encuentra
sumergida en el recipiente con agua (ver figura N° 4.1.), finalizando

el equipo nos devuelve la densidad relativa respecto al fluido (Agua).

Figura N° 4.1. Densimetro Electrénico.

Se hace una muestra por duplicado, para asegurar que el valor
conseguido sea repetitivo y asi se pueda decir que la densidad

obtenida es representativa.

a) Norma de ensayo:

UNE 53526:2001 - Método A. Determinacion de la
densidad. UNE 53526:1970

b) Procedimiento de ensayo.

i.  Se extrac una pequefia muestra de caucho crudo
acelerado, vulcanizado 6 masterbach de una probeta
previamente muestreada (Ver figuras N° 4.2. y N°

4.3.), esta se enjuaga y se seca.
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Figura N° 4.2. Muestra de caucho 228S acelerado.

Figura N° 4.3. Masterbach de goma 228S.

1.  Se coloca en la plataforma superior la muestra para el
peso en seco y se guarda en la memoria del

instrumento.

m., Luego se sumerge la muestra y se coloca en la
plataforma que se encuentra inmersa en el agua, se
procede a grabar el resultado y automaticamente el

instrumento devuelve la densidad relativa.
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tv.  Se llena el registro de control, Fecha, temperatura de
medicion, densidad  relativa,  responsable de

ensayo segun el formato (Anexo 2 y 3).

4.1.2 Ensayo de reometria del caucho crudo acelerado.

Es el comportamiento reolégico de un compuesto durante la
vulcanizacion, cuando una muestra de caucho se mantiene en una
camara regulada a temperatura y presién constante, esta somete a
esfuerzos de cizallamiento alternantes de poca amplitud segin un
ciclo sinusoidal, se determina la resistencia ofrecida por tales
esfuerzos (torques) y su variacion con respecto al tiempo del ensayo.
El resultado de todas estas variaciones se obtiene en un reograma el

cual muestra el comportamiento del material.

El ensayo reométrico se basa en someter una muestra colocada en
dos elementos mecanicos, que consisten en dos platos paralelos
cilindricos coaxiales. En esta operacion el caucho experimenta una
deformacién de cizalla en forma de torsién, oscilando por medio de
un disco mdvil giratorio a +/- 1° contra un cavidad existente en el
plato superior. Esta deformacioén puede ser impuesta a velocidad de
deformacion constante, tensién constante o incluso de manera
oscilatoria. El disco del reémetro que se encuentra a una temperatura
de 190 °C, tienen cavidades circulares con pequefias ranuras los
cuales ayudaran a que el caucho tenga adherencia al disco y esta
pueda experimentar un torque, estos valores seran detectados por
pequefias variaciones de voltaje que se producen en el interior del
redbmetro y estas seran traducidas en sefiales digitales para ser

graficadas sobre el reograma.
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Norma de ensayo:

ASTM D 2084 Propiedades del caucho ~ Vulcanizacién

con uso de disco medidor de curado oscilante.
Consideraciones del especimen de ensayo:

Un especimen circular se toma de una muestra, debe tener
un diametro de 30 +/- 2 mm (1.2 +/- 0.1 in) y un espesor de
11.5 +/- 1.5 mm (0.45 +/- 0.05 in) 6 un equivalente de 9
cm3 (0.5 in3). .

El espécimen de la prueba se considera de un tamaifio
apropiado, cuando un pequefio trozo del compuesto se saca
uniformemente alrededor de la periferia del dado mientras

que este esta cerrado.

Se alcanza esto cuando el volumen del espécimen esta entre
8 y 11 cm® (9 a 13g del compuesto de caucho con una
gravedad especifica de 1.15). Los especimenes de tamafio
insuficiente pueden causar la presion baja de la cavidad y
lecturas bajas del esfuerzo de torsion. Los especimenes de
gran tamafio refrescan los dados excesivamente durante la
parte anterior del ciclo de la prueba que afecta a las

caracteristicas de la vulcanizacion.
Equipo: Reémetro Monsanto 100S.
El sistema estandar de platos y disco rotor para el uso del

Rebémetro Monsanto 100S es el MPC (Control de Micro
Produccién). Como especificacion por ASTM D 2084 — 79,
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BS1673 Pt 10 e ISO 3417 1977, el pequeiio volumen de
muestra empleado hace los dados del M.P.C. altamente
convenientes para los usos de prueba multiples y rapidos,
tales como: control de produccion, este sistema de platos es
igualmente aplicable a todos los tipos de prueba de
investigacion y desarrollo. Los M.P.C., los sistemas de
platos utilizan un sello superficial de teflén alrededor del eje
del rotor.(Ver figura 14)

Figura N° 4.4. Reometro de platos Monsanto 100S

Procedimiento del ensayo:

L Se hace una limpieza respectiva del plato, cavidades

y disco rotor.

ii. Se verifica el torque cero menor o igual que SdN.m
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Se toma una muestra de %4’x1”x1”, de caucho crudo

aproximadamente.

Luego se ingresan los datos para identificar la
muestra a analizar en el software, como Tipo de
goma, Orden de fabricacion, N° Batch tipo de

analisis.

Una vez que esta identificada la muestra y elegido el
ensayo se coge la muestra y se coloca en el rotor e
iniciamos la prueba accionando la entrada de aire

para cerrar los platos.

Al cerrar los platos se activa el sensor de medicion y
comienza a graficarse el reograma del caucho por un

espacio de 4 minutos.

Se acciona la apertura de platos y se extrae el

material vulcanizado.

Se extrae los datos y se reporta en el formato de
parametros de reometria, datos como: fecha, torque
maximo, torque minimo, tiempo de torque maximo,

tiempo de torque minimo, etc. (Anexo 3).

Explicacion de la grafica reométrica del ensayo.

Tramo 1: El caucho presenta un torque ascendente que es

debido al caucho crudo que esta originando un esfuerzo de

oposicion, el cual se encuentra en un estado sdlido. Esto se

manifiesta con una grafica de pendiente (0) -2 (+).
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Tramo 2: En esta zona el caucho crudo comienza a
derretirse 0 fludizarse por accién de la temperatura y la
viscosidad empieza a disminuir. En la grafica esto se

manifiesta por el cambio en la pendiente de (+) = (0)

Tramo 3: El caucho fluidizado empieza a experimentar un
reordenamiento molecular el cual se manifiesta por un
incremento del torque en la grafica a medida que este se
vulcaniza y aumenta hasta un cierto limite dependiendo de
la naturaleza del caucho. El cambio en la pendiente es de (0)
>

Tramo 4: El Caucho adquiere su maximo torque y luego de
esto la temperatura comienza a actuar sobre el caucho
vulcanizado de forma desfavorable (degradacién del
caucho) y se manifiesta en la grafica con un decrecimiento

en la grafica con pendiente (-).

Todas estas caracteristicas de la curva reométrica se pueden

notar en el siguiente reograma (Ver Figura N°4.5.).
4.2 Pruebas y ensayos después del vulcanizado del caucho.
4.2.1 Ensayo de Abrasién Taber.
La abrasidn es el efecto de desgaste por causa del fraccionamiento de
particulas que se encuentran colisionando sobre la superficie del

material afectado. El desgaste es mas eficiente cuando hay una gran

diferencia de dureza entre abrasivo y sustrato.
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Figura N° 4.5. Reograma de la vulcanizacion del caucho 228S caucho base Natural.
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Tamaiio de particulas abrasivas:

Expresado en micrémetros. Se dividen en:

o Finas (0 - 10 um).
o Medias (10 - 100 um).
o Gruesas (100 - 500 um).

Forma de la particula del abrasivo:

Las particulas irregulares abrasionan con mayor rapidez que
aquellas redondeadas, pero también produciran rayas mas

profundas.

La velocidad de abrasion baja por el redondeamiento de las
particulas y por contaminacién con particulas del sustrato
(ver Figura N° 4.6.).

Figura N° 4.6. Forma de las particulas abrasivas.
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Factores que modifican la velocidad de abrasién:

Los factores que modifican la velocidad de abrasién son:

° Velocidad de los sélidos.

° Presion.

A mayor velocidad, mayor desgaste y mayor produccion de

calor. A mayor presion se produce el mismo fenémeno.

Los discos de los especimenes de la prueba se hacen girar
en una plataforma circular giratoria y son desgastados por
un par de muelas de desbastar para un nimero especificado
de ciclos bajo carga especificada. El método de la prueba
especifica que el cambio en el peso del especimen de la
prueba esté determinado como medida de resistencia de
abrasion. Es mas comin, sin embargo, ver la resistencia de
abrasion divulgada como el cambio en la masa del

espécimen de la prueba o el cambiar en masa por el nimero

de ciclos. El cambio total es debido a la pérdida material de

la abrasion.

Norma de ensayo:

ASTM D 3389 -75 Resistencia a la abrasién (Plataforma

rotatoria, Doble cabeza abrasiva).

Equipo:

Consta de un plano circular para colocar el especimen, un

par de brazos movibles cada uno de estos contiene discos
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abrasivos, motor para la rotacién de la plataforma donde se

colocara el espécimen, un ventilador para el enfriamiento

del motor y un contador indicador de revoluciones (ver
Figura N°4.7.).

11.

iii.

Figura N° 4.7. Abrasimetro Taber de doble rueda

El espécimen debera ser apoyado por un adaptador, el
cual estd impulsado por el motor quien le proporciona

movimiento para el circuito ciclico del especimen.

El anillo de fijaciéon de abrazadera debera ser usado

para asegurat que se sostiene al especimen.

Los discos abrasivos deberan ser tipo S-35 rueda de
acero y estaran colocados independientemente sobre
los brazos giratorios libre equilibrio en la accién
compensatoria por alguna desigualdad en el
especimen y asegura una presion uniforme de los
discos de abrasion contra el especimen en todo el

tiempo mediante unas pesas.
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tv.  El aparato debe estar aprovisionado de una fuerza
vertical ajustable (Pesos), para variar la fuerza vertical

de los discos abrasivos sobre el espécimen.

v. Los brazos de la rueda de desgaste sin masas o
contrapesos auxiliares, aplicanuna fuerza vertical
contra el espécimen 2.45N (2.45 gf) por disco. En un

comienzo en el extremo posterior del brazo de

abrasion se puede utilizar un contrapeso cuando se
desea, para reducir la carga de la rueda de 2.45N (250
gf) a 1.23N (125gf) cuando los materiales son
delicados a la prueba.

Equipo auxiliar:

Este equipo es considerado como un cepillo duro que sirve
para remover las particulas sueltas de las superficies de los
discos un pequeio aspirador para remover las particulas
sueltas del especimen durante el ensayo. Aire comprimido
el cual debera estar libre de humedad y aceite, debera ser
usado para limpiar la superficie del especimen, El aire es
enviado hacia una tobera donde la presion debera ser
mantenida en 200 +/- 35kPa (30 +/- 5psi). El aspirador de

aire debera estar funcionando durante toda la prueba.

Posicion de la plataforma:

La distancia vertical del centro de punto de giro del brazo
abrasivo hacia el punto esperado del especimen debera ser
25mm, este promedio debera ser especificado para prevenir

la posibilidad de errores incurridos por la instalacién del
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rodamiento de empuje como apoyarse en la plataforma del

especimen.

Velocidad de la plataforma

La velocidad de giro de la plataforma debera de ser 7.0 +/-
0.11 rad/s (70 +/- 1 rpm).

Especimen de ensayo

il

111.

Hacer cinco pruebas de muestra. A menos que se

especifique el nimero de pruebas.

Corte los especimenes aproximadamente 110m m
(4.1/2 de la prueba circular adentro) en didmetro.
corte un agujero de 6m m (1/4 adentro) en el centro
del espécimen. Utilice la mejor porcion de la muestra
que se probard. Debe estar libre de agujeros, de

ampollas, o de otras imperfecciones.

Para los ensayos de especimenes condicionados a la
atmosfera a una temperatura 20 +/- 2.0 °C y humedad
relativa de 64 del +/- 2%.

Procedimiento de ensayo

1.

Instale las ruedas S-35 en sus respectivos sostenedores
ensanchados segun lo indicado por la impresion en el
lado de la rueda.
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Se necesita de una probeta circular de diametro 100mm

previamente curada.

La superficie debe estar completamente limpia o en su

defecto debe de ser limpiada.

Se hace la medicién de la masa inicial de la probeta.

Se coloca la probeta en la plataforma de giro del
abrasimetro y este se asegura con sus respectivos

elementos.

Se coloca las dos piedras y las respectivas pesas de
250g cada una.

Para el ensayo debe estar definido el nimero de ciclos a

la cual se desea hacer el ensayo entre 500 a 1000 ciclos.

Se empieza la prueba y se coloca el peso seleccionado
sobre la superficie en giro y se activa el aspirador para

colectar los residuos.

Luego de completar todos los ciclos, este se saca, se
somete a una limpieza y luego se coloca en una balanza

para obtener el peso final.

Se hace los célculos para hallar el indice de abrasién
(segln ecuacion 2) y se registra todos los datos como:
fecha de analisis, Orden de fabricacién, tipo de goma,
N° de prueba, Fuerza normal aplicada, masa inicial y

final, N°ciclos, indice de abrasion, tipo de rueda, etc.
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En el registro de abrasién de caucho vulcanizado
(Anexo 4).

K) Cilculos

MP = (MAE - MDE) / NR...ecuacién 2

. MP: Masa perdida por revoluciones.

. MAE: Masa de la muestra antes del ensayo.

. MDE: Masa de la muestra después del ensayo.
o NR: Numero de revoluciones.

4.2.2 Ensayo de Dureza.

El propésito de este ensayo serd el de poder medir la dureza basada
en la penetracién de un indentor de un tipo determinado sobre las
muestras de caucho a analizar. Tedricamente, los resultados de la
dureza de indentacién deberan ser inversamente proporcionales a la
hendidura realizada y directamente proporcional al moédulo de
elasticidad y a la viscosidad del material. Es importante mencionar
que los resultados de este ensayo dependeran en gran medida de la
geometria del indentor y la fuerza aplicada sobre el material objeto
de analisis; sin embargo, no existe una relacion entre los valores de
dureza determinados por diferentes durémetros sobre un mismo
material. Las unidades de dureza a utilizar en los ensayos sera la de
Shore A.

Para la medicion de la dureza Shore se utilizan varias escalas: Shore
A,B,C,D, 0y 00. Laescala Shore A es la mas conveniente para
medir la dureza de los cauchos blandos, hasta 90 grados, mientras

que la escala Shore D se usa para la medicién de dureza de cauchos
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mas duros que 90 grados Shore A. Aproximadamente 40 grados

Shore D corresponden a 90 Shore A. En todas las escalas se fabrican

durémetros digitales y analogos, asi como portatiles y de mesa,

siendo estos ultimos mas precisos. En los dur6metros portatiles la

mediciéon depende de la influencia del operario, unida a la

variabilidad de un instrumento a otro, aunque ambos se encuentren

calibrados. En Shore A, por ejemplo, es necesario admitir una
variacion de +/-5 puntos (ver Tabla N° 4.2.).

a)

b)

Norma de ensayo:

ASTM D 2240 - 02 Propiedad del caucho — medicién de

dureza con uso de durémetro.

El método de ensayo es basado en la penetracién de un tipo
especifico de indentor. El valor de la dureza del penetrador
est4 inversamente relacionado con la penetracion al material
y es dependiente en el médulo de elastico y visco elastico

del mismo (mas detalles en Anexo 8).
Condiciones del espécimen para el ensayo.
El espécimen de la prueba, debe tener por lo menos 6.0 mm

(0.24 pulg) en espesor, a menos que se sepa que los

resultados equivalentes a los valores de 6.0 milimetros (0.24

- pulg,) estan obtenidos con un espécimen mas fino.

Para cualquier material cubierto, el pie del penetrador esta
en contacto con el espécimen, por ejemplo, el recorrido

inicial del penetrador ha cesado, la lectura indicada sera
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registrada dentro de 1 +/- 0.1s, o después de cualquier

periodo de tiempo, convenido entre algunos laboratorios.

Seleccion del durémetro.

La guia de la seleccion del durémetro se disefia para asistir
a la seleccion del tipo apropiado del durOmetro para los

varios usos.

Se reconoce generalmente que la determinacion de la dureza
con el durémetro debajo de 20 y sobre 90 es no fiable. Se
recomienda que el tipo mas bajo o mas alto (referente a la
escala), esté¢ utilizado en estas situaciones. También se
recomienda siempre que sea posible, un soporte del
funcionamiento se emplee en la ejecucion de la medicion de
la dureza. A continuacion se muestra la Tabla N°4.2. donde

detalla los tipos de durémetros y sus rangos de empleo.

Equipo.

Tipos de pie del durometro A, con un orificio (para permitir
la protrusion del penetrador) de un didmetro tal como se
especifica en la Figura. 20, con el centro de un minimo de
6,0 mm (0.24in) de cualquier borde del pie, el pie del
durémetro no es de un disefio plano circular (ver figura N°
4.8).



Tabla N° 4.2. Seleccién de tipo de durémetro segun el rango de dureza.

Seleccién de durémetro: Usos tipicos

. o s . Dureza
Tipo de Ejemplos tlplCO: l:leeb::)s materiales a durémetro
Escala p (Usos tipicos)
Caucho flexible vulcanizado, caucho
natural, nitrilos, elastémeros
A termoplasticos, termoestables poliacrilicos Sl
flexible, cera, fieltro y cueros.
Moderadamente materiales de goma dura, 5 'enmma
X de:90 A
B elastdbmeros termoplasticos, productos de . )
i Por debajo de:
papel y textiles. 20D
Caucho de dureza media, elastomeros o _enc1ma
. X . de: 90 B
C termoplasticos, plasticos de dureza media, o
. Por debajo de:
y termoplasticos. 20D
Caucho endurecido, elastomeros .
. ) Por encima
D termoplasticos, mas plasticos y :
e - de:90 A
termoplasticos rigidos.
Caucho endurecido moderadamente, Por .enc1ma
: ! de:90C .
DO |elastémero termoplastico, y las bobinas Por debaio de-
textiles muy denso or cebajo de.
20D
Delgada forma irregular de caucho,
M elastémeros termoplasticos, asi como 20-85A
muestras de plastico.
Caucho flexible, elastomeros
0 termoplasticos, plasticos y termoplasticos | Por debajo de:
muy suave, bobinados de densidad media 20 DO
textil. -
Extremadamente goma suave, elastomeros
termoplasticos, esponja, plasticos L
OO0 |extremadamente suave y termoplasticos, s dze(;) go de:
espumas, devanados de baja densidad de
materia textil, tejidos humanos y animales.
Los materiales compuestos de espuma,
como cojines de seguridad, asientos de Método de
CF |vehiculos, cuadros de mando, ensayo Véase
el F 1957

reposacabezas, apoyabrazos, y paneles de
las puertas.
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92.8+0.3mm.
(0.11120.01 3in)‘[

1.2740.12mm.
(0.050+0.005in)

- [ Y
2.5+0.04mm.
(0.088+0.002in)

AT ZERO
READING

Figura N° 4.8. Tipo A y C de penetrador

e) Procedimiento.

1

ii.

111.

iv.

Se dispone de una muestra de caucho crudo acelerado

de cualquier tipo.

Luego se corta en medidas 50mm x 50 mm y se
colocan en molde de prueba  para su prensado en

caliente 6 probetas por espacio de 15 min.

Verificar la lectura del durémetro Tipo A con probetas
vulcanizadas  estdndares de dureza definida para

asegurar la medicion de esta.

Después del enfriamiento de las probetas vulcanizadas
de prueba se dispone  para la medicién de dureza por

medio del durémetro (ver figura N° 4.9.).
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Figura N° 4.9. Medicion de dureza

v. [Esta medicién se compara en la tabla de comparacién
de gomas por su dureza con una tolerancia de +/- 5
Shore-A (ver Tabla N° 4.3.).

vi. Estos Datos son registrados en el formato del

Reometria y dureza del caucho (Anexo 3).
4.2.3 Ensayo de Traccion y Alargamiento.

La resistencia a la traccién, que es la medida de la capacidad de un
polimero a resistir los esfuerzos de estiramiento, normalmente se

mide aplicando un esfuerzo a una probeta, tal como se muestra en la

figuraN° 4.10.
3 Miquina de ensayos
Murdaza para 1 con caberal 0'0

fijar fucne- -
mente la —v
probeta

Dircccién de 772> =
fa aplicacién

dela carga &

CNSayons con
‘ ‘ ‘ cabezal movil

Figura N° 4.10. Forma de probeta y ensayo de traccion.



Tabla N° 4.3. Dureza Shore-A y Shore-D de algunos cauchos.

101 Natural Rojo 40
121D Natural-Estireno-B. Negro 65
121M Natural-Estireno-B. Negro 65
1218 Natural-Estireno-B. Negro 60

121SK Natural Negro 65

127 Estireno-ButadienoB Negro 70

129 bstireno-Butadleno Negro 55
1308 Natural-Neoprene Negro 60

134 Natural Negro 40
138F Natural Negro 60

177 Natural Negro 65

200 Natural Negro 45
222X Natural Negro 70 (D)
228A Natural Rojo 45
228C Natural Rojo 35
228E Natural Rojo 45
228S Natural Rojo 45

228SK Natural Rojo 45
228SS Natural Rojo 45
228SW Natural Negro 45=+5

2491 Estireno-Butadieno Negro 60 (D)
26180 Acrilo-Nitrilo Verde 80

284 Natural Negro 55

285 Natural Negro 70

291 Natural Negro 60

545 Neopreno Negro 55

562 Butilo Negro 50

608 Neopreno Negro 65
6298 Neopreno Negro 60
667S Neopreno Negro 55

670 Neopreno Negro 65
673S Neopreno Negro 60

690 Neopreno Negro 65

924 Poliuretano Azul 82



67

Se define como la fuerza por unidad de area de la seccién transversal
necesaria para romper por estiramiento una probeta de caracteristicas
establecidas normativamente (ver ecuacién 3), que corresponde al
material de ensayo, las unidades pueden darse en: Kgf/cmz, N/m?,
etc.

R¢=(F;/ Ay)...(ecuacion 3).

oR; : Resistencia a la traccion (Pascales).
o F; : Fuerza necesaria para romper la muestra (N).

e A; : Area de la seccion transversal (m?)

Un alargamiento o deformacién recuperable se llama deformacién
elastica. En este caso, las moléculas tensionadas vuelven a ocupar
sus posiciones relativas originales después de la desaparicién de la

fuerza aplicada.

El alargamiento también puede ser consecuencia del movimiento

global de unas cadenas respecto de otras.

El alargamiento se mide mediante la una relacion la cual se muestra
en la (ecuacién 4). El porcentaje de alargamiento es igual a la
variacién dimensional dividida por la longitud original de la muestra

y multiplicado por 100.

%El = (AIN) x 100... ecuacion 4

¢ %El: Porcentaje de alargamiento.
¢ Al: Variacién de Longitud

e |: Longitud inicial



b)

68

Norma de ensayo:

ASTM D 412 - 92 Tensién de Cauchos vulcanizados,
cauchos termopldsticos y elastémeros termopldsticos.

Method A: Especimenes moldeados con troqueladora

Equipo:

La prueba de tensién serd hecha en una maquina accionada
por motor, equipada para producir un indice uniforme de
separacién del apreton de 500 +/- 50mm/min (20 +/-
2in/min) en una distancia de por lo menos 750mm (30pulg).
La maquina de prueba tendré un dinamémetro conveniente
y un sistema de la indicacién o de grabacién para medir la
fuerza aplicada dentro +/-2%. Si la gama de la capacidad no
se puede cambiar para una prueba (como en el caso de los
dinamdémetros del péndulo) la rotura aplicada de la fuerza
sera medida dentro +-2% del valor completo, y la fuerza

extensible mas pequefia medida sera exacta dentro del 10%.

Seleccién de los especimenes de ensayo:

A menos que se indicare en forma diferente el caucho
termoplastico o los especimenes termoplasticos del
elastbmero, o ambos, deben ser cortados de las hojas
moldeadas inyeccién o las placas con un espesor del
espécimen de 1.3mm a 3.3mm del otro grueso no daran
necesariamente resultados comparables. Los especimenes
deben ser probados en las direcciones paralelas y
perpendiculares a la direccién del flujo en el molde. Las

dimensiones de la hoja o de la placa deben ser lo
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suficientemente homogéneo. Para la obtencién de la forma
de las probetas de ensayo se debe utilizar un troquel cuya
cuchilla debera reproducir la probeta elegida (véase Figura
N°4.11.).

Equipo Auxiliar.

La forma y dimensiones de las cavidades del molde para la
preparacion de muestras de tension (Troquel), se ajustard a
los que se muestran en la seccién reducida serd
perpendicular al plano formado por los filos de corte y
pulido para la distancia de al menos 5 mm (0,2 pulg), estos

datos se detallan en el anexo 9.
Procedimiento de ensayo
i. Se tiene una probeta de 3.2 mm de espesor vulcanizada.

1.  Se ingresa la probeta a una troqueladora obteniéndose
una probeta troquelada de la siguiente forma ASTM —
412 - C UL - 62 — C (véase figura N° 4.11.).

iii.  Se hace la identificacion de la probeta en el software de
analisis, datos como: tipo de caucho y niimero de batch,

se fija la distancia de andlisis.

iv. Se hace la medicion del espesor de la probeta y el
ancho (w) de la zona de esfuerzo datos que el software

de ensayo lo pide.
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Vi.

il

Viii.

ASTM D412 TYPE A,B,C,D,E F

Figura N° 4.11. Probetas de ensayo de Tension y

alargamiento maximo

Esta probeta es sujetada de sus extremos por las
mordazas del tensidmetro, se  procede a colocar las
pinzas en los extremos de la zona de esfuerzo de la

probeta.

Se pone en marcha la prueba en donde la mordaza
inferior esta estatica y la superior que se encuentra en la
cruceta movil, se estira la muestra hasta que esta
colapsa por ruptura en la zona de entre las pinzas de la

probeta.

Se hace la lectura de las variables y son registradas en

los formatos de control.

A continuacion se detalla algunos resultados de
material caucho 121S, ensayado con el equipo
tensiometro T2000 con software de Alpha Tecnology
en la figura N°4.12.
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Compound: [1218 i ’
Batchno: [07272 i
OF: [65128 ]
Specimen: 03 ]
Date: [30-03-10 15.17.09_ |
tower limit 70.000mm &
cument positlon  152.67 mm
Exdension 0.000mm
Force 0.281N
16 Straln —-—%
~ Stress ~~—MPa
& Break Stress 14.734MPa
20 Break Strain 662.20%
| ] Peak Stress 14.734MPa
& Peak Strain 662.20%
Mod @ 50% 0.803MPa
& Mod @ 100% 1.149MPa
Mod @ 200% 2.389MPa
Mod @ 300% 4.553MPa
0 Mod 8 500% 10.000 MPa
Mod @ 10 500.20%
_..o.__ S ™ Mod @20 =%

Figura N° 4.12. Ensayo de tensiémetro para el caucho 1218.

4.3 Elaboracién de la hoja de especificaciones.

4.3.1 Definicion de los productos.

Los revestimientos como accesorios y estructuras son elementos de
uso en un determinado punto de un circuito de la mineria por tal
estos deben ser capaces de soportar alta abrasividad debido al
desgaste que ocasiona dependiendo de las condiciones ya antes
mencionadas al producto se le designa un determinado tipo de

caucho para un buen desenvolvimiento del accesorio 6 estructura

4.3.2 Tipo de productos.

4.3.2.1 Accesorios:

Estos constan de Alma metalica de fierro dulce en su

interior y cubierta por caucho vulcanizado. Estas piezas
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sirven para reemplazar distintos repuestos de bombas de

pulpa minera, lifter de molinos SAG, hidrociclones, etc.

4.3.2.2 Estructuras:

Estos constan de ser elementos grandes cuya caracteristica
es que no se producen con recurrencia debido a que son
elementos de disefio a pedido y es considerado como
servicio, por ejemplo tuberias desde didmetro de 4” a 42”,
distribuidores de bateria de ciclones, revestimiento de

tanques de alimentacion, valvulas de cambio etc.

4.3.3 Aplicacion de revestimientos en accesorios mineros.

Los repuestos de las bombas como un impulsor BGV 1.5, el cual
puede verse a continuacion (véase figura N° 4.13.), estd producido
por el prensado en caliente usando un molde en donde dentro de esta
se coloca el alma metdlica en las respectivas guias y luego se
procede a colocar la goma cruda se prensa en caliente por espacio de
1 hora y.30min y se obtiene un repuesto que presenta propiedades
mezcladas, por ejemplo consistencia uniforme y resistente a fluidos

COITOSivVOS y abrasivos.

Se muestra en la figura N° 4.14. Una tuberia de 30” de didmetro y
una longitud de 4 metros, en la cual el vulcanizado es al vapor
directo en autoclave, el curado del caucho en esta tuberia se realizara

a una temperatura bordeando los 120 °C y 4 horas de tiempo.
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Figura N° 4.13. Impulsor revestido para bombas de pulpa minera.

Figura N° 4.14. Tuberias matrices de pulpa minera.

En la figura N° 4.15, se tiene un tanque de alimentacion para bomba
de descarga, en donde este ah sido revestido con un caucho negro
que puede soportar la acidez de la pulpa y la abrasién que se origina

al circular por las superficies expuestas del tanque.



4.3.4

4.3.5
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Figura N° 4.15. Tanques de Alimentacion.

Uso de productos

Los tipos de accesorio y estructuras que son producidos utilizando el
caucho son destinados a sustituir 6 reemplazar piezas y estructuras
respectivamente que estan en contacto con lodos mineros los cuales
son deteriorados por el desgaste que origina la pulpa minera ya que
el recubrimiento cumple un papel determinante en la proteccién de
los mencionados elementos. Por las caracteristicas explicadas
anteriormente estos productos tienen un tiempo de vida variable que
va a depender de los pardmetros de interaccion de la pulpa mineral

los cuales pueden variar de despreciable hasta muy critico.

Diseiio de 1a hoja de especificaciones.

Se toma en cuenta seis puntos importantes, estos son:

= Datos de productos: Se especifica el tipo de producto, Cliente,

area de produccion, orden de fabricacion y tipo de revestido.
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= Identificacion del tipo de caucho: Se tiene Tipo de caucho,

caucho base, nimero de batch de andlisis y Color de caucho.

* Condiciones de fabricacién: Se especifica la temperatura de
vulcanizado, presiénproceso, tiempo de vulcanizado y rugosidad

del alma metélica si es que tuviera.

» Propiedades especiales generales del caucho: La clasificacion
segun su afinidad para resistir pueder ser E: excelente; B: bueno; P:

pobre; C: uso en casos especiales; N: no usar; S/D: sin determinar,

* Propiedades reologicas: Valores maximos y minimos de torque y

~valores obtenidos.

* Propiedades fisicas del caucho: Valores maximos y minimos de
de densidad relativa, Dureza, Abrasion, Elongacion y Resistencia
a la traccion.

Por lo tanto la tabla N° 4.1. tiene como resultado la siguiente

forma:



Tabla N° 4.1. Hoja de especificaciones técnicas del revestimiento

Especificaciones Técuicas de productos con revestimiento de caucho

Datos de productos :
Producto :

Cliente :

Area de produccién :
Orden de fabricacion :
Tipo de Revestido:

Identificacién del tipo de caucho:
Tipo de Caucho :

Caucho Base ;

Color :

Condiciones de Fabricacién:

Temp. de Vulcanizado :
Presion de proceso :

Tiempo de vulcanizado :

Revestimiento succion Warman 5 x 4

Propiedades especiales generales del caucho

Envejecimiento:

Resistencia a los hidrocarburos:
Permeabilidad:

Temperatura de servicio:

Southern Copper Corporation
Prepsas
56520
En caliente prensado
2288 Numero de Batch: 2751
Natural
Rojo
Estructura metilica
interna:
154 °C Si:
1450 Psi No:
1.5 horas
Rugosidad superficial: 2.5 mils
P-B Resistencia a Ia llama: N
N Propiedades electricas: N-P
P Ozono: N
-20°C a 70°C Adhesién a metal: E

£: excelente: B: bueno: P: pobre: C: uso de casos espaciales; N: No usar; S/D: Sin Determinar

ASTM D412 -92




V  CONCLUSIONES Y RECOMENDACIONES

Las estructuras o repuestos de equipos para la mineria pueden ser
protegidos haciendo una eleccion adecuada del caucho los cuales va
depender de las caracteristicas del fluido y condiciones de operacién a los

cuales estaran sometidos.

Los revestimientos de caucho obtendran un tiempo de vida mads
prolongado 6 considerado en comparacioén si estas estructuras ¢ repuestos

operarian sin proteccion alguna.

El ensayo de reometria para los cauchos crudos acelerados, es la prueba
més importante y predominante de todas, debido a que en esta prueba
muestra como el caucho va cambiando internamente en su estructura

molecular debido a su propiedad viscoelastica.

El ensayo de abrasién nos puede dar una referencia cuantitativa cercana
del continuo desgaste de los revestimientos de caucho de las estructuras y

repuestos que experimentan en su respectiva operacion.

Es importante que estos repuestos sean almacenados correctamente en un
lugar libre de los rayos solares, diéxido de carbono, aire, oxigeno, debido a
que estos anteriores son agentes de envejecimiento los cuales pueden

aminorar las propiedades del caucho.

Cumpliendo los ensayos basados en la norma se puede asegurar la calidad

del producto que se suministra al cliente.

Es recomendable colocar un termémetro infrarrojo permanente en la

calandra para evitar sobrecalentamiento del caucho.
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GLOSARIO

Reometria: Es la ciencia que describe tanto los métodos de medida como
los instrumentos que permiten obtener datos reoldgicos de un material (ver
reologia). Determina las relaciones cuantitativas y cualitativas entre la

deformacion y la tensién mecanica y sus derivadas.

Alma metdlica: Estructura metdlica interna que se coloca a un

revestimiento para que adquiera mas compactacion y rigidez.

Vulcanizacién: Es un proceso mediante el cual se calienta el caucho crudo
en presencia de azufre, con el fin de transformar el material con
propiedades especificas elasticidad dureza y resistencia quimica y

mecanica.
Mils: milésimas de pulgada (10_‘3pulgadas)

Reograma: Es un diagrama reolégico que indica qué tipo de

comportamiento tiene un determinado material.

Modulo elastico: Velocidad del cambio de deformacién como funcién del

esfuerzo que se ejerce sobre un material

Modulo visco eldstico: referido a la viscosidad que presenta un material

elastico.

Protrusién: Deformacién de una zona del material por aumento de

volumen debido a esfuerzo externo.
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Indentor: aguja del durémetro que entra en contacto con el material el

cual se dispone medir su dureza.



IX. ANEXOS

Anexo 1: Registro de control de densidad de caucho crudo.

REGISTRO DE CONTROL DE DENSIDAD

MATERIAL:
Los ensayos se reafizan segun recamandaciores de la norma UNE 53526:2001. Método A.

Temperatura Probets’  Probeta2 M::” CONTROLADO
de ensayo(°’C)  (giem®) (glem®) mede POR:

( nlrm‘l

FECHA Tipo de goma

CONENTARIOS / OBSERVACIONES:
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Anexo 2: Registro de control de densidad de masterbach.

REGISTRO DE CONTROL DE DENSIDAD

MATERIAL: MASTERBATCH 121.8
Los ensayos se realizan segiin recomendaciones de k2 norma UNE 83826:2001. Método A.

FECHA Temperatura Probeta 1 Probets 2 DENSIDAD MEDIA CONTROLADO
do ensayo °C glemd glem3 glem3 POR:

COMENTARIOS / OBSERVACIONES:

SGIF1016] Version 00 14/08/2008 I pagt
REPORTE DE CONTROL DE DENSIDAD
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- Anexo 3: Registro de ensayos de reometria y dureza.
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Anexo 4: Registro de abrasién de caucho vulcanizado.
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Anexo 5: Registro de condiciones ambientales.

REGISTRO DE CONTROL DE CONDICIONES AMBIENTALES
TEMPERATURA Y HUMEDAD RELATIVA

El trabsjo de aplicacion de primer,cemento y revestimiento NO se debe realizar con Humedad Relativa
mayor a 85% y diferencia entre Temperatura del metal y Temperaturs de rocio menor a 3°C

HUMREL. TEMP. TEMP.
% ROCIO MATERIAL  CONTROLADO POR:
OK<85% OK si Tmatevial -Trocio 2 3°C

TEnNP(*C|

FECHA HORA | TEMP(°C) B. 8€CO

COMENTARIOS / OBSERVACIONES:
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espécimen, condiciones y procedimiento de ensayo.

45“’ Designation: D 2084 - 93

Standard Test Method for

Rubber Property—Vulcanization Using Oscillating Disk Cure

Meter!

This raodard is isued upder (he (xed dcsigastion D 2044: the number immed:

folowing the drpgnrcs

originol adopiion of. in the case of revision, the year of last revision, A rumbes in pareatheses indcates the m:ollulm»mvaLA
wpencaipt epsilon () indicates a0 editonal change since the last revision or reagproval.

This tes) meshad has heen apymned for wse dr agoncies of the

Orparmens
Standards Jor the spexific yecr of inanie which as bern adopied by the Depanimens of

1. Scope

1.} This test method describes the use of the oscillating
disk cure meter for determining selected vulcanization char-
acteristics of vulcanizable subber compounds,

1.2 The values stated in S units are to be regarded gs the
standard. The values given in parentheses are for informa-
tion oaly.

1.3 1O 3417 is very similar to this test method. It has
minor technica) differcnces that are not considered 10 be
significant.

1.4 This standard does not purport to address all of the
safety probiems, i any. associated with Us wse. It is the
responsibility of the user of this standard to establish appro-
priote safety and health praciices and determine the applica-
bllity of regulaory limitations prior (o use.

1. Refereoced Documents

2.1 ASTM Standards:

D 1349 Practice (or Rubber—Standard Temperatures for
Testing?

D3185 Test Methods for Rubber—Evaluation of SBR
&Sgnno-ﬂumdicnc Rubber) Including Mixwures With

D3186 Test Methods for Rubber—Evaluation of SBR
(Styrone-Butadiene Rubber) Mixed With Carbon Black
or Carbon Black and Oil?

D3187 Test Methods for Rubber—Evaluation of NBR
(Acrylonitrile-Butadiene Rubber)?

D 3190 Test Methods for Rubbes—Evaluation of Gzoerl-
Purpose CR (Chloroprene Rubber)?

D4483 Practice for Delermining Precision for Test
Method Standards in the Rubber and Carbon Black
Industies®

2,2 ISO Standard:

150 3417 Rubber—Measurement of Vulcanization Char-
acteristics With the Oscillating Disk Rheometer®

! This test method is under the Jurisdicton of ASTM Commitee DM1I on
#\lbba and  the direct responsibitity of Subcommitiee D21,12 on Procauability

Cument edilion approved March 13, 1993, Published May 199). Originally
Sublishicd a3 D 2084 - 71 T, replacing Mcibods D 2705 and D 2706, Lt previows
edition D084 -922

2 dnnseal Book of AST Siandurds, Vol 09.

) Avaitadiie from Amencan Natlana) smm Imtitute, 11 W. 3204 . t3th
Plagr, New York, NY 10034,

358

Mw. Considy the DD Index o Specifiearions and
Deframe

3. Termloviogy

3.1 Descriptions of Terms Specific to This Standard:

3.1.1 The following measurements may be taken from the
curve of torque versus time (see Fig. 1),

3.1.1.1 cure rate index~measure of rate of vulcanization
based on the difference between optimum vulcanization and
incipient scorch time.

3.1.1.2 maximum, plateau, or highest torque—measure of
stiffness or shear modulus of the fully vulcanized test
spesimen at the vulcanization temperature.

3.L.1.3 minimym torque—measure of the stiffness of the
unvulcanized test specimen taken at the lowest point of the
omve.

3.1.1.4 Ume 10 incipieni cwe (scorch time)—wmeasure of
the time at which vulcanizanon begins.

3.L.LS thme to a percentage of full cure—measure of
optimum cure based on the time to develop some percentage
of the highest torque or difference in torque from the
minimum,

3.1.2 torque—maximum amplitude torque.

4, Sammary of Test Method

4.1 A test specimen of vulcanizable rubber compound is
inserted into the cure meter test cavity and after a closure
action is contained in a scaled cavity under positive pressure.
The cavity is maintamed at some elevated vulcmization
temperature. The rubber totally surrounds a biconica) disk
after the dies are closed (see Fig. 2). The disk is osallated
through a small rolational amplitude (1° or 3*) and this
action exerts a shear sirain on the test specimen. The force
required to oscillate or roste the disk to maximum ampli-
tude is continuously recorded as a function of time, with the
force being proportional to the shear modulus (stiffoess) of
the test specimen at the test temperature. This stiffoess first
decreases as it warms up; then it increases due to vulcaniag-
tion. The test is completed whep the recorded torque either
rises to an equilibium or maximum value, or when a
predetermined time has elapsed. The time required to obtain
a cuge curve is a function of the characteristics of the rubber
compound and of the test iemperature (see Fig. 1 for typical
cure curves),

§. Signilicance and Use

5.1 This test method is used to determine the vulcaniza-
tion clmuctensua of (vulcanizable) rubber compounds.

5.2 This test method may be used for quality control m
rubber manafacturing provesses, for rsearch and
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(b 02084
‘0
1 L 4 i b
0 20 % 0 2 0
Tint - Wi Timg- Min
Lsit Curve: Cure (0 Equityusm Torque.

Mude Qurve: Cure 10 a Maodium Torque with Reveraon
Right Curva: Cuse to N6 Equiyum in Maximasm Torque.

FiG. 1 Types of Cure Cutve

ment testing of saw-rubber compounded in an evaluation
formulation, and for evaluating various raw materials used
in preparing (vulcanizable) rubber compounds.

6. Apparatus

6.1 Cure meier, consists of the following major compo-
nents: specimen chamber and closure mechanism, tempera-
wre control system. rotor drive and torque measuring system
(sce Fig. 2 for a detailed drawing of cure meter assembly).

6.2 Specimen Chamber—~Consists of platens, dies, and a
biconical disk. )

6.2.1 Platens—Two platens made of aluminum alloy,
each containing an electric heater. and each having in the
center. a cavity to accommodate a die and from the side, a
well for inserting a temperature sensor.

6.2.2 Dies—Two which form a cavity when closed and
which shall be fabricated from 100l siee! having a minimum
Rockwell Hardness HRC 50. The geometry of the standard
diesis shown in Figs. 3 and 4 with dimensions and tolerances
(see Table 1), The top and bottom surfaces of the die cavity
shall contain rectangularly shaped grooves arranged radially
about the center and spaced at 20° intervals. Each die shall
have a well or hole drilled from the side to accommodate a
temperature sensor inserted through the platen. The lower
dies shall have a hole in the center 1o allow for the inserion
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of tbe disk shafi. A suitable low-friction seal shall be
provided in this hole to prevent material leaking from the
cavity.

6.2.3 Disk—The biconical disk (see Fig. S) shall be
fabricated from tool steel having a minimum Rockwell
Hardness of HRC 0. The disk shall be fitted with a stem
that fits into the torque shaft. The disk is shown in Fig. 5 (see
Table 2),

6.2.3.1 Disk wear will affect test results, A disk worn 10
such an ecxtent thal the disk diameter is less than the
minimum diameter shown in this procedure shall not be
used

6.2.3.2 The standard frequency of the rolary ostillation of
the disk shall be constant at 1.7 Hz (100 cpm). Other
frequencies may be used, if required.

6.2.3.3 A rolary drive system shall be provided for oscilla-
tory rotation of the disk. The amplitude of oscillation of the
unloaded disk shall be constant at £1.00° with a tolerance of
+0.03° about the center position, that is, a total amplitude of
2, Other amplitudes may be used, if specified.

Nove 1—Where the effect of surface contamination on the digk is
not a problem, greater sensitivity in deiermining curing characteristics
may be obtained using +3* angic of oscillation.

6.2.4 Die Clasing Mechanism—A pneumatic cylinder of
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Ovrerain, Tohrarca,
Cooe iy o

A 65.88 20413
8 10.64 2025
c 764 20.13
¢} 18.28 £0.13
[ 157 £0.13
F 08 20.1

G 476 013
H 240 2000
[ 1270 20.40
d 238 +0.40
K 54.61 10,05
L Hmn 2003
M 835 0.0
N 1.65 +0.03
o 4.57 20.13
P 1538 =003
[¢] 5.08 +0.05
R 41.9 003

other device shall close the dies and hold them closed during
the test with a force of 11.0 + 0.5 kN (2500 2 100 1bD).

Note 2—The manufacturer recommends the source air pressure be
adjusted to 345 kPa (S0 psi). Provisions are made for this adjustment in
insteument. Therefore, 345 kPa acting on the instrument’s 203-mm
(8-in.) diameter air cylinder will produce a force of 11 kN (2500 Ibf) on
the die per the following equation:
where:

=D
()
F = closure force on dic.
P a gource air pressure, and
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0 =

FIG. ¢ Upper Die

D = diameter of piston in pacumatic cylinder.

To calculate maximum cavity pressure, the effect of this foroe acting
on the surface area of the upper die may be calculated per the following
equation:

iF
Fom '-?2
where:
P, = pressure on sample in upper die cavity, and
d = diameter of upper die cavity {55.9 mm (2.2 in.)).
(For example, P, =

( 4)2500) 10 000 10 000

(L1aN2.2F  (3.18%4.84) ~ 1206

6.3 Temperature Controlling System—A temperature
controller shall be provided for maintaining the dies within
+0.5°C (£1°F) of the specified test temperature.

6.4 Tarque Measuring System—The torque measuring
system shall consist of a device, such as a torque transducer,
producing & signal that is directly proportional to the torque
required to oscillate the disk. A recorder to record the
manimum amplitude signal from the torque transducer shall
be provided. The recorder shall have a futhkscale deflection
response on the torque scale of 1 s or less and be capable of
recording the torquo with accuracy of +£0.5 % of the torque
range. Four torque ranges shall be provided; 0 to 25, 0 to S0,
0 to 100, and 0 10 200 dN-m (or 0 to 25, 0 to 50, 0 to 100,
and 0 10 200 Ibf- in.)

Pwm

3

= 8§29 wi.)
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YABLE 2 Disk Dimensiow
Code Orronaion. mn Tolrgce. mm
(] Oumeter 3558 =001
T Rats 0.80 2008
v 020° «008°
VA Groove width 0.80 =005
Groove 6epth 03 =01
Groove lengtns, min 15
125
ws Groove width 0.60 =005
Groove ceptn 08 20
X Owmnoter 9.5 0,02
~0.00

Note 3—=The term “recorder™ as used in this test method implies the
use of any suitable data collection device, including printers. ploniers.
and computers.

Note 4—Direct praportionality between tonque and stiffness cannot
be expecied under all test conditions, particulardy in higher torque
ranges, because elastic deformaton of the disk shaft and driving device
must be aken into account. However, for soutine quality control test
PUIPOLCS COMTXLions are NOL necessary.

7. Sampling
7.1 The sample shall be 1aken from a vulcanizablc rubber

compound as required by the mixing method or other
sampling insiructions.
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7.2 The sample shall be in sheeted form. at room tempey.
ature. and as free of air as possible,

8. Test Specimen

8.1 A circular test specimen taken from a sample shaj] be
30 £ 2 mm (1.2 £0.1 in.)in diameter and 11.5 % 1.5 mm
(0.45 + 0.05 in.) in thickness or equivalent to a volume of 9
em® (0.5in.%),

8.2 The test specimen is cansidered to be of proper size
when a small bead of compound is extruded uniformly
around the peniphery of the die as it is closed. This is
achieved when the specimen volume is between 8 and 11
cm? (9 1o 13 g of rubber compound with a specific gravity of
1.15). Undersized specimens can cause low cavily pressuse
and low torque readings. Oversized specimens cool the dies
excessively during the early part of the test cycle affecting the
vulcanization characteristics.

9. Test Temperatures

9.1 The standard test iemperaturc shall be 160°C (320°F).

9.2 The test temperature tolerance shall be 20.5°C
(=1.0°F).

9.3 Tests may be carried out at other temperatures, if
required. They should be selected in accordance with Prac.
tice D 1349.

10. Callbration

10.1 The cure meter shall be calibrated mechanically in
accordance with the manufacturer’s instructions.

10.2 Provisions shall be made for electronic verification of
the recorder and for torque transducer calibration by means
of a resistor incorporated in the torque measuring circuit that
simulates an applied torque of specified value.

10.3 The cure meter shall be calibmted wilh the torque
standard supplied by the manufacturcr any time the resuhs
are suspected of being inaccvrate, after any rcpairs, any
change in arc, or frequently enough to ensure the mainte-
nance of proper calibration. The cure meter shall read zero
when running empty and read the certified value with the
torque standard inseried.

11, Procedure

11.1 Preparation for Test:

11.1.} Bring the temperature of both dies to the tempera-
ture of test with the disk in place and the dies in the closed
position. Set recorder range 1o zero and adjust the reoordes
pen to zero torque and zero time position on the chart. Select
the carrect running time and choase the torque range to give
maximum torque in the upper half of the recorder chart.

11.1.2 “Running Zero™ may be checked at this point and
should be off no moce than 0.5 dN-m (or 0.5 1bf-in.). If in
excess of this, check the curc meter for frictional drag that
could be caused either by bad bearings, by improper friction
seal (6.2.2), by rotor misalignment, or by sample “build-up”
around the rotor shafi. If the emmor persists, consult the
manufacturers manual,

11.2 Loading the Cure Meer:

11.2.1 Open the dics, place the test specimen (Notes 5 and
6) on top of the disk and close the dies. This operation must
be completed within 20 5.

11.2.2 Start the recorder at the instant the dies are closed.
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Type 2 grecision s

The disk may be oscaillating at zero time or ascillation may be
strted not later than 1 min afer the dies are closed. In the
latter case, report preheat as required in 12.1.8.

NOTE 5--When testing sticky rubber compounds. cellophame, or
olber thin Glm that will not mel at the test tempernture, may be insered
below and sbove the test specimen, but oot egaiost the rotos. This
prevents the cubber from sticking (0 the dies. Suitable Rim materials are
Dulm 600 PD/001.* Avisco J00P1,? or Polyester Film Mytsr Type
A

NgTE 6—A dqull of malcrial from the rubber compaunds under
test may build up on the disk and dies. This may effect the final torque
values. Tt is suggested that stable vulanizable rubber compound be
tested daily 10 detect this ocowrence. If such contsmination develops, it
may be removed by cleaning with a noncosrosive compound of solution
that does not degrade the aluminum insert contained in the upper die of
moR cure maen Afler solvent cleaming one of two funs on @

rubber compound arc required (o elimipawe solvent or
residue completely. Abrusive cieaning may be used with caution. The
recormmended cleaner s 220 grit aluminum oxide.

12. Report

12.1 Repon the following information on the sample and
insrument used:

12.1.1 Sample or specimen identification, or both,

12.1.2 Method of specimen preparation (for example,
amount of milling),

12.1.3 Make and mode! of the cure meter,

12.1.4 Temperature of the dics,

12.1.5 Amplitude of oscillation used, reported as half of
total amplitude,

12.1.6 Frequency of oscillation, Hz (or cpm),

12.1.7 Recorder range,

12.1.8 Full-scale recorder time, and

12.1.9 Prebest time, if not zero.

12.2 Test results repored are normally chosea from the
following parameters (refer to Fig. | for guidance). The
al;l;vemon from dN-m to Ibf:in. is; 1.13 (dN'm) = 1.00

*in.).
12.2.1 M, —Minimum torque, dN+m (Ibf-in.).

¢ Dugon 600 PD/00! s suitable for iy porpose.
4 Avisco J0OP! is suitable for this purpose.
¢ Potyesier Film Mylar Type A-100 is suitablo for this purpuse.
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12.2.2 Maximum torque—AQ in dN-m (or Ibf-in.).

1222.1 Myp—Maximam torque where corve plateaus.

12.2.2.2 Myz—Maximum torque of reverting curve.

12.2.2.3 M, —Highest torque attained during specified
period of time wheo no plateau or maximum torque is
obtained.

12.2.3 Scorch time, min.

12.2.3.1 £) isequal to the time to | dN-m (or Ibf-in.) cise
above M;; is used with 1° amplitude.

12.2.3.2 (g2 i3 equal to the time to 2 dN-m (or 2 Ibf*in,)
rise above M, ; is used with 3° (and 5°) amplitudes.

1224 Curc time, min.

12.2.4.1 'z is equal 1o the time 10 x % of torque increase
or I'x = minutes 0 A, + (M, — M /100 torque.

Nore 7—This test method of determining the cure times is consid-
ered the standard test metbod.

12.24.2 x is equal to the time to x % of maximum
torque, or £ X = minutes to x AM,,/100 torque.

Note 8—This is an aliernative test method for cure time delermina-
tico. The most commonly used valucs of x are 30 and 90.

12.2.5 Cure Rate Index = 100/(cure time — scorch time).

13. Precision and Blas

13.1 This precision and bias section has been prepared in
accordance with Practice D 4483. Refer to Practice D 4483
for terminology and other sutistical calcutation dewils.

13.2 All precision data were obtained using the diaphragm
upper die shown in Fig. 4. The use of the alternative solid die
shown in Fig. Al.l may cause different results.

13.3 Both Type | and Type 2 precision results are given in
Table 3. For both types of precision repeatability and repro-
ducihility are short serm; a period of a few days separates
replicate test results. A test result is the test value, as specified
hy this test method, obteined on one determination or
measurement of the property or parameter in question.

13.4 For the Type | precision, four compounds (or
materials) were used; these were tested in eleven laboratories
on two diffcrent days (see Table 3).

13.5 For the Type 2 precision, the precision cesults
seported in Table 3 represent pooled average values obtained
from four (other) rubber cvaluation standards; Test Methods



93

(b b 2084

D 3185 (SBR. OE-SBR) and Metheds D 3186 (SBR-BMB), 13.9 Repeatability and reproducibility expressed as 5
D 3187 (NBR), and D 3190 (CR). These precision values are  pereentage of (he mean level, (r) and (R), have equivalen
derived from interlaboratory programs with two different  application statements as 13.7 and 13.8 for r and R. For the
types of materials (for each rubber as listed above). in seven  (7) and (R) statements. the difference in the two single teg
laboratories with the mixing and testing both conducted on  results is expressed as a percentage of the arithmetic mean of
two different days escentially one week apart. the 1wo test results.

13.6 The precision of this test method may be expressed ~13.10 Precision (International Interlaboratory Testing)—
in the format of the following statements that use what is  The Appeodix gives precision results obuained in an itriema.
called an “appropriate value” of 7, R. (1), or (R), that is, that  tional interlaboraiory program conducted in ISO Technicsl
value obtained from Table 3, to be used in decisions about  Committee 45 on Rubber/Rubber Products in 1984/1988.
test results (obtained with the test method). These results are given for additional background on a

13.7 Repeatabiliy—The repeatability, r. of this test  broad-based comprehensive interiaboratory program. Please
method has been established asthe appropriate value forany ~ Tefer to “:;;Ptslj‘“d“ for details and a full report on the
parameter as iabulated in Table 3. Two cingle test results, ~ PIOCSION . .
obtained under normal test method procedures, that diffes | 13-11 Bios~In test method terminology, bias is the
by more than this tabulated  must be considered as derived  difference berween an average test value and the reference (or
from different or nonidentical sample populations. true) test property value. Reference values do not exist fqr

138 Reproducibility—The reproducibility, R, of this test  this test method since the value (of the test propeny) is
method has been established as the appropriate value for any ~ ¢xclusively defined by the test method. Bias, therefore,
parameter as tabulated i Table 3, Two single test results  Cannot be determined.
obained in two different laboratorics, pnder normal test
method procedures, that differ by more than the tabulated R 14 Keywords

must be considered to have come from different or 14.1 compounds; ODR oscillating disk cure meter; vulca-
nonidentical sample populations. nization characteristics
ANNEX
(Mandatory Information)

Al ALTERNATIVE UPPER DIE

Al.] This annex describes an alternative upper die for use Al.2 Some manufacturers of ODC iastruments furnish
in the oscillating disk cure meter (ODC). This die does not  upper dies with a diaphram while others do not.
contain a diaphram as shown in the die in Fig. 4. Al.3 The stated purpose of the diaphram die is to allow

|
FIG A11 Allematve Upper Die

356
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the diaphmm 0 be flexed when the dies are closed on a  solid upper die as well as any differences in observed results
ymen and then to maintain mcnunlly constant pressure  have not been determined.
on the specimen as it shrinks slightly in volume during ALS The solid upper die is shown in Fig. Al.1, Dimen.
ulcanization, sions are listed in Table I.
Al.4 The precision and bias observed with the alternative

APPENDIXES
(Nonmandatory Informstion)

1. INTERNATIONAL INTERLABORATORY TESTING

X1.1 This appendix gives the precision results of an  cure systems. Compound D is a gum compound with a
iptemationa) interlaboratory Osdllauns Disc Cure Meter  conventional cure system.
(ODC) test program conducted in ISO TC4$ in 1984 and X1.3.3 A Type | precision was measured in the ITP (no
1985, It is added as an appendix to this test method to give  processing operations required on the circulated materials in
additional information on the precision of ODC testing. The  any given laboratory). The time period for repeatability and
(SO/TC45 standard that is analogous to Test Method  reproducibility is on a scale of days.
D 2084 is ISO 3417. X1.3.4 A test result is (the test value) obtained from one
X1.2 The practice for analysis and expression of precision ~ measurement or determination with the ODC at any temper-

results for ISO TCAS is equivalent in its basic fundamentals  ature.
and format to Practice D 4483. X1.3.5 A total of 50 laboratories participated in Pan I,
X1.3 Test Details: and 45 laboratories participated in Part Il in addition to their

X1.3.1 An interlaboratory test program (ITP) was orga-  participation in Part L.
nized in late 1984 1o obtain precision results. Four com- X1.4 Precision Results:
pounds with a range of cure properties were mixed and X1.4.) The precision results for both Parts | and 11 are
prepared in one laboratory, sesled in metal foil packets, and  given for five ODC cure pasamctcrs These five parameters
distributed 8o labomtaries located in 19 countrics in Europe,  are as follows:
Asis, and North and South America. Tests were conducted Xl4.1.1 M —Minimum torque (N-m).
io late January and early February 1985 according to the X1.4.1.2 Myy—Maximum torque (N-m).

following schedule: X1.4.1.3 1.—Scorch time, (minutes).

X13.1.1 Pant I of 160C—One test (dcrmination) on  X1.4.1.4 £',(50}—50 % cure time, (minutes).
each of two days, one week apart, for all four compounds. X1.4.1.5 £ (90)—90 % cure tine, (minutes).

X1.3.1.2 Pan IT of 150C—~Onc test on each of two days, X1.4.2 For Part 1 of 160C, the precision results are given
onc week apart, for all four compounds. in Table X1.2.

X1.3.2 The formulations for the four compounds are X1.4.3 For Part Il of 150C, the precision results are given
listed in Table X1.1, Compound A has a moderate blsck  in Table X1.3.

level with a non-free sulfur (TMTD) curo system. Com- X1.5 Use of Precision Results:
pounds B and C are relatively high black with conventional X1.5.1 The general procedure for using precision results is
wnhthe symbol | x, = x;| designating a positive difference,

TABLE X1.1 Campound Formulstars (150 34174TP) that is, without regard to sign. The symbol x refers to any
= e parameter value.
A [ c 0 X1.5.1.1 Select the ODC parameter on which decisions
SBR 1502 1000 1000 are t0 be made. Find in Table X1.2 (160C) or Table X1.3
§BA 17124 e 68.8 1318 . (150C) the Summary section for this parameter. If the tesis
* BA (G410 888 - - and data under consideration are not at 150 or 160C, select
Sooide 59 5 oy e the summary results for the temperature nearest to the actua)
IR8 Number 5° LY 800 60.0 o test temperature under consideration.
N3%0 450 X1.5.1.2 Enter the Summary Precision Result section of
e by by b cither Table X1.2 or X1.3 at an average material value
Antinzongn® 26 18 1.8 15 nearest to the test data average under consideration. This will
U] 2 12 10 10 give the applicable r, (), R, and (R) for use in the decision
Buby 0 20 20 20

process.

5 e X1.5.1.3 With these rand () values the following general
mw‘“m e e ——TTT———  repeatability statements may be used to make decisions. For
an absolute difference, the difference, | X, — x;|, between
two measured ODC pararcters values, found on (presumed)
identical material samples under normal and correct ODC
operation conditions, will exceed the tabulated 7, on average
not more than once in 20 cases. For a percentage difference,
the percent difference, | X, — X3 | /(x, + X;)/2)100, between

357
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TABLE X1.2 150 M17: Type +—Prechsion ol 140 °C

Parametey 1—MIn torgue, ML (N-M) 180 °C b
Fnal Sustamary Table: Precision Veluse
AVerages given In oraaaing order
A Wit Laboratories Betweon Latorebries =
9 & r 7] N R (L]
4. Campound D 03 0015 00892 23040 0.1604 073 102849
8. Carpoud C 0.0 00318 00893 12700 01297 05882 60380
2. Campoud B 09 0.0339 0.0060 9.6% 04399 12640 125147
1. Campound A 1.65 0.0858 0.1857 11249 0.1442 0.408% 24.215
Pocied valuee 002 0.0432 0.9228 13.298 02845 0.7486 81422
Porameter 2—=Max taque, MHF (N-M) 160 °C
Fre Tadle: Precision Veluss
Averages gven In Raesig oroer
A WRnin Laboratres Betwesn Labomire =
o e ) r 0 R A m_
4, Campound D 221 0.0582 0.1646 7447 0.1996 0.5848 25550
9. Compand C . an 00511 01448 53928 oz 0.8240 2007
2. Conpasnd B 328 0.0750 01 6321 02625 0.7430 2620
1. Comprand A 428 0.0548 0.1844 421 0.3823 10088 24073
Pooiad Vakuse an Q0808 0.1713 §.500 0288 0.7602 204%
Puavws 8—8aorch Brw, (min) 180 °C
Final Sutsrary Table: Precison Valuse
Averagas ghen i increasing onder
A Wit Laboratories Betwasn Laborstoriss
i o [ 4 (1] [ [] A
1. Campound A 141 0.4028 02810 20680 0.1567 04377 30867
4, Compasd D 508 02017 05708 1.334 Q7011 19842 90,384
2 Compand B 608 0.1836 05197 10222 07278 20508 40512
9, Compasnd C 857 02502 0.6515 11689 06752 19109 2
Podied Vahaes 42 0.1854 08247 12140 06234 1.7842 4062

two measured ODC parameter values, found on (presomed)
identica) material ssmples under normal and comect ODC
operation conditions, will exceed the tabulated (7), on
average 0ot more than once in 20 cases.

X1,5.1.4 With these R and (R) values the following
genera) reproducibility statements may be used to make
decigions. For an absolute difference, the difference
| %)= %3] betwoen two indepeudently measared ODC pa-
sameter values, found in two laboratorics using normal and

38

correct ODC procedures on ideatical test material sampies,
will exceed the tabulsted reproduchility R, not more than
once in 20 cases. For a percentage difference, the percent
difference, [| x, — x3] /x; + x)/2]100, between two
independently measured ODC parameter values, found in
two laboratories using aormal and correct ODC pracedurs
on identical materia) samples, will excoed the tabulated
reproducibility (R), not more than ogoe in 20 cases.
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TABLE X1.3 S0 S417; Type 1——Precizion of 150 °C
NOTE—SY » repeaiahiity r= bty = 2,63 (sQuAr® 00t & the rep Y ). )= Dty (as o 00 0f matertal average).

s,.mmmmm.n-m-zmmmawmm ) (R) = reprocucdiBty (a3 parcantage of matevly) Evorage).
Poaretw 1—Min torque, ML (N-M) 160 °C

Final Summary Tahle: Procsion Values
Averages given in hcreashg order
p——
WS Latoratorms Betwesn Labratoms
Maderia) Average
S ’ 1] SR R ()
~ 4.Compoud D 0.40 0.0300 0.0848 21.000 01288 03839 90.138
3, Carpoud C 0.69 0.0403 [R31]] 10.448 0.1028 02901 41,798
2. Campound 8 on 0.0258 00730 9511 00743 0.2101 27.37¢
1. Compaund A 1.74 00517 0.1403 8.399 0.1816 04574 28280
Pooied Valuss 0.60 0.0384 0.1086 12.090 0.9221 00Uy 38505
Porametey 2—Max torque, MHF (N-M) 150 °C o
Fral Summey Tadie: Preoision Veles
Averages gven in noEnig order
Within Lsboratries Betwaan (shoretvim
Material Avarage
il v [ n SR [ )
4. Comptand D 23 0.0324 00816 2060 0.1942 05485 768
A, Copasd C 282 0.0684 0.1837 6,881 0240 06878 26384
2. Carpourd B 3N 00042 Q1816 8354 02654 07511 2124
1. Carpand A 42U 0.0787 Q2228 5138 0.2464 08972 18.086
Pooied Vahes 320 0,063 0.1793 §.504 0.2397 046783 21.169
Paramatyy 3—Scoreh time, (min) 130 °C
Fnal Sunmay Table: Precition Values
Averages ghen in incaasing order
W\ Laharattries Betwaon Laborgiones
. & r n SA R ()]
1. Carpand A 199 0.1141 0230 16285 0.2471 0.6002 35214
2. Carpard B 0.61 04932 1.3956 16213 12672 35577 401325
4. Campard D 8.7 0.2524 0114 8.149 0.0697 18981 21621
3. Campoung C 9.73 04239 09150 9406 1.3838 39161 40.257
Pooied Velues 731 0.3268 0928 12,850 0.8887 27924 B.217
Paamutsr 650 % cure tme, (min) 150 *C
Fnal Suenary Table: Precsion Veues
AvEragEs ven € ey arder
Within Laborataries Between Laboraiones
Materia) Average
8r ' [} SR R A
1. Compasnd A 558 0.2100 05843 10.691 0.4654 1.3172 23.698
2. Campound 8 1334 0.5802 1.5852 11.682 0.6908 2.0022 21.011
3, Campaund C 1720 0.3975 11250 6.39 11619 32883 19113
4. Carpoa ) 1756 03333 09603 §.470 1.1049 11289 1782
Pooied Velues 13.46 0.3983 14272 8374 09726 27526 20448
PorEmet 550 % oure time, (min) 150 °C
Finl Summery Tahie: Procision Valuss
Avaragm given i incTRasing order
S N Wathin Labortorie Betwesn Laborzioces
- v Sr r [} 8R A ]
1. Compound A 19" 06954 1.9680 16921 12689 36804 30133
2. Comgourd 8 19.90 0.7048 1.6084 10.031 14111 36934 20.065
3. Compouna C 3007 08387 1.8075 6,010 2.1003 59409 19.763
4.Carpand O 3382 0.9767 27699 8.264 25473 7.2089 21507
Pocied Values 229 0.767 2.1708 9.080 19092 5.4030 22599
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&b o 2084
X2, HISTORY OF THE OSCILLATING DISK CURE METER

X2.1 Oscillating disk cure meters were first made com-
mercially available in 1963. The first units oscillated at a
frequency of three cycles per minute, typleally at £3° of arc.
The dies (SCD) for these early cure meters were commonly a
2.in, square cavity 0.4 in. high, with a biconical rotor
centered in the cavity. A typical robber sample of 1.1§
specific gravity weighed 22 g, and was loaded in two pieces
above and below the rotor. A 20 to 60-s preheat was required
after closure before collecting data. The strain on the sample
at 3° arc was 21 %.

X222 Frequencies of oscillation of 10, 100. and 900 cpm
were made available over the next five years, These creaied
different curve shapes due to the heat encrgy added to the
cavity in working the rubber, breakdown of polymer struc-
ture when curing under dynamit conditions, and the shear
rate dependence of the rubber flow resistance. Figure X2.1
comperes the cure meter curves for the various speeds of
oscillation using the square dies and an arc of £3°.

X2.3 When the oscillating disk cure meter was first
proposed as an ASTM standard in 1968, a smaller, produc-
tion-sized table model of the cure meter was introduced
along with a new die that was 2 in. in diameter (LPC dies).
This circular die had the same height and used the same
rotor as the square dies. The LPC die produced similar
torque valyes for minimum and maximum torques as the
SCD die., The sample could be laaded as one piece on top of
the rotor for most stocks. The practice of adding a preheat, as
commonly used with the SCD die, was eliminated The
climination of the preheat time led to slightly faster cures for
the LPC die. Another advantage of this die was the flat lower
die surface which allowed easier removal of the cured sample
for most stocks.

X2.4 In 1971, a smaller version of the LPC die. cafled the
MPC dic, was adopted in conformance with Test Method
D 2084, The MPC die used a rotor with a diffcrent conical
angle. At 3" of arc, the strain is 48 ® versus 21 % for the
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FIG. X2.1 Comparison of Oscillstion Frequencies Using the
Square Die and 23° Are

360

larger dies and rotor. Higher strain leads to higher torques,
and the smaller specimen (10 to {2 g for a stock with 3
specific gravity of 1.15) gives a cure curve with a significantly
different shape, as shown in Fig. X2.2. Higher torgues have
been shown 10 cause slippage at the surface of the rotor for
many stocks, and that slippage is a potential source of
variation in (est results. Stadies conducted with the smalles
dies and rotor indicated slippage due 1o rotor contamination
was common abave 50 in.<Ibs of tonque. As a result, Test
Method D 2084 specifies a 1° arc of oscllation as standard

with a 16 % shear strain,

X2.5 The curves obtained with MPC dies at 1° arc were
used as standards until 1987, when funher reductions in the
temperature recover time became possible due to improved
temperature controllers.

X2.6 Another improvement introduced at this time was
the reduction of the mechanical compliance of the rotor
drive system for improved reproducibility between instru-
ments. The improved mechanical design inceased max-
imum torques, but lowered minimum torques by reducing
friction. Faster temperature recovery has two advantages:
first, the cure is closer to the desired cure temperature of the
wst for more accurate results; second, the potential for
variation in results due to cooling of the rotor during loading
and unloadmg is greatly reduced. Table X2.) iliustrates the
potential operator effects.

X2.7 As part of the continuing evolution in cure meter
design, a number of manufecturers have introduced rotorless
cure mcters. These cure meters use a ssmpleof 3 0 5 g, with
a thinner cross section to obtain more rapid temperature
recovery and more uniform temperature throughout the
specimen. The dies are usually directly heated, and smaller
in mass than for the oscillsting disk cure meters, so that
faster temperature recovery can be achieved. By eliminating
the rotor, the surface area under load is reduced so that
smaller tomue values arc achieved. Faster temperature
recovery leads to faster cure times. Figure X2.3 compares
typical cure cusves for an SBR stock from the cotoress and
oscillating disk cure meters.
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b D 2084
TABLE X2.1 Operutor Effects an ODR Cure Meter Tests o ;

-— v Cure Times, min P e A

Sampld Loading Varigdia T2 50 0 e 1* A
WM

Optmum loading tme (20 %) 201 35t 5.66

2w 0AGN] tme 23 380 633

+ change with laading 1me 159 " 6o
2300 Tamperature Recovery:

Optmum loading time (20 s) n 3.06 540
2mn M tme 1.88 an 6.60 . 1L v 8§ U
£ changs with losding tme 1] 686 3.7 Ture (M

FiG, X2.3 Comparison of Cure Metera Using SBA Stock

Tr-mmsmmrm»gwmmummpmmm-umdwpmmmmmmm
with any hem mantioned i the stendard. Users of this e ly edvised thay of the vaRdiy of eny such

patent righis, and the ek of inringament of such nghts, mmwwmawwmy

Ths standard fs subject (o revision &t eny (kne Dy the respor hnical and myst be 1 d every live yesrs and
¥ nol revised, eRther re8pproved or witharewn. Your coraenen®d &r9 ivited &M (o7 revision of tha siendard of for atti¥ions standards
and £hould De 80dressed to ASTM MeeOqertr. Your cammery will fecave Carvlud a & auating of the respansbe
tachnical commime, wiich you may atend. If you fesl Ihe? your comiments have nal raceved ¢ felr hes/ing you Should make your
views nown fo (he ASTM Commates on Stendards, 1916 Race St., Philadelphia, PA 19103,
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Anexo7: Detalles del equipo, condiciones de ensayo, forma del especimen,

procedimiento y calculos de abrasion segiin la ASTM D 3389 — 75,

45]}) Designation: D 3388 - 78

Standard Method for Tlestlng;
COATED, FABRICS—ABRASION RESISTANCE
(ROTARY. PLATFORM, DOUBLE-HEAD

ABRADER)'

This Siandard is isswed under the fixed devignation 1) 338; theimumbcr immaodiatcly fnthveing (he Jdeounatum imbivates the
yesr of urifuml uadnpliom ar, in the cuse of revision, the yen ol M‘\l eevinmn A anbice i panalliows igheates the sear of law

respprova

1. Scope

LV This mcthel covers the determinagion of
the resistance to ahrastun of fbries contad with
rubher ur plastics. The abrusion is menstred by
mass Joas,

2. Summary of Method

. 2.1.-Abrusion - resistance of Fabrics coated
with ruhher or plastics is measured by sobject-
ing the specimuen 10 the ratary-rubhing uction of
iwo ahrasive wheels under contralied conditions
of pressure hy the wse of the revolving plstfisent.
dusbic-head (RPOIY) abroder® (Fig. 1). This
action ix maintained by the use of steel Type
§+35 ahraxive whels,

3 Time Lapse Between Manwfactoring and
Testing

3.1 For all test purposes, the minimunt time
between munufucturing and testing should he
16 h,

3.2 For non-product tests the masimum
lime between monufaciuring und testing should
be 4 weeks. For cvaluntion intended: to he
cumparahle, the tests, us far us possihle, should
be carried out afler the sume time interval,

1.0 Lor produet 1ests, whenever possibly, the
lime between munufucturing and testing shovld
not exceed 3 months. In. all other cases, tests
should he made within 2 months of the dute of
receipt by the customer.

4. Apparatus

4.1 Abrasion Apparatus (RPDH). com-
prised of u removahle fut circulur spicimen
holder, a pair of pivoted arms o which (he

'

Sﬂhm.\iw wheels are atachal, o molor lor
avtanting the platloem aml spwennen. o Fan for
ol the o, amd g oot b anbeitoe
‘the revolutions of the specimen holder. The
"spwecinien habder shidl e momted 1o praluee
earenlar surbisce teaved of e esentalby
‘specimen in the pline of its surface st 2 nnitann
_?nngulm velovity, The abrasive wheeh, which
sre attached o the tree end ol the pvoted arms,
‘shall rotute and have, when resling on the
pecimien, @ peripheral engugement with the
‘snrfiee of the specimen, the disection ol teavel

il the periphery ol the wheels and of the

.specimen at the contucting portions heing ut
‘nente angles, and the angle of tracel of o
-wheet periphery heing opposite 1o that of the
‘other. Mation of the ahrisive wheels. in oppo-
;site direviions, sl be provided by’ ratation of
_the specimen and the ussoviated friction there.
from, .

401 The specimen holdee shall be sup
ported hy an adapter thul is molor-driven and
“that provides mation tor the circular travel of
the specimen holder,

v 402 A clumping ring shall he used 1o secure
“the specimen to the specimen holder,

b4 The ahrasive wheels shall be Type S-38
ssteel wheels amld are mounted on independently
‘pivoted armis, which provide free-floating ac-

* This methnd is under the jurisdition of ASTM Com-
o mitiec D11 on Ruhher and in the dilt rexpomibility of
i s_r%hm:‘nmnm DY wa Costed Fabrion and Rubbdes
. read.

Current cdilion appeoved May M), 1973, Published
4 dune 1978

"The Tabee Abrader und N-35 wheels, munuluciurgd hy
3 fhe Vuher dnstrument Cu, North Tonawanda, N Y., meets
; thew rapinrements
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Ll
tion Lo cumpensale for any minar unwumm in
‘the fpecimen and ensurd umlorm pressure of
the: shraxign wheels against the spevifiTen ul ]
times,

AL 4 The appacatus shall be pmvukd with a
verticnl-Farce idjismrent Tweights) Tor varying
. the vertheal -foree of the abryder’ wheels om the
Cspevignien. The pivated abrader anus withiout
au:uhur) masses or counterweights apply 8
Cwertial Turce upainet the speciawa of 245 N
(35049 perwheel, A sturt on thi deur endof the
-ahrading ann may he used (o earty @ vounter-
wuight when it is dusited 1 reduice thy whel
loud"rtam 245 N (150 g (o, [zs N (M. ah
_ sshun esting delicate mmeriur"\ N
¥ Anxiliary Approtus—A' slm‘ brush ﬁmll
m pmm)al for somuval ol lous pursicles lfuin

the ’sﬁmmm The siels defiverid to a shanifuld
of ‘qnule waw n;\- ptﬂwrt, d\nu be iine

mmm @l 300 ¢ 35 kPu (070 E i)y W

virouuin cledfier ant ait $houly h: umwd o gy
nll
Y Bolumer, - suitadde for w«.nghmg lu chu
IO R T
S u'hm ltmrinx\—- llw .dir.nlcr vt\!o:cl
Iu.‘nrmps. fluit i, the Twe p.ur\ o l\udnny

Tntatled ' the frce dmd of the piy vling drms o1

At 1ln.~ alsider - houls, shoitl ot Slich
l\h\u 1 B ;j s spav apale It guich dn\m;-
muljuq i, l"u I e laiger, M «lq,wc ol Freddan_
ol ral ire, ut these |M.'.ll‘lll;'\ lmumq " nul I
‘s -d - .

A Wty Fusiiun- =) e \wlkul \llsm‘m-\:

!!’mu llw vt ct:uhlu. pmul pmm ullllc. .nhrgc.hr 2 £

“ab e e Suaj ol 1ia<- ApReine Trobdher sha)l e
Cap pm\muuh bl uun (08 i This mu-.uuj
S amcuﬁcd o pr‘wm pm\myu) ‘af erfois
Lincuefid) by inssadlingsu Mt bearings oF the

ld\L L5E U Ui spcinten pligform. Ay < puiy
hum Al bR inude’ sudh thu the pltfurm-will L
“roidain Bt thi ab«u apm.lﬁcd lisved., Thg spvis |
“nivn - platforn shalt nitale: in the- pl.mc Wits. .

ssuthne, 46 it l‘nna. b Aty s ‘aad ctluhbu 3
lx.ndqm.} s uu\‘lﬂg ]Ix\; hlﬂd\.r and, .M‘np‘ﬂ'
shalk e ﬂ.pl.u.-cd e ﬂmuu hcmmg,mslqlln,o.l K, .
smmurl the'specimen holder,

S

-I " “Platfirm, Smwl—t hn. spml nr rm.jmml .

__'-mlvs
i lhrmu..huul Wiz west, R T

Rt | a

D 3389
~ ol the plull'oml shall be 7.0-4 0.1 rad/s {70 *
t tpm)

8. Test Specimens
5.1 Unless otherwise specified, muke five

~ tests tmeach sample of conted Tabsics.

5.2 Cut . circulitr test specimens  upproxi-

. otately 110 mm (4% -in,) in dismeter, Cul 2
-6-mm (Y%-in.) hale in the center of the speci-

wivn, Titke care in cutling out spu.hmm. Use
the bt “puction of the symple 10 be texted, 1t
should be free of holes, blisters, or - other

-1mpsr(vclmns
. .5-' le‘“‘t

&.l “Fest 'fhe- eondl\wned !peclrucns -in the
standisrd amosphicre fof 18ting, 20 2 2.0°C

the syrface o gl whoos. vad @ smalt vacoum. - -#0d 65 +- I % relative humidity. unlcss other-
_cleaiér ataghment (0 femoxe the toyse. partls,
Ccles! Teanty tbc spetimen durmg 1he test, (pm-. ;
" pressed Girs Which shall e free of mm-sturw.md

* vit. Sould e used fur Cleaning the suplack ol

Msc&peclﬁed. Qn thin RMexjble. mamiai; chal
cumgl be clamped o the specimert !lolder it
will be- nmary to_cement {Note" 1) Jhese
spburncfw to -soae - other sybstrate. A 10-ply
-found satisfactory.

- Ml be ¢ il o, siistuc:
m‘a;’ef 5‘500;;4‘ :h?“amgxdd "'él

ase. compnt d; allow the asscmbly to°

'umd u nvumﬁm ot vmhl lhe cssaubly
o&m-m mass..

ty " tmtuit the. %35 wheels un lllcll' mpcc-
nvc nanwd.!mh!-:m as indicated, by th¢ pﬁmmg
" onthé sli‘e Nl:l\n: wheel.s -

6% let.'tcrmim. the qn,gnal nasny ol‘ ih! specr
SR O e assembly, o both. Place i test
a]uuciuu,n witl dts ot side ap over the ruh-
“her vial. 9rf. the specinen: hotder. Sceute the
Cwunbicr) and; knaelod aut “in. pluce o bold the

u.-mu "ol e specimen. Plice the tmg, ‘lamp

nw,r nn.- :nwimcn und ngtucn ﬂw n.rew umg .

G Thr: Ic,\ur is cqmnps.d mlh 1 counter lhn(
np}.'mlt‘.\ in conjnnstlou walh rhy wrntable. Set
-the uoumcr }:l lclﬁg

éﬁﬂd paint s!z4ll ba: defned ay thu\
bi&ihn: ahradmg thyaegh lhetcculmg :

.{n‘nd t‘l‘ﬁ. vettigul T} £ 10 b uwtl by jeste
mgf%*mm;mn from cutti sumple. The quality

e Ak neis o hy“couting will indicate
U ruingd, vertieal Torce and; dic awmbcr. of
nv;oludam “needed] to measure the pbrasion
n:Mhlimut ul' tlw evinting. Afier cslablkhing the

7
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]
soqquices vertical force nmd nember of revolu

“ liors, test the specitivl nember of spechmiens fos)

vach sampie. Do anl abrade theaugh the conle
inp, This mueibod i fir sesting the sibrasion
rexistunee af the codling vnly. '

6.6 Cteoning of Specimen—Clean the speci-
men of abrasive particles on a schedu!cd basis.’
The vacuam cleancr. compressed air, and a
brush should he used for this purpose. Wlpc lhe
rubber mat clean ufer <ach tost.

6.7 At the conclusion of the test, weigh lhe
specimen and report the mass loss os grams Im.\
per cevalution.

7. Calcdlstion ~ ' i
7.1 Calevlate: |hc lonx in mass as fol!ows
Mass foss jwr rovolutiun, g -

originai mass (before tey) — final mass (afler test)

number ol revolulions h

Example: : :
12.3596 Ori nll Muss, -

12.2829 Find) Mass.p ' ;

00767 Matss § s, 2. for 500 revelutions

L '{.

0 3389

8. Repord

K. The report shafd iachsle the tollowing:
%41 Tes camlitious,
800 Nusnbere of specisens tested,
I Type ol wheels,
8.1.4 Total revolutions und verticsl force
used. and
B.1.5 Mass loss per revolulions, my

9. Precixion

@1 Precision--la Tahle | the cocflicients ef
varitian have been wtsmated for the biss in
matss with the 8:38 whedds over the sunpes of
leat eonditenna, which dennie macke Tisling
e bnath rate sl durstin of abraseea, jespuee
tively The awammum  cifforences  dumpst
should b considerad accentahle for twan renlis,

Nom 3—~Thew precision dittn ure approvimations
based on Bmiled datis. | ive specemiens of cweh of vy
materisls wore Woted ovee 3 2day persed. by five
Iaboraturics, covering the eange af test conditions and
propesty levels guhulared aboave. Three of ihe maee-
vinde, abrided d¢ mezeh whentival sates. weee nlilized
foo eatremate sinple opaaatig prsvoaan it §D depsmes o

w - .13 mg nes revalution Fressbuim. Multilabasatery  pacivien iy beva o
00 = mated i 1T degaves of freedum,
¥
. . Ml
, ‘:“"'h‘ la:mulm)
AUl { Rupro-
: IRepeathilitn)| g cmitaey
. Addad lvad, @ ﬁmo W | e 18100
Ahraslon rale, Ill[l per fev- ‘a8 00} to nN.NM
olulinn '
Total sevoluticsx: + S to 2300
Coclficient of vasiation. | 12
percea of mean, S ¥
Acceplable runge ‘of lwo |;
results, pa\znl of mean. N
D2S% :

.

' The Amevican Soelety

nd Materials tebes nn pasition respeciing rh validisy of eny porens rights crserted |
connderion with any item .@'mﬁﬂ" aadord are ,VJE e .

At standard, (isres of 1hfs st

deseomination of the

walidity uf aav mch patewt righu, ond the risk of infeisgemént of sk eeeliy, is mrmfr beir unnt vespoaubilite,

yoary and |f nof

vither
]uaddhiunalmwmuddnmﬂo ASTM "

<AL

ato of the

™ wa«dwdw 10 revision dt ey e by the rponcihle fevhsicel conrwhtee aid wus He revieswed ever
or withdrawa. Vonr commivnis gep tuvhed pUApY frr petagin of thin o "

),

rs. Yoor ¢ nry wilf

rurcfl cuadderuion

ical comusilice. whivk you may uttend, If vou fovl thar vour commons kave nol receveed

a;wmm;,wmhmummmamnm Cummarer on Niandords 1916 Race St Phidadeiphie, Pu.
1900), which wil schedate u further hearing regarding voir comments. Faltiog sutisfartian theve. vou may appeal w ihe

ASTM Raad of Pirevtors
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Anexo 8: Detalles de dimensionamiento del espécimen de prueba, tipo de

..

indentores, procedimientos y reportes de ensayo segiin

ASTM D 2240-02.

Designation: D 2240 - 02 .

Standard Test Method for

Rubber Property—Durometer Hardness'

This standard Is ierued uader the fixed desigastion D 2240; 1bs qumbcy i

N foloni et oration iodi

the year of

eriginal sdaption or io the cxsb of revision, e year of kst revisim. A oumber mvmntht.ml'ndmulh ywar of last respproval. A
supencript epsilon (s) indicates an ediforia! change sioes the tan @visius or rapproval.

This stendard has been approved for use by agencias of the Deparimnt of Defarve.

fa
1. Scope -

1.1 This test mcthod describes eight types of rubber bard-
ness measurement devices known as durometers; types A, B,
C. D, DO, O, 00 and M. The procedure. for i
indcalation hardness of substaqces classified as thermoplastic

lastumers, vulcanized (thermoset) rubber, elastomeric-materi-
als, cellular materials, and some plastics is also described.

1.2 This test method is not equivalent to other indentation
bardness methods and instrumemt types, specifically those
dwcnhed in Test Method D 1415.

t.3 This vest method is not applicable wo the tcmng of

coated fabrics.

1.4 The values stated in ST units are to be regarded &s’

standard. The values given in parentheses are for information
only. Many of the stated dimensions in SI are direct conver-
sions from the U. S. Customary System lo accommodate the
inistruroentation, practices and procedures that existed prior to
the Metric Coaversion Act of 1975.

i.5 All materials, instruments, or equipment uscd for the

D 1349 Practico for Rubber—Standard Temperatures For
Testing®

D 1415 Test Method for Rubber Property— International
Hardness*

D 4483 Practice for Delermining Precision for Test Mcthod
Standards in the Rubber and Carbon Black Industries®

F 1957 Test Method for Composite Foam Hardness-
Durometer Hardness®

3. Summary of Test Method
3.1 This test method permits hardness measurements bascd

- on either initial- indentation or indentation aiter a specified

period of time, or both. Durometers with maximum reading
mdicators used to determine maximum hardness values of a
material may yield lower hardness when the maximum indi-
cator is used.

3.2 The procedures for Type M, or micro hardness duromn-
eters, accammodate specimens that are, by their dimeasions or
configuration, ordinarily unable to have their durometcr hard-

detennination of mass, force or dim shall have bil

ity to the National Institute for Standards and Technology, or

other internationally recognized organizstion parallel in nature.
1.6 Thig standard does not purport to address all qf the

safety concerns, if any, associated with its use.- It is the .,

responsibility of the user of this standard to esrablish appro-
priate safety and health practices and determine the applica-
ity of negu!awrv lintitations prior 10 use..
apilanr!,
z. Referenced Documents
2.1 ASTM Standards:
D374 ;l'est Methods for Thickness of Solid Electrical Insu-
lation’
-+ D618 Practice. for Conditioning Plastics for Testing®
D 785 Test Method {or Rockwell Hardness of Plastics and
f:lectrical Insulating Materials®

¥ This to§2 yoethrod is under the jurisdiction af ASTM Cogwnittes D11 on Rubber
and.is the direct msponsibility of Subcoramince D11.10 oo Physical lesting.
Currety edllion approved fas 10, 2002, Publisbed March 2002. Ongically
pnhlubed 48 D 2240 - 64 T. Lagt previous edition D'2240 - 00.
* Aswval Book of ASTM Stamdards, Vot 1001. .
* Areaeal Book of ASTM Standards, Vol 08.01,

néssd d by the other durometer types described. Type
M durometers are intended for the testing of speciroens havmg
a thickness or cross sectional diameter of 1.25 mm (0.050 in.)
or 'greater, although' specimens of lesser dimensions may be
successfilly accommodated under the conditions specified in
Section 6, und have a Type M durometer harduesy range ol‘
between 20 and 90. Those specimens which have a durometer’
bardness range other thap specified shall use another suitable
procedure for determining durometer hardnoss.

4. Significance and Use

4.1 This test method is based on Lhe peaetration ol a specilic
type of indentor when forced into the material under specificd
conditions. The indentation hardness is inversely related to the
penetration and is dependent on the elastic modulus and
viscoelastic bebavior of the material. The geometry of the
indentor and the applied force influence the measwrements

« such that no stmple relatlonship exists between the measure-

ments obtained with one type of di er and those ob d
with another type of duromeler or other instrwnents used for
measuring hardness. This test method is an empirical test

* Anral Book of ASTM Standards, Yo 09.01.
3 twwaeat Book of ASTM Standards, Vok 1507,

Copyrght ©ASTM Inlesnational. 100 Bsrr Harbor Drive, PO Box C700. Wasf Conshohacken, PA 104282050, Usitod States.
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-intended primarily for control purpases. No simple relationship

exists between indentation hardness determined by this test
method and any fundamental groperty of the material tested.
For speeification purposes it is recommended that Tost Method
D 785 be used for muterials other than those desrribed in 1.1,

S. Apparatus

5.1 Hardness m ing apparatus, or d , and an
operating stand, Type 1, Type 2, or Type 3, refes to 5.1.2,
cousisting of the following companents:

5.1.1 Durometer.

S.1.1.1 Presser Fodl, with an ogifice{to allow for the
protrusion of the indentor) having a diameter as speciGed in
Fig. 1, Fig. b, or Fig. l¢, with the center a minimum of 6.0
mm (0.24 in.) from any edge of the foot.

5.1.1.2 Presser Foot, Type M, with an orifice (to allow for
the prouusion of the indeator) having a diameter as specified in

*. 14, with the ceater a mimimum of 1.60 mm (0.063 in.)

K .;):m any edge of the flat circular presser foot.

‘Fia 1d

5.1.1.3 Indentor, formgd from steel rod and bardened to 500
HV10 ond shaped in accordance with Fig. 1a, Fig. 1b, ar Flg.

w

¢2.8+0:.3mm.
0.111+0.01 :un)’]

) 2.5£0.04mm.
(0.098+0.0021n)

AT ZERO
READING

Figure 1c¢ Type A and C Indentor

93.6£0.1mm.
(0.140%0.004in) ]

1.19+0.08mm R.
(0.04680.002in R.)

Figure ¢ O, DO, ond oo Indentor

Ic, polished over the conlact area so that no flaws are visible
under 20X magnification, with an indentor extension of 2.50 =
0.04 mm (0.098 = 0.002 in.).

5.1.1.4 Indentor, Type M, formed fiom steel rod and hard-
coed to 500 HV10 and shaped in eccordance with Fig. 1d,
polisked over the contact erva so Lhat no flaws are visible under
50 magaification, with an indeator extension of 1.25 = 0.02
mm (0.049 + 0.001 in.).

5.1.1.5 Indentor Extension Indicator, (analog or digital
electronic), having a display that i3 an inverse fanctian ol the
indentor extension. The display shall indicate from 0O to {00
with equal divisions tuoughoat the range at a ratc of cue
hardoess point for each 0025 mm (0.00) in.) of indentor
movement, for Type M durcmeters, the display shall indicate
from 0to 100 with no less than 100 equal divisions at a rate of
one bardness paint for each 0.0125 mm (0.0005 in.) of indeator
movement.

5.1.1.6 Timing Device (optional), capable of being set 10 a
desired elapsed time, signaling the opesator or holding the
hardness reading when the desired clapsed time has been
reached. The timer shall be sutematically activated whea the

_ $2.820.3mm.
[(AREE: uo_.omns‘]

2.5%+0.04mm.
(0.088+0.002in)
0.100£0.012mm. R
AT ZERO (0.004+0.0005in R}
READING

Figure 1b Type B and D Indentor

1 1950 O3mm
(0.042+£0.001in)

Figure 1d Type ™ Indentor

FIG. 1 Durometers

2
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presser foot is ia contact with the specimen being tested, for

example, the initial ndeator travel has ceased. Digital elec-

ronic dwrometers may be equipped with electronic timing

devices that sball not affect the indicated reading or determi-

nalions atizined by more than ope half the calibration tolerance

staled in Table 1.

5.1.1.2 Maximum indicators (optional), maxunum indicac-

ing pointers are auxiliary analog indicating hands designed to

remain at the maximum hardness valne attained until reset by

the operator. Electromc maximum indicators ere digital dis-

plays electronically indicating and maintaiming the maximum

value bardness value achieved, until resetty the operator.
© 5.1.1.8 Andlog maXimum indicating pointers have bean
shown to bave a nominal effect on the values astained, however
this cffcct is greatcr oo duromcters of losser totel mainspripg
loads, for example, the effect of a maximum indicating poiater
on Type D duromeler det@minations will be less than those
delerminations acbieved using a Type A dwometer. Analog
stylc durometers may be equipped with maximum indicating
pointers. The effect of a‘maximum indicating pointer shall be
noted at the time of calibration in the calibration report, refer to
10.1.4, and when ccparting hardness determiralions, refer to
10.2.4. Analog Type M durometers shall not be equipped with
maximum indicating pointzrs.

5.1.1.9 Digital electronic durometers may be equipped with
electronic maximum indicators that shall not affect the indi-
cated reading or determibations attained by more than one half
of the spring calibration tolerance stated in Table 1.

5.1.1.10 Calibrated Spring, for applying farce to the inden-
tor, in accordance with Fig. 1a through Fig. 1d and capable of
applying the forces as sperified in Table 1.

5.1.2 Operating Stand:

5.1.2.1 Type 1, Type 2, and Type 3, shall be capable of

~X

o

supporting the durometer presser foot surface paralle] to the

specimen suppor? table (Fig, 2) throughout the travel of each.
The dusometer presser foot to specimen support table parallel-
ianshnﬂbevedﬁedmhﬁmethemtspedmmwppmlnble
is adjusted to accommodate specimens of varyiug dimensious.
ﬂus roay be accomplished by applying the durometer presser
/.‘;ox to the poiat of contact with the specimen support table and
making adjustments by way of the dusometer mounting assem-
,;' bly or as specified by the manufacturer.
5.1.2.2 Operaling Stand, Type ] (specxm to indeator
type), sball be capable of applying the specimen to the indemtor

YABLE 1 Durometer Spring Force Calidration
All Values are in N

ndicated Velue

TypeM  TypeA. 8,0 TypeC,0.00  Type OO
0 0.324 056 0.203
0 038 ‘13 4445 0264
20 0.412 2.05 8.89 0385
0 0456 23 13336 0478
40 08 338 17.78 0588
50 0.544 43 2226 0657
0 0580 .08 2667 0.740
70 0.633 6.8 N5 0.839
80 0877 8.55 35.50 093
90 0721 13 40,005 102
100 0.786 805 4445 1an
4 Nidurometer unit 00044 0075 04446 000909
Soring Caldration  <00178N  =0,075N Z0MASN  £00182N
Tnlnm

—— DURONCTER LOUNTD ASSY.

= DUROVETER
RENAN

o4

feo——— TABLE GUIE POST
UOUNTING ASSY. GUIDE POST 'L“

— TFELIMEN SUAPORT
0:13

y

FIG. 2 Durometer Operating Sand

in a mamer that minimizes shock.

5.1.2.3 Operating Stand, Type 2 (indentor to specimen
type), shall be capable of controlling the rate of descent of the
indeqtor to the specimen at a maximum of 3.20 muvs (0.125
in/s) and applying a force sufficient to overcome the calibrated
spring force as shown in Table .

5.1.24 Operaiing Stand, T)pe 3 (indentor to spucimen
type), hydraulic dampening, pneumatic dampening or alectro-
mechanical (required for the operation of Type M durometers)
shall be capable of controlling the rate of descent of the
indentor to the specimen af 4 maximum of 3.2 muw/s (0.125
in/s) and applying a force sufficient to overcome the calibrated
spring force as shown in Table 1. Mamual application, Type |
or Type 2 operatmg stands are not accepable for Type M-
durometer operation.

5.12.5 The entire insgument should be plumb and level,
and resting on a surface that will mininize vibration. Operating
the instrumcnt under adverse condilions will ncgatively affoct
the determmations ‘attained.

5.1.2.6 Specimen Suppori Table, (Fig. 2) integral to the
operating stand, and baving a solid fat surface. The spacimen
support platform may bave orifices designed to accept various
inserts or support fixtures (Fig. 3) to provide for the support of
irregularly cmﬁguled specimens. When inserts are used (o
support test specimens, care must be taken to align the indentor
to the center of the insert, or the point at which the indentor is
to contact the specimen. Cate should be exercised to assure thal

~ the indentor does not abruptly contact the specimen support
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FiG. 3 Small Specimen Suppart Table

table as damage to the indeator may result.

6. Test Specimen

6.1 The test specnmeu, hemm referred to as “specimen” or

“test specimmen” interchangeably, shall be at least 6.0 mm (0.24
in.) 1n thickuess unless it is known that results equivalent to the
6.0 mm (0.24 in.) vajues are obtained with a thinner specimea.

: 6:1.1 A specirsen may be composed of plied pieces to obtain
"“the necossary thickness, but determinations made on such
specimens may not agree with those made on solid specimens

.- as the surfaces of the plied specimens may not be in complete
contact. The lateral dimensions of the specimen shall be
sufficient 1o permit measurements at least {2.0 mm (0.48 in.)
from any edge unless it is known that identical results are
oblaincd when measwements are made at a lesser distance

from an edge.

6.1.2 ‘the surfaces of the specimen shall be flat and paralle] -

~wer an area to pemmit the presser foot to contact the specimen

; + an arca having a radius of at lsast 6,0 mm (0.24 in.) from
xov tie indentor point. The specimen shall ‘be suitably supported to
provide for positioning and stability. 4 switable hardness
determination cannot be made on an uneven or rough point of
cordact with the indentor.

6.2 Type M test specimens should be at Jeast 1 25 mm (0.05
in.) in thickness unless it is known that results equivalent to the
1.25 mm (0.05 in.) values are obtained with a thimner speci-
en.

6.2.1 A Typc M spccimen that is not of a configuration
described in 6.2.2 may be composed of plied pieces to obtain
the necessary thickmess, but determinations made on such
specimens may oot agree with those made on solid specimens
because the surfaces of the plied specimens may not be in
complete contact. The lateral dimensions of the specimen
should be sufficient to permit measurements at least 2.50 mm
(0.10in.) lrom any edge naless it is known that identical results

Q= obtained when measwrements are made at lesser distance
om an edge. A suitable hardness determination cannot be
made on an uneven or rough point of contact with the indentor.

6.2.2 The Type M specimen, when configured as an o-ring,
circular band, or other irregular shape shall be at least 1.25 mm
(0.05 in.) in cross sectiopal diametes, unless it is lmown thal
vesults equivalent to the §.25 mm (0.05 in.) values are obtained
with a thinner specimen. The Specimen shall be switably
supported in a fixamo (Fig. 3) to provide for positioning and
stability.

6.3 The minimom requirement for the thickness of the
specimen is dependeat on the extent of penctrabon of the
mdentor into the specimen; for example, thinner specimens
may be used for materials having higher hardness values, The
minimum distance from the edge at which measureweats may
be made likewise decreases as the hardness increases.

7. Calsbration

1.1 Indantor E on Adj Procedure:

7.1.1 Place precision gvund dimegsional blocks (Grade B
or better) on the support table and beneath the durometer
presser foot and indentor. Amange the blocks so that the
durometer presser foot comtacts the larger block(s) and the
indentor tp just contacts the emaller block (Fig. 4). It is
necessary to observe the amrangement of the blocks and the

" presser foot/indentar under 2 minimonm of 20X magaification

to assure proper alignment.

7.1.2 Indentor exteasion and shape must be in accordance
with 5.1.1.3 or 5.1.1.4 rospective to durometer type (Fig. la
through Fig. 1d). Examination of the indentor under 20X
magnification, 50X for Type M indemtors, is required to
examine the indeator condition. Misshapen or damaged inden-
tors shall be replaced.

7.1.3 A combination of dimensional gage blocks shall be
used to achieve a difference of 2.54 mm +0.00 ~0.0254 mm
(0.100 in +0.00 -0.001 in.) between thewn. For Type M
dnrometers the gage block dimensions are 1.27 mm +0.0
~0.0127 mm (0.050 in +0.00 ~0.0005 in.) between them (Fig.

4).

7.1.4 Carefully lower the durometer presser foot until it
contacts the largest dimensional block(s), the indentar tip
should just contact the smaller block, verifying full indeavor
extension.

7.1.5 Adjust the indentor extension to 2.50 % 0.04 mm
(0.098 = 0.002 in.). For Type M duronieters, adjust the
indentor extension to [.25 * 0.02 mm (0.049 = 0.00! in.),
following the manufactmer’s recommended procedire.

7.1.5.1 When performing the procedures in 7.1, care should
be nsed so as not to cause damage to the indentor tip. Fig. 4
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depicts a suitable arrangement for gauging mndentor extension.

7.1.6 Paralleliss of the durometer presser foot to the
support swace, and hence the dimensional gage blocks, at the
time of instrument calibration shall be in accordance with Test
Mecthod D 374, Machinist’s Micrometers. The application of
this parallel tolcrance is not practical during routine use as
described in 5.1.2.).

7.2 Indentor Display Adjustment:

7.2.1 After adjusting the indentor extension as indicated in
7.1, use a similar arrangement of dimensional gage blocks to
verify the linear relationship betwc;,%ndeumr travel and
indicated display at-two poimts O and 100. Following the
manufacturer’s recommendations, make adjustments so Gat:

7.2.2 The indicator displays a value equal to the indentor
travel measured to within:

0.0 +1.0 dwometer units measured at 0;

+0.50 durometer unite measured at 100;

21 durometer upits at all other points delineated in 7.4.

7.2,3 Each duromefer point indicated is equal to 0.025 mm
(0.001 in.) of indentor trave], for Type M Durometers each
indicated point s equal to 0.0125 mm (0.0005 in.).

7.2.4 The indicator shall not display a value greater then 100
or less than 0 at the time of calibraticn. .

7.2.5 Other means of delermining indentor extension or
indegtor iravel, such as optical or laser measurement methods,
are acceptable. The instrumentation used shall have traceability
as described in 1.5.

7.2.6 The durometer shall be supported in a suitable fashion
when performing the procedures descaibed in 7.1 and 7.2

7.3 Calibration device:

7.3.1 The duromeler spring shall be calitrated by support-
ing the durometer in a calibrating device, refer to Pig. S, in a
vertical position and epplying a measurable force to the
indentor tip. The force may be measured by means of a balance

as depictedin Fig. S, oran electronic force cell. The calibrating*

device shall be capable of measuring applicd force to within
0.5 % of the maximum spring farce necessary to achieve 100
durometer units.
7.3.2 Care should be taken to cosure that the force is applied
@ :nically to the indentor tip, as lateral force will cause errors
+ in calibration. Refer to 7.1.5.1 and 7.1.6.
7.4 Spring Calibration—The durometer spring shall be

~ ven™ '-.-':oiia,
:
&=
I f |
I l | \-———- TS S8 6%
> 1 1 | — e
* & -4
AG. SExampie of D Callbration Ap

calibrated at displayed readings of' 10, 20, 30, 40, 50, 60, 70,
80, and 90. The measured force (9.8X mass in kilograms) shall
be within the spring calibration tolerance specified in Table 1.
‘Table 1 identifies the measured force applied to the indentor for
the entire rango of the instrument, although it is necessary only
to vexify the spring calibration at poiuts listed herein.

7.5 Spring Calibration Procedure:

7.5.1 Ensure that the indentor extension has been adjusted
in accordance with 7.1 and the linear relationship between
indentor travel and display is as specified in 7.2.

7.5.2 Place the durometer in the calibration device as
depicted in Fig. 5. Apply the forces indicated in Table 1 so that
forces applied are aligned with the centerline of the indentor in
a fashion that eliminates shock or vibration and adjust the
duromcter according to manufactnrers’ rccammcndations so
that:

7.5.3 At the points enumerated in 7.4, the display shail
indicate a value equal to 0.025 mm (0.001 in.) of indentor
travel, for Type M Durometers the display shall indicate a
value equal to 0.0125 mm (0.0005 in.) of indentor travel within
the spring calibration tolerances specified in 7.6.

7.6 Spring calibration tolerances are =1.0 duromeler units
for Types A, B, C, D, O and DO, %2.0 durometer units for
Type 0O, and +4.0 durometer unitz for Type M, while not
indicating below 0 or above 100 at the time of calibration, refer
to Table 1.

7.7 Spring Force combinations:

For Type M Durametexs:

Porce, N = 0324 + 0.0044 HM
Where HM = hardness reading on Type M durometers.
For Type A, B, and O Durometers:
Force, N = 0.55 +.0.075 HA
Where HA = hardness reading on Type A, B, and O
durometer.s
For Type C, D, and DO Durometers:
Force, N = 0.4445 HD
Where HD = hardncss reading ou Type C, D, and DO
durometers. .
Por Type OO Durometers:
. Force, N = 0.203 + 0.00908 HOO
Wherec HOO = hardness reading on Type OO durometess.

7.8 The rubber, or metal, reference block(s) provided for
checking durometer operation and state of calibration are not to
be relied upon as calibration standards. The calibration proge-
dures outlined in Section 7 are the only valid calibration
procedures.

8. Labératory Atmospbere and Test Specimen
Condjtioning

8.1 Tests shall be conducted in the standard [aboratory
atmosphere, 45 defined in Practice D 618, Section 4.2,

8.2 The instrument shall be maintained in the standard
laboratory atmosphere, as defined in Practice D 618, Section
4.1, for 12 h prior to performing a test.

8.3 The specimen shall be conditioned in accordance with
condition 40/23 exclusive of humidity control, as described in
Practice D 618, Section 8.1, Procedure A and tested under the
same conditions, exclusive of humidity control. .

84 These procedures may be modified if agreed upon
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setween laboratories or between supplier and user and are in
accordance with altemative procedures identified in Practice
D&18.

8.5 No couclusive evaluation has been made on durometers
al temperatures other than 23.0 * 2.0°C (734 = 3.6°F).
Conditioning at temperatures other than the above may show
changes in calibration. Durometer use at temperatures other
than the above should be decided locally (see Practice D 1349).

9. Procedure

9.1 Operaring Stand Opemnon (Type 3 Operating Stand
Required for Type M): K

9.1.1 (‘mzaballbemmdtommmzclhcwposnm of
the instrument to enviranmental conditions that are adverse to
the performance of the instrumeni, or adversely affect test
results. '.»‘.‘i«' oy c&’-‘.

9.1.2 Adpst the presser foot to support table parallelism as

cribed in $.1.2.1. 1 is necessary to meks this adjustment
@-h time the support lahle is moved to accommodate speci-
ens of varying dimensions.

9.1.3 Prior to conducting a test, adjust the vertical distance
trom the presser foot o the contact surface of the test specimen
0254 * 2.5 mm (0+.00 = 0.100 in.), unless it is known that
identical results are obtained with presser foot at a greater or
lesser vertical distance from the test specimen contact surface,
or if otherwise stipulated by the menufacturer,

9.1.4 Place the specimen on the specimen support table, in
a manger that the consact point of the indentor is in accordance

jith Section 6, unless it is known that identical results
btained when measurements are made with the indentor
lesser distance from the edge of the test specimen.

9.1.5 Actuate the release lever (Pig. 2) of the operating
sland or activate the electromechanical device, allowing the
durometer to descond at a controlled rate and apply the presser
foot to the specimen in accordance with 5.1.2. In the case of

“specuuen to indentor” type opemtmg stands, operate the lever

or other mechanism 10 apply the specimen to the indeator in a

gmer that assures parallel contact of the specimen to the

el presser foot without shock and with just sufficient
Q = to overcome the calibrated spring force as shown in Table

9.1.6 An operaling stand that applies the mass at a con-
tolled rate of descent, without shack is mandatory for Type M
durometers. Hand held application or the use of a Type 1 or
Type 2 operatiug stands for the Type M duwrameter is not an
acceptable practice, refer to 5.1.24.

9.1.7 Por any marenia) covered in 1.1, once the presser foot
is in contact with the specimen, for example, the initial
indentor travel has ceased, the indicated reading shall be
recorded within 1 = 0.1 s, or after any period of time agreed
upon aatong laboratories ar between supplier and user. If the
durometer is cquipped with a maximum indicator, the maxi-
mum indicated reading shall be recorded within 1 % 0.1 s of
the cessation of imdentor travel. The indicated hardness reading
may change-with time.

9.1.8 Make - five. determinations of hardness at different
nosilions on the specimen at least 6.0 mm (0.24 in.) apart, 0.80

”xm (0.030 in.) apart for Type M. and calculate the arithmetic
mcan, or altematively calcnjate the medisn. The means of

calculating the determinations shall be reported according to
10.2.8

9.2 Mamal (Hand Held) Operalon of Durometer.

9.2.1 Care shall be exerciscd to minimize the exposure of
(he instrament to envircnmeatal conditions thal are adversc to
the performance of the mstrument, or adversely affect test
results.

9.2.2 Place the specimed on a flat, hard, horizontal sutface.
Hold the durometer in a vertical pogition with the indentor tip
at 8 distance from any edge of the specimen as described ia
Seclion 6, unless it is known that idcntical results are obtained
when measurements are made with the indentor at a lesser
distance.

9.2.3 Apply the presser foot to the specimen, maintaining it
i a vartical position kecping the presscr foot parallcl to the

. specimen, with a firm smooth downward action that will avoid

shock, rolling of the presser foot over the specimen, or the
application of lateral force. Apply sufficient pressure to assure
firm contact between the presser foot and the specimen.

9.2.4 For any matcrial covered in 1.1, after the presser foot
is in contact with the specimen, the indicated reading shall be
recorded within 1 * 0.1 s, or after any period of ime agreed
upon among laboratories or between supplier and user. If the
durometer is equipped with a maximum indicator, the maxi-
mum indicated reading shall be recorded within 1 * 0.1 s of

- the cessation of initial indentor travel. The indicated hardness

reading may change with time.

9.2.5 Make five determinations of hardness at different
positions on the specimen at least 6.0 mm (0.24 ini.) apart and
calculate the arithmetic mean, or altematively calculate the
median. The means of calculating the detarminatioas shall be
reported according to Secton 10.2.8.

" 93 It is acknowledged that durometer readings below 20 or
above 90 are not considered reliable. It is suggested that
readings in these ranges nol be recorded.

9.4 (Manual operation (hand held) of a durometer will cause
variations in the resulls attained. Improved repeatability may
be obtained by using a mass, securely affixed to the durometer
and centered on the axis of the indeator Recommended masses
are ) kg for Type A, B and O durometers, S kg for Type C, D
and DO durometers, and 400 g for Type OO durometers.
Further improvement may be achieved by the use of a
durometer operating stand which controls the rate of descent of
the durameter presser foot to the test specimen and incorpo-
rates the masses described above.

10. Report

10.1 fnstrument Calibration Report (Durometer or Operal-
ing Stand):

10.1.1 Date of calibration.

10.1.2 Date of last calibratica.

10.1.3 Maoufacturer, type, model, and serial awnber of the
instrument, and a Zfotalion when a maximum indicator or
timing device is present.

10.1.4 Values obtained (pre- and post calibration results),
including a notation of the affect of a maximum indicator, if
present. The method of repotting the calibrated value shall be
by attaining the arithmetic mean of the determinations.

10.1.5 Ambient temperature.
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TABLE 2 Type 1 Precision—Type M Duromstar Method

Malerial Within | 1 8. Lab

MEAN  S* [ W S R R
1 38 126 368 124 376 1063 041
2 408 144 323 750 2.7 700 713
3 A0 0875 218 &1 238 BI3 {248
4 628 0182 221 35 2.u4 634 1040
5 708 0709 201 283 0974 278 389
6 806 1888 477 882 181 458 586
7 817 115 328 I 28 745 850
) 324 0547 268 828 .64 10.29 nrs
9 418 0797 226 540 223 631 1513
10 83 0669 189 358 2 6.49 1217
4 632 0488 137 217 MO 820 980
1?2 898 073 208 300 o008 280 4.02
13 783 0.784 222 284 1.04 264 316
1% s

AVBRAGE 614
POOLED 0924 262 426 2148 .07 9.89
VALUES
A8r= Aetk nt undts.
8ce ebilty % 2.83 X S, rd unikts,
€ (n mwahhmy, rdaim (lhat h in parcent).
3 unile.

‘R- reproducidBty = 2.83 X SR, messunsment unita.
F (R = reproducibiliy, relgtive, (thal s, in percer).

6, .

ll‘l

2 653 o 878 248 - 3181 21 608  9.27
3 680 0433 123 480 228 84S 949
“Pooled 818 0BI7 192 311 G168 6. 928
ASre ility standard doviall s,
8 Nty = 2,83 X Sr.

"(r)- upnhbimy rlatve, (ﬁm is. !n pnmam)

‘R-fwm’vdmry- 283 x SR, mersuramant units.
# (R) = reproducibilily. retative, (that ig, in percan).

unlts,

@ TABLE ¢ Type 1 Precision—Type D Durometer Method
Material Average Within Labaretories ﬁlﬂ#@n Laboretaries

Level Srx 79 ? T RY '
T 26 iﬁ 6 ﬁﬁ"_ i 'm' 7.98
2 545 OT9T 224 4 100 ta 4

3 823 1.04 286 347 35‘ 100 122

“Pooed 638 0782 218 3.8) 832 640 157
Py mp————— e o unite.
Ao lity = 2.63 X Sr. units.
© () = repastabiBy. eiative, (1hat fs. in poresnt).
A SR= ity

€ Re< reproducbility = 2.83 x SR, msnummm ums.
! (R = caproduciblldy, relstive. (et is, in parcant).
10.1.6 Relative bumidity.
10.).7 Tecbnician identification.
10.1.8 Applicable stendards to which the instrument is
calibrated.
10.1.9 Calibrating mstrument information to include type,
serial number, manufacturer, date of last calibration, and a
im;natemcnt of traceability of standards ased to NIST or other
“acceptable organization. See 1.5.

102 Hardness Measurement Report.

10.2.1 Date of test.

10.2.2 Relative bumidity.

10.2.3 Ambient temperature.

10.2.4 Manufacturer, type and serial number of the durom-
eter or operating stand, or both, including a notation when a
meximum indicator or timing device is present, and date of last
calibration.

10.2.5 Means of lesting, whether manual (band held), Type
1 opauting stend (specimen to indentor), Type 2 operating
stand (indentor to specimen type), or Type 3 operating stand
(electromechanical ar hydreulically dampened).

10.2.6 Description of test specimen, including thickuess,
number of pieces plied if less than the thickness indicated in
Scction 6, including the vulcanization datc.

10.2.7 Complete identification of material tested.

10.2.8 Hardness value obtained and method of calculation,
either arithmetic mean or aitsmatively, the median.

10.2.9 Indentation hardness time unterval & which determi-
nation was made. Readings may be reported in the form:
M/60/1 where M is the type of durometer, 60 the reading, and
1 the time in seconds that the presser foot is in contact with the
specimey or from an electronic timing device.

11. Preclsion and Blas

11.} These precision and bies statements bave been pre-
pared in accordance with Practice D 4483. Refer to lhis
Practice for terminology and other testing and statistical

s,

11.2 The Type 1 precision for the Typs M method was
detormined from ap interlaboratory program with 21 materials
of varying hardness, with six participating laboratories. Tests
were conducted on two separate days in each laboratory for the
Type M lesting program. All materials were supplied from a
single source, being those commonly supplied as reference
materials with the instruments from the mannfacturer.

11.3 The precision results in this precision and bias sectioa
give an estimate of the precision of this lest method with the
materials (rubbers) used in the particular interlaboratory pro-
gram as desenibed above. The precision parameters should not
be used for acceptance or rejection testing, or both, of any
group of materials without documentation that they are appli-

. cable to those particular materials and the specific testing

protocols that include this test method.

11.4 The Type 1 precision for both Type A and D methods
was determined from an interlaboratory program with 3
materials of varying hardness, with six participating laborato-
ries. Tesw were conducted on two separate days in cach
laboravory for both A and D testing progrems. All matcrials
were supplied from a single source.

11.5 A test cesult for hardoess, for Types A, D, and M, was
the median of five individual hardness readings on each day m
each laboratory.

11.6 Table 2 shows the precision results for Type M
method®, Table 3 shows the precision results for Type A
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TABLE 2 Type 1 Preciclon—Type M Duromstar Mathod

Mterial Within Laboratori 8 Lab
MEAN  SA [ W SO RT (R
1 316 128 368 14 878 106 34
2 408 1.14 2 780 247 7.0 7.3
k] 40 0976 276 614 23 873 1248
¢ 628 0782 21 362 224 63 10.10
& 78 Q709 201 263 0974 2.7 383
8 608 1.888 477 682 181 4.68 6.85
7 871 116 326 n 263 745 6.60
e 24 o8 268 620, 64 1023 M1
9 4“8  0m7 220 540 223 8.3 1541
10 533 0660 189 355 220 649 129
1 832 0485 17 217 M0 6.20 9580
12 898 0733 208 300 088 280 402
3 ‘783 0.784 222 284 1.04 294 3.75
14 878 1121 847 362 268 749 8.8
15 M4 085 240 708 188 520 1525
186 423 0635 180 425 120 3» (1]
7 S48 0S8 159 280 218 609 118
18 68 (12 ar 804 147 a8 861
19 N3 0689 198 277 0844 287 380
20 8.7 0483 137 187 110 310 380
» 21 @19 0879, 249 282 - 207 560 667
AVERAGE 614
POOLED 04 282 428 216 6.07 269
VALUES
TAgre bty slanderd o units.
© r = regatebijty = 283 % &, mexmgnment unlls.
€1 = ropoasabilty, relstive, (trat ls, in parcent). :
2SR= ity nl unita.
€ R = wproduchiity = 2.83 X SR, measuroment Uils.
* (R} = repraducibilly, rekalive, (1at s, in percany),
TABLE 3 Typs 1 Procislon—Type A D Mathod
Aversge Batween Laboraodes
Materlal ) o — 7
T % E 5 1. z5]
2 86.3 0.878 248 381 22 808 927
3 B80 0433 123 180 228 646 .49
B18 087 192 311 2018 672 928
A5 bRy stand " unts.
8rs DRy w 2,63 X S, unfls,
C(sr) m-mm.tdam (that is, in percar).
R= Ality urdis.

£ R reproduchbliity = 2.63 X SR, meesweaent units.
? (R) = reproduaiblity, relstive, (hat iv, in percan).

@ ,

TABLE 4 Type 1 Proeislon-—'lypo D Durometer Mathod

Avernge in Between Laboratories
Material Level r
<428 3 8 210 X .
2 5456 0791 224 4t 354 100 184
3 82.3 1.01 2588 347 3.5 10.0 122
Xl 3. X X X

ASre bi dard daviell t itnits.
0n 283 x Sr, units.
c= mpmmy relative, (thel Is, | Inwr‘u)
O SR= unita.

€ Ro mproducitiily = 283 X SR, measuemant units,

F (R = reprodustBRy, relstive, {hat s, In parcant).

10.1.6 Relative humidity.

10.1.7 Technician ideutification.

10.1.8 Applicable standards to wlnuh the instnmment is
calitrated.

10.1.9 Calitrating mstrument mfomatxon 1o include lype, '
__serial mumber, manofacturer, date ‘of last’calibration, and a .
9} tatenent of traceability of siendards nagd to NIST or othq- 0c

acceptable organization. See 1.5.

10.2 Hardness Measwremen! Report:

10.2.1 Date of test.

10.2.2 Relative humidity.

10.2.3 Ambient temperature.

10.2.4 Manufacturer, type and serial aumber of the durom-
eter or operating stand, or both, including a notation when a
maximum indicator or timing device is preseat, and date of last
calibration.

10.2.5 Means of testing, whether manual (Lhand held), Type
1 operating stend (qu:imm to indentor), Type 2 operating
stand (indentor to specimen type), or Type 3 operating stand
(electromechsnical or hydmuhcany

10.2.6 Descnptxon of ftest specimea, mclndmg thickness,
gumber of picces plied if less than the thickness indicated in
Scction 6, including the volcanization date.

10.2.7° Complete identification of material tested.

10.2.8 Hardness value obtained and method of calculation,

" either arithmetic mean or altematively, the median.

. 10.2,9 Indentation hardness time interval at which determi-
nation was made. Readings may be reported in the form:
M/60/] where M is the type of durometer, 60 the reading, and
1 the time in seconds that the presser foot is in contact with the
specimen or from an electronic timing device.

11. Precision and Bias

11.1 These precision and bias statemeats have been pre-
pared in accordance with Practice D4483. Refer to this
Practice for termimology and other testing and statistical
¢ 2
11.2 Ths Type | precision for the Type M method wes
determined from an interlaboralory program with 21 materials
of varying hardness, with six participating Laboratories. Tests
were conducted on two separate days i each laboratory for the
Type M testing program. All materials were supplied from a
single source, being those canmenly supplied as’ reference
materials with the instruments fram the maaufacturer.

11.3 The precision results in this precision and bias section
give an estimate of the precision of this (est method with the
materials (rubbers) used in the particular iterlaboratary pro-
gram as described above. The precision parameters shounld aot
be used for acceptapce Or rejection lesting, or both, of any
group of materials without documentation that they are appli- .

. cable to those particular materals and the epecific testing

protocals that include this test method.
11.4 The Type 1 precision for both Type A and D methods
. was determined from an inferlabaratory program with 3
materials of varying hardness, with six participating laborato-
ries. Tests were conducted on two separate days in each
- laboratory for both A and D testing programs. All materials

' were supplied fram a single source.

11.5 A test resaif for hardness, for Types A, D, and M, was
the median of five individnal hardness readings on each day in

' eaoh

.11.6 Table 2 shows the procision results for Typs M

~ method®, Table 3 shows the precxsaon results for Type A

¢ Suppating daza sre ble from ASTM [s ions! Head
RE: D11-1091,

q Request
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method’, and Table 4 gives the precision results for Type D
metbod’. _

11.7 Precision—Thbe precision of this test method may be
expressed in the format of the following statements which ase
as appropriate value r, R, (), or (R), that is, that value to be
used in decisions about test results (obtined with the lest
method). The appropriate value is that value of » or R
associated with a mean level in Table 1 closest to the mean
level under consideration (al any given time, for any given
malerial) in routine Wsting operations.

11.7.1 Repeatability—The repestability, r, of these test
methods has been established as the appmwe e tabu-
lated in Tables 2-4. Twd single test results, obtained under
normal test melhod procedures, that differ by more than this
tabulated 7 (for any given level) must be considered as derived
from different or non-identical sample populations.

11.7.2 Reproducibility—The reproducibility, R, of these test
- ~thods has been established as the appropriate valne tabu-

lated im Tables 2-4. Two single test results obtained in two
different laboratories, under normal test method procedures,
that differ by more than the tabulated R (for any given level)
‘must be consideted to bave come from different or noa-
identicel sample populations.

11.7.3 Repeatability and repraducibility are expressed as a
petcentage of the mean level, () aad (R), have equivalent
application statements as above for » and R. For the(s) and (R)
staternents, the difference in the two single test results is
expressed as a percentage of the arithmetic mean of the two test
results.

11.8 Bias—In tes! method terminology, bias is the differ-
eace between an average test value and the reference (or true)
test property value. Reference values do not exist for this test
method since the value (of the test property) is exclusively
defined by this test method. Bias, therefore canaot be deter-
mined.

12, Keywords

7 Suppotiog data Deble Frora ASTM Intecustional Bead Requect 12.1 duromeder; durameter hardness; hardness; indentation
RR: Dmo;f. - N hardness; micro durometer hardness
APPENDIXES
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X1. DUROMETER SELECTION GUIDE

X1.1 The durometer selection guide is designed to assist in
the selection of the proper durometer type for various applica-
tions.

X1.2 It is generally recognized that durometer hardness
determination below 20 and above 90 are unreliable. It is

recommended that the next lower or higher type (scale) be used
in these situations.
X1.3 It is also recommended that, whenever possible, an

operating stand be employed in performing durometer hardness
tests.

TABLE X1.1 Duromeler Seloction:; Typical Uses

Type Rl —=E
[Scaie)

A Soft vulcanized nibber, natural fubber, nddies, thermoplestio 20-90 A
wehhm. fexiblo polyscrylics and thermosets, wax, lel, and

B8 Maderatety hard rubber. paper prod Abova 80 A
and Rtrous Below 200

C  Madium-irand rébbey, ic ok dium-hard Above 90 8
plastia and temoplaic Bdow 200

D Herd rubbey, thermoplastic elsstomera, harder plastica, and rigid Above B0A
thermoplastica

DO Moderztely hend rubber, Yrenmoplagtio elastomers, end very dense  *  Above 80 C
tedlle windings Below 200

M Thin, imegularly shapsd nubber, themoplastic elastomar, and plastic 20-85A
specimenp

O  38ok nbber, tremoplasic easiomen, very soft plastics and . Below20 DO
themmoplasfios, medium-density taxise windmgs

00 Extremety soft rubber. 1 5pange, axdremaly Baiow 20 0
o plastics god tharmoplasiics, foams, low-dansity textite windinga,
human and anima! tesue - :

CF Compositd foam matertls such as 1 ride safety cuehi Soe Test
vahicle sexls, hoadres! rests. and door panols Mathod F 867
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-X2. RELATED TEST METHODS

(Z 367 Test Mcthods for Strength Properties of Prefabricated
Architecturat Acoustical Tile or Lay-In Ceiling. Panels®

C 473 Test Methods for Physical Testing of Gypsum Panel
Product®

C 581 Practice for Determining Chemical Resistance of
Thermosetting Resins Used in Glass-Piber-Reinforced Struc-
tures Intended for Liquid Service'®

C 661 Test Method for Indentation Hardness of
Elastommc-‘rypc S ts by Means of a Dirometer!

C 836 Specification for High Solids Conteat, Cold Liquid-
Applied Elastomeric Waterproofing Membrane for Use with
Scparate Wearing Course'!

D461 Test Methods for Felt'?

D 531 Test Method for Rubber Property—Puscy and Jones

/ “1dentation*

D 619 Test Methods for Vulcanized Fibre Used for Electri-
cal lasulation®

D 1037 Test Methods for Eval\mmg Propema of Wood-
Base Fiber and Particle Panel Materials™

D 1054 Test Method for Rubber Property—Resilience Us-
ing 8 Rebound Peadulum*

D 1414 Test Methods for Rubber O-Rings'4

® Anmxal Book of ASTM Standards, Vol 04.06.
® Anmtal Book of ASTM Staxdardy, Vol 04.01.
_V® gnnual Book of ASTM Standards, Vol 08.04.
W gnral Book of ASTM Standapds, Vol 04.07.
2 Annual Book of ASTM Standards, Vol 07.01.
® Arwal Book of ASTM Stardards, Vol 04.10.
¥ Agruad Book of ASTM Standards, Vo! 19.02.

ASTM Infamationa/ takes no poskion respecting the valdily of any paterd rights

in this standard Users of this standrd are axpressly edvised

D 1474 Test Methods for Indentation Hardpess of Organic
Coalings's

D 2134 Test Method for Determiaing the Hardaess of Or-
ganic Coatings with a Sward-Type Hardness Rocker'®

D 2287 Specification for Nonrigid Vinyl Chloride Polyrer
and Copolymer Molding and Extrusion Compounds?®

D 2583 Test Method for Indentation Hardwess of Rigid
Plastics by Means of a Barcol Impressor'®

D 2632 Test Method for Rubber Property—Resilience by
Vertical Rebound*

D 4289 Test Method for Elastomer Compatibility of Lubri-
cating Greases and Fluids'?

D 5672 Test Method for Testing Flexible Cellular Materials
Measurement of [ndeatation Farce Deflection Using a 25 mm
(1 in.) Deflection Technique'®

D 6546 Test Methods for and Limits for Deter-
mining Compatibility of Elastomer Seals for industrial Hy-
draulic- Fluid Applications'®

F 1151 Test Method for Determimng Variations in Hardness
of Film Ribbon

" Note X2.1—The hardness testing of other boametallic materials may
be under the jurisdiction of ane or more ASTM comumiRieas; the respective
commiTes should be cootaced foc spedifis infoanation.

% Armua) Book of ASTM Standards, Vol 06,01,
1 Amwmol Book of ASTM Standards, Vol 08.02
" A2l Book of ASTM Stardards, Vol 05.02,
™ Anmual Book of ASTM Stdards, Vol 08.03,
 gnnual Book of ASTM Scandards, Vol 05.04.
 gmnual Book of ASTM Standards, Vol 15.09,
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Anexo 9: Apartado de ASTM D 412-92, referente a especificaciones del

equipo auxiliar.

Designation: D 412 - 92

SIariﬁard Test Methods for

Vulcanized Rubber and Thermoplastic Rubbers and
Thermoplastic Elastomers—Tension’

This standard I ssued under the fixed designation D 412; the oomber i diately lotlowi

the year of

he . S
‘original adoption or. in the case of mmon. the year of last revision. A number in parentheses i mdw the yeas of lasi reapproval. A

perscript epsilon (¢) indi an edi

chn&snulhehnmmarmwmi

Thae test mahods have been appr

of Defense 1o replace methads 4001, 4116, 4121, ond

d Jor use by Jes of 1he Dy
4411 of Federal Test Meshod Siandard No. 601 mlfw listing in the DoD Index of Specificanions and Standands.

1. Scope

1.1 These test methods describe proceduces used to‘eval-
uate the tensile (tension) properdys of vulcanized rubbers
and thermoplastic rubbets and thermoplastic elastomers.
The test methods are not applicable to ebonite and similar
hard, low elongation materials. The methods appear as
follows:

Test Method A—Dumbbell and Suraight Section Specimens
Test Method B—Cut Ring Specimens
I 2 The values statcd in either SI or non-SI units shall be
separately as normative for this Standard.. The
valus in each system may not be exact equivalents; therefore
each system must be used independently, without combining
" velues.

1.3 This slandard does not purpont to address all of the
safety problems, if any. associaled with its use. It is the
‘responsibility of the user of this standard to establish appro-
‘priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Docaments

2.1 ASTM Standards:
D 1349 Practice for Rubber—Standard Temperatures for
T -

D1566 Termmology Relating to Rubber?

D3182 Practice for R ~—Maternials, Equipment and
- Procedurés for ang Standard Compounds and Pre-
’d Sheets?

er-Preparation of Pieces for

paring Standdrd, ‘
D3183 Practice for Rupb
Test Purposes from Pruducts®
D;’Lﬁ Practice forv Ruhﬁ&r‘-—Musumment of Dimen-

D4483 Practice for Rnuheg' T
Test Method Standaxds
Indusm%a i

E 4 Practices for Load Venﬁ!;n_ on: or Tmng Machines*

%2 ASTM Adjuncr:

mmmps Precision for

ber and Carbon Black -

Cut Riag Specimens, Method B (D 412)°

2.3 SO Standards:

1SO 37 Rubber, Vulcanized and Thermoplastic Determi-
nation of Tensile Stress-Stain Propesties®

3. Terminology

. 3.1 Definitions:

3.1.1 tensile set—the cxtension remaining aﬁer a spec-
imen has been stretched and allowed to retcact in a specified
manner, expressed as a percentage of the ongmal length.
(D 1566) )

3.1.2 tensile set-after-break—the tensile set measured by
fitting the two broken dumbbell pieces together at the point
of rupture.

3.1.3 tensile strength—the maximum tensile stress applied
in strerching a Specimen to rupture. (D 1566)

3.1.4 tensile siress—a stress applied to stretch a test meee
(specimen). (D 1566)

3.1.5 tensile stress at-given-elongation-—the stress re-
quued to stretch the uniform cross section of a test specimen
to a given elongation. (D 1566)

3.1.6 thermoplastic elastomers—a diverse family of sub-
herlike materials that unlike conventional vulcanized rub-
bau; can be processed and recycled like thermoplastic mate-
rials.
3.1.7 ultimate elongation—the elongation at which rup-
ture occurs in the application of continued tensile stress.

3.1.8 yield point—that point on the stress-strain curve,
short of ultimate failure, where the rate of stress with respect
to strain, -goes through a zero value and may beoome
negative. (D 1566)

3.1.9 yield strain—tbe level of strain at the yicld pomt
(D 1566)

3.1.10 yield stress—the level of smm at the yield point.
(D 1566) *

4. Summary of Test Methods .

4.1 The determination of tensile propertics starts with test
pieces taken from the _sample material and includes the
preparation of the specimens and the testing of the speci-
mens. Specimens may be in the shape of dumbbells, rings or

+ straight pieces of uaiform cross-sectional area.
4.2 Measuremeants for tensile steess, temsile stress at a-

99
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ven elongation, tensile strength, yield point, and ultimate

ngation are made on specimens that have not been

. Tensile stress, yield point, and tensile strength

based on the original cross-sectional area of a uniform

cross-section of the specimen.

4,3 Measurement of tensile set is made after a previously

essed specimen has been extended and allowed to

:tract by a prescribed procedure. Measurement of “set after
" is also described.

. Significance and Use

5.1 All materials and products covered by these test
ethods must withstand tensile forces for adequate perfor-
ance in certain applications. These test methods allow for
measurement of such teasile propeu‘ es. However, tensile
perties alone may not directly relate 'to the total end vse
tormance .of the product because of the wide range of
ential performance requirements in actual use,
5.2 Tensile properties depend both on the material and
te conditions of test (extension rate, temperature, humidity,
“ ‘'men geometry, peetest conditioning, etc.); therefore

terials should be cdmpamd only when tested under the -

conditions.
5.3 Temperature and rate of extension may have substan-
effects on tensile properties and therefore should be
trolled. These effects will vary depending on the type of
tterial being tested,
5.4 Tensile set represents residual deformation which is
, ¥ permaonent and partly recoverable after stretching and

ction. For this reason, the periods of extension and.

o €Y (and other conditions of test) must be controlied to
:tz n comparable results.

Apparatus
.1 Testing Machine—Tension tests shall be made on a
driven machine equipped to produce a uniform rate
'p separation of 500 + 50 mm/min (20 + 2 in./min) for
nce of at least 75 mm (30 in.) (see Note ). The testing
» chine shall have both a suitable dynamometer and an
ficating or recording system for measuring the applied
" within 2 %. If the capacity range cannot be changed
A test (as in the case of pendulum dynamometers) the
* d force at break shall be measured within %2 % of the
scale value, and the smallest tensile force measured shall
ccurate to within 10 %. If the dyaamometer is of the
ting type for measuring tensile stress directly,
shall be provided to adjust for the cross-sectional area
e specimen. The response of the recorder shall be
- ntly rapid that the applied force is measured with the
“te accuracy during the extension of the specimen'to
If the testing machine 'is not equipped with a
, a device shall be provided . that indicates, after
re, the maximum force applied during extension.
* g machine systems shall be capable of measuring
=ation of the test specimen in minimum increments of

E l1<-A rate of clongation of 1000 £ 100 mm/min (40 % 4

) may be used and notation of the speed made in the rport In

dispute, the test shall be repeated and the rate of elongation shail
& 50 mm/min (20 = 2 in. /min).

Test Chgmber Jor Eleyated and Low Temperatures—

The test chamber shall conform with the following require-
ments:

6.2.1 Air shall be circulated through the chamber at a
velocity of 1 to 2 m/s (3.3 to 6.6 fi/s) at the location of the
grips or spindles and specimens maintained within 2°C
(3.6°F) of the specified temperature.

6.2.2 A calibrated sensing device shall be located near the
grips or spindles for measuring the actual temperature.

6.2.3 The chamber shall be vented to an exhaust system
or to the outside atmosphere to remove fumes liberated a(
high temperatures.

6.2.4 Provisions shall be made for suspending specimens
vertically near the grips or spindles for conditioning prior to
test. The specimens shall not touch each other or the sides of
the chamber except for momentary contact when agitated by
the circulating air.

6.2.5 Fast acting grips suitable for manipulation at high or
low temperatures may be provided to permit placing dumb-
bells or straight specimens in the grips in the shortest time
possible to minimize any change in tempersture of the
chamber.

6.2.6 The dynamometer shall be suitable for use at the
temperature of test or it shall be thermally insulated from the
chamber.

6.2.7 Provision shall be made for measuring the elonga-
tion of specimens in the chamber. If a scale is used to
measure the extension. between the bench-marks, the scale
shall be located parallel and close to the grip path during
specimen extension and shall be controlled from outside the
chamber.

6.3 Dial Micrometer—~The dial micrometer shall conform
to the requirements of Practice D 3767 (Method A). For ring
speciraens, see 17.10 of these test methods.

6.4 Apparatus for Tensile Set Test—The testing machine
described in 6.1 or an apparatus similar to that shown in Fig,
| may be used. A stop watch or other suitable timing device
measuning in minute intervals for at least 30 min, shall be
provided. A scale or other device shall be provided for
measuring tensile set to within 1 %.

7. Test Temperature

7.1 Unless otherwise specified, the standard temperature
for testing shall be 23 + 2°C (73.4 £ 3.6°F). Specimens shall
be conditioned for at least 3 h when the test temperature is
23°C (73.4°F). If the material is affected by moisture,
maintain the relative bumidity at 50 + 5 % and condition
the specimens for at least 24 h prior to testing. When testing
at any other temperature is required use one of the temper-
atures listed in Practice D 1349.

7.2 For testing at temperatures above 23°C (73.4°F) pre-
heat specimens for 10 + 2 min for Method A and for 6 + 2
min for Method B (see Note 2). Place each specimen in the
test chamber at intervals ahead of testing so that ali speci---
mens of a series will be in the chamber the same length of
time. The preheat time at elevated temperatures must be -
limited to avoid additional vulcanization or theimal aging.

Note 2; Precaution—In addition 10 other precautions, suitable heat
or cald resistant gloves should be worn for arm aad hand pmwuon
when testing at other than 23°C (73.4°F). A mask for the face is very

ble for high testing 10 P the inhalation of toxic
fumes when the door of the chamber is open.
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FIG. 1 Appwutus for Tensile Set Test

7.3 For testing at tempesatures below 23°C (73.4°F) con-
dition the specimens at least 10 min prior to testing.

8. Selection of Test Specimens
" 8.1 Consider the following mfomauon in making xleo-
ons:

8.1.1 Since anisotropy or grain dircctionality due to flow
introduced during pmomng and preparation may have an
influence on tensile properties, dumbbell or straight speci-
meny should .be cut so the lengthwise direction of the

. speumen is parallel to the grain disection when this direction
.is known. Ring specimens normn[ly give an average of with

v and across the grain properties.
8.1.2 Unless otherwite notéd, themmoplastic rubber or
« thermoplastic elastomer specimers, or both, are to be cut
_ injection molded sheets or plaques with a thickness of

101

3.0 £ 0.3 mm. Specimens of other thickness will not
nmaxﬂy give comparable results. Specimens are to be
tested in directions both parallel and perpendicular to the
direction of flow in the mold. Sheet or plaque dimensions
must be sufficient to do this. .

8.1.3 Ring specimens enable elongations to be measured
by grip separation, but the elongation across the radial width
of the ring specimens i9 not uniform. To minimize this effect
the width of the ring specimens must be small compared to
the diameter.

8.1.4 Straight specimens tend to break in the grips if
normsl extension-to-break -testing is conducted and should -
be used only when it is not feasible to prepare another type of
speciman. For obtaining non-rupture stress-strain or matertia!
modulus properties, straight specimens are quite useful.

8.1.5 The size of specimen type used will be determined
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by the material, test equipment and the sample or piece
available for test. A longer specimen may be used for rubbers

¢ having low ultimate elongation to improve precision™ of
elongation measurement.

9. Calibration of the Testing Machlne

9.1 Calibrate the testing machine in accordance with
Procedure A of Practice E 4. If the dynamometer is of the
strain-gage type, calibrate the tester at one or more forces in
addition to the requirements in Sections 7 and 18 of Practice

. E4. Testers having pendulum dynamometess may be cali-
brated as follows:

9.1.1 Place one end of a dumbbell specimen in the upper
grip of the testing machine. ,

9.1.2 Remove the lower grip from th#ymachine and attach
it, by means of the”gripping mechanism to the dumbbell
specimen in the upper grip.

9.1.3 Attach a hook to the lower end of the lower
specimen grip mechanism.

9.1.4 Suspend a known mass from the hook of the lower

bspecimen grip mechanism in such a way as to permit the
W mass assembly to temporarily rest on the lower testing
machine grip framewdrk or holder (see Note 3).

9.1.5 Start the grip separation motor or inechanism, as in
normal testing, and allow it to run until the mass is freely
suspended by the ‘specimen in the upper grip.

9.1.6 If the dial or scale does not indicate the force applied
(or its equivaleat -ip stress for a compensating type tester)
within specified tolerance, thoroughly inspect the testing
machine for malfunction (for example, excess friction in

- ings and other moving parts).- Ensure that the mass of
9 the lower grip mechanism and the hook are included as part
of the known mass.

9.1.7 AfRler machine friction or other malfunction has
been removed, recalibrate the testing machine at a minimum

of three points using known masses to produce forces of -

approximately 10, 20 and 50 % of capacity. If pawls or
rachets are used during routine testing, use them for calibra-
tion. Check for friction in the head by calibrating with the
pawls up.

Nore J—~Itisadvisable to provide a means foc preveating the known
nass from (alfing to the floor in case the dumbbell should deeak,

9.2 A rapid approximate calibration of the testing ma-
chine may be obtained by using a spring calibration device.

- 10. Report

10.1 Report the following information:

10.1.1 Results calculated in accordance with Section {6 or
20, whichever is applicable,

10.1.2 Type or description of test specimen,

10.1.3 Date of test,

10.1.4 Rate of extension if not as specified,

10.1.5 Temperature and humidity of test toom if not as

10.1.6 Temperature of test if at other than 23 + 2°C (73.4
+ 3.6°F) and

10.1,7 Date of vulcanization, preparation of the rubber,
or both, if known.

" 11, Precision and Bias
1.1 This precision and bias section has been prepared in

accordance with Practice D 4483. Refer to Practice D 4483
for terminology and other statistical details.

11.2 The precision results in this precision and bias
section give an estimate of the precision of these test methods
with the materials used in the particular interlaboratory
program as described below. The precision parameters
should not be used for acceptance/rejection testing of any
group of materials witbout documentation that the parame-
ters are applicable to those particular materials and the
specific testing protocols that include these test methods.

11.3 Test Method A (Dumbbells):

11.3.1 For the main interlaboratory program a Type 1
precision was evaluated in 1986. Both repeatability and
repraducibility are short term, a period of a few days
scparates replicate test results. A test result is the median
value, as specified by this test method, obtained on three
determination(s) or measurement(s) of the property or pa-
vameter in question.

11.3.2 Three different materials were used in this
interlaboratory program, these were tested in 10 laboratories
on two different days. _

11.3.3 For the main interlaboratory program cured sheets
of each of the three compounds were circulated to each
laboratory and stress-strain (dumbbell) specimens were cut,
gaged, and tested. A secondary interlaboratory lest was
conducted for one of the compounds (R!9160). For this
testing, uncured compound was circulated and shests were
cured at a specified time and temperature (10 min at 157°C)
in each laboratory. From these individually cured sheets, test
specimens were cut and tested on each of two days one week
apart as in the main program. The main program results ere
referred to as *“Test Only” and the secondary program results
are referred to as “Cure and Test.”

11.3.4 The results of the precision calculations for cepeat-
ability and reproducibility are given in Tables 1 and 2, in
ascending order of material average or level, for each of the
materials evaluated and for each of the three properties
evaluated.

. 11.3.5 The precision of this test method may be expressed
in the format of the following statements that use what is
called an “‘appropriate value” of r, R, (r), or (R), that is, that
value to be used in decisions about test results (obtained with
the test method). The appropriate value is tbat value of r or
R associated with a mean level in Tables | through 4 closest
to the mean level under consideration at any given time, for
any given matenial in routine testing operations.

11.3.6 Repearability—The repeatability, r, of this test
method has been established as the appropriate value tabu-
lated in Tables 1 and 2. Two single test results, obtained
under normal test method procedures, that differ by more
than this tabulated r (for any given level) must be considered
as derived ffom different or nonidentical sample popula-
tions.

11.3.7 Reproducibility—The reproducibility, R, of this
test method has been established as the appropriate value
tabulated in Tables 1 and 2. Two single fest results obtained
in two different laboratories, under normeal test method
procedures, that differ by more than the tabulated R (for any
given level) must be considered to have come from different
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TABLE 1 Type 1 (Test Onlg) Precision on Method A Die C Dumbbell Test Specimens

o
g » repestabilty standard deviation.
; = repestabilty = 2.83 times the squase (oGl of the repestabty vatance.
0w - repoatabitty (es parcentage of material average).
S = reproductility standard deviation.
R = reproduckility = 2,83 thnes the square root of tha raaroduciditiy vartancs.
@) = reproduritility (as gmcantsge of materia) sverage).
1 Tanshe Srungth MPx .
Masarkd Averge Wit Latxrytoias Betwesn \sbosrree
z S r ] SR ;] [}
1. N16081 9.88 0.200 0569 575 0.233 0.829 8.40
a E17074 1630 0.467 132 8.60 0482 1.368 8.88
2. R19180 25.70 0.436 1236 450 1.890 5351 20.82
Pooled Valseat 18,00 0.385 1.0%0 642 1102 3120 189
Part 2 Percaat Exngation:
Average Wihin Labonkrtey Batwesn Latxyuttrte
: : et ’ n sA R ®)
8. E17074 -1563 8.304 17.842 1.4 11.481 32402 20.78
2. R19160 - 51p4 14N 838 21243 60.120 nm
1. N18031 591.8 17.810 50.402 852 27.198 78972 13.01
Pocted ValuesA 4194 12761 36.114 a8 20.999 50427 14.18
Part 3 Gaes et 100 %X Sogaton, MPx
Metarkd Avenge Within Laborstories Batwasn Laboraxrey
[ ’ ] SA R m
' 1. N18081 117 0053 0.151 1296 0.081 0.1744 14.92
2. R19160 201 0.050 0.142 7.10 0274 0.7755 38.62
3. E17074 9.08 0.499 1.385 15.25 0738 20910 2302
Poalsd ValuasA 409 0285 0.608 19.79 0468 1.2016 3.60
4 No valves omifted.
TABLE 2 Type 1(Cure and Test) Precision on Method A Dis C Dumbibed Specimans*
Nore 1:
& =1 standard deviation.
¢ = repeatahBty = 2,83 times the square root of the ropeatabRty vartance.
n = dity (as p age ol matanal age).
SR = standard deviation, -
A = repuhchy ~ 2.83 times the square 100t of the reprodcitility variance.
(A) = mproduchilty (esp tage of malerta) everage).
N18081—highly extgtmd, low durometer CR (Neoprane).
A10160—high tensie NR.
E17047 —moxdkwutoly flad EPOM.
L
Material Avernge Wit Laboratoriss Ovtwasn Laborstoriss
* S ’ [] SR A ["J]
' 1. R191680 26,0 0813 1.73 6.56 174 405 190
Pan 2 Persent Eurgatia:
Meig Averngd Witin Latoretries Betezen Lahorstris
sr r "n SR R ")
1. R19160 626.9 1332 377 7.15 19.6 8570 105
Pt 3 Stroes ot 100 % Ebngation, MPx .
Matwis) Avarage Wi Lboare - Betvasn i
[ 4 ' /] SR L] [0}
1. R18180 1.83 0072 0205- 121 0226 0.841 M5

4 Geven bimratories pwrteipeied in B3 cure and test program.

or nonidentical sample populations.

11.3,8 Repeatability and reproducibility expressed as a
percentage of the mean level, (r) and (R), have equivalent
apsslimtion statements as above for » and R. For the (r) and
(R) statements, the difference in the two single test tesults is
Ogtwdhs a pereentage of the arithmetic mean of the two

sy .

11.3.9 Bias~In test method terminology, bias is the
difference between an average test value and the reference (or
true) test property value. Reference values do unot exist for
this test method since the value (of the test property) is
exclusively defined by the test method. Bias, therefore,
cannot be determined.

11.4 Test Method B (Rings):
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TABLE 3 Type 1 Precision—Test Method B (Rings)

Nove:
Sr = repastablity etandand devtaion.
r = repeatabity = 2,63 times the equare root of the repestabiity vartance.
(snn - lﬁ_ﬂu s tage of mataria)
R =~ (eproduchiity = 2.83 times tha £quare root of the reproducbiity varsnce.
(R) = reprooucdBly (a3 p g= of nmateral ge),
Tesle Stength (MPa)
Materle) Averge Within Labxrptortes Butwesn Labaratorias
L4 ’ " SR AR [}
6. MATL § 156 0.668 1.685 183 149 - 4.08 353
6. MATL 6 127 0.274 0.775 €0 0.83 238 185
1. MATL 1 146 0367 1.040 74 (T7:] 1.15 7%
4, MATL 4 150 0883 1.665 104 .03 059 872
2. MATL 2 208 - %2R 3.660 160 247 699 U4
3. MATLI < 223 1558 4.405 196 155 440 19.6
Pooled Vakus4 139 0.942 2,668 16.7 1.67 8.31 N3
A No valses omitred.
Note*
Sr = rogeatahlity etandsd Geviation.
r - M-z&mhmmdmmm
[ y (83 p e of matary)
SR = rop iy otk
AR = repoducbity = 2.83 times the square rodt of the reproducibiity vaniance.
(R) = repoduckisty (es peaentage of matesial 0
Utimade Ekrygation, 3
Materiasd Aversge Witin Laboratutes Getwemn Labnratries
s 2 7] sA R [
-1, MATL 1 2.1 16.28 43.18 13.40 N4 94.7 204
2 MATL 2 445.4 135 92.12 7.1 4.1 98.6 a7
4. MATL 4 609.4 2144 77.68 1624 61.1 1448 284
5. MATL § 645.0 291 8.25 151 58.3 169.5 28.2
6. MATL 6 599.7 1291 3855 6.09 14.0 396 .80
3. MATL3 8159 1025 4599 683 206 2565 E K]
Podlad Vidues A 639.0 18.54 4682 8.67 482 . 1364 252
4 No vatues omirted.

114.1 A Type 1 precision was evaluated in 1985. Both
repeatability and reproducibility are short term, a period of a
few days separates ceplicate test results. A test result is the.
mean value, as specified by this test method, obtained on
three determinations or measurements of the property or
parameter in question.

11.4.2 Six different materials were used in the
interlaboratory program, these were tested in four laborato-
rics on two different days.

11.4.3 The resalts of the precision calculations for repeat-
ability and reproducibility are given in Tables 3 and 4, in
ascending order of material average or level, for each of the
materials evaluated.

11.4.4 Repeatability, 7, varies over the range of material
levels as evaluated. Reproducibility, R, varies over the range
of material levels as evaluated.

114.5 Theprecision of this test method may be expressed
in the format of the following statemeats that use what s
called an “appropriate value™ of 7, R, (r), or (R), that js, that
value to be used in decisions about test results (obtained with
the test method) The appropnatc value is that value of r or
R associated with a mean level in Tables 1 through 4 closest
to the mean level under consideration at any given time, for

any given material in routine testing operations.

11.4.6 Repeatability—The repeasability, », of this test
method has been established as the appropriate value tabu-
lated in Tables 3 and 4, Two single test results, obtained ,
under normal test method procedures, that differ by more
than this tabulated r (for any given level) must be coasidered
as derived from differeut or nonidentical sample popula-
tions.

11.4.7 Reproducibility—The reproducibility, R, of this
test method has been established as the appropriate value
tabulated in Tables 3 and 4. Two single test resufts dbtained
in two different laboratories, under normal test method
procedures, that differ by more than the tabulated R (for any
given level) must be considered to have come from differcnt
or nonidentical sample populations.

[1.4.8 Repeatability and reproducibility expressed as a
percentage of the mean level, () and (R), have equivalent
application statements as 11.3.6 and 11.3.7 for r and R. For
the () and (R) statements, the difference in the two single
test results is expressed as a percentage of the arithmetic
mean of the two test results.

11.49 Bies—In test method terminology, bias is the
difference between an average test value and the reference (or -
true) test property value. Reference values do not exist for
this test method since the value (of the test property) is
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usively defined by the test method. Bias, therefore,

1 :
exe be determined.

cannot

12. Keywords
12.4 clongation; set after break; tensile propetties; tensile
set; tensile strength; tensile stress; yield point

TEST METHOD A—DUMBBELL AND STRAIGHT SPECIMENS

13, Apparatus
13.1 Die—The shape and dimensions of the die for
ing dumbbell specmens shall conform with those
shown in Fig. 2. The inside faces in the reduced section shall
be dicular to the plane formed by the catting edges
and polished for a distance of at least 5 mm (0.2 in.) from the

cutting edge. The die shall at all times be sharp and free of
nicles (see Note 4). N

Note 4—Careful maiutenaace of die cutting edges is of extreme
importance. The cutting edges can be mali; d by & daily proced
of Jight touching up of the edges with @ jeweler’s honing stone. The
condition of the die may be determined by investigating the rupture
point on any series of broken (ruptured) specimncns. Remove such
specmens from the grips of the (esting machone, stack the joined-
togrther specimens on top of erch otber, and note if there is any
tendeacy for teasile breaks 1o occur at the same podition on each of the
speciment. Ruptore contistently at the same place indicates that the die
may be dull, aicked, or bent at that {ocation.

13.2 Bench Marker—The two marks placed on the spec-
imen and used to measure elongation or strain are called
“bench marks” (see Note 5). The bench marker shall consist

‘GRIND)
I

ne*. 5MM APIPROX.
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FIG. 2 Standard Dies for Cutting Dumbbeld Specimena (continvad)
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Dimosions of Staary Oumbbed Oles+  # L
Obmarsion Units Toleranco Dio A Die B Dis O o0/ Dis € Dis F
A mm *1 % 25 25 18 18 16
In. 004 1 1 1 0.62 0.62 0.€2
B8 mm max 40 40 40 30 30 30
in. max 16 1.6 16 1.2 1.2 1.2
Cc mm min 140 140 15 100 125 128
in. min 55 $.5 45 4 5 5
) mm 26° 32 a2 2 2 82 : 32
in. *0260 125 125 1.25 1.25 1.25 1.25
D€ mm 1 13 13 13 13 19 13
in. %0.04 0.5 05 05 0.5 0.5 0.5
F mm 22 38 39 19 19 a8 38
in. £0.08 15 15 075 0.75 15 15
(] mm *1 14 14 14 14 14 14
. +0.04 0.5 0.56 0.56 0.56 0.56 0.56
H mm 2 25 25 25 16 16 16
In. . 2008 . 1 1 1 0.63 0.63 0.63
L mm 2 N 69 59 3 3 59 59
in, »~ +008 232 232 1.31 131 232 232
w - mm +0.05. ~0.00 12 6 6 3 3 8
in. +0.002, —0.000 0.500 0250 0.250 0.125 0.125 0250
2 mm E) 13 13 18 13 13 13
: n. +0.04 0.6 0S8, 0.5 05 0.6 05
A Diaa whoss are axgy Tn mabric units ere not exacty the sams es diss whase dim P din U.8. ovstomary unks. H -
resuits may be expacted from elther die. Dies dmansioned in metric units &re @ for use with appa d in metic units.
# For dies used in clicking machines it is preferable that thia be +0.5 mm or %0.02 in.
FiQ. 2 Continved

of a base plate containing two raised parallel projections. The
surfaces of the raised projections (parallel to the plare of the
base plate) are ground smooth in the same plane. The raised
projection marking surfaces shall be between 0.05 and 0.08
mm (0.002 and 0.003 in.) wide and at least 15 mm (0.6 in.)
long. The angles between the parallel marking surfaces and
the sides of the projections shall be at least 75°. The distance
between the centers of the two parallel projections or
marking surfaces shall be within | % of the required or target

bench mark distance. A handle attached to the back or top of

the bench marker base plate is normally a part of the bench
marker.

"NoTE 5—If an automatic extensomeler is used 10 measure elonga-

tion; bench marks are not peressary.

13.3 Ink Applicator—A flat unyielding surface (hasd-
wood, metal, or plastic) shall be used to apply either ink or

" powder to the bench marker. The ink or powder shall adhere

to the specimen, have no deteriorating effect on the spec-
imen and be of contrasting color to that of the specimen.

13.4 Grips—The testing machine shall have two grips,
one of which shall be connected to the dynamometer.

13.4.1 Grips for testing dumbbell specimens shall tighten
automatically and exert a uniform pressure across the
gripping surfaces, increasing as the tension increases in order
to prevent slippage and to favor failure of the specimen in
the straight reduced section. Constant pressure pneumatic
type erips also are satisfactory. At the end of each grip a
positioning device is recommended for inscrting specimens
to the same depth in the grip and for alignment with the
direction of pull.

.13.4.2 Grips for testing straight specimens shall be con-
stant pressure poeumatic, wedged, or toggle type designed to
transmit the applied gripping force over the entire width of
the gripped specimen,

14. Spécimens
14.1 Dwnbbell Specimens—Whenever possible, the test

. specimens shall be injection molded or cut from a flat sheet"_
not less thao 1.3 mm (0.05 in.) nor more than 3.3 mm (0.13
in.) thick and of a size which will permit cutting a specimen
by one of the standard methods (see Practice D 3182). Sheets
may be preparsd directly by processing or from finished
articles by cutting and buffing. If obtained from a manufac-
tured article, the specimen shall be free of surface roughness,
fabric layers, etc. in accordance with the procedure described
in Practice D 3183. All specimens shall be cut so that the
lengthwise portion of the specimens is parallel to the grain
unless otherwise specified. {n the case of sheets prepared in
accordance with Practice D 3182, the specimen shall be 2.0
+0.2 mm (0.08 + 0.008 in.) thick died out in the direction of
thie grain. Use Die C, Fig. 2 {unless otherwise noted) to cut
the specimens from the sheet with a single impact stroke
(hand or machine) to ensure smooth cut surfaces.

14.1.1 Marking Dumbbell Specimens—Dumbbell speci
mens shall be marked with the bench marker described in
13.2, with no tension on the specimens at the time of
marking. Marks shall be placed on the reduced section,
equidistant from i% center and perpendicular to the longitu-
dinal axis. The between bench mark distance shall be as
follows: for Die C or Die D of Fig. 2, 25.00 + 0.25 mm (1.00
#+ 0.01 in.); for any other Die of Fig. 2, 50.00 * 0.5 mm (2.00
+0.02 in.).

14.1.2 Measuring Thickness of Dumbbell Speciméns—
Three measurements shall be made for the thickness, one at
the center and one at each ead of the reduced section. The
median of the three measurements shall be used as the
thickness in calculating the cross sectional area. Specimens
with a difference between the maximum and the minimum
thickness exceediog 0.08 mm (0.003 in.), shall be discarded.
The width of the specimen shall be taken as the distance
between the cutting edges of the die in the restricted section.
. 14.2 Straight Specimens—Straight specimens may be pré-
pared if it is not practical to cut either a dumbbell or a ring
specimen as in the case of a narrow strip, small tubing or,
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carrow electrical insulation material. These specnmens shall
pe of sufficient length to permit their insertion in the grips
used for the test. Bench marks shall be plawd on the
specimens as described for dumbbell specimens in 14.1.1. To
detennine the cross sectional area of straight specimens in
the form of tubes, the mass, length, and density of the

imen may be required. The cross sectional area shall be .

specim
calculated from these measurements as follows:

A= M/DL ()

“where:

»

A = cross-sechional area, cm?,

M = mass, g,

D = density, g/cm?, and

L = length, cm.

_ NOTE 6—A in square incbes = 4 (cm?) % J‘usls.

15. Procedure
15.1 Determination* of Tensile Stress, Tensile Strength

and Yield Point—Place the dumbbell or straight specimen in

the grips of the testing wachine, using care to adjust the

sgu:unen symmetrically to distribute tension uniforraly over
the cross section. This avoids complications that prevent the

maximum strength of the matenal from being evaluated.

Unless otherwise specified, the rate of grip separation shall be

500 + 50 mm/min (20 % 2 in./min) (se¢ Note 7). Start the

machine and note the distance between the bench marks,

-

taking care to a@void parallax. Record the force at the -

elongation(s) specified for the test and at the time of rupture.
The elongation measurement is made preferably through the
use of an extensometer, an autographic mechanitm or a
spark mechanism. At rupturc, measure and record the
e.longation to the nearest 10 %. See Section 16 for calcula-
tions.

Note 7—For materials having a yield point (yicld strain) under 20 %
elongation when tested at 500 3: S0 mm/min (20 = 2 in./min), the rawe
of elongation shall be reduced to S0 = S mm/min (2.0 £ 0.2 in./min). If
the material till bhas a yield poimt (strain) uader 20 % eloagation, the
rate sball be reduced 10 5§ £ 0.5 mm/min (0.2 + 0.002 in./min). The
actual rate of scparation shall be reported.

15.2 Determination of Tensile Set—FPlace the specimen in
the grips of the testing machine described in 6.1 or the
apparatus shown in Fig. 1, and adjust symmetrically so as to
distribute the tension uniformly over the cross section.
Separate the grips at a rate of speed as uniformly as possible,
that requires 15 s to reach the specified elongation. Hold the
specimen at the specified elongation for 10 min, release
quickly without allowing it to snap back and aflow the
specimen to rest for 10 min. At the-end of the 10 min rest
period, measure the distance between the bench marks to the
oearest 1 % of the original between bench mark distance.
Use a stop watch for the timing operations. See Section 16
for calculations.

153 Determmaaon of Set-Afier-Break—Ten minutes
after a is broken in a normal tensile strangth test,
carefully fit the two pieces together so that they are in good
contact over the full area of the break. Measure the distance
between the bench marks. See Section 16 for calculations.

16. Calculation

16.1 Calculate the tensile stress at any specified elongation
a5 follows:

107

-~
where:
Tims) = tensile stress at (xxx) % elongation, MPa (Ibf/in.?),
F(m) = force at specified elongation, MN or (1bf), and
—crogs-secuonal area of unstrained specimen, m?
in.?).
16.2 Calculate the yield stress as follows:
(3)
where:
Yistressy = Yield stress, that stress leve! where the yield point
accurs, MPa (Ibf/in.2),
F,y, = m::lgmtude of force at the yield point, MN (lbf),
an

A = cross-sectional area of uastrained specimen, m?
n.c).
16.3 Evaluate the yield strain as that strain or elongation
magnitude, where the rate of change of stress with respect to
strain, goes through a zero value.
16.4 Calculate the tensile strength as follows:

@
where:
TS =tensile strength, the swess at rupture, MPa

(Qbf/in.2),
F}m = the force magnitude at rupture, MN (Ibf), and
= croissecbonal area of unstrained specimen, m?
(in.%).
16.5 Calculate the clongation (at any degree of extension)
as follows:

E = 100[L - L)Ly, (5)
wheze:

E =the elongation in perceat (of onginal bench mark
distance), ,
L =observed distance between bench marks on. the ex-
tended specimen, and
Lg = ongmal distance between bench marks (use same
units for L and L.

16.6 The breaking or ultimate elongation is evaluated
when L is equal to the distance between bench marks at the
point of specimen ruptuce.

16.7 Calculate the tensile set, by using Eq (5), where L is
equsl to the distance between bench marks after the 10 min
retraction period.

16.8 Test Result—A test result is the median of three
individual test measurement values for any of the measured
properties as described above, for routine testing. There are
two exceptions to this and for these exceptions a total of five
specimens (measurements) shall be tested and the test result
reported as the median of (ive.

16.8.1 Exception 1—If one or two of the three measured
values do not mect specified requirement values when lesting
for compliance with specifications.

16.8.2 Exception 2—If referee tests are being conducted.

TEST METHOD B—CUT RING SPEQIMENS

17. Apparatus

17.1 Cutter—A typical ring cutter assembly is illustrated
in Fig. 3. This is used for cutting rings from flat sheets by
mounting the upper shafi portion of the cutter in a rotating
housing that can be lowered onto a sheet held by the rubber
holding plate as shown in Fig. 4.
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TYPICAL RING
{ SEE SECTION 15)

BLAOE SETTING
GAUGE

Nove—Odrension C 10 ba 2 mm (0.08 in.) less than the hside dlamear of the ring.
FIG. 3 Typical Ring Cutter Assembly

17.1.1 Blede Depth Gage—This gage coasists of a cylin-

_drical disk having a thickness of at least 0.5 mm (0.02 in.)

greater than the thickness of the rubber to be cut and a
diameter less than the inside diameter of the specimen used
for adjusting the protrusion of the blades from the body of
the cutter. See Fig. 3.

17.2 Rubber Holding Plate—The apparatus for holding
the sheet during cutting shall have plane parallel upper and
lower surfaces and shall be a rigid polymeric material (hard
rubber, polyurethane, polymethylmethacrylate) with holes
approximately 1.5 mm (0.06 in.) in diameter spaeed 6or?
mm (0.24 or 0.32 in.) apart across the ceatral region of the
plate, All the holes shall connect to a central internal cavity
which can be maintained at a reduced pressure for holding

. the sheet in place due 10 atmospheric pressure. Figure 4

illustrates the design of an apparatus for holding standard
sheets (approximately 150 x 150 X 2 mm) during cutting.
'12.3 Source of Reduced Pressure—Any device such as a
vacuum pump that can maintain an absolute pressure below
10 kPa (0.1 atm) in the holding plate central cavity.
- 174 Soap Solution—A mild soap solution shall be used

1
SPRING PLUNGER

on the specimen sheet to lubricate the cutting blades.

17.5 Cutter Rotator—A precision drill press or other
suitable machine capable of rotating the cutter at an angular
speed of at least 30 rad/s (approximately 300 r/min) during
cutting shafl be used The cutter rotator device shall be ..
mounted on a horizontal bas¢ and have a vertical support
orientation for the shaf that rotates the spindle and cutter,

- The run-out of the rotating spmdleshall not exceed 0.01 mm

108

(0.004 in.).

17.6 Indexing Table—A milling table or other davice wnh
typical x-y motions shall be provided for positioning the
sheet and holder with respect to the spindle of':the cutter
rotating device.

17.7 Tensile Testing Machine—A maclnnc as speuﬁedm
6.1 shall be provided. .

17.8 Test Fixture~A test fixture as showmn Fxg. S‘ all
be provided for testing the ring specimens.” The. &
machine shall be calibrated as outlined in Sectjon 9.

179 Test Chamber—A chamber for testing at high’and;
low temperatures shall be provided as specified in 6.2

17.9.1 The fixtures specified in 17.8 are sausfacmy for'
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1esting at other than room temporature. However at extreme
emperatuses, a suitable lubricant shafl be used to lubricate
the spindle bearings.
179.2 The dynamometer shall be suitable for use at the
temperatuce of test or thermally insalated from the chamber.
17.10 Dial Micrometer—A dial micrometer shall be pro-
vided that conforms 1o the requirements of Practice D 3767.
17.10.1 The base of the micrometer used to measuze the

+. Tadial width shall consist of an upper cylindrical surface
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(with its axis oriented in a horizontal direction) at least (2
mm (0.5 in.y loog and 15.5 £ 0.5 mm (0.61 x 002 in)) in
diameter, To accommadate small diameter rings that ap-
proach the 15.5 mm (06! in,) diameter of the base and to
avoid any ring extension in placing the ring on the base, the
bottom half of the cylindrical snrface may be tnmcated at the
cylinder centerline, that is,-a half cylinder shape. This
permits placing small rings on the upper cylindrical surface
without interference fit problems. Curved feet on the end of
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_c dial mlcromexer shalt to fit the curvature of the ring(s),
" ay be used.

18. Ring Specimen

18.1 ASTM Cuwt Rings—Two types of cut ring spcclmens
may be used. Unless otherwise specified, the Type | ring
specimen shall be used.

18.1.1 Ring Dimensions:

om in
Type )
Circumference ((aside) 50.0 +: 001 2.0+ 0.004
Diaroeter (inside) 15.92 £ 0.003 0637 £ 000
Radia) width 1.0 £ 0.01 0.040 = 0.0004
‘Thicnes, minimum 1.0 0.040 ’
meximum k% 0.43
Type2 - T
Grcomference mean 1000 £ 0.2 "'\n.o + 0.0004
mmugr(innd-) 29.8 £ 0.06 1.19 £0.0001
20002 0.08 + 0.0004
m mimmum 1.0 0.04
maximom 33 0.3

18.2 ISO Cut ngs—'l'he normal size and the small size
ring specimens in ISO 37 have the following dimensions
ven in mm. See ISO 37.for specific testing procedures for

nings.
Narmal Smoll
Diamefer, inside 44.6 02 mm 30£0.1 om
Diameter, outside 52602 mm 100 £ 0.1 mm
Thidknes 40£02 mm 10£0.1 mm

18.3 Rings Cut from Tubing—The dimensions of the ring
specimen(s) depend on the diameter and wall thickaness of
the tubing and should be specified in the produd specifica-

18 4 Prepasation of Cut Ring Specimens—pPlace the
“blades in the slots of the cutter and adjust the blade depth
using the blade depth gage. Place the cutter in the drill press
and adjust the spindle or table so that the bottom of the
blade holder is abont 13 mm (0.5 in.) above the surface of
the holding plate, Set the stop on the vertical travel of the
spindle so that the tips of the cutting blades just peuetrate the
surface of the plate. Place the shect on the holding plate and
reduce the pressure in the cavity to 10 kPa (0.1 atm) or less.
Lubricate the sheet with mild soap solution. Lower the cutter

steady rate until it reaches the stop. Be sure that the
: holder does not contact she sheet. If nec=ssary, readjust
the blade depth. Return the spindle to its origiral position
and repeat the operation on another sheet.

18.5 Preparation of Ring Specimens from Tubing—Place
‘he tubiug on a mandrel preferably slightly larger than the
nner diameter of the tubing. Rotate the mandrel and tubing
n a lathe. Cut ring specimens to the desired axial leagth by
neans of a kmfeormzorbladeheldmthewdpostofme
athe. Lay thin wall tubing flat and cut ring specimens with a
lie or cutling mechanism having two parallel blades.

18.6 Ring Dimension Measurements:

18.6.1 Circumference—The inside circumference caa be
‘etermined by a stepped cone or by “go-nn go” gages. Do

* ot use any stress in excess of that needed to overcome any
Uipticity of the ring specimen. The mean circumference is
btained by adding to the value for the inside circumference,
+= product of the radial width and  (3.14).

18.6.2 Radial Width—The radial width is measured at

@b D412
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three locations distwributed around the circumference using
the micrometer described in 17.10. |

'18.6.3 Thickness—For cut rings, the thickness of the disk .'
cut from the inside of the ring is measured with a miccometer
described in Practice D 3767.

18.6.4 Cross-Sectional Area—The cross-sectional area is |

calculated from the median of three measurements of radial
width and thickness. For thin wall tubing, the area is
calculated from the axial length of the cut section and wall
thickness.

19. Procedure

19.1 Deiermination of Tensile Stress, Tensile Strength,
Breakmg (Uliimate) Elwzgaaon and Yield Point—In testing
ring specimens, lubricate the susface of the spindle with a
suitable lubricant, such as mineral oil or silicone oil. Select
one with documented assurance that it does not interact or
affect the material being tested. The initial setting of the
distance between the spindle centers may be calculated and
adjusted according to the following equation:

IS = {Corey ~ Cesrll2 ©
whete:
IS  =initial separation of spindle centers, mm (in.),
Cirsy = circumference of test specimen, inside circumfer-
ence for Type | rings, mean circumference for
Type 2 rings, mm (in.), and
= circumference of either (one) spindle, mm (in.).
dnl& otherwise specified the rate of spindle separation shall
be 500 £ S0 mra/min (20 = 2 in./min) (see Notes 7 and 8).
Start the st machine and record the force and corre-
sponding distance between the spindles. At rupture, measure
and record the ultimate (breaking) elongation and the tensile
(force) steength. See Section 20 for calculations.

Nots 8—When using the small (SO ring, the rate of spinde
separation shall be 100 + 10 mm/min (4 + 0.4 in./min).

19.2 Tests at Temperatyres Other than Standord—Use
the test chamber described in 6.2 and observe the precau-
tionary statement in Note 2. For tests at temperatures above
23°C (73.4°F), preheat the specimens 6 + 2 min at the test
temperature. For below room femperature tests cool the
specimens at the test temperature for at least 10 min prior to
test. Use test temperatures preseribed in Practice D 1349,
Place each specimen in the test chamber at intervals such
that the recommendations of 7.2 are followed.

20, Calculation

20.1 Stress-strain properties for ring specimens are in
gencral calculated in the same manner as for dumbbell and
straight specimens with one important exception. Extending.
a ring specimen generates a nononiform stress (or strain)
field across the width (as viewed from left to right) of each leg
of the ring. The initial inside dimension (circumference) is
less than the outside dimension (c\xcumference), therefore
for any extension of the grips, the inside strain (or stress) is
greater than the outside strain (or stress) because of the
differences in the initial (unstrained) dimensions.

20.2 The following options are used to calculate stressata -
spec:ﬁed elongation (strain) and breaking or ultimare elony:-
tion.

20.2.1 Stress ar a Specified Elongation—The mean cit--
cumference of the ring is used for determining the elonga-
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tion. The rationale for this choice is that the mean circum-
fmnce best represents the average strain in each leg of the

20.2.2 Ultimate (Breaking) Elongation—This is calcu-

lated on the basis of the inside circumference since this
nts the maximum strain (stress) in each leg of the ring.

This location is the most probable site for the initiation of
the rupture process that oocurs at break.

20.3 Calculate the tensile stress at any specified elongation
py using Eq 2 in 16.1.

20.3.1 The elongation to be used to evaluate the force as
specified in Eq 2 (16.1), is calculated as follows:

£ = 200{L/MCys)) o
where: . . y
E = elongation (specified), pértent,
L = jncrease in grip separation at specified elonga-
tion, mm (in.), and
Crsy = Mean circumference of test specimen, mm (in.).

.3.2 The grip sepamuon for any specified elongation
can be found by rearranging Eq 7, as given below:

L = E x MCrrs/200
20.4 Caiculate the yield stress by using Eq 3 in 16.2.

()

20.5 Evaluate the yield strain as given in 16.3. Since Vield -
strain may be considered to be an average bulk property of
any material, use the mean circumference for this evalua-
tion.

20.6 Calculate the tensile strength by using Eq 4 in 16.4.

20.7 Calculate the breaking or ultimate elongation as
follows (sec Notes 9 and 10):

E = 200[L//Cers)) 0]
where:
E = breaking or ultimate elongation, percent,
L = increase in grip separation at break, mm (in.),
and
1Cqs) = inside circumference of ring test specimen, mm

. (in.).

20.8 The inside circumference is used for both types of
rings, see 18.1.1 for dimeusions. Use the inside diameter to
calculate the inside circumference for Type 2 rings.

Note 9—Equations 8, 9, and 10 are applicable only if the initial
setting of the spindle centers is adjusted in socordasce witb Eq 7.

Note 10—The user of these test method shoudd be aware that
because of the differeat di jons used in (/) stress at 2
specified elongation (less than the ultimate elongmion) and (2) the
ultimate (breaking) efongation (sce 20.1 and 20.2), it is possible that a
stress at a specified elongation, shghuy less (4 t0 5 %) than the vltimate
elongation cannot be measured (calculated;
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