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RESUMEN

El siguiente trabajo de investigacion ha estudiado el efecto de la incorporacion de
nanotubos de carbono sobre la conductividad eléctrica y sobre las propiedades tribologias
de un elastomero de poliuretano que contiene un poliol de base bioldgica. Asi mismo, se
desarrolld elastomeros de poliuretano de base bioldgica reforzado con nanotubos de
carbono (NTC) con una dureza de 85 shore A. El desarrollo de la investigacion requirid
el uso de equipos triboldgicos para caracterizar tanto la resistencia al desgaste por
abrasion como la resistencia al desgaste por erosion, configurados bajo las normas ASTM
D5963 y ASTM G76, respectivamente. Los resultados de este trabajo de investigacion
fueron favorables donde se obtuvieron elastomeros de poliuretano conductores eléctricos
(antiestaticos) y resistente al desgate por abrasion. El equipo para medicién de
resistividad volumétrica mostrd resultados favorables ya que se obtuvieron valores de
conductividad mayores a medida que se incrementa la concentracion de nanotubos de
carbono. Del mismo modo, se obtuvieron que el composite reforzado con 0.5 % de
nanotubos de carbono presentd una mayor resistencia a la abrasion frente al elastdbmero
sin carga. Sin embargo, los composites reforzados con nanotubos de carbono presentaron
un mayor desgaste por erosion con respecto al elastdbmero sin carga. Respecto a las
propiedades triboldgicas, el composite reforzado con 0.1 % NTC presenté una mejor
resistencia a la traccion en comparacion a los demas refuerzos. Por otro lado, su
resistencia a la rotura disminuy6 en aproximadamente 25 % respecto al elastomero sin
carga. Estos resultados proporcionan una oportunidad para lograr el desarrollo de nuevos
materiales compuestos enmarcados en la economia circular.

Palabras Clave: nanotubos de carbono, bio-elastomeros, conductividad, refuerzo,

propiedades tribologicas.
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ABSTRACT

The following research work has studied the effect of the incorporation of carbon
nanotubes on the electrical conductivity and on the tribological properties of a
polyurethane elastomer that contains a bio-based polyol. Likewise, bio-based
polyurethane elastomers reinforced with carbon nanotubes (NTC) with a hardness of 85
shore A were developed. The development of the research required the use of tribological
equipment to characterize both the resistance to wear by abrasion and the resistance to
wear by erosion, configured under ASTM D5963 and ASTM G76 standards, respectively.
The results of this research work were favorable where electrically conductive
polyurethane elastomers (antistatic) and resistant to abrasion wear were obtained. The
volumetric resistivity measurement equipment showed favorable results since higher
conductivity values were obtained as the concentration of carbon nanotubes increased. In
the same way, it was obtained that the composite reinforced with 0.5% of carbon
nanotubes presented a greater resistance to abrasion compared to the unfilled elastomer.
However, carbon nanotube-reinforced composites showed greater resistance to erosion
with respect to the unfilled elastomer. Regarding the tribological properties, the
composite reinforced with 0.1% NTC presented a better tensile strength compared to the
other reinforcements. On the other hand, its resistance to breakage decreased by
approximately 25% with respect to the elastomer without load. These results provide an
opportunity to achieve the development of new composite materials framed in the circular
economy.

Keywords: carbon nanotubes, bio-elastomers, conductivity, reinforcement, tribological

properties.
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CAPITULO |

INTRODUCCION

La electricidad estatica ha estado desde siempre en nuestras vidas, Tales de Mileto
observo que cuando se frota una varilla de &mbar (resina de arbol petrificada) con un
trozo de tela, el d&mbar atrae pequefios trozos de hojas o polvo. La palabra griega
“Elektron™ significa &mbar y pasaria mucho tiempo para descifrar el fendmeno de la carga

electrostatica observado por Tales (Wypych & Pionteck, 2016)

Hoy en dia, en todas las industrias se tiene de alguna forma el cuidado para evitar
las cargas electrostaticas, aun asi, el riesgo de accidentes (explosiones) ocasionado por
las cargas electrostaticas es latente (Von Pidoll, 2013). El desarrollo tecnologico de los
materiales poliméricos condujo a usar agentes y refuerzos antiestaticos (incremento de la
conductividad eléctrica) para evitar la adhesion de polvos contaminantes en la superficie
del producto polimérico final (Brigandi, 2017). Es asi como en la actualidad es
indispensable el uso del composite y el desarrollo de estos, donde el uso de
nanomateriales inorganicos es una tendencia por ofrecer otras ventajas (mejora las
propiedades mecanicas, fisicas y quimicas) a parte de aumentar la conductividad eléctrica

del material polimérico (Brigandi, 2017; Li, y otros, 2014).

En los Gltimos afios se han reportado investigaciones sobre nano-composites
poliméricas (Aguilar, 2021; Iglesias, 2020), y a su vez, el desarrollado de nano-
composites en base a nanotubos de carbono en diversas matrices poliméricas. Yavad y
otros (Yadav, Tirumali, Wang, Naebe, & Kandasubramanuan, 2020), describen la
aplicacion de los nanotubos de carbono y grafeno en la elaboracion de los nano-
composites antiestéticos para la industria aeroespacial. He y otros (He, 2021), sintetizaron
elastomeros multifuncionales usando nanoparticulas de plata que le confiere propiedades

15
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mecanicas ajustables. Brigandi y Li (Brigandi, 2017; Li, y otros, 2014), muestran la
aplicacion multifuncional del composite elastoméricos en base nanomateriales derivados
del carbono donde se muestra las mejoras tanto de las propiedades mecanicas como de la
conductividad eléctrica. Sin embargo, son pocos los estudios enfocados en mejorar tanto

la resistencia al desgaste como la conductividad eléctrica de los materiales poliméricos.

Por otro lado, tenemos un creciente desarrollo de nuevos materiales polimeéricos
amigables con el media ambiente, donde los poliuretanos son los preferidos para
sintetizar, por poseer buenas cualidades mecanicas. Y entre la familia de poliuretanos
estan los elastomeros de poliuretano que son usados para contrarrestar el desgaste
industrial (Clemitson, 2008). Hay estudios enfocados en la sintesis de elastomeros de
poliuretano a base polioles de base bioldgica en combinacién con polioles derivados del
petréleo con el fin de aminorar el uso de componente derivados del petrdleo en la sintesis
de dichos elastomeros (Tito, 2020). Sin embargo, aun no se ha encontrado superar la

resistencia al desgaste que ofrecen los elastomeros convencionales.

En muchas aplicaciones de los elastbmeros de poliuretano se requiere cumplir
tanto con el buen desempefio contra el desgaste como la disipacion de las cargas
electrostaticas producto de la friccion (Wypych & Pionteck, 2016), por ejemplo, en las
fajas transportadores, limpiadores de oleoductos, entre otras. En la actualidad, se tiene
normado tanto la caracterizacién de la conductividad eléctrica (D991, 1989; D257, 2007)
como la resistencia al desgaste (G76, 2018; D5963, 2019) de los materiales elastoméricos,
por lo que realizaremos estudios sobre la efectividad del uso de nanoparticulas
inorganicas para mejorar la resistencia al desgaste y conductividad eléctrica de los

elastomeros sintetizados con componentes de base bioldgica.
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1.1. PLANTEAMIENTO DEL PROBLEMA

Hoy en dia, en todas las operaciones industriales se tiene implementado diversos
métodos de control tanto para mitigar la contaminacion ambiental como para cuidar la
salud de los trabajadores. El uso de materiales derivados de fuentes renovables para
elaborar elastomeros de poliuretano se presenta como una opcioén amigable con el medio
ambiente, sin embargo, las propiedades tribologicas no son suficientes como para
competir con los elastomeros convencionales. Por otro lado, las cargas electrostaticas que
podrian generarse sobre los materiales elastoméricos son un riesgo de accidentes
(explosiones) latente. Particularmente, para los elastdbmeros de poliuretano (EPU) se
utilizan agentes y cargas antiestaticos para aumentar la conductividad eléctrica y evitar
dichos accidentes relacionados con las cargas electrostaticas. Sin embargo, las cargas
antiestaticas suelen menguar las propiedades mecéanicas finales de los elastomeros. En la
actualidad, se sabe bien que los composites generados con nanotubos de carbono mejoran
tanto las propiedades mecéanicas como la conductividad eléctrica del material final, sin
embargo, aun hay un limitado estudio sobre el uso de nanoparticulas inorgénicas para
mejorar tanto la resistencia al desgaste y como la conductividad eléctrica de los

elastomeros elaborados con componentes de base bioldgica.

¢Sera efectivo la incorporacién de nanoparticulas inorganicas para mejorar la
resistencia al desgaste y conductividad eléctrica de los elastbmeros de poliuretano

derivado de fuentes renovables?
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1.2. FORMULACION DEL PROBLEMA

1.2.1. Problema general

¢Sera efectivo la incorporacién de nanoparticulas inorganicas para mejorar la
resistencia al desgaste y conductividad eléctrica de los elastomeros de poliuretano

derivado de fuentes renovables?

1.2.2. Problemas especificos

e (Se podra incorporar nanoparticulas inorganicas mediante dispersion
mecénica?

e ;Se podra medir la conductividad eléctrica de los elastomeros de poliuretano
sintetizados con componentes de base biologica y reforzados con
nanoparticulas inorganicas?

e (Se podra medir las resistencias al desgaste de los elastomeros de poliuretanos
sintetizados con componentes de base biolégica y reforzados con
nanoparticulas inorganicas?

e (Se lograra observara la efectividad de las nanoparticulas inorganicas para

mejorar tanto la resistencia al desgaste como la conductividad eléctrica?
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1.3. HIPOTESIS DEL PROBLEMA

1.3.1. Hipotesis general
Es efectivo el uso de nanoparticulas inorgénicas para mejorar la resistencia al
desgaste y conductividad eléctrica de los elastdmeros sintetizados con

componentes de base bioldgica.

1.3.2. Hipotesis especificas

e Incorporar nanoparticulas inorganicas mediante dispersién mecéanica busca
mejorar las propiedades mecanicas.

e Se medird la conductividad eléctrica de los elastomeros de poliuretano
sintetizados con componentes de base bioldgica y reforzados con
nanoparticulas inorganicas.

e Se medird las resistencias al desgaste de los elastomeros de poliuretanos
sintetizados con componentes de base biologica y reforzados con
nanoparticulas inorganicas.

e Seobservara la efectividad de las nanoparticulas inorganicas para mejorar tanto

la resistencia al desgaste como la conductividad eléctrica.
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1.4. JUSTIFICACION DEL ESTUDIO

La economia circular estad ganando cada vez mas atencion en todo el mundo como
un medio para reducir los impactos ambientales negativos producidos por la economia
lineal, donde los productos después de ser usaos son desechados. En este marco, es
importante el desarrollo tecnoldgico de materiales poliméricos basados en componentes
renovables, y para realizar este desarrollo se requiere la participacion de todas las ramas

de la ingenieria.

El conocimiento e investigaciones sobre la conductividad eléctrica y las cargas
electrostaticas de los materiales poliméricos basados en componentes renovables genera
la posibilidad de ampliar la aplicacion de estos materiales. Consecuentemente, genera una
oportunidad para nuestro pais para lograr un crecimiento econémico y el desarrollo

industrial inclusivo y sostenible.

1.5. OBJETIVOS DE LA INVESTIGACION

1.5.1. Objetivo general
Obtener un elastdmero de poliuretano conductor eléctrico (antiestatico) y
resistente al desgate, elaborado a partir de compontes de base biologia y

nanoparticulas inorganicas como reforzantes.

1.5.1. Objetivos especificos
e Incorporar las nanoparticulas inorganicas a la matriz del elastomero de
poliuretano por medio de una dispersién mecanica.
e Determinar la conductividad eléctrica de los elastémeros de poliuretano
sintetizados con componentes de base bioldgica y reforzados con

nanoparticulas inorganicas.
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e Determinar las resistencias al desgaste de los elastdbmeros de poliuretanos
sintetizados con componentes de base biolégica y reforzados con
nanoparticulas inorganicas.

o Determinar efectividad de las nanoparticulas inorganicas para mejorar tanto la

resistencia al desgaste como la conductividad eléctrica.
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CAPITULO I

REVISION DE LITERATURA

2.1. ANTECEDENTES DE LA INVESTIGACION

2.1.1. Internacional

La electricidad estatica ha estado desde siempre en nuestras vidas, Tales de Mileto
observo que cuando se frota una varilla de &mbar (resina de arbol petrificada) con un
trozo de tela, el d&mbar atrae pequefios trozos de hojas o polvo. La palabra griega
“Elektron” significa ambar y pasaria mucho tiempo para descifrar el fenémeno de la carga

electrostatica observado por Tales.

2.1.2. Nacional

Hoy en dia, en todas las industrias se tiene de alguna forma el cuidado para evitar
las cargas electrostaticas, aun asi, el riesgo de accidentes (explosiones) ocasionado por
las cargas electrostaticas es latente. El desarrollo tecnolégico de los materiales
poliméricos condujo a usar agentes y refuerzos antiestaticos (incremento de la
conductividad eléctrica) para evitar la adhesion de polvos contaminantes en la superficie
del producto polimérico final. Es asi como en la actualidad es indispensable el uso del
composite y el desarrollo de estos, donde el uso de nanomateriales inorganicos es una
tendencia por ofrecer otras ventajas (mejora las propiedades mecanicas, fisicas y

quimicas) a parte de aumentar la conductividad eléctrica del material polimérico.

2.1.3. local
Por otro lado, tenemos un creciente desarrollo de nuevos materiales poliméricos
amigables con el media ambiente, donde los poliuretanos son los preferidos para

sintetizar, por poseer buenas cualidades mecanicas. Y entre la familia de poliuretanos
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estan los elastomeros de poliuretano que son usados para contrarrestar el desgaste
industrial. Hay estudios enfocados en la sintesis de elastomeros de poliuretano a base
polioles de base bioldgica en combinacion con polioles derivados del petroleo con el fin
de aminorar el uso de componente derivados del petréleo en la sintesis de dichos
elastdbmeros. Sin embargo, atn no se ha encontrado superar la resistencia al desgaste que

ofrecen los elastbmeros convencionales.

2.2. MARCO TEORICO

2.2.1. Estatica

El estudio de la estatica se remonta a los 600 afios a.C. cuando Tales de Mileto
observaba como luego de frotar el ambar, este atraia pequefas particulas de polvo. Sin
embargo, tuvieron que pasar aproximadamente 2000 afios para que el fisico William
Gilbert descubra que no solo el ambar tenia ese comportamiento, sino otros materiales a
los cuales llamoé “electriks”, mientras a los que no mostraban dicho comportamiento se
les llamo “non electriks”, a partir de lo cual diversos cientificos realizaron experimentos
a través de los afos, tratando de explicar el fenomeno de electrostatica. Entre los
materiales que presentan dicho fenémeno, el cabello y piel humana, el cuero, pelaje,
algunos metales como plomo y aluminio tienden a cargarse positivamente en su superficie
(donar electrones), mientras que otros materiales como el ambar, madera, oro, platino,
poliésteres, poliuretanos y siliconas tienden a cargarse negativamente. El ejemplo més
conocido de estéatica es cuando uno frota un globo en su cabello 0 madera, haciendo que
este se cargue negativamente y pueda atraer pedazos pequefios de hojas de papel (Figura
1). Las cargas electrostaticas generadas no son estables en el tiempo, por lo que las fuerzas

de atraccion y repulsién se van reduciendo hasta desaparecer (Pionteck, 2007).
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Figura 1: Representacion del fendbmeno de estéatica.

Fuente: Pionteck, 2007

Cuando los materiales presentan carga electrostatica, se genera el riesgo de que,
debido a una abrupta desaparicion de dicha carga, se generen chispas. Por lo que, en un
ambiente bajo condiciones explosivas, las cargas electrostaticas pueden generar dafios en

la infraestructura, equipos y salud humana (Pionteck, 2007).

2.2.2. Conductividad eléctrica

La conductividad eléctrica (1) e la capacidad de los materiales de dejar pasar
corriente eléctrica (electrones) a través de ellos. De acuerdo con su conductividad
eléctrica, los materiales pueden clasificarse como aislantes ([J = 102 a 102 S. cm™),
semiconductores (10° a 102 S.cm™), conductores (J>10? S.cm™) o superconductores

(0~10%° S.cm™) (Figura 2)

g
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& e B 2 4.2 = a2 g &Y
3 3 o .4 o= g =] 2 3=
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Insulators | | Semiconductors | | Conductors ¢y SupcrcouductorsJ
\ 1 ] 1 '}
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Conductivity (S cm™)
Figura 2: Clasificacion de materiales segtn su conductividad eléctrica.
Fuente: Pionteck, 2007
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Para explicar la diferencia entre materiales aislantes, semiconductores vy
conductores (metales) se emplea la teoria de bandas (Figura 3). La cual explica que, para
los materiales conductores, los electrones presentes en el ultimo nivel de energia de los
materiales (banda de valencia) tienden a circular hacia la banda de conduccién, mientras
que en los semiconductores hay una brecha energética que dificulta la circulacién de los
electrones y se supera con el aumento de temperatura. Respecto a los aislantes, la brecha
energética es suficientemente grande como para impedir la circulacion de los electrones

aun con aumentos de temperatura.

La conductividad de los materiales depende de la temperatura, en los metales al
aumentar la temperatura disminuye su conductividad eléctrica, mientras que en los
materiales semiconductores y aislantes aumenta. Sin embargo, la conductividad de los
aislantes se logra mas por impurezas que pueda tener que por el mismo material. Cabe
mencionar que se puede aumentar la conductividad eléctrica de los materiales con la

incorporacion de cargas positivas 0 negativas.

Insulator Semiconductor Metal

Conductive band

Conductive band

Conductive band

E,

Figura 3: Teoria de bandas.

Fuente Pionteck, 2007
Respecto a los polimeros, estos son naturalmente aislantes con conductividades
de 102 a 102° S.cm™. Una lista de valores tipicos de conductividades de polimeros es
mostrada Tabla 1.
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Tabla 1: Conductividad eléctrica y permitividad de los polimeros

Conductividad Permitividad
Polimero eléctrical)D (S.cmv relativa &r
Polimeros aislantes
PAG6 (poliamida-6) 10 7
PC (policarbonato) 10716 2.6/3.0
PE (polietileno) 107 2.3
PMMA (polimetilmetacrilato) 1014210716 2.6/3.7
Poliéster 1012 3.4
PVDC (cloruro de polivinildieno) 106 2.85
PP (Polipropileno) 10° 107 2.2
PS (poliestireno) 10 2.55/2.5
PVC (cloruro de polivinilo) 10122 1015 2.8/3.05

Polimeros conductores

PAC-UN (Poliacetileno sin dopar) 108
PAC-D (Poliacetileno dopado) 500 a 2000

PANI-UN (Polianilina sin dopar) <1010
PANI-D (Polianilina dopada) 1a10

Elaborado por el equipo de trabajo.

La baja conductividad eléctrica de los polimeros se debe a su caracter dieléctrico
(capacidad de almacenar electricidad), es decir, la carga de las superficies poliméricas
debido a la friccion, deformacion repetida o al contacto con gases ionizados. Para los
materiales dieléctricos se utiliza lo que se conoce como permitividad relativa € (conocida

también como constante dieléctrica), la cual es una medida indirecta de la polaridad del
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material (mientras mas polar sea un polimero, tendra mayor permitividad relativa).

Algunos valores de permitividad de polimeros se pueden observar en la tabla 1.

Cuando dos polimeros dieléctricos se cargan entre si, el de mayor permitividad
relativa se carga positivamente y el otro negativamente hasta que la fuente de carga se
detenga, cuando esto ocurre, la carga almacenada desaparece con el tiempo. Dicha
velocidad de decaimiento depende de la estructura molecular de los polimeros
dieléctricos (presencia de impurezas), asi como de las condiciones ambientales

(humedad).

El drastico aumento en el desarrollo de nuevos productos plasticos se debe a su
éxito comercial en aplicaciones como aislantes para cables, en dispositivos eléctricos e
instrumentos y maquinas. Sin embargo, ha habido limitantes en las aplicaciones debido

al problema de estéatica (Pionteck, 2007).

2.2.3. Composites

En la formulacion de productos se debe hacer la distincion entre los componentes
que cumplen la funcién de generar el producto solicitado (matriz) y las cargas, las cuales
tienen propiedades fisicas y mecéanicas complementarias y se incorporan para mejorar el
rendimiento del producto final, el cual se conoce como composite 0 material compuesto.
Respecto a las propiedades finales del composite, estas dependen de la naturaleza de la
matriz y cargas, la calidad de la interfaz, la forma y proporcion de la carga y el tipo de
proceso de produccion utilizado. En un composite se conoce a la matriz como la fase
continua y a los refuerzos como las fases discontinuas. La matriz y los refuerzos pueden
ser metalicos, ceramicos o plasticos, lo cual genera la posibilidad de contar con un gran

numero de combinaciones.
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Respecto a matrices poliméricas, la incorporacion de refuerzos puede mejorar las
propiedades mecanicas (resistencia a la traccion, dureza, modulo de Young), el
rendimiento triboldgico (resistencia al desgaste por abrasion y erosion), propiedades
térmicas y eléctricas. La ventaja de los composites con matriz polimérica respecto a los
metales es el proceso de fabricacion, lo cual permite la produccién de piezas mas
complejas y con menor densidad, las cuales son utilizadas, por ejemplo, para la aviacion

e industria automotriz.

Los composites se clasifican segun el tipo de matriz en tres categorias: organicos,
metalicos y minerales. Respecto a los composites organicos son materiales con buenas
propiedades mecéanicas, resistentes a la corrosion y agentes quimicos, entre ellos se
encuentran los neumaticos laminados (caucho, acero, resinas organicas, entre otros) y los
plasticos reforzados (resinas y fibras cortas). Cabe resaltar que las matrices organicas
pueden ser termoplasticas, termoestables y elastomeros. Por otro lado, los composites
minerales cuentan con buena resistencia y tenacidad, entre ellos se encuentran el
hormigdn (cemento, arena y aditivos) y los compuestos cerdmicos (ceramica y fibras).
Por ultimo, los composites metalicos cuentan con una alta resistencia y pueden estar

formados por fibras de aluminio/boro y fibras de aluminio/carbono.

En el arte de los materiales compuestos, el numero de formulaciones posibles a
partir del abanico de elementos fundamentales es, practicamente, infinito. El tipo de
matriz, tipo de refuerzo, aditivos y las cantidades relativas de cada uno de ellos, asi como
el proceso de formulacion, tienen un impacto decisivo en las caracteristicas del producto
conformado. Los composites también pueden clasificarse seguin su uso en composites de

alto rendimiento y de rendimiento medio.
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2.2.4. Composites de rendimiento medio

Este tipo de composites son fabricados a partir de fibra de vidrio y resina de
poliéster insaturada. Su produccion representa méas del 95% respecto al total y las

industrias en las que usualmente se utilizan son las de transporte y eléctrica.
2.2.5. Composites de alto rendimiento
Estos composites estdn conformados principalmente por resinas epoxi y fibras de

vidrio, usualmente de carbono y cuentan con muy elevado rendimiento térmico y

tribologico. Las industrias que mas los utilizan son la aerondutica y espacial.

2.2.6. Formulacién de composites con matrices poliméricas

La Figura 4 muestra los principales componentes para la formulacion de

composites con matrices poliméricas
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Glass E Hardener Calcium carbonates
Glass R Catalyst Kaolin

Glass D Lubricant Quartz

Silica Release agent Silica

Boron Antioxidant Mica

Silicon carbide Anti UV Aluminum hydrates
Carbon fibers Pigments Natural polymers
Aramid fibers Fungicide Carbon nanotube
Reinforcements Additives or Fillers

Composite materials

v

Matrices
Thermosetting Thermoplastic
Polyamides Polypropylene (PP)
Polycarbonates Polyoxymethylene (POM)
Polyesters Polyesters (TP)
Phenolic Polyether sulfone (PES)
Polyimides Polyether ether (PEE)
Silicones Polyether ketone (PEK)
Polyurethanes Polyether ether ketone (PEEK)
Polyepoxides Polyether imide (PIE)

Figura 4: Formulacion de composites con matrices poliméricas.

Fuente: Pionteck, 2007

2.2.7. Cargas antiestéticas

Las cargas antiestaticas (antiestaticos o agentes antiestaticos) son aditivos que se
incorporan en los materiales para evitar la acumulacion electrostatica, el cual es un
problema que genera descargas de chispas que pueden ocasionar dafios materiales o
ineficiencia en los procesos productivos. Cuando se agregan antiestaticos a un material,
este se conoce como material antiestatico, el cual tiene una conductividad eléctrica

suficiente disminuir o eliminar la carga eléctrica en breve un periodo de tiempo.
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Los principales mercados en las que mas se usan las cargas antiestaticas son la
textil y el plastico. Respecto a los plésticos, los antiestaticos no afectan las propiedades
basicas de estos materiales (resistencia, olor y color). Ademas, deben de ser no tdxicos,
amigables con el medio ambiente y econémicos, es decir, deben de estar enmarcados en

la economia circular.

En algunas ocasiones, los antiestaticos proporcionan otras propiedades ademas de
la conductividad eléctrica. Por ejemplo, los antiestaticos inorganicos pueden mejorar los
modulos del material, mientras que los antiestaticos organicos pueden mejorar la
flexibilidad. Por otro lado, ciertos aditivos como colorantes, rellenos y suavizantes

pueden conferirle propiedades antiestaticas a un material.

Segun el tipo de aplicacién, los antiestaticos se pueden dividir en externos e
internos. Los primeros son en su mayoria tensoactivos iénicos o no iénicos y se utilizan
para el tratamiento de superficies de fibras, polvos, peliculas y materiales de gran
volumen. Por otro lado, los antiestaticos internos se incorporan al material plastico

formando vias que permitan la descarga de la superficie al suelo. (Pionteck, 2007)

Segun su estructura quimica, los antiestaticos se clasifican en organicos e
inorganicos. Los primeros se subdividen en anidnicos, catidnicos, anféteros y no iénicos.
Por otro lado, los antiestaticos inorganicos son sales, metales, negro de humo,
semiconductores, nanotubos de carbono y otras particulas conductivas en diferentes
formas y tamafos. A continuacion, se muestra una lista de clasificados segun su estructura

quimica. (Pionteck, 2007)

e Amidas
e Aminas cuaternarias y otras

e Negro Carbén
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e Esteres

e Fibras metalicas

e Fibras de carbon y grafito

e Materiales inorganicos

e Polvos metalicos y nano polvos
¢ Nanotubos Oleo quimicos

e Polietilenglicol

e Otros

2.2.8. Dispersion de nanoparticulas en matrices poliméricas

Debido a la necesidad de mejorar el rendimiento de los materiales poliméricos en
diversas aplicaciones, se desarroll6 una nueva area de investigacion Ilamada
nanotecnologia. Para ello, las nanoparticulas (particulas de al menos una dimension
menor a 100 nm) deben ser dispersadas de manera éptima en una matriz polimérica
formando un material compuesto o composite. Dicha dispersion es el desafio fundamental
que rodea el desarrollo de polimeros. Por otro lado, La razon del uso de nanoparticulas es
la gran relacion superficie/volumen que aumenta, lo cual permite que haya mas

interacciones entre la particula y la matriz polimérica, mejorando diversas propiedades.

Uno de los principales problemas a superar en la dispersién de nanoparticulas es
la aglomeracion, lo cual disminuye el rendimiento del composite conformado. Este
fendmeno se presenta debido a la presencia de interacciones intermoleculares (Fuerzas de

Van Der Waals).

Muchas investigaciones (Supovéa, 2011, pags. 1-25) han demostrado que el
rendimiento triboldgico de los composites en diversas aplicaciones depende del grado de

dispersion de las nanoparticulas en las matrices poliméricas. Ademas, se sabe que hay
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una cantidad méaxima de carga que se puede dispersar en la matriz polimérica para que se
logre una estabilidad en la dispersion, y, por lo tanto, no se perjudique el rendimiento del
composite. Otro parametro que puede afectar el rendimiento del composite es la forma de

las nanoparticulas.

Entre los equipos utilizados para dispersar nanoparticulas en una matriz
polimérica se cuenta con el mezclador de paletas, mezclador de vortice, homogeneizador
ultrasonico y el mezclador de alta cizalla (HSM). Este ultimo es el més utilizado debido
a gque alcanza velocidades de giro del rotor de hasta 12000 RPM, se cuenta con un estator
con el que se facilita la desaglomeracion y se obtiene una granulometria mas uniforme de
las nanoparticulas dispersadas en la matriz polimérica. (Krishnamoorti, 2007, pags. 341 -

347)

2.2.9. Elastomeros

Los elastdmeros son polimeros con algunas caracteristicas comunes como la alta
elasticidad, viscoelasticidad y temperaturas de transicién vitrea por debajo de la
temperatura ambiente. EI caucho natural fue el primer tipo de elastémero utilizado en la
practica de la ingenieria, pero fue desplazado por el caucho sintético, pero durante la
Segunda Guerra Mundial, se desarrollaron diversos elastdmeros con mayor aplicacion
industrial debido al elevado costo del caucho. Afos més tarde se desarrollaron los
elastdmeros de poliuretano, los cuales cuentan con mejor rendimiento triboldgico que el
caucho sintético. Para conformar los elastomeros de poliuretano, tienen que reaccionar
3 componentes: un diisocianato (aromatico o alifatico) y un poliol (macrodiol) para
formar un pre-polimero y luego hacer que reaccione con un extensor de cadena (diol o

diamina) (ver Figura 5) (Prisacariu, 2011).
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Diisocyanate Macrodiol

2 O=C=N—-R—-N=C=0 + HO—R,—O0OH

e o
OCN——R—N—C—0—R;—O—C—N—R——NCO

Prepolymer

Low molecular
weight diol
(Chain extender)
HO—R>— OH

OnH 1o
Il | [
— 0—Ry3—O0—C— Naww N—C—O0—Ry—O0—

Final Polyurethane Product

Figura 5: Conformado de elastdmeros de poliuretano.

Fuente: Prisacariu, 2011

2.2.10. Tribologia de elastomeros

Se conoce como tribologia a "la ciencia y la tecnologia de las superficies que
interactdan en movimiento relativo y las précticas relacionadas con ellas". Entonces, la
tribologia de los elastomeros se podria definir como "la ciencia y la tecnologia para
investigar las regularidades de aparicion, cambio y desarrollo de diversos fendmenos
triboldgicos en el caucho y materiales similares al caucho y sus aplicaciones tribologicas™.
Estos fendmenos tribolégicos son causados por no solo interacciones mecénicas y fisicas,
sino también quimicas, termoquimicas, mecanoquimicas y triboquimicas. La tribologia
de elastdmeros es un area interdisciplinaria en crecimiento y con una vital importancia
para entender los fendémenos de desgaste y disefiar materiales para contrarrestarlos. Por
lo tanto, una comprensién claray completa de la tribologia del caucho tiene valor préctico

y es cada vez mas importante.
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2.2.11. Friccion

La friccion es un fenémeno muy complejo. Desde que Leonado da Vinci estudid
el rozamiento de los solidos a finales del siglo XV, hasta la actualidad no se ha
desarrollado una teoria universalmente aceptada para clarificar con exactitud los
fendmenos de rozamiento. Asi, se considera a la friccion, en esencia, como un efecto
transformador de energia. Por ejemplo, cuando un carro frena, la friccion que se produce

en el proceso de frenado es un efecto que se transforma de energia mecénica en calor.

2.2.12. Desgaste

Se puede definir el desgaste como “el fenomeno de pérdida de material que se
genera gradualmente en las superficies de friccion de los solidos, debido a la accion
combinada de varios efectos, entre ellos mecanicos, mecanoquimicos, electroquimicos y
termoquimicos”. Por lo tanto, el fendmeno de desgaste no es un proceso netamente fisico
provocado por la accién mecénica, sino que puede ir acompafiado de procesos de reaccion

quimica. Ademas, se presentan 3 principales caracteristicas del fendmeno de desgaste:

e EIl desgaste es un fendomeno superficial, por lo que fracturas o dafio por fatiga
causado por dafos internos no pertenece a esta categoria.

e Para que ocurra desgaste debe haber un movimiento relativo en las superficies
de contacto de los sélidos.

e El desgaste provoca la pérdida inevitable del material a través del tiempo y por

consecuencia su deformacion.

2.2.13. Clasificacion de desgaste

Si bien hasta la fecha no hay una clasificacion del desgaste aceptada

universalmente debido a que es aun un campo de estudio inmaduro, el desgaste se puede
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clasificar en: desgaste por adhesion, desgaste por abrasion, desgaste por fatiga, desgaste

por corrosion y desgaste por erosion.

Para los elastomeros de poliuretano, los tipos de desgaste que mas se observan en
la industria son los desgastes por abrasion y erosion, razén por la cual se detallan a

continuacion:

a. Abrasion

La abrasion es una compleja combinacion de diversos factores como, por ejemplo:
resiliencia, resistencia a la temperatura y resistencia al corte. Se puede decir que el
desgaste por abrasion depende de 3 factores: la naturaleza del material, la angularidad del

abrasivo y la interaccion del abrasivo con el material.

Segun estudios, se demostrd que los materiales mas duros y quebradizos como el
policarbonato son menos resistentes a la abrasion que los materiales blandos como los
elastdbmeros. Estas mediciones se pueden realizar por diversas normas, pero la mas

utilizada globalmente es la ASTM D5963 que utiliza un rodillo abrasivo (ver Figura 6)

Figura 6: Abrasimetro.

Fuente: ASTM D5963
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b. Erosion

El desgaste por erosion se puede definir como el desgaste generado por la
interaccion de una superficie sélida y una corriente que contine particulas erosivas a cierta
velocidad (Figura 7). Dichas particulas inciden con cierto &ngulo en la superficie solida
(el &ngulo puede variarse) y desprenden progresivamente materia de la superficie hasta
formar lo que se conoce como “huella de desgaste”. Los valores de erosion se determinan,
asi como en el desgaste por abrasion, por diferencia de volumen (mm?®), debido a que la
diferente densidad de los materiales puede generar un error si se mide por diferencia de

peso (Zhang, 2004).

Erosive Wear

Incoming particle

Particle leaving

-

Polyurethane
wear surface

Figura 7: Representacion de desgaste por erosion.

Fuente: Clemitson, 2008

37

repositorio.unap.edu.pe
No olvide citar adecuadamente esta tesis
.|



NACIONAL DEL ALTIPLANO
Repositorio Institucional

ﬂ. UNIVERSIDAD

CAPITULO Il1

MATERIALES Y METODOS

3.1. UBICACION GEOGRAFICA DEL ESTUDIO

3.1.1. Ubicacion
El proyecto de estudio se realizd en el laboratorio de Pankarana S.A.C., situado

en el departamento de lima, en la provincia del Callao distrito de ventanilla.

La provincia constitucional del callao este situado en la region central y occidental

del territorio peruano, sus coordenadas geograficas se encuentran entre los 10 °15° de

latitud Sur y los 75° 38’ y 77°45° de longitud al Oeste.

Sus limites son por el Norte los distritos de Santa Rosa y Puente piedra, por el
Este los distritos de San Martin, brefia, lima y magdalena Vieja, por el Sur con San Miguel

y por el Oeste con el Océano Pacifico.

3.2. AJUSTES PRELIMINARES

Se realizaron ensayos preliminares siguiendo los pasos indicados en la Figura 8
para ajustar el disefio experimental, donde se verifico que los parametros tanto de tiempo
de curado como de temperatura de curado en la elaboracion del elastomero de poliuretano
fue mejor cuando se siguio las indicaciones de las fichas técnicas del proveedor de los
pre-polimeros. Por otro lado, se considerd el uso de tres nanomateriales inorganicos, sin
embargo, dos de ellos (nanoparticulas de 6xido de silicio y carbonato de calcio) que se
muestran en la Figura 9, fueron descartados por no presentar mejoras en la conductividad
eléctrica. Por lo que el disefio experimental final quedo ajustado en la forma que se
muestra en la Tabla 2. Que corresponde a un disefio experimental simple, donde se analiz6
el efecto de una sola variable.
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Figura 8: Proceso de obtencion de un elastomero de poliuretano

Elaborado por el equipo de trabajo

(a)

(b)
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Figura 9: Nanomateriales inorganicos (a) Nanoparticulas de Oxido de Silicio y (b)
Nanoparticulas de Carbonato de Calcio

Elaborado por el equipo de trabajo

Tabla 2: Disefio de experimento final

ID Factor Niveles Valores

1 | Tipo de Nanoparticulas (NP) 1 Nano tubos de carbono

o | %enpesodelasNPenla 4 | 0.0%;0.1%; 0.3%; 0.5%
matriz polimérica

3 Temperatura de curado (°C) 1 90

4 Tiempo de curado (hrs) 1 1

Elaborado por el equipo de trabajo.

De la Tabla 2, los porcentajes en peso de la incorporacion de los nanotubos de
carbono fueron establecidos en base a las referencias revisadas (Liu,2016) donde se
muestra un umbral de percolacion eléctrica alrededor de 0.5 % en volumen de nanotubos
de carbono para un composite de un poliuretano. El efecto de las cantidades de NP
incorporado en la matriz polimérica fue verificado mediane las caracterizaciones,

principalmente, en sus propiedades triboldgicas y mecanicas de los composites obtenidos.

3.3. METODO DE INVESTIGACION

El método de investigacion es experimental cualitativa para determinar la

resistencia al desgaste de los elastomeros de poliuretano obtenidos.

3.4. TIPO Y DISENO DE INVESTIGACION

3.4.1. Tipo o nivel de investigacion

Este trabajo de investigacion se encuentra en un nivel de desarrollo experimental
ya que Consiste en trabajos sistematicos que aprovechan los conocimientos existentes
obtenidos de la investigacidn y/o la experiencia practica, y esta dirigido a la produccion

de nuevos materiales; a la puesta en marcha de nuevos procesos; sistemas y servicios, 0
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a la mejora sustancial de los ya existentes. Todo ello de acuerdo con la definicion en

Concytec — Perd.

3.4.2. Disefio de investigacion

El disefio usado fue un disefio experimental con una sola variable.

3.5. PROCEDIMIENTO

3.5.1. Materiales y sintesis

Se conformaron y caracterizaron composites de elastdmero de poliuretano (EPU)
a partir de un sistema de prepolimero. El prepolimero que se utiliz6 fue un polieter-
uretano con 17.6 %NCO de exceso (ERAPOL E 93 A, Firma ERAPOL) y como su
extensor de cadena o curativo se uso una 4,4'-metilenbis (2-cloroanilina) (MOCA, Firma
DHKCHEM). Los nanotubos de carbono con un tamafio promedio de 10 - 30 nm didmetro
y 10 — 30 um largo (Carbon Nanotubes, firma CheapTubes) fue usado como reforzante
de la matriz polimérica y dispersado inicialmente en un poliéster de base bioldgica
(PRIPLAST 1838 ™  Firma Croda) dispuso de los siguientes materiales para el

conformado de elastémeros de poliuretano con nanotubos de carbono como carga:

Procedimiento:

1. Se estableci6 los pesos de los componentes a usar en el conformado de las

probetas de elastomeros de poliuretano.

Prepolimero 93A (gr) Priplast (gr) MOCA (gr) NTC(gr) 0% NTC(gr) 0.1% NTC(gr) 0.3% NTC (gr) 0.5%

100 42.8 9.7 0

100 42.8 9.7 0.1525

100 42.8 9.7 0.4575

100 42.8 9.7 0.7625

2. Se realiza la dispersion de los NTC (0.1%, 0.3% y 0.5% respecto al peso total

del conformado) en PRIPLAST mediante el equipo de alto cizallamiento
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(Modelo L5M-A Silverson Heavy Duty Laboratory Mixer), mediante los
pardmetros de procesamiento 5000 RPM y 20 min, con periodos de pausa de 5

min.

Figura 10: Equipo de mezclado de alto cizallamiento SILVERSON.
Elaborado por el equipo de trabajo

3. Se realiza la remocién de aire presente en los productos ERAPOL E93A vy
PRIPLAST mediante un equipo de vacio a -1 bar, independientemente, a
temperaturas no superiores a 85°C. Se repite esta operacion 5 a mas veces hasta

notar la ausencia de burbujas en el proceso de secado.
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Figura 11: Equipo de vacio.

Elaborado por el equipo de trabajo

4. Se realiza un primer mezclado entre el Priplast (con/sin NTC) y el prepolimero
E93A, seguidamente del extensor de cadena (MOCA). Se realiza el mezclado por
un sistema de mezclado de vortice el cual se dio por 30 segundos, se realiza el
vacio para retirar las burbujas presentes por 1 min o hasta que se note la ausencia
de burbujas. Se retira y se trasvasa a una matriz o probeta de muestra.

5. Las probetas son curadas durante 24 horas a una temperatura de 80°C, después de
este tiempo son retiradas y post curadas a temperatura ambiente por 7 dias para

estar listas para las caracterizaciones correspondientes.
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Figura 12: Elastomeros de poliuretano conformados 0%, 0.1%, 0.3% y 0.5% NT.

Elaborado por el equipo de trabajo

3.5.2. Métodos de caracterizacion

3.5.2.1. Espectroscopia infrarroja por transformada de Fourier (FTIR)

Las composiciones de las muestras de los elastomeros se caracterizaron haciendo
uso de espectroscopia infrarroja por transformada de Fourier (FTIR), marca Bruker,
modelo Alpha Il. Este equipo cuenta con ATR acoplado el cual permite analizar la
muestra sin destruirla, por lo que las muestras se midieron en su forma sélida. Esta técnica
de muestreo aprovecha la informacidn espectral que es posible obtener de los fenémenos

de reflexién (Larkin, 2011).

G) Infrared ﬁiiii@
Source

Spectrum

Founer

»/Mmf transform
| L
S5 /

Figura 13: llustracion esquematica de un espectrometro FTIR. Nota:

Fuente: (Theophanides, 2012).
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Figura 14: Equipo de FTIR, marca Bruker, modelo Alpha II.

Elaborado por el equipo de trabajo

3.5.2.2. Resistencia a la abrasion

Se empleo un Abrasimetro de rodillo cilindrico de acuerdo con la noma ASTM
D5963, como se muestra en la Figura 15. Para este procedimiento de caracterizacion se
usa una muestra cilindrica de 16 mm de didmetro y 10 mm de altura. Se fijo la muestra
tratada en la porta muestra para luego se deslizada por los 40 metros de recorrido sobre
la hoja abrasiva del rodillo, realizando friccion y un desgaste que luego serd medido por
la diferencia de volumen. Se corrige la abrasividad de la hoja abrasiva mediante el uso de
un material de referencia. EI material de referencia usada serd una goma estandar
proporcionada por el Instituto Federal de Investigacion y Ensayo de Materiales (Berlin,

Alemania).
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g‘F‘
Figura 15: Equipo de abrasion bajo la norma ASTM 5963.

Elaborado por el equipo de trabajo

La norma ASTM 5963, nos indica el uso de un material de referencia con valores
de operacion entre 180 — 220 mg por pérdida de masa, de forma que la calibracion de la
hoja abrasiva se dard en este rango indicado después de abre recorrido la goma durante

40m.

La pérdida de volumen se calcula mediante la siguiente formula donde involucra
Am (pérdida de masa muestra mg), d1 (densidad del elastomero analizado), S (pérdida de

masa promedio del material de goma o caucho), como se muestra en la siguiente ecuacion:

_ Am.200
T dl. s

El valor reportado y analizado es el desgaste por abrasion, reportado en mm?. Este

analisis se realiza de forma repetitiva para confirmar el valor resultante.

3.5.2.3. Resistencia a la erosion
Los ensayos de erosion se llevaron a cabo en una maquina de erosion (Figura 16)
configurado bajo la norma ASTM G-76, donde las variaciones mas importantes, con

relacion al estandar, fueron el uso de erosivo metalico angular y la presion de trabajo. La
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velocidad de dosificacion fue contralada mediante un embudo vibrador donde la carga
tuvo el mismo volumen de erosivo en cada ensayo y se verifico un similar tiempo de

dosificacion de cada carga.

Figura 16: Maquina de erosion basada en ASTM G-76.

Elaborado por el equipo de trabajo

47

repositorio.unap.edu.pe
No olvide citar adecuadamente esta tesis
. ____________________________________________________|]



. UNIVERSIDAD
NACIONAL DEL ALTIPLANO

Repositorio Institucional

Tabla 3: Condiciones del ensayo de erosion

Parametros de ensayo

Tipo de erosivo Grano de acero angular -
AMASTEEL® G14

Tamafio del erosivo 1.18-1.40 mm

Temperatura de ensayo Temperatura ambiente
(20°C)
Rapidez de alimentacion del 70 kg/min
erosivo
Presion de trabajo 6.3 bar

Elaborado por el equipo de trabajo

3.5.2.4. Traccion

Se empled la norma ASTM D412 DIE D con un equipo universal Amade Tech
como se muestra en la Figura 17. La velocidad de operacion del equipo fue de 500
mm/min. El software utilizado fue TM2101 V5.55. Se evaluaron 3 especimenes por
elastomero conformado y se obtuvo como resultado de traccion al promedio de las 3

evaluaciones.
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Figura 17: Maquina universal para pruebas de traccién y rotura.

Elaborado por el equipo de trabajo

Figura 18: Probetas para el ensayo de traccion.

Elaborado por el equipo de trabajo
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3.5.2.5. Rotura

Se empled la norma ASTM D624 con un equipo universal Amade Tech como se
muestra en la Figura 19. La velocidad de operacion del equipo fue de 500 mm/min. El
software utilizado fue TM2101 V5.55. Se evaluaron 3 especimenes por elastomero

conformado y se obtuvo como resultado de traccion al promedio de las 3 evaluaciones.

Figura 19: Probetas para el ensayo de rotura.

Elaborado por el equipo de trabajo

3.5.2.6. Dureza
Los resultados de dureza fueron obtenidos por medio de cinco medidas al azar en
cada espécimen con durometro modelo tipo A basado en ASTM D-2240, en la figura 20

se muestras la configuracion para la medicion de la dureza.
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Figura 20: Durémetro y soporte para medir la dureza.

Elaborado por el equipo de trabajo

3.5.2.7. Microscopia electronica de barrido

Las micrografias SEM fueron medidas en el equipo Hitachi modelo Regulus 8230,
con una fuente de emision de electrones de campo frio, bajo las siguientes condiciones
para andlisis de morfologia: distancia de trabajo de 15.5 mm, detector de electrones

secundarios.
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Figura 21: Microscopio electronico de barrido (SEM) marca HITACHI.

Elaborado por el equipo de trabajo

3.5.3. Conductividad

3.5.3.1. Disefio y fabricacion de un medidor de resistividad volumétrica ASTM-
D9911
Disefio conceptual y funcional

Necesidad. - Se requirié un equipo que pueda medir la resistividad volumétrica de
productos eléctricamente conductores y antiestaticos, para lo cual se propuso su disefio y
construccion.

Especificaciones iniciales. - Para el disefio del equipo se establecieron las
especificaciones iniciales:

e Medicion de potencial y resistividad.
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e Procesos disponibles para la fabricacion: Fresado, Torneado, Taladrado.
e Seguridad para el usuario.
Estructura Funcional.
A continuacion, se realizé el arbol de necesidades del equipo para la medicion de
la resistividad eléctrica (Véase en la figura 22) el cual nos proporciona la claridad de las
funciones que debe realizar el quipo antes de ejecutar una estructura funcional del

sistema:

Equipo de
medicion de
resistividad

Desenpefio Economia

Medicion del
potencial y la
resistividad

Precision Baja inversion

ol Maniobrabilidad

fuente de
alimentacion

ifasica de 220

Figura 22: Arbol de necesidades del equipo de medicion de resistividad eléctrica.

Elaborado por el equipo de trabajo

Generacion de alternativas y soluciones. - Para la configuracién inicial del equipo
se elabor6 la matriz morfolégica (Tabla 4) con base en la estructura funcional y la

consecucion de las funciones que desempefiara el equipo.
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Tabla 4: Matriz morfolégica del equipo ASTM D 991
1 2 3

Aislante \I\i,,//

Policarbonato

Plastico

Amperimetro

T

Analdgico

Pesos

Acero inoxidable| Acero A36

Fuente de
alimentacion

Fuente DC

Conmutada

Elaborado por el equipo de trabajo

Por consiguiente, se propusieron las siguientes combinaciones como alternativas
de configuracion del equipo, las cuales fueron evaluadas con base en los criterios del
equipo de disefio:

Combinacion 1: 2-2-1-3
Combinacion 2: 3-3-2-2
Combinacion 3:1-3-1-2
Los criterios de evolucion acordados por el equipo técnico fueron:
1. Accesibilidad de los componentes de construccion (C1)
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2. Menor costo relativo (C2)

3. Estabilidad y seguridad (C3)

4. Facilidad de operacion y mantenimiento (C4)

Comparacion entre los criterios ultimos mencionados en la matriz de pares:

Tabla 5: Matriz de pares de criterios

C1l C2 C3 C4 Suma Factor de
ponderacion (FP)
C1 1 5 5 12 0.41
c2 1 1 5 5 12 0.41
C3 1/5 1/5 1 1 2.4 0.08
C4 1/5 1/5 1 1 2.4 0.08

Elaborado por el equipo de trabajo

Donde para las comparaciones se tiene:
o 10=Mucho mas importante

e 5=Mas importante

e 1=Igual

e 1/5=Menos importante

e 1/10=Mucho menos importante
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Tabla 6: Matriz de decision de la combinacion tipo de maquina

Combinacién 1 Combinacion 2 Combinacion 3

Valor del Combinaciones
criterio L Relativa| Resultado|Relativa| Resultado|Relativa| Resultado
Criterios
0.41 Accesibilidad 6 2.46 8 3.28 8 3.28
0.41 Costo 8 3.28 7 2.87 7 2.87
0.08 Recopil. De Datos 7 0.56 8 0.64 9 0.72
0.08  |Operacion 7 0.56 7 | 056 9 0.72
Calificacion total 6.86 7.35 7.59

Elaborado por el equipo de trabajo.

Por lo tanto, la combinacion 3 fue la que elegimos.

3.5.4. Disefo de detalle

3.5.4.1. Disefio estructural

El trabajo de disefio tuvo como referencia principal a la norma ASTM D 991-89
con designacion “método de prueba estdndar para caucho: resistividad volumétrica de
productos conductivos y antiestaticos”. El disefio se realiz6 mediante la configuracion de
la norma antes mencionada (Figura 23), los parametros principales como las distancias
entre centros, la forma de los electrodos y el tamafio de los materiales aislantes se
disefiaron de tal forma que permita medir la corriente y el potencial sin ninguna pérdida

de valores.
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Figura 23: Disefio respecto a la norma ASTM D991-89.

Elaborado por el equipo de trabajo.

El disefio y dibujo se realizé mediante el software Autodesk Inventor Professional
2022, la primera parte consta del disefio y dibujo de los componentes metalicos, asi como

los compontes aislantes (Figura 24).
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-

(e)
Figura 24: Disefio de piezas estructurales, a) Aislante inferior, b) Peso medio, ¢)
Aislante superior, d) Peso inferior, e) Peso superior.

Elaborado por el equipo de trabajo.

El paso siguiente fue el ensamble y modelamiento. Con esto qued6 definido todo
el sistema estructural del medidor de resistividad volumétrica. ElI ensamble lo
representamos en la figura 25 en corte para poder detallar la disposicién estructural
ademas de describir visualmente el parecido al disefio que dicta la norma ASTM D991-

89.

277
LT

SECTION W-W
SCALE 1/1

Figura 25: Corte del ensamble.

Elaborado por el equipo de trabajo.
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Posteriormente se realizd la adquisicion de los materiales metélicos y aislantes
(Figura 26), de acuerdo con el resultado del analisis morfologico para los materiales
metalicos se considero el acero inoxidable y para los materiales aislante el policarbonato.
Una vez obtenido los materiales se procedié a mecanizarlos usando un centro de

mecanizado computarizado (CNC).

Elaborado por el equipo de trabajo.

Se representa los materiales estructurales mediante la siguiente tabla 7 en donde
colocamos la resistividad eléctrica del policarbonato, esta resistividad viene siendo la

ideal para un aislamiento perfecto.

Tabla 7: Materiales estructurales

Resistividad eléctrica

Acero inoxidable 72,00 x 108 Q'm

Policarbonato 10° Q'm

Elaborado por el equipo de trabajo.
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3.5.4.2. Disefio eléctrico
En la configuracion eléctrica, las conexiones se realizaron segun el plano indicado

en la norma (Figura 27) y con ello se establecid el armado de las piezas eléctricas.

(a)

Figura 27: Disposicion de las conexiones eléctrica, a) Configuracion eléctrica segun
norma ASTM D991, b) Configuracion eléctrica realizada.

Elaborado por el equipo de trabajo.

Los equipos eléctricos utilizados son:

Medidor de resistencia volumétrica (Pico-amperimetro)

Regulador de voltaje

e Medidor de amperaje
Recomendaciones

e Determinar el mejor sistema de bornes eléctricos para la mayor

sujecion y toma de datos correctos.
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3.5.4.3. Determinacion de la resistividad volumétrica

Una vez concluido el disefio y fabricacién del equipo para medir la resistividad
bajo la norma ASTM-D911 se colocaron las probetas de los composites elastoméricos
obtenidos de 3 mm de espesor, los cuales fueron cortados en forma rectangular en
medidas de 20mmx120mm (Figura 28). Las mediciones se realizaron por triplicado para
cada tipo de composite elastomérico obtenido, donde cada muestra fue desengrasada con
alcohol isopropilicos (10 % v/v) antes de cada ensayo, los ensayos fueron realizados en

condiciones ambientales (T= 21.3 °C y HR = 63 %)

00/

Figura 28: Corte de probetas para el ensayo de resistividad volumétrica.

Elaborado por el equipo de trabajo.

Para la validacién del equipo se realizé 3 medidas en 7 potenciales distintos (rango
3 - 300) segun la norma ASTM D991, tal como se muestra en la Tabla 8, donde la
desviacion estandar resultante estuvo dentro del rango que indica la norma ASTM D991,
los resultados de la desviacion estandar de repetibilidad del equipo fue 0.071, muy

cercano al que indica la norma el cual es de 0.065.

61

repositorio.unap.edu.pe

No olvide citar adecuadamente esta tesis
]



. UNIVERSIDAD

NACIONAL DEL ALTIPLANO
Repositorio Institucional

Tabla 8: Medida a diferentes potenciales para validar el equipo

Potencial | Medida 1 (mA) | Medida 2 (mA) | Medida 3 (mA) | Desviacion
estandar
3 49.93 49.92 50.05 0.072
6 24.94 25.08 25.06 0.076
10 15.02 14.91 15.05 0.074
30 4.95 5.06 5.07 0.067
75 1.96 2.05 1.94 0.059
150 0.92 1.06 0.93 0.078
300 0.4 0.44 0.54 0.072

Elaborado por el equipo de trabajo.

3.6. VARIABLES

Las variables de estudio para este analisis fueron dos:

Variables dependientes: son aquellas variables que dependen de un factor. En el

caso de nuestro estudio nuestra variable dependiente es el potencial.

Variables independientes: son aquellas variables que no dependen de un factor.

En nuestro estudio la variable independiente es la medida de conductividad.

62

repositorio.unap.edu.pe
No olvide citar adecuadamente esta tesis
1



UNIVERSIDAD

NACIONAL DEL ALTIPLANO
Repositorio Institucional

CAPITULO IV

RESULTADOS Y DISCUSION

4.1. RESULTADOS

4.1.1. Analisis de espectroscopia infrarroja por transformada de Fourier (FTIR)

-NTC-0.1
-NTC-0.3
-NTC-0.5

1.0

0.9 +

0.8

T (%)

0.7

/

0.6

0.5

0.7-
1750 1700

04 T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

NGmero de Onda (cm™)

Figura 29: Espectro IR de los poliuretanos reforzados con nanotubos de carbono.

Elaborado por el equipo de trabajo.

En la Figura 29 se muestra los espectros infrarrojos correspondientes a las
muestras: poliuretanos reforzados con nanotubos de carbono, PU (poliuretano sin
reforzamiento, y muestras reforzadas con nanotubos de carbono (NTC), PU-NTC-0.1,
PU-NTC-0.3, y PU-NTC-0.5 donde 0.1%, 0.3% y 0.5% de nanotubo de carbono,
respectivamente. Estos espectros muestran grupos funcionales de N-H a 3280 cm™, C-H
a 2849 y 2911 cm™. En los picos correspondientes a los grupos carbonilos se observan

dos picos a 1673 (baja energia) y 1694 (alta energia) cm™ donde la intensidad depende

63

repositorio.unap.edu.pe
No olvide citar adecuadamente esta tesis
1



. UNIVERSIDAD

NACIONAL DEL ALTIPLANO
Repositorio Institucional

de la carga de los nanotubos de carbono. Los picos de 1673 cm™ corresponden a los

carbonilos C = O y los picos de 1694 cm corresponde al grupo C — O.

0.40 4

0.35

0.30

0.25

AREA (U.A)

0.20

0.15

0.10 ———————
0.0 0.1 0.2 0.3 0.4 05

CARGA NTC (%)

Figura 30: Curva de calibracion Area VS Carga NTC para el pico de 1673 cm™.

Elaborado por el equipo de trabajo.

1.58—-
1.56—-
1.54—-
1.52—-
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1.48 L]

AREA (U.A)

1.46 4
1.44 4

1.42

1.40

—
0.0 0.1 0.2 0.3 0.4 0.5
CARGA NTC (%)

Figura 31: Curva de calibracion Area VS Carga NTC para el pico de 1694 cm™.

Elaborado por el equipo de trabajo.

En ambas figuras 30 Y 31 se observa que la muestra PU — NTC — 0.1 presenta

mayor cantidad (mayor area) de grupos carbonilos con respecto a los demas. Esto se
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puede observar en la resistencia a la traccion que presentan cada muestra, por ejemplo, el
PU-NTC-0.1 presenta una mayor resistencia a la traccion frente a los demas, esto se
deberia a que a mayor carga de nanotubos de carbono inhiben los grupos carbonilos
haciendo gue su resistencia a la traccion disminuya en un exceso mayor a 0.1 %. Por lo
que se podria decir que la carga Optima para obtener un PU de mayor traccion seria

cargando con 0.1 % de NTC.

4.1.2. Resistencia a la abrasion

Los resultados de cada ensayo para medir la resistencia a la abrasion bajo la norma
ASTM D5963 se muestran en la Tabla 9 asi como el promedio de tres ensayos para cada
tipo de composite elastomérico obtenido. La tendencia de la resistencia a la abrasion en
funcién al % de nanotubo de carbono (NTC) incorporado se muestra en la Figura 32,
donde la perdida de volumen no se ajusta a un patron regular cuando se incrementa el %
de NTC por causa del resultado en 0.3%, de acuerdo con las referencias, deberia seguir
un patron regular. No obstante, esta irregularidad en el ensayo antes mencionado podria
tener una causa en la forma de distribucion de las NTC en la matriz polimérica, el cual

puede analizarse con ensayos complementarios, como el SEM.

Tabla 9: Resultados individuales del ensayo de abrasion.

0.00% 0.10% 0.30% 0.50%
130.7 109.6 132.0 104.0
119.6 117.5 133.5 111.1
129.4 121.9 144.8 108.6
126.6 116.4 136.8 107.9

Elaborado por el equipo de trabajo.
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110.0 197.9
105.0

100.0
Figura 32: Tendencia de la resistencia a la abrasion en funcion al % de NTC

incorporado.

Elaborado por el equipo de trabajo.

4.1.3. Resistencia a la erosion

El detalle de Los resultados de cada ensayo para medir la resistencia al desgaste
por erosion bajo la norma ASTM G76 se muestran en la Tabla 10. La tendencia de la
resistencia al desgaste por erosion en funcién al % de nanotubo de carbono (NTC)
incorporado se muestra en la Figura 33, donde se nota una disminucion de la resistencia

al desgaste por erosion.
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Tabla 10: Ensayos de erosion.

Distan .
. . : Perdid
— . Tiem Diametr . Angu cia
Descripci - Peso Peso . Flujo Diferenc ad de
Condicio | . .. . Densidad po de ode X lo de punto )
on de inicial final . de . . ial de materi
Muestra n () () (Kg/llitros) aire erosi salida i prue de al
on del aire ba inpact
mm3
o
T=23:4
°C
0,67 0,66 6.3 25 @26 10 3,088
o 3 3 o )
0% 23 91 1,036 bar min mm 0,0032 | 45 mm 80
Hr =57
%
T=233
°C
0,1% 1,86 1,85 1,044 6.3 2§ @27 0,0052 45° 10 4,980
Hr =59 42 9 bar min mm mm 84
%
T=23:4
°C
0,99 0,98 6.3 25 @25 10 4,861
0, o
0,3% 43 92 1,049 bar min mm 0,0051 45 mm 77
Hr =57
%
T=23:4
°C
0,70 0,69 6.3 27 @25 10 4,166
0, ’ ’ o ’
0,5% 12 68 1,056 bar min mm 0,0044 ) 45 mm 67
Hr =58
%
Elaborado por el equipo de trabajo.
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Figura 33: Tendencia de la resistencia a la erosion en funcion al % de NTC
incorporado.

Elaborado por el equipo de trabajo.
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4.1.4. Traccién

Los resultados de cada ensayo para medir la resistencia a la traccion bajo la norma
ASTM D412 se muestran en la Tabla 11 asi como el promedio de tres ensayos para cada
tipo de composite elastomérico obtenido. La tendencia de la resistencia a la traccion en
funcion al % de nanotubo de carbono (NTC) incorporado se muestra en la Figura 34,
donde se nota una variacion de la resistencia a la traccion cuando se incrementa el % de

NTC. La mejora en esta propiedad solo se verifico en 0.1%.

Tabla 11: Resultados individuales del ensayo de traccion.

0.0% 0.1% 0.3% 0.5%
9.6 11.5 7.7 7.7
9.5 10.0 7.3 8.1
9.9 10.1 8.5 8.5
9.7 10.5 7.8 8.1

Elaborado por el equipo de trabajo.

ENSAYO DE TRACCION
11
105
10
95

8.5

Tracion(MPa)
[\=]

7.5

0.00% 0.10% 0.30% 0.50%
Porcentaje de NTC en Bio-EPU

Figura 34: Tendencia de la resistencia a la traccion en funcion al % de NTC
incorporado.

Elaborado por el equipo de trabajo.
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4.1.5. Rotura

Los resultados de cada ensayo para medir la resistencia a la rotura bajo la norma
ASTM D 624 se muestran en la Tabla 12 asi como el promedio de tres ensayos para cada
tipo de composite elastomérico obtenido. La tendencia de la resistencia a la traccion en
funcion al % de nanotubo de carbono (NTC) incorporado se muestra en la Figura 35,
donde casi de manera opuesta a la tendencia de la resistencia a la traccion, tenemos que
para 0.1% se muestra una disminucion en la resistencia a la rutara en comparacion con el

resto de resultados.
Rotura (N/mm):

Tabla 12: Resultados individuales del ensayo de traccion

0.0% 0.1% 0.3% 0.5%
39.2 28.0 40.9 35.9
40.3 29.0 40.1 39.1
36.3 28.1 37.8 40.1
38.6 28.4 39.6 38.4

Elaborado por el equipo de trabajo.

ENSAYO DE ROTURA

Rotura (N/mm)
N w w (93] w w =
O = W N D R

N
~

0.00% 0.10% 0.30% 0.50%
Porcentaje de NTC en Bio-EPU

Figura 35: Tendencia de la resistencia a la rotura en funcion al % de NTC
incorporado.

Elaborado por el equipo de trabajo.
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4.1.6. Dureza

Los resultados mostrados en la Tabla 13 muestran las durezas de cada tipo de
composite elastomérico obtenido, donde todas las muestras tienen una misma dureza lo
que hace suponer que la formulacion de polioles, prepolimeros y extensores de cadena
fueron las mismas en cada tipo de elastbmero ademés que los parametros de
procesamiento fueron bien cuidados. También se puede decir que le incremento hasta

0.5% de NTC no afecta la contextura del composite final.

Tabla 13: Resultados de dureza de los poliuretanos medidos con un durémetro shore A.

0.0 % 0.1 % 0.3 % 0.5 %
DUREZA 85 Shore A 85 Shore A 85 Shore A 85 Shore A
Elaborado por el equipo de trabajo.

4.1.7. Microscopia electronica de barrido

Los resultados de las micrografias SEM para cada composite elastomérico se
muestran en la Figura 36, donde todas las muestras presentan morfologias homogéneas
con fisuras debido a que todas las imagenes fueron realizados sobre el corte resultante del
ensayo de traccion. En el caso del composite elastoméricos con 0% de NTC (Figura 36
(@) el corte fue méas limpio por ello se observa mas homogéneo, por otro lado, los
elastomeros cargados (Figura 36 (b) (c) (d)) con nanotubos de carbono tienen una

morfologia un tanto accidentado debido a la carga presentada por los nanotubos.
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A. PU B. PU-NTC-0.1%
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Figura 36: Micrografias SEM de los poliuretanos A) PU, B) PU-NTC-0.1%, C) PU-
NTC-0.3% y D) PU-NTC-0.5%.

Elaborado por el equipo de trabajo.

4.1.8. Conductividad

Los resultados obtenidos a 200 v muestran una clara tendencia de la resistividad
(Figura 37), donde a medida que se incrementa el NTC, la resistividad volumétrica
disminuye. Considerando que el rango para los materiales antiestatico esta entre 10° y
10 Q-cm (A, Blythe. (1984)), solo con la incorporacion del 01% de NTC se puede ver
que los composites elastoméricos obtenidos pueden ser considerados materiales
antiestaticos.

Se realiza los ensayos de resistividad eléctrica mediante la norma ASTM D991.
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Resistividad Vol.(Q.cm) a 200V
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Figura 37: Resistividad en los composites elastoméricos obtenidos.

Elaborado por el equipo de trabajo.

Conciderando los resultados tribologicos, tanton la resitencia al desgaste por
abracion como por erosion los elastomeros obtenidos solo podrian aplicarse donde se
precentes mecanismos de desgaste por abrasion. De acuerdo con las imagenes SEM la
desviacion del resultado en el esayo de abrasion en 0.3% podrias estar realcionaldo al
grado de sipercion y agleracion de los NTC, en las imagenes SEM no muestra una
tendencia clara del grado de dispercion de las NTC por lo que podria relacionarse con los
resultados tribologicos obtenidos. Asu vez, en las imagenes SEM no se encontro
particulas en la escala nano por lo que se puede presumir que los NTC fueron incorporado
con un cierto grado de aglomercaion, esto podria explicar la disminucion de la resitencia
al desgaste por erocion. Hasta donde sabemos, no se ha estudiado directamente el desgaste
por erosion en un composite de NTC y un elastomeros de poliureatno. La mayoria de las
invetigaciones muestras mejoras en las propiedades mecanicas por efecto de la
incorpocaion de NTC, sin embargo, la realcion que hay entre el grado de dispercion
(aglomercion) de los NTC vy la resistencia al desgaste por erosion de un elastomero aun
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no esta clara, menos aun cuando se trata de un elatomero con componentes de base

biologica.
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ﬂ. UNIVERSIDAD

V. CONCLUSIONES

PRIMERO: Se logro incorporar nanotubos de carbono en los elastomeros de base
bioldgica (Priplast) mediante un equipo de alta cizalla (Silverson) obteniendo un

elastdmero de poliuretano de dureza 85 shore A.

SEGUNDO: Se ha obtenido elastobmeros de poliuretano elaborados con un poliol de base
bioldgica y reforzado con nanotubos de carbono, a los que se caracterizé y analiz6 sus
propiedades eléctricas y triboldgicas, principalmente. Donde, para la resistividad
volumétrica se disefi¢ y fabricd un equipo de acuerdo con la norma ASTM D911 vy el
aspecto triboldgico se caracterizo usando equipos configurados bajo las normas ASTM

D5963 y ASTM DGT76.

TERCERO: Se determind la conductividad eléctrica de los elastomeros de base
bioldgica mediante el equipo Medidor de conductividad eléctrica construido segun la
norma ASTM D991 desarrolla en la empresa Pankarana. El cual se validé mediante el
uso de un material con conductividad conocida dando valores de desviacion estandar

similares a los obtenidos en el Intra laboratorio.

CUARTO: Se logro medir el desgaste mediante abrasion comparando los elastomeros
con nanotubos de carbono respecto a un EPU sin NTC obteniendo que el EPU reforzado
con 0.50 % de NTC presentan una mayor resistencia al desgaste por abrasién. Asi mismo,
el desgaste por erosion mostrd que el poliuretano con 0.5 % NTC presenta menor

resistencia al desgaste por erosion respecto al poliuretano sin NTC.

QUINTO: Para todos los composites elastoméricos obtenidos el incremento de

nanotubos de carbono disminuye la resistividad volumétrica, a su vez, todos los valores
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obtenidos estan dentro del rango establecido para materiales antiestaticos, entre 10°y 10*

Q-cm.
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V1. RECOMENDACIONES

PRIMERO: Para realizar un estudio més profundo se tendré que tomar con mayor énfasis
la dispersion de las particulas inorganicas para tener un mayor grado de exactitud en la

muestra.

SEGUNDO: En los futuros estudios se debera considerar una diversidad de materiales
de base bioldgica para mejorar la conductividad eléctrica con finalidad de obtener un

elastomero de poliuretano antiestético.

TERCERO: Se recomienda la utilizacion de diferentes componentes quimicos
inorganicos que ayuden a la elaboracion de un elastomero de poliuretano con mayor

resistividad al desgaste

CUARTO: Se tendré que tomar mayor énfasis al estudio en el laboratorio con respecto a

la curacion del elastomero de poliuretano para obtener una materia prima estable.
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ANEXOS

ANEXO 1: NORMA ATSM D991 - Método de prueba estandar para las propiedades

del caucho: resistividad volumétrica de productos eléctricamente conductores y

antiestaticos

Standard Test Method for

Rubber Property—Volume Resi stlvll;y Of Electrically
Conductive and Antistatic Products

Thes macchrd o sascd usder the broed deapnasen PRI the mumter immedaicly 2ollev e die deanasn oedicio the vwear o
gl e o, i e case o v, the wear of Detoesvieon. A osereber mopanmehess mebeass the v ol b respporeal A
muperscip cpabos o) indeatos 3z ahrwl ch@ee meos 8 Qe wvison o raappasal

Fhie sromdard Bar dara gepronnd bor o by opmcier of S DL Jvpoaormmesr of Dirfvs

L. Scope

1.1 This test method covers the determination of wolume
resistivily of rubbers used in clecincally conductive and
antistatic products.

1.2 This test method assumes that the surface conductivity
s megligible compared with the conductivity throsgh the
Specimen.

1.3 The valses stated in 51 umils are to be regarded as the
standard. The values given in pareniheses are for information
omly.

1.4 This ssamdand does mar pirport do eddresy all of rhe
safety concers, i awy, essocioted witk 0y wse IF i e
respovsibility of the wrer of this shandand to exfabiivh appm
pricie safery, kealth, ord evvironmeriel practices aond deter
mine the applicability of regelaory [imitarions prior fo e

1.5 This infermariomal standord was developed dn aocor
dance with ietermmioanly recognized prirciples on standand
izmtion  extablivhed in the Decizion on Principles for the
Devetopment of Internanonal Stendands, Cruides and Recom
mewdations isvaed by the World Trade Organization Technical
Barriers fo Trade {THT) Commitiee.

L Referemced Documents

2.1 ASTM Standards:

3152 Practice for Rubber—Materials, Equipment, and Pro
cedures for Mixing Standard Compounds and Preparing
Standard Yulcamized Sheets

24483 Practice for Evaluating Precision for Test Method
Standards in the Rubber and Carbon Black Manufacturing
Industries

T fesi methed 15 usder ik pnsdictos of ASTM Cormnsiee [ o Rubber
onrd Kubher-lie Mavmois and (8 the daroet AL
m Phyecal Lesimg

Corenit ediisen approved Fob, 1, M0, Publohed Febraary 2000, Ongurolly

d 1o 4. Lol prenios edntion approved 18 2U01E o LAR] -89 [ B
e BOaST s - R )

' For referenced ASTH sandasds, visi ike ASTM wobaic, woars BT R B
coniaci AN LM Cesiomer Somice sl savcs $asimong. For Asossl oot of AT W
Sronulordr yoleme , refier o e dard = e g Ty pane on
e A% DS wrhmie

by of Sk
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L Termimlogy

3.1 Dhefinitions af Termr Specific i This Standard:

311 nobber product, aeafivatic—a mbber product suffi
ciemily conductive o prevent a build-up of an electrical charge
om the surface and sufficiently insulating to prevent an electr
cal hazard.

3111 Discwssiore—Generally, antistatic rubber products
are considered to have a resistance of 10 o 10° 0

312 nobber product, conductive—a rubber prodsct having
an elecirical comductivity of sufficient magnitude that might be
considered an electrical or thermal hazard.

3121 Discussion—Generlly, conductive nobber products
are considered to have a resistance of bess than [P £ ae 1200W

1.3 volume rexisrivity—the ratio of the electric polemtial
gradient 1o the current densily when the gradient & paraliel o
the curreni im the malerial.

4. Significance and Use

4.1 The electrical behavior of mbber products uwsed in
particular applications is imporant for a variety of reasons
such as safety, siafic changes, current transmission, ebc. This
test methaod is wseful in predicting the behavior of such rubher

producs.

5. Apparatus

5.1 Electrode Assemblv—<The elecirode assembly (Fig. 1)
ghall cansist of a nigid base made from an electrically insulat
ing material having a resistivity greater than [0 TSAme {far
example, hard rubber, palyethylene, polystyrene, eic. ) to which
a pair of current electrodes and a pair of potential electrodes are
fasiened in such a manner that the four electrodes ane parallel
and their top surfaces are in the same korizontal plane. Anather
pair of cumment electrodes identical with the first pair shall be
fasiened 10 a second piece of insubating material o that they
can be superimposed on the specimen directly above the first
pair. The current electrodes shall have a length at keast 10 mm
{04 i) greater than the specimen width, a width between 5
ard B mm (0.2 and 0.3 in.), and a height uniform within 005
mem (DDE in ) between 10 and 15 mm (0.4 2nd 0.6 in.). The
patential electrdes shall have a kength and height equal to the
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fee— -

I

& — Wai bor applyng conbiec] o Sateen cumant alecinsics @
E ]
(3D MM e spscaman wEih noselies | (o 1)

] Sl for applying comao force b rwveen powcntiall @ kecoedes ardd specigxn
eial Fi'rm tire s Epecirmen wkdeh in maokers 5 iMelw 2

U —Speciman

IF — Correnl Elocisdes

E

Fowmal Elcumdia

F — Dmiliincs batwean cumanl @nd polentl akecinodas (30 as mnmuas)

G — Dhsilirsci Batwaen polinsil abecirodes (e Mole 2n Seoion %
hepends on SpRCETE S

H — Widh o carem clecorade, Sw K o I e 08 nj

X [LEEEESS Y

Motk | —For & specimes D30 mim 06 in ) wide, sass s approsisssely 4.5 kg (10 B
Mo 2—For aspecimes 1530 mm 06 in. ) wids, sac is appronisetely 009 kg (2 Ih)
FIG. 1 Elecirode Assemibiy

currend electrodes amd shall be pered 1o an edge having a
madius af 0.5 mm {0.02 in.) maximum at the op surfoce. The
distance between the polential electrodes shall not be less than
10 mm (4 in.} nor more than 66 mm (2.6 in.) and shall be
knoan within =2 %. The current elecirodes shall be equidis
tant ouiside the potential electrodes and separated from them
by at beast 20 mm {8 in. ). The electrodes shall be made from
il COdTos Bon-resistant metal such as brass. nickel, staimless steel.
eic. Insulation resistance between clectrodes shall be greater
than | TEL

5.2 Resinarce-Meamering Device—Resistance may be mea
sured by any electrical circuit that enshbles the current through
the current electrodes and the polential across the potential
electrodes 1o be measured within 2 %. Suitable devices for
measuring current are: () a precision milliammeter, or (2)
polential measurement across 2 reference resisior (resistance
value knoam within 2 % in seres with the current electrodes.
Suitable devices for measuring polential are: () a galvanom
eler having a sensitivity of 1 pA or less per scale division i a
mull-voltage circwit; {2) an electrostalic voltmeter having a d-c
resistance greater than 19 T or (7 an electrometer such as a
muliirange volimeter having an input d=c impedance greater
than 0.1 T (Muote 1), In amy case, the current through the
polential electrodes during meassrement must be less than 1 %
of that through the current clectrodes. A& stable source of do
polential shall be provided that can be adpusted 1o limi the
power dissipated in the specimen between potential electrodes
to approximately 0.1 W, Because of the large range of
resistances covered by conductive and antistatic rubbers, sepa
mie equipment for measuring resisiances above and bedow
approximately 50 (0K £ is generally desirable.

Mot | —Schessatic dmgeams of & Dyvpical sppesans Bat have Becn
Beiind 1o be salisfaoory ane shown s Figs X101 and X1.2.

5.3 Elecimde Contacts—Masses shall be provided 1o pro
duce a uniform comtacting force across the width of the
specimen of approximately 300 M'm (4.5 kg (10 b)) on the
standard sheet, 150 mm {6 in_) wide. by the current electrodes
and 60 Mim (09 kg (2 |b)) on the standard sheet, 1530 mm (6
in_} wide. by the potential electrodes.

. Specimens

6.1 Jize—The width of the specimen =hall be between 10
ard 150 mum (0.4 apd 6 in.) and the length shall be between 70
amsd 150 mom (2.8 and 6 in.). The width shall be uniform within
*1 %. The thickmess of cut specimens i specified in 6.3
Muolded specimens are specially prepared as described in 6.2
and therefore have a thickness of 240 = 0.2 mm (.08 £ (UHE
ik

6.2 Molded Specimen—3tandard sheets prepared in accar
dance with Practice D2182 may be wsed. provided the surface
of the uncured rubber is kept free of scapstone or other
contamination, and the surface of the vulcanized sheet is not
contamimated with mold lebricant. To avoid surface contami
mation amd minimire distorion of specimen prior io test, sheets
may he molded beiween sheels of moisiuressensitive
cellophame. which can be readily removed afier brief immer
siom in wanm water. Afier emoving the cellophane, the surface
of the sheet should be patted dry, Rking care not 1o bend ar
siretch the sheet.

6.3 Ciwd Specimen—The specimen shall be cut foom a
product that has not been buffed or abraded. Suorfaces of the
specimen shall be cleaned if necessary by mubbing with Fuller's
earth and water, washing with distilled water. and drying in mic.
The specimen shall be uniform in thickmess within +=5 5., not
more than G0 mm (26 in.). and if possible, mot less than 2
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mm {(.08 in.} thick. Care shall be taken to avoid distortion of
the specimen during preparation.

7. Conditioning
7.1 The time between vulcanization and testing shall be not
less than 16 h nor more than 4 weeks for molded specimens.

Products shall be tested within 2 months after receipt by the
CUSIOMET.

7.2 Specimens cut from products or molded specimens that
have been inadvertently distorted shall be annealed in air for 3
hat23 + 2°C(73.4 = 3.6°F) to remove strains or other effects
of handling.

1.5 Specimens shall be condiioned for at least 16 h and
tested at a temperature of 23 £ 2°C (734 = 36°F) and a
maximum relative humidity of 65 %. Molded specimens can be
conditioned & desiccator. Specimens annealed at room
temperature may be stored in a closed contaner duning the
conditioning period.

8. Procedure

8.1 After conditioning, place the specimen in the electrode
assembly, taking care to avoid flexing or distortion. The
identification portion of standard sheets shall be normal to the
calender grain and shall not be n contact with, nor Lie between,
the current electrodes.

8.2 Adjust the current through the specimen after connec-
tion to the d-c source so that the power dissipation in the
specimen between potential electrodes i1s approximately (1.1 W.
The following values should not be exceeded for the maximum
current in the specimen for various potentials across the
potential electrodes:

Potential Currestt, mA
3 50
& .1
o 1%
k] ]
-} 2
150 1
00 05

8.3 As soon as the current has stabilized, in a maximum
time of 5 s, measure the potential difference across the
potential electrodes and the current through the current elec-
trodes to the nearest | % of the respective values.

8.4 Measure the thickness and width of the specimen.

8.5 Make the measurements on three specimens.

9. Calculation
9.1 Calculate the volume resistivity as follows for each
specimen:
p = Vidl/ll {1

TABLE 1 Type 1 Precision for Log(p)

Nore 1—Only two laboratories partscipated m the program for these
resulis.

Materig R0 Within Labaratory Batweon Laburalnl_'!i
Level f r i B [

1 33837 0068 084 B4 033 0A3 74
2 4855 piaz oaTa T 08T 163 e

4 & = within [abaratory standard deviation.
r = rapeatability (in measurement units).
(M = repeatability (in percent).
&= betwean laboratoey standasd deviation.
A= reproducibiliy (in measurement units).
(Ry = repreducibility (in pancent).
 Tabulated values (as used for anabysis), log,(e.

= volume resistivity, £-m,

poicntial difference, ¥, across poiential electrodes,

current, A, through the current electrodes,

width of specimen,

thickness of specimen,

distance between potential electrodes,

= factor depending on units in which, w, d, and [ are

measured; that 15, k is 0.001 if w, d, and [ are in
millimetres and 0.0254 if they are in inches.

More 2111 15 made 64.5 mm (254 in.) and w and o are mesured 1n

mches, the equatson becomes:

- B

=001 Vieadlf {2)

9.2 Report the median value for the three specimens as the
vilume resistivity.

10, Report

10.1 Report the following information:

10.1.1 Temperature during condimoning and test,

10.1.2 Relative humidity during conditioning and testing,

1013 Size of specimen,

10.1.4 Current through specimen in amperes,

10.1.53 Voltage across potennial electrodes, and

10,16 Volume resistivity in chm-metres, kilohm-metres, or
megohm-metres.

11. Precision and Bias®

11.1 These precision and bias statements have been pre-
pared in accordance with Practice D4433. Refer to Practice
4483 for terminology and other testing and statistical con-
CEpts.

11.2 Because of the special nature of this test and its lack of
widespread use in the industry, a hmited interlaboratory Type |
test program was used to assess precision. Two materials
(rubber compositions) of different volume resistivity in the

* Supponting data have heen filed m ASTM International Headguaners and may
be obiained by requesting Research Report RR:DN - 1030,
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form of cured sheets were prepared in one laboratory and sent
o the other participating laboratory. Both laboratories were
experienced in this testing.

11.3 In each laboratory the cured rubber sheeis were mea-
sured for volume resistivity on iwo days, on each day by two
different operators. The within laboratory variation, therefore,
containg an “operator” and “day™ component of variation.

114 Anvest result is the median value of three measorements
of volume resistivity.

11.4.1 Table | gives the precision resulis. Due 1o the wide
range of volume resistivity values that are possible {10-1000

fold variation) the analysis was conducted osing the (hase 10)
logarithms of the (izst result) volume resistivity, p.

11.4.2 The rather large between laboratory variation indi-
caies the difficulty frequently experienced with this measure-
ment by experienced laboratories and operators.

11.4.3 Bias—In test method statistical terminology, biss is
the difference betwizen an average test value and the reference
or true test property valwe. Reference values do not exist for
this test method since the value or level of the t2si propeny is
exclusively defined by the test method. Bias, therefore, cannot
be determined.

AFPENDIX

(Nonmandatory Information)

X1, CIRCUIT IMAGRAMS AND EXPLANATORY MATERIAL

X011 With switch Sw; closed and the milliammeter set an
015 mA, wrn the rotary swiich Sw; o develop current with
maximum values as follows:

Swilch Contanis Mdeimum Curant, ma
14 15
Sl 3
T=4 1

A and A —Cument doctrooes.

B and B —NYohags doctrodes.

Sy, Sy, Sy, and Sw-—Dreol tooghe swilches.

S, and Sw,~Eingie-pola, 11-Contact rado fypa rofary soloke swiltches.

Swiy=Nomally opsen momaniary contact swilch,

Sourcg of Wollage—Two banics of dry calls aach consisting of four 1%V calls,
and four 45V "B” baftorkes—one conrecied al 227 V.

M—=Millammeiar, Weston D-C. Model 430, mnged 0-0.15, 1.5, 15 mA scala
divisiors 150, of eouivalont mlkamimess.

G—Cakancmatar, having a sensikiy of 1 WA por scalo diviskon

V=\olmator, Yacuum Tubo Volohmisl, Ekcironic Dasigns Modsl 100, Elkeo-
tronk: Deskgns, Inc., Mesw York CRy, of Gguivalont poromands waouam

Ko |
shack.

Fine adjustment of current can be accomplished by resis-
tances K . R, and &,

X1.2 With swiich Sw; closed and rotary switch Sw, swung
1o approximate position, oF one of two contacts less than Sw,,
close switch Sw . set R, for minimum resistance (least sensitive
position for galvanometer), and then close switch Sws. For null

Sws

fubes o Solid state wolmator, |F desined, 3 mult-rangs d-c. votmalcs

Wit & sansithity of 10000 W o batiar may be used For prosection

of this voltmaier, i is suogesied Falt a two "gang” 11-contact rodary solecion
swiich b subsiuiod tor Sw , and the resisianco mulphars for Ta voRmator b
connetiad o T peoper poinis. on the seoond sl of switch conlacts. In s
case swilch Sw, could ba alminaled.

Ry, Ry, Aa. and Fy=2W, 0=10 0000} potenticmeters, Malory wing wound of

aquikalant.

Ry and Fg=3-#, 0=5000-0 polmomaon, Mallony wing wound or equimakat
Rl=2:\W, 0=3000-(2 potertinmater, Mallony wing wound oF aquivalant

Where it may be desirable to extend the range of this squipment, mare batteries may he added. Cantian must be exercized (o prevent electrical

FIG. X1.1 Resistance-Measuring Device—Special Mull Voltage Cirouit
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ANEXO 2: NORMA ASTM G76 - Método de prueba estandar para realizar pruebas de

erosion por impacto de particulas solidas utilizando chorros de gas

thick Larser specimeps and other shapss can be wsed whers
neceszary, bt most be dorumantad
7.1 The zbrazive materiz] to be uzed shall ke 1miform in
pazantial chasacieristics swch 2s pariicle size, mpishre, Chemi-
1 cal m:r_]:-:ul iom, e
—— rptodig 3 Bampling of material for the pupose of obinns
i L re_:-:v‘:.a‘uunetat:ﬂe:ﬂenarﬂbed::ﬂ:.nmdm:ent

| accapizble stadstical practice. Practice E 112 hall b= com-
S galiad

5 Calibration of Apparate
5.1 Speciman: fabricated from Typs 1020 steal (zee Takla L

FIG. 1 Snhemetio Drawing of 2clid Particle Eroslcn Equipment and Fiz. 2) eguivalent to that used in the intsrlaboratory test
serips” shall be tested pericdically usmg specified (se= Bection

TAELE 1 Charmoteristics of Tyme 1020 Ebeal Refersnos Mataral &) 50 prm A1, 0, particles to verify the saHsfacinry performarce
T e T p——— of the apparatns It iz recommended thet performmce be

werified nsing this reference material every 50 tesfs during 2
meanmament series, and 2lzo at the beziminz of sach mew t=st
series whensver the apparatos kes been 1dle for soms tme The
ar - recommendsd camposition, heat reatmest, 2nd hardness rmzs
=003 & 000 fog thiz stee] are lziad in Table | The use of a stee] of different
S compasition mey lead o diffsremt erosiop resulis. A4 photomi-
— crogrzph of the specified ALC, particles i= showm in Fig 3
Tha rarze of erosion r=sulis to be expectad for this ste=] mdsr
. . . the stamdard tax conditions spacifisd in Secdon @ is shovm in
parminied, howsver, adequate sylem dwmacteizion 22d Tyble 2 and is bazad an intarlabaratary et resuits
conirel of critical parameters me required Deviatians in nozzle 8.1 Calihration at stardard test conditions iz recommendad
dazign and dimensions pwst be documented Nogls lensth 80 gven if the apperetus is opereted at other test conditions.
dizmeter ratio showld be 25:1 or greater in order to achisve = 2.3 In anv test progrem the pemicle velocity and pemicle
zccepable particle velociy diswiowion in the mreem. The  fa§ pge skell be mezoured at Sequent imtervals, typically
recommeanded pozzle” consists of @ tube abom 13 mmm DMEC e gap temts to ereure comstancy of condition:.
dizmetsr, 50 mm long, manofachred from an arosion resismet ) )
materal sach 23 Wi, AL.C., eic. Erpsion of the nezzls darins
service shall be maondtored and shall not emceed 10 % morsase ————
in the mitiz] dizmnster Surputing daan: availshlz fnom ASTH Headguaotors.  Roguss

62 Wareszary feamares of the apperatus shall inchede a
mean: of comirolling and adjusting the particle impact velociiy,
particle fhrs, 2nd the specimen location and erientztion relathe
to the DnpinEins sieam

6.3 Various means can be provided for infreducing particles
irte the Fas sweam, mcloding a vibrzine-conmalled hopper ar a
screw-feed system It L= reguoired thet the symiem prowide a
unifom particle faed and that it be adustzhle o socormaodate
dazired particls flow vahoes.

4 A methed t0 mezsure the paricls velodty zhall be
zvailabls for ws= with the erosion squipment. Example: of
aocepind method: are kigh-speed photogrephy (6], rotztins
double-dizk (7), and lazer velocimeter (8). Particle velodty
shall be meammed ot the locztion to be cooupisd by the
specimen and under the copditions of the test.

Hsrdnaas: FHH = A4 2

7. Test Material: and Sampling

7.1 Thiz test mathod can be ns=d avsr 2 ranss of specimen
sipes and confiparatians. Ome convenient speacimen canfizura-
tion is 2 reciangular stip approximetely 10 by 30 by 2 mm

%samre fiw e roosmrerdad meevks (logrsdon cebided o Kozl T Fl@. 2 Mioroctrusdurs of 1020 Bbeel Refersnce Mabarial
latnsbe, P AETM Graim Elzz B
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Fl3. 3 Photoeicrograph of B0 pm A1, 0, Fartidas Ucsd In
intariaboraiory Tectng

9. Standard Test Conditions

8.1 This test method defines the following standard condi
tams.

£ 1.1 The nozzle mbe skall be L3
dizmeter 21 least 30 mm lons

B.1.2 Tha test gas shall be dry air, - 30°C dew point or
lowver

£ 1.3 Tha abrasive pariclzs shall be momiral 30-um ansalar
Al e*‘mﬂm to those used in the imterizboratony test
series {zee Fiz. 3). Abrasive shall be vsed only once

g 1.4 The ab:as.ir‘e particle velpcity shall b2 30 = 2ms ',
measured 21 the spacimen locatien. At this valocity the zaz dow
rate will be 2pprocdinetely 8 Lowdn | 2nd the system prazsure
will be approwimetaly 140 §Pa (10 puiz) altheosh the preazsure
will dzpend om the specific system desizn

£ 1.5 The test time shall be 10 min to achisve steady date
conditions Lonser dmes are parmizzibls zo longz 23 the firel
emozion cr2ter is no desper thae | mm

£.1.5 Tha ansle betwesn the nozzle axis and the specimen
surface thall be 00 + ¥

£ 1.7 The test temperanme zhall be the nomal ambiest
valas {fypically between 1872 tp 2850

£ 1.3 The particle fead rate shall be 2.0 + 0.3 gmin ' This
:one:pnt-Ltn 2 pamicls fux 21 the specimen surface of abowt
Jmgmm *5 ' uader standard conditions. Particls fhux dater
minadon reguires measurement of the eroded mrez on the
specimen and i3 subject to comsiderable emor A measmred

me + (073 pm immer

width and depth prefile of an erosion crater produced using
gated conditions iz showm in Fiz. 4 and Dmdicates 2 gypical
eroded width'depth relation

919 The distance fom :pecimen surfacs to pozzle snd
shallbe 10 + 1 mm

10. Optional Test Conditions

101 When test condidon: or materizl: other than thase
Fiven in Saction § are nzad, reference to this test method zhall
Clearty specify 2ll test conditions and materials Tt should be
noted that other conditions, far exampls, largsr paricls veloci-
fiaz, may adversely affart meazarement precizien

11. Test Procedure

11.1 Estahlizh md mezsure the particls velocity and paricls
flow specified Adust equipmert corfrel: to obfain propsr
velocity and flow conditiens befors meemins fest specimens
Particle flow rase vales are dessrmined by collacting® and
subsaquantly weishing the ahrazive sxiting fram ths nozzle for
2 mezsured time period

111 Prepare the specimen surface if required fo achievs
uniformity and adeguate finish Crieding throwzh a series of
ghezsive papers to 400 Erit i= usoelly adequate =0 long 2= 2ll
surface scale is removed. A& surface rouzbmess of 1 um (40 pin)
maz or smaller i3 recormended. Clean the sperimen sarface
carafily. " ‘.T.r-_J'_ on an analytica] balance to 001 me

11.3 Mpant the specimen in p:'nj:-&r]n}_.au:nnmnnzn miian
in the apparamz. Subject the speciman to particle impinzsment
for 2 selacted time Dmberval, measursd to 2n aoouracy of 3
Famove the specimen. clean carsfully, " reweish and calolats
the mass losz

11.4 Papeat this procsss fo detznmine at [sast four points for
2 totz] e of at least 10 min and plot thess values 23 mazs less
versus elapsed fme Suitzhble times would be 1, 4, B, znd 16
min for a marerial suck 2= Type 1020 steal Steady sfate erozion
shoald result afier 1 to 2 min, depending on the material Tono
gxamnples of measured erozion versus tme curvas are shown in
Fiz. 3

113 The seady ste erosion mie (2= Terminology G400 is
desarmined from the dope of the mass loss versus time plot
The average erpsion value is caloulsted by dviding enosion
rate (merm ) by the zhrasive fow 1-11e {zmin ') and then
dviding by the s pazmzl:.iu iy (Ecm ) R.Ej:-m'l the memzs
erosion vahe as (mm g 1)

116 _"J]:E-ﬂ: 11.1 at the end of 2 samies of tests (vpically
avery 10 teztz) and mose Teguently if necessary.

11. Report
121 The test report shall mrlude the following nformartion:

lira: fnan dhe nowrde inko 2 lane

fcani beak prooun:

Farixles may be allodol by drocling e
il cuntainer. Cave miosd b oo B srvokd ©
im e make x the will dsturh the syedan

limpueriant worsiderntion: m ooy iclek e
— i el ik v cccalillen

BAGITE ATy T
M LUTLDLE T

sibo or proassy e
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TAELE 2 Indsrdaboreiory Tast Reculte [Provisional}”

Slanders Lawialan

Tal Condibena ..n'.:.q.lu..-'. ‘\_."!:-' i n_-'m.'-. Uerad e .' BT A
i Supl i b o1 mmly mrigl
Sl Al 3 10
mi's, ¥ 4 o
2 gimin & o

Mambsr Ay (filhin-Lsboralur
Slencers Lmtdlan
el I | = 4
% Limilx = —
Y Hubwmar-Labctmln
i :\.J."r-:\.'\. e T " B
Sl Al B Ny 0
g ":I ) : : o b : 2:
'-\..I;!:rl A'.-.:r-.\:-. il bare-L sbecs ulur
Slanders Lawialan
sl j= ay
il bareL st e Hii bisaar-L sbrcaw i
*{ire cormmsnsiel el mechis protuced norels o benl wilh e n hes dusy. Habes Corpomlon, Segar Gros, L SUS54, Jel Erosion luska
DEFTE {u 1212 Specimens method of preperins and clearing speci-
o mans, initial surface ronshness, momber tasted
\oa 1213 Ereding particle id=nfification: size distribution,

400
(o] o o o
o 8 o
g E o L)
o 2 =
WIDTH fwn

FiO. 4 Examiple of Erosicn Crater Proflis for 1000 Eesl Erodad ot
70 mi's Particls Valoolty Using Elandard Conditions Cifheraice

12.1.1 Material identification: type, chemical specification,
haat and processing meziment, hardness, and density, Process-
inz comdition: thall inchuds methed of casting (suck as chill or
sand); methed of formine (such 23 forging or pressine and
simermsY; and the percent of idsal demsity (Imporiant for
ceramics, powdar metalhursy allews).

shaps, composition, parity, source, and mamifacring method
Provigs photograph of typical cellection of pamiclas,
ence () can be consulted for information on methods of
characterization

1214 Test conditions: particls welocity {zverags) and
meathod of determination, gpeciman arientation ralatve to the
mpinzing strearn, particle flow, particls fm:, eroded ansa (size,
shaps), famparatore of the specimen and penticles and camisr
=23, test duratin, method of determinins stzady-state erosian
conditians, camier g2: composition, and method of determinine
the mzss of abrasive ned

12 1.3 Description of the fast aquipment

12 1.6 Tabulation of erozipn value and standard deviation
for e2ch spacimen repart=d 23 2 volume los: of material per
1mit mizss of abrasive (mm’ g ).

Fafar-
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FlI3. B Two Examplas of Erockon wercws Tima for Typs 1030 Hesl
wt 30 m-e”* and 70 m-c~*

2.1 Each test program skall inclede amons the materals
tezted 3 meference materiz] teeted under the :ams conditions to

permit czloulation and repart of the pormalized erosion raie. 4
suitalle reference material would be Type 1020 steel (zee Table

13 The r=pon shall siate cl=arhy whather t=sting was dons
ot stamdard conditions, shall femize any deviations fom thoze
conditiars, apd =hall indicats the fraquency of calibration nzing
refarance matarials

124 Amy spedal pooumrences ar obsemvations dumms testing
shpald be noted
13, Precizion and Bias

13.1 Absolutz valwes of erosion rates of materials ars
Zensrzlly not availzbls becauss of the wide mnze of poszbls
giposwe copditions. The erosion measurement conditons
pxtablizhed by thiz practice are desizned to facilitatz ohizinmg
precize, reproducible dar applicable to the fex condidons
employed Interlabormiony test results oilizins thiz practice an
well-characterized medal are given in Table 2. Examplss of
05 % confidence limits for three erosion test conditions ars
shopm in Tzble 2. For Cendition A, 2 staement of precizion
would be: zveraze srozicm was 173 x 10 mm E 95 %
repeatability bmit was 131 = 10 ° mm*z &5 % reprodoc-
iriliny Hmit was 226 » 10 P mmig

3.2 Mo bizs can be azsizned to this test methed since thers
1= no 2bsolbote accepied vahoe for srozion rate.

14, Kevwords
14.] erosior; emosion rass; Z2s jot. metal srosion; solid
particle
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ANEXO 3: NORMA ASTM D5963 - Método de prueba estandar para la propiedad del

caucho: resistencia a la abrasion (abrasion de tambor rotatorio)

Standard Test Method for

Rubber Property—Abrasion Resistance (Rotary Drum

Abrader)’

This standasd s issucd under the fixed desipmaton 15963 e number smmediascly followisg the dosipnatson indicates the year of
onginal adoplion or, | the casc of revision, the year of last revision. A number in parcathescs indicalos the yoar of ket reapproval. A
supencrpl epsion (=) imdicanes an oditodial change since the Bast ievision of reapproval

1. Scope

1.1 This test method covers the measurement of abrasion
resistance of rubbers (vulcamzed thermoset rubbers and ther-
moplastic clastomers) that are subject to abrasive/frictional
wear in actual service. The abrasion resistance is measured by
moving a lest piece across the surface of an abrasive sheet
mounted to a revolving drum, and is expressed as volume loss
in cubic millimetres or abrasion resistance index in percent.
For volume loss, o smaller number indicates better abrasion
resistance, while for the abrasion resistance index, a smaller
number denotes poorer abrasion resistance

1.2 Test results obtained by this test method shall not be
assumed to represent the wear behavior of rubber products
experienced in actual service.

1.3 The values stated in SI units are to be reganded as the
standard. The values in parentheses are for information only.

|.4 This standard does not purport to address all of the
safety concerns, if any, associated with iis use. It is the
respensibility of the user of this standard 1o establish appro-
priate safety, health, and environmental practices and deler.
mine the applicability of regulatory limitations prior to use.

L5 This international standard was developed in accor-
dance with intemationally recognized principles on standard
ization established i the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee

! This test method is uader the nsdiction of ASTM Commitsec D1 on Rubber
and Rubber-like Materials and is tho dircet responsibility of Subcommiltee DIEIS
on Degradation Tests,

Curroet edition approved Nov., |, 2019, Peblishod Docember 2019. Ongisally
approved in 1997, Last peevious edition approval is 2015 as D5963 - 04 (X1 S)
DO HLIS2003063 4R 19,

Ths lest mothod is aa adaptation of ISO Standand 4649 (1985 revision),
Rubbor—Determination of Abmsion Residtasce Usiag a Rotating Cylindnical Dum
Device, and = boing coondimalod with 2 corrent drafl sovision of that standasd (sce
Appendis X1)

2. Referenced Documents

2.1 ASTM Standards:

12297 Test Methods for Rubber Products—Chemical Analy-
sis

D1765 Classification System for Carbon Blacks Used in
Rubber Products

2240 Test Method for Rubber Property-— Durometer Hard-
ness

3182 Practice for Rubber—Matenals. Eguipment, and Pro-
cedures for Mixing Standard Compounds and Prepaning
Standard Vulcanized Sheets

D483 Practice for Evaluating Precision for Test Method
Standards in the Rubber and Carbon Black Manufacturing
Industrics

22 Other Standards:

DIN 53516 Determination of Abrasion Resistance’

ISO 868 Plastics and Ebonite—Determination of Indentation
Hardness by Means of a Durometer (Shore Hardness)'
ISO 2393 Rubber Test Mixes—Preparation, Mixing and

Vulcanization - Equipment and Procedures

1SO 2781 Rubber. Vulcanized-—Determination of Density*

ISO 4649 Rubber—Determination of Abrasion Resistance
Using a Rotating Cylindrical Drum Deviee!

ISO 5725 Precision of Test Methods—Determination of
Repeatability and Reproducibility for a Standand Test
Method by Interlaboratory Tests'

IS0 7619 Rubber- Determination of Indentation Hardness
by Means of Pocket Hardness Meters'

ISO 9298 Rubber Compounding Ingredients—Zone Oxide
Test Methods*

*For referenced ASTM standands, visit e ASTM websiie, www.astmoong, of
conlact ASTM Customer Service at serviceétasimuoeg. 1or Anmaal Book of ASTM
St rcle volume (nformadion, refer 4o ihe standand™s Document Summary page on
the ASTM wehsile.

"Availahle from Beuth Vorksg GmbH (DIN- DIN Deutsches Tastitut fur
Normung ¢ V), Baggrafesstrasse 6, 107%7, Berba, Gonsany

* Avaslahic from Amenican National Standands Institate (ANSI), 25 W. 43nd SL.
Ath Flooe, New York, NY 1003,
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3. Terminology

3.1 abrasion loxs, A, (mm*), n—the volume loss of a defined
rubber test picce determined by sliding the test picce under
specified conditions over the surface of an abrasive sheet of
“nominal abrasiveness”™ (S,) mounted o a rotating drum of
specified dimensions.

Note 1—This corresponds % the test method of DIN 33516 and
Method A (Relative volume kiss) of 1SO 4640- 1985 The same calculation
coukl be made for the other test methxds i the proper value for the
"nomisml abeasiveness™ (5)) fof the st method wers known of assamed
(150 mg has been indicated as a possible value for Method D but its
acceracy has not boon estabfeshed 10 the dopree of 1he Method A valoe )

3.1.1 Discussion—The designation Ay is used to indicate
that the test was run in accordance with Method A.

312

3.2 abrasion resistance index ARI (%), n—the ratio of the
volume loss of a Standard Rubber to thal of a test rubber
expressed in percent, with the volume loss determined by
sliding a defined rubber test piece under specified conditions
over the surface of an abrasive sheet of known abrasiveness §
(180 10 220 mg) mounted lo a roftating drum of specitied
dimensions,

3.2.1 Disenssion—The designations ARI,, AR, ARI., and
ARI, are used to indicate that the test was run in accordance
with Method A, B, C, or D, respectively.

3.3 “nominal abrasiveness,” (5,0 of the abrasive sheel,
(mg), n—a specibied (theoretical) mass loss of 2000 mg of a
defined test picee of a Standand Rubber, obtained by shiding the
test picee under specified conditions over the surface of the
abrasive sheet mounted to a rotating drum of specified dimen
Shons.,

3.4 abrasiveness, § of the abrasive sheer, (mg), n—the
actual mass loss, within a specified range of 180 to 220 mg. of
a defined test piece of & Standard Rubber, obtained by sliding
the test paece under specified conditions over the surface of the
abrasive sheet mounted (o a rotating drum ol specified dimen-
SHons,

15 Standard Rubber—a natural rubber compound of spea-
fied composition, mixed and vulcanized under defined conds-
hons

3.5.1 Discussion- Standard Rubber # 1 is used 0 determine
the abrasivencss (8) of the abrasive sheet and to ensure that §
is within the specified range of 180 to 220 mg. The ratio of the
“nominal abrasiveness™ (5,) and the actual abrasivencss (5) is
uscd to comrect the abrasion boss of a test rubber for any
deviation of the abrasiveness of the abrasive sheet from the
specified “nominal abrasiveness™ (200 mg).

4. Summary of Test Method

4.1 This test method provides procedurcs for preparing
cylindncal test picces of specified dimensions from vulcanized
thermosel rubbers or thermoplastic elastomers and for evalu
ating their abrasion resistance by sliding a test piece across the

surface of an abrasive sheet” attached to a rotating drum. It also
describes the preparation and compliance testing of a Standard
Rubber (see Annex Al)

4.2 The test is performed under specified conditions of
contact pressure, shding distance, and travel speed of the test
piece, rotational speed of the drum, and degree of abrasiveness
of the abrasive sheet

4.3 The abrasiveness, 8, of the abrasive sheet is defined by
the mass loss m milligrams of a test prece prepared from
Standard Rubber #1 when tested under the same specified
conditions.

4.4 Four different methaods may be used 1o test the abrasion
resistance. Method A, uses a mon-rotating test piece and
Method B a rotating test piece. both utilizing Standard Rubber
#1 s the reference. Methods C and D use Stundard Rubber #2
as reference with a nor-rofating and mlating test pacce,
respectively. The rotating test picces provide, in many cases, a
more uniform abrasion wear pattern

4.5 The abrasion resistance, A 4, obtained m accordance with
Mcthod A is reported as abrasion (volume) loss in cubic
millimetres, calculated from the mass loss of the test picce,
density of the test rubber, and the abrasiveness of the abrasive
sheet in relation 1o the “nominal abrasiveness”™ (S,,) defined by
a mass loss of 200 mg. A smaller number indicates a higher
resistance to abrasion

4.6 The abrasion resistance, AR/, ;,, obtuned in accordance
with Mcthods A, B, C, and D is reported as the abrasion
resistance index in percent, calculated from the mass losses and
densitics of the Standard Rubbers and test rubbers. A smaller
number indicates a lower resistance to abrasion.

4.7 The mass loss obtained by the differend methods can
differ and the sanwe method shall therefore be used if mass (and

volume) kosses are (0 be compared directly

5. Significance and Use

5.1 Abrasion resistance 15 a performance factor of para-
mount importance for many rubber products, such as tires,
conveyor belts. power transmission belts, hoses, footwear. and
floor covering. A test capable of measuring resistance o
abrasion of rubber, including uniformity of wear behavior
under abrasive/fnctional service conditions is therefore highly
desirable

5.2 Thas test method may be used to estimate the relative
abrasion resistance of different rubbers, Since condiions of
abrasive wear in service are complex and vary widely. no direct
comrelation between this accelerated test and actual perfor
mance can be assumed.

* The soke source of supply of e ahasve et Known W e commeses al this
Lame s CCUSL 221 Beaver S1, Akoa, OH S4304, huplawwocsl-dnc.com I you
are aware of allomative sspplices, please provide this afomation 10 ASTM
Intertioaasd Headguanors. Your comments will reconve cuncful oossidesation ol o
masting of the rspoasibic techalcal commitioe,’ which you suy Ml
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53 This lest method is suitable for compantive kesting,
quality coatrol, specification complance kesting, referee
parposes, and rescarch and dovolopmest work

6. Limitations

6.1 Tesl picces containing vouds or pocosily, or both, will
yicld unechiable test resalts.

6.2 Test pacces (hat bounce (chalter) over the sarface of the
ahomive shoet rather than runsing smoothly will peoduce
imaccurale wsl results.

6.3 Test pieces that tend Lo extensively smear the sarface of
(he abvasive shoct will provide meaningiess Lost resulis.
6.4 Test results oblained ender say of the above conditions

shall sot he used W resch conclusions regarding the relative
abrasion resistance of rubbors,

7. Apparatus and Materialy

7.1 Abrasion Tester:

7.1 The abrasion lestor consists of 8 machine frame
holding 2 lalerally movable test picce holder, & rolary cyln
dncal drum 1o which an abrasive shoet can be fasicned, and a
drive system as shown in Fig. |. Dimensions arc given in Ig
b

7.1.2 The diameter of the cylindrical drem shall be 150.0 =
0.2 mm (5906 * (00K in.) and its length approximatcly S0
mm (X) in), oporating o & rolational frequency of 011 ¢
0.003 radfs (40 = | rpm).

T.1.3 The abeasive shoct shall be boaded tightly w the drum
using throe evenly spaced dowble-faced peossune seasilive
adhesive lapes, exteading the full leagth of the drum. The apes
shall be about 50 mm (2 ia.) wide and st more thaa (0.2 mm
(0008 im.) thick. The gap where the eads of the abrasive sheets
mect on the adhesive twpes shall not excoed 2 mm (008 in.)

T.14 It s mandmory that the sheasive shoet is bondod Lo the
drum in the direction of rotatoa marked oa (he surface or back
of the sheat,

T.1.5 The test picce holder shall bo mounted oa 2 pivoled
swivel arm, whech can be swung into vertical position Lo insert
and remaove the lest paece (sec Node 2)

Nome 2t is recommended w0 mstull & device preventing the lest plece

Foosans

Tesl paece Pakder

fest puece

srdgr o & d e

Cyinoer
#(150:0.7) »»
Length = S30 A

Test sbemave cloth

Double-wided 2854 ive tape
FIG. 2 Sioe View and Dimensions of Abrasion Tester

bn::'rr md shrasive shoet (rom comeng o contact and dasugmg cxch
ol

7.1.6 Sustable sttachments may be provaded 1o rotale the test
pioce around its own axis during the iest nan by mtation of the
test picce holder (Methods B and D). The test picce shall rolate
al the e of | revolution foe cach 50 revolutions of the
cylindnical drum with the shrsive sheet [asiened (0 the dnam.

7.0.7 The cealer axis of the test psoce bokder shall have an
angle of 3" to the perpendicular in the dircction of rotation and
the conter of the lest proce shall be within * 1 mm (2004 ia)
dircctly above the bonglmdinal axis of the drum.

7.8 The design of the swivel arm and holder shall be such
thal the test picce is prossed against the shrasive shoet with
force of 100 * 02 N (225 = 004 InD). Both swivel &m and
holder shall he froe from vibration daning operation

7.1.9 The test picce holder shall consist of a cylindrical
opening with an adjustable diameter of st Jeast 15.5 mm (0610
) 0 1635 mm (0642 in) and a device for adjusting the kength
of the test picce protrading from the opening (0 2.0 + 0.2 mm
(008 + 0.008 in,),

T.1.10 The swivel arm wilh the test pioce bolder 8 con
nocted (o a3 worm gear that moves the holder on a guide rod
kerally across the surface of the abrasive shect mttached 1o the
cylindical drum. The lateral displacemcat shall be approsi
mately 4.2 mm (0.165 in.) per revolution of the dnsm, so that
the test ploce passes only four times across the same arca of the
sheat during one test cycle

1L Macement of the bolder with the test pacce on e
drum & the beginaing of (he test aad removal af (he ead shall
be astomatic. The normal leagh of the abmsion path shall be
400 £ 02 m (1312 = 0.7 ). This & cqaivalent 1o about 84
revolutions when allowisg for the tiickness of | mm (004 in)
for the ahrasive shoot

7.1.12 Vor spocial cases of very high volume loss, half the
Teagth of the abrasion path. that is, 20 * 0.l m (656 = 03 R),
equivalcal o roughly 42 revolubions, may be used
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Drvemstron o wd b matem

(A ]
B4

0
v W2 am

|

o 181 gm
o 168 . 086
)e——————————
Detadl 7 nowe 10 1
FIG. 3 Hollow Drill for Test Place Preparation

T.1.13 The test machine may be equipped with 2 vacaum
hose and a beush that contacts the drum and sids m the removal
of debnis.

12 Abrasive Sheet:

721 Corundum (alwmimum oxide) of gt 60 boaded 10 a
camer sheet of at least 400 mm (158 ) widith, 474 + | mm
(866 = 0.4 m) length and an average thackness of | mm
(0.4M n.) shall be used as the abrasive modwm

72.2 The sheets shall be of un sbrasivencss s 1o cause o
mass koss botween I80 and 220 mg when tested over un
abeasson path of 40 m (1312 1) wang a non-rotating lest prece
(Mcthod A) of Standard Rubber #1 specificd i Scction 8.

723 Smce the abeasivencss of virgin abrasive shoots
usually gher than desired., 1t 1 nocessary 1o blunt the shoets
with one or two tost runs usng a sieel lost prece in place of the
Standurd Rubber w0 bring it o the desired runge. The
dircction of roution used for blunting shall be marked on the
sheets.

724 Alter blunting, the sbrasive sheets shall be thoroughly
cleaned by brushing, Mowing. or section and two test rany with
the Standard Rubber shall be mude.

T25 Test results oblained with abrasive sheots, thus
calibruted, arc more consisient, and it is normally possible w
mun severa) husdred single tests wsing the same sheet

713 Rosating Test Specimen Catting Die:

73.1 The rotating cutting dic for spocimen preparation is of
a ‘hollow drill” configuration, mansfactured from A2 or P2
grade sicel having & hardness of HRC 50, or sbove, of the
dimensions shown n Fig. 3.

732 The retativasl fregoency of the circular cuting dic
shoukd be approximately 265 radds (1000 rpm) und higher for
rubbers (refer s 1) with 2 hardoess of less than Type ASVI
Gsee Test Method D2240, 15O 868, oc 1SO 7619)

733 When obtaining test spocimens using the nxating
culting e, a lubncant that does mod negatively affect the
integnity or characier of the matenial shall be used 10 prevest
deformation during the cutting process,

K. Standard Rubber

8.1 Sheets of Standand Rubber may he obtamed commer-
aally or prepared m-house, foflowmng the directions given in
Annex Al

8.2 If pecpared n-house, it is mandalory 10 (est 4 commer
ally oblamed reference sheet for companson

83 Standard Rabber sheess shall be storad under cool, dry,
und dark condivons. am! wrapped in & ssilable protective
covenng such as polycthyleme Blm. which peolects the sheets
from ozone attack (see Note 1)

NOT 3 Shevts of Shandant Rebber skormd snder (he shove conditions
feinste exabee fof af easl (hoe o
8.4 Sandard Rubber shools of satisfaciory quality shall

mect the regarements of AL3. L in Amnex Al

£35 Siandard Rabber test preces may be used for ap 1o three
test runs per lest paece (see 11.3)

9. Preparation of Test Speamens

9.1 Test specsmens are cylindncal in shape with o diameter
of 16+ 0.2 mm (0630 + 0,008 in.) ancl 3 munimum thackness
of 6 mm (024 in.)

9.2 Test specimens are obtained from sheets, valcunized or
formed m an appropriate mokd, of no less than 6 mm (0.24 )
m thickness, usang a rotaimg cuttimg dic 1n accondance with
13

9.3 Preparabon of lest specimens by the use of a “panch
type’ cuttimg dic % not permatied

94 U et specimens of the requined thickness are st
available, the necessary (hickness may be obtainad by boading
specimen of al least 2 mm (0,08 in.) 10 a hase pioce having 4
durometer hardness of o less than Type ASIVI (see Test
Meihod 12240, ISO 868, or ISO 7619)

94.1 Care shall be taken that test specimens prepared in this
manner are nol abraded o the bond hine danng the coame ol
the testing procedure,

94.2 Exposing the bond dunng the lest procedare mvah
dates the test determinabon.

95 When tosting fimished products, such as fabnic
remforced conveyor belts, test speaimens shall be oblained
dircelly, when possble. from the cntire fmished product,
mcleding the labnc or any micgral layers. They may be
obtained from test peces, when nocossary.

95.1 In this case, it i also important thet test spocimens
(having boen obtained from the finshed peoduct or sample) are
ot abradad 0 an adbesive layer, laver of fabnic, or olber
intozral, but heterogencous material, and that valy the rubber
layer being sossod foe aheasion is subjected,

952 Exposing bosded or beterogencous layers dunng the
test procodure invalidases the st determination

10, Procedure

10,1 The sest shall be camied ot at 23 = SC (73 ~ 9B
wnd no sooner than 16 b allier valcanization or forming of the
test compounds
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102 The density of the rubbers 10 be tosted shall he
determined wang a hydmstaie method (sce Test Mothods
D297 or 1SO 2781).

103 Method A-—Test Run:

1031 Method A is run with a non-rosding 1est plece, using
Standurd Rubber #1 as reforence

1032 Proe 10 cach test, any debns lefl on the shrasive
shoet from a proevious abrasion test shall he removed by
vigorous brushing, blowmg, or suction. If nocessary, the sheet
may ho cleancd by running a blank lest with the Standard
Rubber in case the sboot has boon smeared by a test pscce from
the previous Losl

1033 Firs, at Jeast theee kst nuns shall be made with the
Standard Rubber, followed by a maximem of tea runs (sce
Note 4) with one or mose rubbers i be tested (test senies). Ths
shall be followed by at least amother three muns with the
Standurd Rubber

Nom 4 Do ool spill fests of osc fesl rabber Rus nine lesds. and o
TonR, 41 isl compieies the losts For 3 W1 rubbey

1034 When more than one rebber is 1o be lested, the test
nuns for cach rubber shall be camicd out consecutively, Only
one fest Tun per lest rubber picce 15 permitied,

1035 At least three test preces and. for referee purposes,
ten test paoces shall be run. The rosalts shall be expressed as the
mean valuc.

103.6 The west picees shall be weighed 1o the nearest | mg
and fiomly fixed indo the bolder s that it prosrudes 2.0 + 0.2
mm (D08 + 0.008 in.) from the opening of the holder. Turn the
vacugm on if 3t & provided, The swivel wrm s moved inko

starting position and the amtometic lest run is started (see Nole
S

Nom: 5 A prepanaiory mum o bollow grind e lost pioce s sl
axeEsan

1037 There shall be no vibeation in the et piece hodder
during the run, Afier completing an abrision path of 40 m
(131.2 R, the test prece shall suomatically disengage from the
ahersave shoeet

1038 The st proce s reweighed 1o the nearest | me. Test
picces that have heated sp duning testmg shall be condiboned
W room lemperature prce 1o weighing. Any kose matenal
shull bo removed from the test peoce prior 1o weighang.

1039 I there is & considerable Joss in mass (400 mg or
more per 40 m (131.2 1) abrxson path), the kst may be nan by
swopping the abrasion drum appeoximascly halfway throagh the
test, readpusting (e kst prece 1o protrede 2.0 = 0.2 mm (008
= (100K 1n.) from the opening of the holder and then complele
the rum, Care shall be taken that the test pece does not abrade
1o a thackness of less than $ mm (0.2 i)

10310 If very high muass hosses are cocountored (600 my or
more por 40 m (131.2 1) abeasion path), it may be necessary
werminate the st afier an abrasion path of 20 m (65.6 [0. This
shuall be nosed in the wst repoet and the volume Joss reported for
an abeasion distnce of 40 m (1312 [ by multiplying the
vitloe by two

104 Method B—Test Run

1041 Mcthod B 15 run with a rotating test prece. Thiv
applics to the test rubber as well ax the Standard Rubber.
Standard Rubbor #1 18 wsed as reforence.

1042 All other tost conditions arc the same as descnbed in
103

105 Method € Test Run:

105.1 Method C s run with a non-rotating test proce. Thi
applics (o the test rubbor as well ax the Standard Rubber.
Standard Rubber #2 15 used as relononce.

1052 All other test condiions are the same as doscnbed in
103,

106 Method D Text Run:

1061 Mcthod 1) = run with o rotatimg lost proce. This
upplics o the test rubbor as well as the Standurd Rubber.
Standard Rubber #2 ix wsed as reforonce.

1062 All other tost conditions are the same as descriibed 1n
10.3.

1. Determination of Abrasiveness of the Abrasive Sheet

111 The sheasivencss, S, of the sheet used for the test
(expressad us mass boss in mg) shall be descrminad with (he aid
of the Stndard Robber 21 in at east three, o, for mefense
purposes, # lesst five test rums, both before and afier cach west
senes. The st procedure described in 103 shall be followed
(Mcibod A, non-rodsting test paecc)

112 The abrasivencss is reported as the mean valee of the
individual mass Josses before and afior cach st sernies

113 Up to throe nens muy be carried out with the same test
picee of Standard Rubber. making certain that the test picce is
placed into the holder the same way cach time.

114 For sost rubbers that have a tendoncy o smcar, it may
be nocessary o determine the abrasivencss alter cach tost run.

12. Cadeulation of Test Results
12.1 Calcwlation of Abrasion Loss—Method A:

12.1.1 Culculate the abrasion koss. Ay the loss in mass
(mcan vadue of 3 w 10 single twsts) shall bhe converted inlo
volume loss wsing the deasity (volume Josy oguals mass loss
divided by density) of the kst rubber (see Note 6), The voleme

: : SR s
loss is then corrected by using the ratio <7 where 5, & the

“nomunal sbrasivencss” of the sbrasive shoet and § that of the
ubrasive shoet used for the test. Sec Fg L.

" Am, S,
T l‘—S— o
where!
Ay = abmson koss in mm’ (non-rodating test peeoe),
Am, = mass Joss of the west piece in myg.
d, = deasity of the sest rubber in mg/m’,
S, = “normal abrasiveacss™ = 200 mg. und
A = abvasivenoss in mge

Nom: 6 The volame loss of mon-porous lod ploces muy 2lso be
detormiond by forood mmenion In 3 buoyant medium, sch a0 waky,
Defose 30 Ser (e WSt e, skead of weighing e 1085 In mass 30
Converting s froa Ihe dessity. 1T volamet (or e losd ploce &5 en
oblained by weighing (ho dispiaced mass of he booyaal modinm

122 Calewlanion of Abravion Rexistance Index—Method A
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TABLE 1 Type 1 Pracision (Method A:- Non-Rotating Test Pecs)

Property Moan Withen Laboratory Bletwssn Lsboratory

Tt Fubbar Compound Abcasion Loss A

: ioost 8 - F_ S o8 L)
A (N o 23 s 98 (13 faa 78
B INRSEH) 106 38 1038 102 e Fal | 2
C Ny [:] 82 22 “us 107 304 9.0
D aRy a7 wrs 02 1a 23 55 b2 ]
£ (EPOMy 345 “wi %3 1"s 23 20 4.1

N8, = repeatatitity SR devistion I MCurement Gaiis. 7 = pealateiny = X5 S, (0 measiromesl mis ), (1) = opealateiily m posest

of B¢ mean, 5, = ropeodecibiiily sandard doviation In mesurcment enils, £ = moprodecibiily <

foprocuciEny in poscest of the mesn

221 To calculaie the sbrasion resistance index, ARJ,. the
losy in muns (mcan valeo of 3 1w 10 sagh tests) shall be
converted mlo volume Joss using the density of the tost rubber
(sce Note 6). The ratio of the volume loss of Standard Rubber
#1 o that of the st rubber is then exprossed in pescent, as
shown in Fy 2

ARJ A'-."‘ W0 )
' Amd,

where

ARI, = abrasion resistance index in percent (noo-rolsting
sl piece).

Am; = muss loss of the Stundand Rubber #1 wst peece in
mge. !

dy = density of Standard Rubber #] in mg/m’,

Am; = mass kss of the st rubber picce in mge, and

d, « density of the test rubber in ma/m’.

123 Calcwlation of Abrasion Resistance Indes- Method B:
1231 The sbrasion resistance index, ARY, 15 calculased =
doscnibed in 12.2.] wang Kg 3:

AR, A.'l..d. 1] &)

where:

ARl = sbrasion resistunce indox in percent (rotating Lost
proce). ) )

Am, « mass loss of the Standand Rubber #1 kst peoce
mg.

d, » densaity of Standard Rubber #1 m mg/m’,

Am;  « mass ks of the test rubber piece m mg, and

d, = density of the test rubber in mg/m?

124 Calewlanion of Abrasion Resistance Index—Method C;

1241 'The abrasion resistance index, AR/, 15 calculased
descnbed in 1221 using Fy 4, except that Standard Rubber #2
15 used insicad of Standard Rubber #1

AR;4,
ARS = o 10 )
where
ARl » abramom resistance index 1m percent (noamolating
lest paece ),
Am, = mass loss of the Standard Rubber #2 kst psece
mg, and 1
dy = densaty of Standand Rubber #2 m mg/m

125 Calcwlation of Abrasion Resistance Index—Method 1,
1251 The sbrasion resistance mdex, ARI, is cakouhinsd 5

233 = 5, (s mcaseromenl uallts), and (K) =

doscribod i 12.2.1 using kg 3, except that Stundand Rebber #2
s used msicad of Standard Rubber #1.

Am 4
ARI, S RT (5)
Am 4,
whore:
ARI, = shrasion rosistance index in percent (rolating test
picce). .
Am; = mass Joss of the Standard Rebbor #2 1cst picee in
mg. and
d; = density of Standard Rubber 2 in mg/m ™
13, Test Report

13.1 Report the Tollowing information

1311 Type and ideatificstion of the product under iess,

13.1.2 Date and temperuture of testing,

13.1.3 Rubber compound detsls, if available (rubber type,
vulcamization temperature, and time)

13.1.4 Densaty of the test rubbers,

13.1.5 Method of test piece proparaton (cut or molded)

13.1.6 Test method msed: Method A, B, C, or D

13.1.7 The mean valae of either the ahrasion loss in mmr or
the abmsion resistance isdex in percent

13.1.% The standond deviation of the tost result (optional ),
and

13.19 Any devianoas [rom standard lest mothods, espe
cually 1f the length of the abrumion path was reduced from the
specificd 40 m (1312 {0 10 20 m (656 I)

14, Precision and Bias®

14.1 The peecision and buus section deals with test resuls of
Mcthods A, C, and D obtained in an intornational interfabora
tory program organized in sccordance with 1SO 5725180
5725, This section has been pecpared in accondance with
Practice D483, which is cguivalent w IS0 5725, Refer w this
practice foe terminology and other satistical calcalution de
Lails.

142 The procision results in this section give an estimaie of
the precasion of Methods A, C, and [ using the matenals of the
particular intorlaboratory test progrum as describod below. The
precision paramctors shoukd not be wsed for accepance or
regection testing of any group of makenials withoal documen-
tation that the paramctens aro applicable 10 the group of

* Suppueting dats kuve been fiked 3 ASTM lcstationd Healguance aad sy
he obumned by mpestinp Rocowcd Rapoa RR UM WOM
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ANEXO 4 : NORMA ASTM D412 - Métodos de prueba estandar para caucho

vulcanizado y elastomeros termoplésticos: tension

Standard Test Methods for

Vulcanized Rubber and Thermoplastic Elastomers—
Tension'

Thix somderd = toeal wder e fiand deagration M1 the number by [cllownmy he deaig) 1 the yeur of

il mhopiion o, in the cane of v, e yor of led reanon .\.nntnlnpimlmmhuﬂﬁr:prll'ld reapproval. A
supererip b (x) mdecsics an edilorud changs snee e bl ovmim o pprovl.

Thir standare Aax beon approved for wre by agencier of the L. Deparinest of D

£' WHFTE—{oneried 2.2 edilorially in Masch 2021.

I. Scope

1.1 “These icsl methods cover procedurcs wsed w0 cvaluaic
the iensile {lemsion) propertics of vulcanieed thermosct rubbers
anel thermoplasiic clastomers. These methods are ol appli-
cable o chonile amd similor hard, ke clongation malerials.
The methods appear as follows:

Tasl Wothad A Dumbball 2nd Simighl Eaclion Spodmans
Tiesl Mcihod B—Cul Fing Spocimans

Mo | —Thesz two dilferent methnds do nol prodece identical resulis.

1.2 The values siated in cither 51 or non-51 wnils shall be
reganded scparicly & normative for this standard. The volues
in cach sysiem may nol b cxact cquivalents; therelore cack
syslem must be used independently, withoul combiming valucs.

1.3 Thir sigadard does aol purpart o eddress all of the
sajely concerns, i any, associaled with s wse I i the
responsibility of the urer af this siondard o exiablish appro-
priate sajfely, health, and envirermenial practices and defer-
mine ihe applicabilily of reguiatory [imilciisns prior fio e,

1.4 Thir iniernaiional sendard wor developed in accor-
darce with imfernatisnally recogrized principler on siendard-
izwiion exichiished @n the Decision on Principles jor the
Developmeni of Infernational Stendardy, Guides ard Recom-
mendations ixsied by e World Trode Chrganization Techmical
Barriers i Trade (THT) Commuitiee.

L Referenced Documents

2.1 ASTM Stamdards:”
131349 Practice fir Rubber

g

Standard Conditions for Test-

"Thiese e mecthods woe under the jerisdiction of ASTM Commitice 111 o
Hubbeer and Rubher-ike Mutcrials asd are the drcet ropossdbiley of Sdommibic:
D10 oo Plymical Texding.

liu-rrrl-nd.llunqplndﬂwlmlﬁ Prulished 1 ber 2011, i gl
spprneced i 1HA Lasi prevaes edition appronecd in TN = 1412 - |!|. ¥
10 IS 2000 W 1 2- B

T sefononced ASTM dandank, visi e ASTM wobmic, www oy, 1=
comtuct ASTM Cimiomer Servicr ol service Badmury, |\:r.‘..un'£mi.f.‘|ﬂ"
Ziandardr wikumc i im, refor o e sandend s | ¥ pupE n
the ASTM wehmiie.

131566 Termimology Helating 1o Bubber

133182 Practice for Rubber—Maberials, Fguipment, and Pro-
cedures for Mixing Standard Compounds and Preparing
Stanidard Yubcanieod Sheots

133187 Practice for Eubbor—Preparation of Pieces for Test
Parpescs from Products

DETHT Practice for Rubber—Measuremient of Dimensions

124447 Practice Tor Evaluating Precision for Test Method
Stamdards in the Eubber and Carbon lack Mamuiaciuring
Inechasirics

14 Practices for Porce Yerlicalion of Testing Machines

2.1 ASTM Adjunci:

Cul King Specimens, Method 13 E]HI]}‘

2.3 IS0 Steandards:

1500 37 Rubber, Vulcanioed and I'th'mThsIJL I bormina-
tiom of Tensile Stress-$imin Propertics

X Terminology

L1 Dejimitions:

L1 fewmsife sei—the cxlcmsion remaining afler & specimen
has been sirciched and allowed (o relract in o specificd manner,
cxpressod s a percenlage of the original lengih. {1V 566)

312 femsile sei-gfier-freak—the icnsile sl measured by
filtimg the two hroken dumbhell picoes ingether at the poinl of
ruplure.

313 fewmsife stremgihi—the maximum iensile siress applicd
in sireiching o specimen b naplure. (1Y 566)

314 femsile mirexs—a siress applicd io streich o jesl piece
{spocimen). (121566)

Y15 fewmsile sirexy ai-given-elomgalisn—the siress neguired
o sircich the uniform cross scction of a iesl spocimen o @
given clongation. (1] 566)

" Deisiled drawings arc svailshie from ASTM Hesdoguoriens, 100 Hare Hlarkor
Detvr, Combbockes, PA 1M Order Adpanct Noo ATID0E02E-PDE.

? ouilshle from Amcricen Mational Standands b (ANSIL 25 W 480 51,
dih Fuser, Mew York, NT MG
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316 thermoplastic elasiomers—a diverse Tamily off rubher-
like materials that anlike convemtional valcanized rubbers can
b processed amd recycled like thermoplasiic malcrials.

3.7 mltimate efongaiion—the clongation al which ruplarc
ocours in the application of continued tensile siness.

3.LE yield poini—thet point on the stress-strain corve, shor
of ulimale failare, where the rale of siress with respect 1o
strain, gocs throegh o 2o valee and may become negative.
(I} 566)

3.1.9 yield sirmin—the level of simin al the yickl poinL
(X1 566)

3L wiedd stress—the level of stress ol the yicld poinl
(I} 566)

4. Summury of Test Method

4.1 The determination of wensile propeortics slaris wilh test
picces laken from the sample maderial and inclodes ihe
preparation of the specimens and the lesting of the specimens.
Spocimens may be in the shape of dembbells, rings or straight
picces of mniform cross-sectional srea.

4.2 Measurcmenls for iensibke siress, lensile siress al o given
clongation, lensile strength, yicld poinl, and ullimale clonga-
tion arc made on spocimens thal have mol boen presiressed.
Tensile siress, yicld point, and tonsile strength an: based onihe
original cross-sectional area of o wniform cross-section of ke
specimen.

4.3 Measuremenl of wensile sol is made ofler 8 previously
unstressed specimen has been extenided and albvaed o retract
by a prescribod proccdure. Measurement of “sel alicr break™ is
also desoribed.

5. Significance and Use

5.1 All maierials and producis covered by these bost molh-
ods muast withslamd lensile forocs [or adequate perfonmance in
cerixin applications. These test methods allow [or the measanc-
mend of such tonsike propertics. However, ensike propertics
alone may nol dircctly relaic o the olal ond use porfomance
of ke product becanse of the wide range of potential perfor-
mance requircmends in solmal wse.

5.2 Temsile properiics depond both on the malerial and b
conditions of kst (cxlension rale, iempeoratene, bumidity, speci-
men geamciry, prolest conditioning, cic.); therelfore malerials
should be comparcd oaly when esied mnider (he same comdi-
Lioms.

5.3 Temporalgre amd rale of exicnsion may have subsiantial
cilects om kensile properiics and therefore should be controlled.
These elfects will vary depenifing on the type of material being
tested.

5.4 Temsile sol represenls residual defommation which is
parily pormamcnt and partly recoverable afer sireiching and
retraction. lor this reasom, the poricds of exicnsion and
recovery (amd olbor conditions of st) muest b ooatrolled 1o
ohizin comparshle resulis.

6. Apparales

6.l Testing Mackine —Temsion lcsis shall be made om a
power driven machine equippod o produce 2 uniform rete of

erip separation of 500 *+ 50 mm/min (20 * 2 in/min) lor a
distance of &l keast 750 mm () in.) (see Node 7). The tesling,
machine shall have both a suslable dynamomcler and an
imlicaling or reconding syslem For measuring the applicd fonce
wilhim 2 %. IT the capacity mege cannol be changed for a wesi
{as i the case of pendulam dynamomeiers ) ihe applicd force o
break shall be moasared within =2 % of b Tull scale value,
and ke smallcsl ensile forco measured shall be accuric o
wilkin 10 %. IT the dynamomeicr is of the compensating Lype
lor measuring kemsile siress directly, means shall be provided 1o
sfjust for the cross-sectional area of ihe spocimen. The
respomse of the recorder shall be safficiently mapid thal the
applicd [ornce is measured with the requisile acouracy during,
L cxlension of the specimen o rupture. 1 the lesiing machine
ix m eguipped with a recorder, o device shall be provided that
imlicales, aficr ruplere, the maximem foroc applicd during
cxbension. Testing machine sysicms shall be copable of mea-
suring clongation of the lesl spocimen in minimem ncremenls
of 10 %

Mo 2—A e of clongation of 1000 = I mm/min {40} * 4 in./min}
may be weod snil nolalion of the speed made in the reponl. In cse of
G T

6.2 Test Chamber for Flevated and Low Temperatres—The
lest chamber shall conform wilh the fllowing neguiremenls:

6.2.1 Air shall be circulsted thrompgh the chamber sl @
vebocily of 1 w2 mfs (3.3 1o 6.6 [Us) ol ke location of the grips
or spindles and specimens maintained within I°C (3671} of the
specificd lemperalane.

6.2.2 A calibraled scmsing device shall be located near the
grips or spindles for measuring the sctoal wmperaiure.

6.2.3 The chamber shall be vemled 1o an exhaust sysicm or
o the owlside atmosphore 0 remove fumes liberated a1 high
lemporalbuncs.

6.24 Provisions shall be made for sespending specimens
vertically mear the grips or spimdles for conditioning prior 1o
lesk The spocimens shall mot tiouch cach other or the sides of
lhe chamber excepl for momeniary condact when agilaied by
L circulatimg air.

6.25 liast acting grips suilable for manipalation at high or
low temperaturcs may be provided o pormil placing dumbbells
or sirnighl spocimens in the grips im the shoriesi ime possible
lo mimimizc any chamge in emperature of the chamber.

6.26 The dynamomclor shall be suitable for wse ot the
lemperatare of kst or il shall be thermally insulated from the
chambcr.

627 Provision shall be made for measuring the clongation
o specimens in the chamber. I & scale is used 0 measane the
extension bolween ke hench-marks, the scabe shall be located
parallcl and closc 1o ke grip path during specimen cxicnsion
and shall be contrlled from outskde the chamber,

6.3 Micrometer— A digilal or analogue dial micromcior
oomlorming o the reguirements of Practice 3767 {Procedun:
Al Ring specimens are sddressed in 14,10,

6.4 Apparatus for Tensile Serf Ten—The icsting machine
described im 6] or an apparaies similar 1o that shown in g |
may be wsed. A stop waich or other suilable timing device
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FIG. 1 Apparatus for Tensile Sot Test

measuring in minuic intervals for at least 3 min, shall be
provided. A scale or other device shall be provided for
measuring densile sel o within 1 %.

7.1.2 Unless othorwise noted, thermoplastic rubber or ther-
moplastic claslomer specimens, or both, are o be cul from
imjection molded sheets or plagues with a thickmess of 3.0 ©
0.3 mm. Specimens of other thickness will not necessarily give

7. Selection of Test Specimens comparablc results. Specimens are 1o be tested in directions

7.1 Consider the following information in making schoc-
tons:

7.1.1 Since anisotropy or grain direcbonality dec 1o flow
mtroduced during processing and preparation may have an
influence on lensile propertics, dembbell or straight specimens
should be cut so the lengthwise direction of the specimen is
paralic] 10 the grain dircction when (his direction is known.
Ring specimens normally give an average of with and across
the grain propertics.

both parallcl and perpendicular to the dircction of flow in the
mokl. Sheet or plague dimensions must be sullicical (o do this.

7.1.3 Ring specimens enable clongations to be measured by
gnp separation, but the clongation across the radial width of
the ring specimens is not aniform. To manimize this effect the
wilth of the ring specimens must be small compared 1o the
diamcicr.

7.1.4 Straight specimens tond to break in the grips il normal
cxtension-to-break testing s conducted and shoald be wsed
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only when il is mod leasible 0 propanc amother type of
specimen. For ohisining non-neplure siress-sirain or maberial
midlules properiics, straighl specimens are guile usclul.

T.1.53 The s of specimen type wsed will be detormincd by
the malerial, est couipment amd the sample or picce availablc
for lesl A konper specimen may be used For rubbers having b
ultimale chwmgation ko improve precision of clongation moa-
surcmEnl.

B, Calibrution of the Testing Muachine

8.1 Calibrale the testing machine in acoordance wilh Prooe-
dure A of Practices 134, 17 the dynamometer is of the strain-
gauge ype, calibrale the kesier al one or more fonoes in addition
I the requiromenis in Scctions 7 amd 18 of Praclices 14,
Testers having pendulam dynamomelcrs may be calibrabed as
Finl e

811 Mace one end of o dumbbell specimen in the apper
grip of the lesting maochine.

H.1.2 Remove the kvaer grip from the mackine and altach it
by mians of ik gripping mochanizm o the dambbell specimen
im the wpper grip.

1.3 Auach a hook to the lower end of the lower specimen
grip mechanism.

H.1.4 Swespend o known mass [rom the hook of the keacr
specimen grip mechanizsm in such a way & 10 permit the mass
assembly o iemporarily rest on the bower iesting machine grip
ramcwork or kolder (soe Mode ).

H.1.5 Starl the grip scparation molor or mochanism, & in
normal lesting, and allow il o mun until the mass is focly
suspended by the specimen inthe upper grip.

L6 I ke dial or scale dises nol indicate the foroe applicd
[or s cguivalonl in siress for o compensaling bype bostor)
within specilicd tlerunce, thoroughly inspect the testing ma-
chine For mallunction {for cxample, cxcess friction in bearings
and oiber moving parts). nsune thal the mass of the lower grip
michanizm and the book are incleded as pan of the known
M.

B LT Afer machine friction or other malfunction has been
removed, necalibraie the besting machine sl o minimum of three
painis wsing known masses o prodece Foeces of approximately
1k, 2 and 50 % of capacily. IT pawls or rachols ane usod during
rouline icsting, use lhem for calibration. Check For [niction in
the head by colibrating with the pawls up.

Nom: 3N i advisable w0 provide 8 means for néing the known
miez fmm flling in the l:mgmmm 1 ﬂmﬂdmldh

8.2 A rapid spproximate calibration off the iesting machine
may b ohiined by wsing a spring calibration device.

% Test Temperature

9.1 Unbess othorwise speciliod, the slamdarnd iomperature for
Lesting shall he 23 = °C (734 £ 3.6°7). Specimens shall be
conditioned for al keast 3 h when the test iemperatune is Z37°C
(734710 IT the malerial is alfccled by moisbarc, maintxin (ke
rebative homidity at 30 £ 5 % and condition the specimens for
al least 24 b prior do lesting. 'When lesting sl any  olber
lemiperniure is regquined use one of the wmperatanes lisied in
Practioe ¥ 3459,

9.2 For lesting ol kemperatures ahove 237°C (73.4°F) preheal
specimens for 10 2 2 min For Melbod A and for & 2 2 min for
Metbod 1. Mece cach spocimen in the test chamber al indervals
shead of icsling =0 thal all specimens of a sorics will be in the
chamber the same lemgth of time. The preheal time sl clevated
lemperatancs musl be Imited o avoid sdditional vulcaniestion
or thermal aging.

9.3 For testing, ol emperntures below 2370 (73471 condi-
lion the spocimens al least 1 min prior (o lesting.

TEST METHOD A—DUMEBBELL AND STRAIGHT
SPECIMENS

1. Apparaius

L1 PHe—The shape and dimensions of the dic for prepar-
img dumbhell specimens shall comform with those shown in
Iig. 2. The inside Mces im the rodwoed section shall be
perpendicalar o the plane formed by the colling edges and
polished Tor a disiance of al keast 5 mm (02 in.} from the
cutling edge. The dic shall at all times be sharp and free of
nicks {sce 2.2)

Mo 4—The mondition of the die may be determined by investigating
'|J'I'."II.I|'H.I.I'E poinl on any -n:rinz of hroken (nuplured) spocimens. Remove
such specimens fom the of e kesli lﬂimﬂ:lulz:l.xl:ﬂr:]mmd
1||3,c|hu' specimens on kop of each other, and nole il tere is any imdency
for lessile hreaks i nccur al be same pesifion on cach of the specimens.
Rupiwre consisienily al e same place indicales thal & die may be dell,
nicked, or bent al thal localion.

1.2 Berch Marker —The two marks placed on the speci-
men and used o measure clongation or stmin ane called “hench
miarks™ (soc Mode 5). The boench marker shall consist of 5 hase
plale containing iwo raised parallel projections. The serfaces of
e miscd projections (parallel o the plame of the base plaic)
arc ground smooth in the same planc. The raiscd projection
miarking surfaces shall be botween (005 and (008 mm (0002
and (003 im) wikde omd ol beast 15 mm (0.6 in) Jong. The
angles hetween he parallel marking surfzocs and the sides of
Ihe projections shall be st least 757, The distance between the
ocenkers of the two parallel projections or marking surfnoes shall
be wilkin 1 % of the requined or targel bench mark: distance. A
hamdbe atlached o the back or top of the besch marker hase
plale is mormally & part of the bench marker.

Mo 5 IN2 maleol exierenmeter isussd i measure elongation, bench
marks me nol necessany.

M3 fak Applicator—A Mal wnyiclding serfsoc (handaocd,
meclal, ar plasiic) shall be wsed w0 apply cither ink or powder o
lkc hemch marker. The ink or powder shall sdbcore o the
specimen, have e debcricraling effect on the specimen and be
off contrasting color (o thal of the spocimin.

104 Grips—The lesting machine shall have two grips, onc
off which shall be comnected 0 the dynamomeier.

10.4.1 Grips for testing dumbbell specimens shall tighicn
automatically amd cxerl o umiform pressure soross Lhe gripping
sarfaces, imcreasing as be tonsion increases in order @ provent
slippage amd o Mavor Tailure of (he specimen in the straight
redwocd section. Conslant pressune pnewmalic type grips also
arc salisfoctory. AL the end of cach grip a positioning device is
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FiG. 2 Standard Dies for Cutting Dumbbedl Specimens

imensions o Elandwd Dumbbell Dins® I Linils

Limareion Linis Tokeranca Dz A Dw B D C Dia [ Ot E D
A mm zl o] ] ] 1B 18 18
E mm max 40 & 40 30 1l =
C mm min 183 140 115 Ly s 12
o mm 8" = ko = - » =
DE mm zl 13 13 13 K] K] 13
F mm ] ] ] i3 i H |
G mm zl i 14 14 i i 14
H mm ] o] £ ] 1B 8 18
L mm ] 50 -] = b =] 50 50
W mm #0105, 000 12 8 & 3 3 &
£ mm zl 13 13 13 13 13 13

A iz whosa Aimensions 2 mpressad inmeiric wnils e nol axcly ha s2ma 25 dies whosa dmensions am mpessed n LS. cusiomary unils. Diss dimansioed in
MR Unlls 2 Ianded |or s Wit appares cilbied In melrc wnils
® o b usid i chicking machings I i proferabia ol Tis iniecnce ba «0.5 mm

FIG. 2 jcontimd)
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L In .08 - 232 1.31 i3 -] 2R
L In +.00F, 0000 DD 0353 s [ER F [y E s
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A e whose diTensions. o mpressed In malic units e nol maclly he same = des whos dmensions am axpressed in LS. oeslomary unis

" For dias used i chcking machings || 5 praterabia hal his inisance by +00F in

FIG 2 jeontiucd)

recomimenided for inscriing specimens o the same depib in e
grip and for alignmenl with the dircction of pull.

1042 Cirips for lesting sirighl specimens shall be constant
preszure preumatic, weodgeod, or wegke bype designed o irans-
mil the applicd gripping Force over the entire widlh of ke
gripped spocimen.

1l. Specimens

1.1 Dumbbell Specimens
ing.

11.1.1 The tesl specimens may be imjection malded or cut
froom o Mad shool nod less than 1.3 mm (U3 i) nor mone tham
13 mm (0,13 in.) thick and of a s which will permil cutling
a specimen by one of the siandand metheds (refer o Fig. 2 for
the standard methods). Kefer 0 7.1 reganding ihenmoplastic
rubber or thermoplastic clastomer spocimens.

11111 Sheets may be prepancd dircetly by pmccssing or
from fimished articles by culling amd bufling. 1T ohiained from
. manulzciured articke, the specimen shall be fnee of sarface
roughness, fabric layers, cic. in sooordance wilk the procodune
described in Practice D31R3.

11.1.2 The preferred melbod of preparing specimens is by
comipression molding. The mold shall have cavitics in deplh
amd ol o configuration described in swhsection 8.2.2 of Praclioc
318

T1.1LET The spocimens may be dic-cul from the mobded
picce wsing Die C (refer o Fig. 2) anbess otherwize spocificd.
Cusl the specimens rom the sheel wilh & single impact stroke
(hand or machine) o cnsure smeoodh cul surfoces.

11.1.3 All specimens shall be ool so thal the lengthwisc
portion of the specimens is paralkel @0 the gmin wnbess
olhorwise specificd. Refor o 7.1.1 roganding anisotropy or
grain dimectionality.

11.1.4 An alicmative method of prepaning dumbbell speci-
mins is 1o mold them directly in the form of the dics described
im lig. I w lhe deopth and of o configuration described in
subsection B.2.2 of Practios DI 1EZ,

11.1.5 Marking Dumbbell Specimens—Dumbhbell  speci-
micns shall be marked with the bench marker described in 10,2,
with o emsgion on the specimens sl the ime of marking. Marks
ghall ke placed on the reduced section, cguidistand rom ils
cenler and porpendicular o the longilsdinal avis. The between
benich mark distance shall be as fellows: Tor Dic O or Dic 1 ol

Prepare five specimens for best-

Fig. X, 2500 £ (25 mm (100 = 000 in); for amy othor Dic
of Fig. 2, 50000 &= 0.5 mm (200 = (.02 i)

11.1.6 Measuring Thickress of Dumbbell Specimens
‘Throe measurcmenls shall be made for the (hickness, one al the
cenber amd one ol cach emd of he reduced soction. The medion
of the throe measuromenis shall be wsed as the thickness in
calculating he cross seclional area. Specimens with & dillor-
cnce botwcen e maximum and the minimum  thickness
cxceeding 0L0E mm ((LI03 in.), shall be discarded. The width
of the specimen shall be aken a= the distance belween the
cutling edges of ke dic in he restriciod seclion.

11.2 Sirzight Specimens—Siraighl specimens may be pre-
pared il il is mol praciical 1o cwl cither 2 dumbhell or & ring
spocimen as im the case of 2 namow sinp, small obing or
narrow clectrical insulation material. These specimens shall be
of sullficicnl kength 1o permil their insertion in the grips used for
e tesi. Tiench marks shall be placed on the specimens os
described for dumbbell specimens in 11015, To debormine the
cross sectional arca of straighl specimens in ke form of whes,
e mass, lemgth, snd density of the specimen may be requinod.
The cross secliomal arca shall be calculabed from these mea-
sarcmenis a5 Rlloows:

A = MIIN. in
whcre:
A = cross-scetional arca, cm’.
M = mass, g
¥ = density, g,."l:rn‘. and
L = knglh, cm.

Bhims: & in sqpeare inches = A Gom®) = (L1155,

12, Procedure

111 Determimation of Temsile Stress, Tensile Strengih eod
Yeeld Poiri—Mace the dumbbell or simighd specimen im the
grips of the wsiing machine, using care ko adjust the specimen
symmelrically o distribule lension uniformly over the cross
section. This avoids complications thal prevend the maximuom
strengil o the maicrial from being evalualed. Unless otheraise
specificd, the rabc of grip soparation shall ke 5000+ 50 mmdmin
{20 = T inSmin) (soo Moic 7). Starl the machine amd mole the
distsnce boltween the bomch marks, lokimg core o svoid
parallax. Record ibe foroe ol the clomgationis) specificd for the
lesl and ®l ihe time of replure. The clagaticon messarement is
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ANEXO 5 : NORMA ASTM D2240 - Método de prueba estandar para las propiedades

del caucho - Dureza del durometro

Standard Test Method for

Rubber Property—Durometer Hardness’

Thix ssndan] in izaed wsider the fiac] devipreiaem 2283 the munber o

N 1.rn 'r\.h' H el b’IF-IJr

umigirel mlopiion 1= |n|h:-:n:|.i'rnwm.|h: year of | revizmon .\._ntnmpl'rrﬂ:::l-lhnlnﬂrynrll'ld resppnaval. A

| 1pl cpualon (x) &

an cdiborml change snce Be bl rovoion o eppnnal.

Thir sianderd hax been approved for une by apeacier of the LS. Deparines of Defeas:.

£ MFTE—Fdiionially oomecied 5.3 fa Movember 2007

. Bcope

1.1 "This tesl method covers twelve types of rubber handmess
measurcmenl devices known as duromeiers: Types A, 13, C 1,
I3, 15, ML O, O, OO, C00-S, and K. The proccdune for
dolcrmiming indenotion hardness of substances classificd os
thermoplastic clasiomers, vulcanizod (thermoset) rubber, clas-
tomcric makerials, cellular malcrials, gel-like maiorials, and
some plastics is also desoribed.

1.2 This icsl method is nol equivalend @ other indentation
hardness melbods and imsirnement. ypes, spocilically those
described in Test Method 131415

1.3 This iest method = ot applicable o the lesting of
coatid shrics.

L4 All malcrials, msinmments, or cguipment uscd for b
dotcrmimation of mass, force, or dimension shall have trace-
ability 1o the Maotional Instituie for Siandards and Technology,
or olher inlcrmatonally recognized organicstions. parallel in
M.

1.5 The valwes sisied in 51 unils arc o be regarded os
slandard. The values given in parcalheses are Tor information
only. Many of the sialed dimensions in 51 are dinecl conver-
sions from the U, 8. Cuslomary Sysiom b0 scoommuodaie ke
imstrumeniation, praciiocs, and procedunes that exisied prior o
the Metric Conversion Aol of 1975,

1.6 Thir sicadard does aol purport [0 eddress all of the
safely concerns, i amy, associeled with iy wee @I i3 the
responsibility of e user of this siendard lo exiablich appro-
priaie sajely, healih, and envireemenial practices and defer-
mire ihe applicebilily of regulatery Emilaiions prior o use.

1.7 Thir imernaional siendard war developed in accor-
darce with mfemationally recogrized principles on sendard-
ipalion exiehlished in the Deciion on Principles for the
Development of Infernalional Siendawdy, Grider ard Recom-

! Thin el mecibed o undier e permbciion of ASTH Commuer [F1 on Hubber
and Rubler-Tike: Makoriaks and i ihe direct mexpomibility of Sshoommities 111,10
im Pymical Tedding,

Cuenl. adin spproval Asg. 1, M5 Publohod bouey X006, Origimlly
apprerecd m 1. |am edien approved in M ax 12240 0% (2000},
I3CH: 1000 S20RTI2 2400 1 550,

mirdariony ivrued by the World Trede Chrpanization Tecknical
Barriers bo Trade (TRT) Commiites.

2. Referenced Documents

2.1 ASTM Stamdands:"

13374 Test Melbods Tor Thickness of Solid Flectrical Insa-
Latiom {Metrich INET4_1NGT4M

1318 Practice for Conditicning Plastics for Tesling

13755 Test Methodd for Bockwell Hordness of Plastics and
Elecirical Insalating Matcrials

131749 Pructice for Bubber—Standard Conditions for Tesi-
mg

131415 Test Meihod for Hobber Properiy—Inlcmational
Haredmess

134483 Pructice for Pvaluating Precision Tor Test Method
Stamidards i the Huhber and Carbon Black Mamufbeiuring
Imclusirics

F1957 Test Method Tor Composite Foam  Hardness-
Durometer Handness

2.2 IS0 Stondard:"

TREWIEEC 17025 1999 General Kequirements for the Com-
polenoe of Testing and Calibration |.aboriorics

X Sommuary of Test Method

11 This icst method permils hardness measarements based
on cilher inilial indendation or indentation aficr o specificd
periad off lime, or both. Duromeicrs with maximam reading
indicalors wsed 1o detcrmine maximam hardness values of a
mialcrial may yicld kvwer hardness when the maximum indi-
calor is uscd.

12 The procedwres for Type M, or micro hardmess
duromeiers, accommadale spocimens thal ane, by (heir dimen-
sims or oonligaralion, crdinarily unshle o have their durom-
cler hardness detormined by the olber duromeler types de-
scribed. Type M duromclers are inbended for tbe lesting of

e eeforoneed ASTM sasheds, vmi the ANTM wrhaic, wwssimog, o
conizct ANTM Casiomer Sorviee sl servec@hwdmurg, For dasual ook of ASTH

K fardh wilurac mali b rdir i ihod Jand"x [k 5

¥ [egr an
e ASTM wchanic
" Nl o | | Ocgasizaiion for Semadardiraiicn (1500, 1 de

Warcrnbed, (Case pudale 36, CH-171 1, Cienewn B, Switseriand.
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2. 8403 mm

(0.11140.013 i) *]

2.520.04 mm
{0.098£0,002 In)

AT ZERD
READING

01.27£0.12 mm
(CLO50+0.005 in)

AR, A5%4 147

0. 70:40,03 mm.
3] 200001 n

FIZ. 1 [a) Type A and C Indentor

specimens having a thickness or cross-soclional diamcler of
125 mm ({050 in.} or greater, although spocimens of kesser
dimensions may bo successfully accommodatcd wnder the
conditions specified in Sootion 6, amd have o Type M daromcicr
hardness mmpge beracen W) and 90, Those specimens which
have a durcmetcr handness ramge other than specificd shall usc
anather suilable procedure for determining derometer hard-
mCss.
4. Significance und Use

4.1 This et methed is based om the ponciration of a specilic
type ool indemtor when forccd i the material under spocificd
conditions. The indenation hardness is imverscly related o ibhe
penciration and is dependent on the clastic modoles and
viscoclastic behavior of the material. The geometry of the
indenitor and the applied foree influence the measeremenis
such that pe simple relationship exiss between the measire-
menis abicined with ore tvpe of duromster and thoee ofoined
wilh arother type of durometer or other irsrmments ured for
mearuring hardness. This test melbod is am ompirical west
imicmidcd primarily For conird parposcs. Mo simple relationship
exisls hetween indemilation hardness delermined by this west
mithid and any fondamenial property of the maeterial icsied.
lor specification purposcs, il is recommended that Test Moibod
I3TES b used for maderials other than those described im 1.1.

5. Apparstos

5.1 Hardress Meamring Apparains, or Duromeler and an
Operating Stand, Type L Type I, or Type 3 (=ce 5.1.I)
consisting of the following componcts:

5.1 Durometer:

5.1L1L1 Presser Foot, the configuration and the ol anca of
n duremeter presser (ool may prodece varying resalis when
there are significand dilforences between them. L s rocom-
mended thal when comparing duromeier hardness delermina-
tons of the same type (sce 4.1), that the comparisons be
botween daromiters of similar presser fool configurstions. and
total arca, and that ihe presscr fool configuration and sizc bo
moled in the Hardness Messorement Keport (sce 10024 and
51130

5002 Presser Foor, Types A, B O 1 D0, EL OO0,
(0, and (M-S, with an orifice (1o allow for the prolnasion
of the indenior) having o diameter as spocified im g, 1 (s, b,

o, d, e, [, and g}, with the conter a minimuem of G0 mm {124
im.} from any edge of the fool. When the presser fool is nol of
a Mal circalar design, the arca shall nol be less than 500
mm” (197 in.

M 1 —The 'I'E N and (be Type (NM)-S, designated berein,
dilfer im their i w onnfigoration, spring force, and the resulis
obiginal. See Tabde | mnd Fig. | ée and g).

5113 Presser Foot—lsl circalar designs designated os
Type xR, whene x is the standard duromcior designation amd B
imdicales the flal circular press (ool described heorcing for
example, Type alf, dR, and the like. The presscr fool, having a
ocnirally localed orifice (o allow for the profrusion off the
imdemlor) of a diametor as specificd im Fig. 1 (a through g). The
Mal circular presser fool shall be 1R 2+ 005 mm (0,71 & (002 i)
im diamoicr. These dwromcier types shall be wsed o oan
opcraling stand {sce 5.1.2)

fa) Duromclcrs having a presser ool conligaration other
thian ksl imdicated n 5013 shall not wse the Type R
designation, amd il is recommended thal their presser fool
onaliguralion and sizz be slated i the Hardmess Measunoment
Report (sec 10024

5104 Presser Fool, Tipe M, with o conimally locsed
arifice (o allow for the protresion of the indentor), having a
dismecler as specilicd in g, 1 (d), with the cenler o miinimuoem
of 1,60 mm {((L063 in) from sny edge of the ol ciroulsr
presser Fool The Type M duromcier shall be used inoa Type 3
opcraling stand {sce 5.1.2.4).

5115 ladenior, Fommecd from stocl mod and hardened (o 500
HY10 and shaped in accordance wilh Fig. | o boo, d, e or gl
polishicd over the contact srea so that no aws ane visible under
20 magnification, with an indenior exicnsion of 2.50 + (U4
mm ({09 + 0.002 i, ).

5.1.1.46 fadenior Tigpe (MW3-5, formed [rom sieel rod and
hardencd 1o 500 HV 10, shaped in scoordance with Fig. 10
polished over the contact arca so that no Maws anc visiblc under
20 magnification, with an indenior cxicnsion of 500 + (U4
mm {{L19% & (.002 im. ).

5.1.1.7 Indenior Tupe M, formed from stecl rod amd hard-
oncd e 500 HV10 and shaped in sccordance with Fig. 1 (d)
polishicd over the contact srea so that no laws ane visible under
50 magnification, with an indentor exicasion of 125 + (002
i ({049 & (00T im )
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_ 92.820.3 mm,

(0.11120.013 In) "

2.520.04 mm.

AT ZERO
READING

ol, 27*012 .

0.10040.012 mm. R
(0.004+0.0005 In R)

FG. 1 (b) Type B and D Indentor (continued)

03.640.1 mm,
{0.14040.004 in) |

2.520.04 mm.
(0.098+0.002 in)

AT ZERO
READING

[‘02 .3820.08 mm,
{0.093740.004 o)

FlG.l(c)TypoODOmeOlndomfcormmi)

194003 mm
(0.04720.001 )

1.2520.02 mm,
(0.04940.601 in)

AT ZERO
READING

0,160+ 012 mm. R,

(004 0005 n R.)
FIG. 1 (d) Typo M Indentor (continued)

5.1.1.8 Indemtor Extension Indicator, analog oc digital
clectromic, having a display that is an inverse function of the
indentor extension so that:

(1) The display shall isdicate from () o 100 with no kess
than 100 cyual divisions throughout the range at a rate of onc
hardness point for cach 0.025 mm (0.001 in.) of isdentor
movement,

(2) The display for Type OO0-S duromcters shall indicate
from () 1o 100 with no kess than 100 oqual divisions throughout
the range al 2 rate of onc hardness point for cach 0.050) mm
(0,002 in.) of indentor movement,

(3} The display for Type M durometers shall indicate from
010 100 with no bess than 100 equal divisions at 3 rale of ope
hardness point for cach 0.0125 mm (00005 m.) of indentor
movement, and

{4) In the case of analog daal indicators having a display of
360, the points indicating O and 100 may be al the same point
on the dial and indicate 0, 100, or both.

5.1.1.9 Timing Device (oplional), capzble of being scl 0 a
desired clapsed lime, signaling the operator or holding the
hardness reading when the desired clapsed time has been
reached. The timer shall be automatically activaled when the
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FIG. 1 g) Type 00D Indentor jcomtinued)

EDsD0E rem
[URLCEVE VY S

(B 127803 v

AT ZERO
READING

18780, 11 mmR
|EANI 80008 i)

R ]

iR B )

FIG. 1 (f) Type 000-8 Indentor {continued)

presser ool is in contecl with the specimen being, lesied, or
cuample, the imitial indentor travel has ceased. Digital cbec-
tromic duromeicrs may be oquipped with clocironic timing
devices that shall mol alfect the ndicaied reading or delermi-
malions aflained by more than one-hall of the calibration
oborance siaied in Tahls 1.

5.L1L10 Mavimum fndicaiors {opiiond |, maximum indicat-
ing poimers ore aoxilisry onelog indicoling hends designed (o
remain ol the maximem hardness value ablained unlil resct by
the operator. llecironic maximum indicators ore digital dis-
plays clectronically indicating and mainlaining the maximam
valuee hardness valued schicved wniil resel by the operator.

S5.LL11 Analog maximum indicaling poinlcrs have been
shown v have o nomimal clect on the valecs aiamed,
hevwever, this cifeol = grester on durcmeters of kesser (olal
mainspring, lomls: for example, the cfect of o maximam
indicating poinder on Type I durometor dolerminations will be
less tham those dolcrminations achicved wsing a2 Type A
durcmoicr. Analog siyle duromclers may be cquippod wilk

maximum  indicating pointers. The effcct of o maximom
imdicaling poimler shall be noled al the time of coalibration i othe
calibration report {sec 1001.5), and when reporting hardness
determinations {sce 10.2.4) Anabog Type M, OO0, (00, and
Type (N5 duromebers shall nol be equipped wilh maximum
imdicaling poimlers.

5.L1LIT D¥gital clectromic duromelcrs may be equipped
wilh clectromic maximum indicaiors thal shall nol alfect ithe
imdicaled reading or delerminations ablained by more tham onc
halll «f the spring calibraticn tderance slaled i Takle 1.

5.0LL13 Calibraied Spring, [or applying force o the
imdenlor, in acoordance with Fig. 1 {a throegh g) amd capahle
«f applying ke lorces as specilicd in Table 1.

5.1.2 Ohperating Stand (T5g. 2k

5120 Type 1. Type I amd Typo 3 shall bo copshlo of
suppaorting, the duromcier presser fool surface paralle]l o the
specimen sappewd lable (Fig. 1) throsghowt the ravel of cach.
The durcmecicr prosser fool o spocimen suppaor table parallcl-
izm shall ke verified cach time the les1 specimen support Lhie
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13 8.040.3 v
I 08 )

45 e
[RiRF - chi 1

1 =="' E mimA \\
(8= Bl 1 H

L3000 R

AT TER(Q U000 i
READIMG

FIG. 1 g) Type E Indentor jcontmed)

TABLE 1 Duromsder Spring Force Calibration®
All Values are in N

Incic e ' Typa &, B, E, O Typa C, I, D0 Typa M Typa OO, OO Typa DOO-5
1] QLE 1] (i e DAEy
i0 iz 448 038 Lok ] 0343
0 2B BRY D412 ok -1 D&
an 2 13335 D428 Q47 DB
40 Ak v as Q5eE nana
1] 4.3 for D544 QBT 1.040
&0 1 PEET n&e0 Q748 128
m L .15 il ok ] 1402
1 ELE L nary 22 15M
a0 T3 40005 o 102 1755
100 aE e DnrEs (8] ] R

Wduroneie: unk 0ors Q45 0.0044 000502 Ul mas

?p'n;ﬂ-ﬂ:l’ibn Q0N = 0445 N 00PN + Q0BT N = 0OI3EEN

* Ffar b0 5.9.9.5 for ha Typa & designation

i mdjusied b scoommidabe specimens of varying dimensions.
This may be scoomplishod by applying the duromeler presser
Foed d the point of coniacl with (be specimen suppont thlc and
making adjustmenis by way of the darometer mounling assom-
bly or as specified by (e maneleosner.

5.1.122 Operating Stand, Type [ (spocimen oo imdemlor
typel, shall be capable of applying the specimen to the indemntor
in o manmer thal mimimices sheck.

5113 Operating Stard, Type 2 (indeotor 0 spocimen
typel, shall be capable of applying the indemor (o the specimen
in o manmer thal minimizes shock.

5.1.24 Operating Stand, Type 7 (indenlor 0 spocimen
type, bydraulic dampening, proumatic dampening, or clecino-
mechanical {required for the operation of Type M durcmelers)
shall be capable of conimlling the e of desceml ol ihe
imdemior 4o the specimen ol o maximem of 3.2 mm'fs (125
in's) mnd applying a force sulficicnd i overcome the calibraled
gpring, force as shown im ‘Table 1. Manual application, Type 1
or Type I operating slamds are nol acceplable for Type M
durvanecter operation.

5.1.125 The ontire insinameni should be plomb and bevel,
and resting on @ surface that will minimize vibration. Opcrating

lhe imsirumenl undor adverse condiions will negatively alfect
e determinalions atlained.

50126 Specimen Support Table, (Fig. 3) nkcpral o the
aporaling stand, and having & solid sl surlsce. The specimen
suppor platform may have orifices desigeed 10 pccepl various
imseris or support fxvleres (Fig. 2} o provide Tor the support of
iregularly configured specimens. When inserts are used 1o
s lest specimens, care musl be token i align the indenior
1o the cemter off the insert, or the poind al which the ndentor is
I conlact ke specimen. Care should be exercized b sszure that
Ihe indemior docs niol sbmapilly coniact the spocimen suppord
lahle as damage 1o e imdenlor may resull

B Test Specimen

.1 The best spocimen, horcin nelomed g as “spocimen™ or
“lesl spocimen” imlerchangeably, shall be af keast 6.0 man (.24
in.} in thickmess unless it is known thal resulis cguivalenl ioote
fll-mm (0.24-in.} valucs are oblained with a thinner specimen.

6.1.1 A specimen may be composod of plied pieces o oblain
e necessary ihickness, bl dolerminations made on such
spocimens may nol ggree wilh those made on solid specimens,
a5 the sarfeces of the plicd specimens may nol be in complete
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AG. 2 Emall Specimen Support Table
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ANEXO 6: NORMA ASTM D624 — Método

desgarro de caucho vulcanizado convencional

3.2.6 complele frace—the section of o graphical plot of
force versus jaw separation distance between the point at which
the first peak occurs and the point at which the test is
terminated.

3.2.7 peak—a point at which the slope of a trace changes
from positive o negative.

3.2.8 range—the difference between the greatest and the
smallest observed test values.

3.2.9 valley—a point at which the slope of a trace changes
from negative to positive.

de prueba estandar para resistencia al

y elastomeros termoplasticos.

4. Summary of Test Method

4.1 Atearing strain (and stress) is applied to a test specimen
by means of a tensile testing machine operated without
interrupticn at a constant rte of crosshead traverse until the
specimen is completely tom.

4.2 This test method measures the force per unit thickness
required to rupture, initiate, or propagate a tear through a sheet
of bber in the form of one of several test piece geometries:

421 Type A, a razor-nicked test piece with a crescent
shape, as chown in Fig. |, Die A. The force in this test piece

c
, :
A RAD. é} P.p‘.n l 6:.-/
LIET : -
AN are i NANEE
=Y
- A . _t
I
I NICE
B
[
DIE A O B { 150034 CONFISURATION)
B FMillemetres Imzhes o Milimetres Imches
mensan
Vi Torane value  Tokeance Ve Toleweos Veue  Tokanoe
A 5 0 Y] san0z A 1 050 Y] =06l
-] 42 #0500 1L&5 002 B -] 44050 i ) #00
¢ £ 1005 oM +0.002 c % .05 14 #0002
o n 005 Li4 11002 o 5 05 1 0602
E 4312 HL0E LY 002 E &3 +005 1.7 =002
i 17 a0 05 .07 i 125 0.0 as w0603
@ 102 b8 04 002 G 102 005 a4 #0002
H 9 0105 0375 0002
Mich? ns0 005 [1T0rd #0002 3 7.5 0% 01 g
A Wi b b cof In SpRCmiEn Wi 3 rasor. e s 2005 T Py

A Nk b b e i apecimen wikh 8 rasr

Waluo Tekaranoa Walun Toleranog

A 12 £0.50 4l £0.02

B 19 £0.05 075 =0.002
C 5] #0,05 B.7s &0,002
o 1E7 =005 05 =002
E 25 w05 Lo #0002
F ke =005 1.0l =0.002
G 28 =05 L11g =002
H 5l £0.25 an £0.01

FIG. 1 Type A, B and C Tear Test Specimen Cutting Dies
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3

acts in a direction suhst:].rlﬁ:ll]}' nlnng the mnju{ anis []ength] _.,1 I.._ £

and perpendicular to the “nick”, or razor cut. Type A is used o J h i

measure bear propagation and is normally cot from smaller test T

specimens that can not sccommodate other test types. a
4.2.2 Type B, 2 mzor-nicked test piece with a crescent shape

and with tab ends. as shown in Fig. 1, Die B. The force in this _l_

test piece acts in a direction substantially along the major axis Morminal Thickness of

(length) and perpendicular to the "nick™, or razor cut. Type B Functure Fins Tom Sectien O

als 5 t2 ati d is preferred over Type A
0 megsures lear propagation and is preferred over Type i /‘\\_‘/

when the test sample allows.
423 Type C, alp'l un-nicked test piece with a %0F angle on € === { § 7 i
one side and with tab ends. as shown in Fig. |, Die C. The force I 1R
acts on the test piece in a direction substantially parallel o the ' Ll I___ E Fobsrie ot
taly ends of the specimen (453° to the 90° center angle} in the Mid-plane
direction of grip separation. Type C measures rupture, or tear Cross Sgcion Dalal
initiation strength af the stress concentration lecated at the 907 T A=IEmm
apex. [F tear initiation does not ocowr at the apes, the results are g: :53-2 m
muore indicative of tensile strength than tear strength. D t77mm
4.2.4 Type T. a trouser tear test piece, as shown in Fig. 2. E=075mm
Type T measures tear propagation in a direction parallel to the R C—— el Puttr™ ieur tomt
length of both legs. : Bgram of “Constra plece

4.2.5 Type CP, a test piece described in Fig. 3, which is a )

meodified trouser tear test piece with a constrined path for the
tear. Type CF also measures tear propagation in a direction

parallel to the length of both legs, but the constrained path
prevents the tear from propagating away from this path, and the
thicker legs eliminate the influence of leg extension which may
accur with Type T test pieces. See (1) for more information on
CP ftear testing.

4.3 No Correlation of results from one test type to anather
should be expected, as each test type measures tear strength for
a different tear specimen geometry.

5. Significance and Use

3.1 Vulcanized rubber and thermoplastic elastomers (TFE)
aften fail in service due to the generation and propagation of a
special type of rupture called a tear. This test method measures
the resistance 1o tearing action.

3.2 Tear strength may be influenced to a large degree by
stress-induced  anisetropy {mechanical fibering). stress
distribution, strain rate, and test piece size. The resulls obizined
in 1 tear strength test can only be regarded 15 1 measure under
the conditions of that particular test and may not have any
direct relation to service performance. The significance of tear
testing musi be determined on an individual application or
product performance basis.

Positioning of trouser
tear test plece in
testing machine

6. Apparatus

6.1 Testing Machine—The testing machine shall conform to
the requirements as specified in Test Mathods Dd 12, Tt shall be
capable of registering the applied forces within * 2 % of the
total force mnge or capacity during the test while maintaining
the specified mie of jaw separation:

6.1.1 For Type A, B or C test pieces. the rate of jaw
separation shall be 500 * 50 mm/min. {20 = 2.0 inJmin.).

6.1.2 For Type T and Type CF test pieces, the mie of jaw
FIG. 2 Trouser Tear Test Specimen separation shall be 50 = 5 mm/min. {2 = 0.2 in/min.).
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6.01.21 A low inertia machine having & continuous record-
ing of force is essential when using the Type T or Type CP
trouser bests.

Momi | —lnertia (penchilum) type dynomomelers may give resulls
which differ from ane another because of frictional and inerial efecs. A
low inertia {electronic or optical tmnsducer) dynamometer gives resulis
which are free from these effects and is preferned.

£.1.3 Calibration of the testing machine shall be routinely
verified according to the manufacturer's recommendations.
Verification of calibration shall be evidenced by a wrilten
record which shows the date of verification and the testing
muchine’s sccuracy at that time.

6.2 The test may be conducted at elevated or lower tem-
peratures listed in Practice D349 using equipment described
in Test Methods D412,

6.3 Grips—The testing maching shall be equipped with
grps that tighten automatically and exert o uniform pressure
across the gripping surfaces. Crips shall provide adequate
pressure as temsion increases to prevent specimen slippage.
Constant pressure preumatic grips are satisfactory for most
specimens. Test pieces shall be inserted in the grips symmetri-
cally positicned and in axial alignment with the direction of
pull. The depth of insertion of the test plece in the grips must
be consistent and sufficient to prevent slipping. Type T and
Type CP specimens shall be inseried in the grips as shown in
Fig. L.

6.4 Test Piece Cutting Dies—Test pieces for tear strength
shall be cut from a test specimen using cutting dies conforming
to one of the shapes described in Figs. 1 and 2. or molded
according 1o Fig. 3 for Type CP tests.

6.4.1 The inside faces of the cutting dies shall be perpen-
dicular to the plane formed by the cutting edges and polished
for a distance of af least 5 mm {0.2 in.) from the cutfing edge.
The die shall at all times be sharp and free from nicks.

6.4.2 It is important that the apex of the %0° angle in Die C
be sharpened to provide a sharp corner. If o segmented Die C
is used, the segment incorporating the apex shall extend a
minimum of 23 mm from the apex in both directions.

£.4.3 Test piece cutting dies shall be routinely examined and
verified for accuracy. One method may be by preparing 1 test
piece and measuring it for conformance to the dimensions
listed in Figs. | and 2. Another method may be by testing of a
control compound and comparing the test results with those
obtained with o compound of the same formulation using dies
knowm 1o be accurate. Verification shall be documented by a
dated written record. i

6.5 Nicking devices are used to make an initial cut in test
pieces for Type A or B tests.

6.5.1 The nicking device shuall secure the test piece in a
muanner that prevents movement, so that the cutting mechanism
introduces a mzor blade on a plane perpendicular to the major
axis of the test piece. The blade shall be positioned to produce
a precisely controlled and cleanly separated cut in the speci-
men. Alternatively, o nicking die may also provide acceptable
results o bong as the die is routinely examined and verified for
accuracy as specified in 6.4.3.

7. Test Fiece Preparation

7.1 Cut test pieces shall be obfained from mobded test
specimen sheets. Compression molded lest specimen sheels
shall use molds conforming o Practice D3182. Molded test
specimen sheets may also be prepared by injection molding
into plagques. For test pieces cut from products. Practice D3182
shall be followed.

T.1.1 Muolded test specimen sheets shall be 2.3 = L0 mm
(0,04 = 0.0d in.) thick with the milling grain or flow direction
clearly marked.

7.1.2 Injection molded test specimen sheets may not have
the sume degree of anisotropy as compression melded sheets,
and this may affect the tear test results. In injection molded
sheets, the grain direction is parallel to the flow direction.

7.1.2 Anisotropy may also affect results for test pleces cut
from products. A record of the orentation of cul test pieces
shall also be made in these cases.

7.2 Molded test pieces are mokded in shapes defined by the
specifications in Fig. | Fig. Zor Fig. 3. Molded test pieces may
produce different results from cul lest pieces.

7.3 The usual practice is to test with the grain running the
lengih of the test piece. For Type A, B and C test pieces, the
tear would thus be recorded as across the grain. It is to be
assumed, unbess otherwise specified, that all Type A, E or C
test pieces are prepared in this manner. Type T and CP test
pieces are also prepared with the grain running parallel to the
lengih. This means that for Type T and CP tests the tear will be
parallel to the grain. Where grain effects are significant and are
o be evaluated, an additional set of lest pieces shall be
prepared with the grain running across the length. Results so
obtained shall be recorded as with the grain for Type A, B or
C tests and across the grain for Type T and CF tests.

7.4 Using the cutting die for the desired test type, cut the test
pieces from the sheet with a single impact stroke (by hand or
machine) to ensure smooth cut surfaces.

7.5 For Type A and B test pieces, nick the test piece using
the nicking device described in 6.5.1. Wet the blade with water
or saap solution prior to nicking the test piece. Nick the test
piece o a depth of 0.50 = 0.05 mm (0.020 = 002 in.) with
a single stroke of the blade. If o nicking die is used. the nick is
formed when the test piece is cul from the sheet.,

7.5.1 To assure a proper cut with the nicking device, one or
two preliminary nicks shall be made an exira test pieces and
the depth of the cul checked using 1 microscope with a
minimum of 10x magnification.

7.6 For Type T and CF fest pieces, an initial cut should be
made with a razor blade or sharp knife. The list 1 mm
{approximately) of the cut shall be made with 2 single stroke.

T.6.1 Type T test pieces shall have an initial cut of 40 = 5
mm a5 shown in Fig. 2.

7.6.2 Type CP test pieces shall have an initial cw of 60 = 5
mm made down the groove between the tawo legs.

7.7 Three test pieces per sample shall be tested for tear
strength, and the median value of the test pieces reported as a
test result. If an individual test piece tear strength value
deviates by more than 206 from the median of all three test
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v cr2pol comL POLYETHER (PTMEG) TD! PREPOLYMER

TECHNICAL DATASHEET

Erapol E93A Is a bquid socyanate terminated pre-polymer based on PTMEG polyol.

Polymers made from Erapol E93A exhubit outstanding abrasion resistance, high load bearing capability, low
heat bulld up and excellent low temperature flexbility.

Application

Typical used for the polymer Inchade fockldt and caster wheels, screers, cyclones ete.

Product Specification
% NCO 5.00 £0.20
Specific Gravity at 25°C 105
Viscosity at 80°C (cps) 500 - 200
Colowr Clear, hght amber

Mixing and Curing Conditions

E93A / MOCA ES3A / Ethacure 300 E93A [/ Eracure 110

Erapol E93A (pphl 100 100 100
MOCA Level [pph) 15.0

Ethacure 300 Level (pph) 121

Eracure 110 Level {pph) 129
Recommended % Theory 95 95 95
Erapol Temperature {"c) 75 -85 6575 5. 75
Curative Temperature "oy 110 - 120 20-30 2030
Pot Life {méns) 3 8 3
Demould Time at 100°C (hrs) 1 1

Post Cure Time at 100°C {hes) 16 16 16
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Physical Properties

Properties presented below are to be used s a gulde and not Intended for spedification purposes.
E93A / MOCA | £93A /E300° | E93A/E110** | TEST METHOD

Hardness {Share A) 9323 | 9323 | 8943 | AS1683.15
Tensile Strength MPa (psi) 43.0(6237) = 40.0(5302) | 34.0(4931) | AS1683.11
100% Modulus MPa (psi) 1101585} | 7.6(1102) = 100(1450) | AS1683.11
200% Modulus MPa (psl) 12.5 (1313} 11.4(1653) | 14.0{2031) = AS1683.11
300% Modulus MPa (psl) 17.9 (2596 15.5 (2248 19.0(2756) AS51683.11
Angle Tear Strength, Die C (kN/m) 25 as 93 | AS1683.12
Trouser Tear Strength (kN/m) 39 39 35 | AS1683.12
Elongation (%) 420 420 EvE] AS1683.11
DIN Resilience {%) 50 50 54 DIN53512
DIN Abrasion Resistance 10N (men) &0 62 27 AS51683.21
DIN Abrasion Resistance SN (mm') 2 2 17 AS1683.21
Compression Set /22 hrat70'C (%) o3 40 33 AS1683.13
Cured Specific Gravity (gfem') 110 110 110 AS1683.4

Please note * Ethacure 300
** Eracure 110

Processing Procedure
1 Erapol E93A should be heated to 20 + 5°C and thoroughly degassed at -S5kpa of vacuum until excessive
foaming stops.

Z  The curative should be added to E93A, the MOCA must first be melted at 110 - 120°C prior to mixing and
Ethacure 300/Eracure 110 processed at room temperature. After adding the curative, mix thoroughly,
being careful not to introduce air into the mixture.

3 Pour mued matenals into moulds that have been preheated to 80 - 100°C and pre-coated with release
agent.

NOTE: ¥ a longer pot life is required, then E93A should be used at 70 - 75°C, MOCA at 110 - 120°C or Ethacure
300/Eracure 110 at rcom temperature. Post cure temperature should be increased to 100 - 110°C to avoid
glassiness in the final pelymer. Shnnkage will <o be minimised if the above condibions are used.

Adhesion

Adhesion of Erapol based elastomers to vanous substrates & at best marginal if a peimer & not used. Please
cansult Era Polymers for specific recommendations to impeove adhesion

Handling Precautions

Erapol E93A contans small amounts of free TDL Theredore the product should be used In wel-ventilated
areas. Avoid breathing in vapours and protect skin and eyes from contact.

In case of skin contact, Immediately remove excess, wash with soap and water. For eye contact, Immediately
flush with water for at least 15 minutes. Call a physiclan.

 nose, throat or kangs become irritated from beeathing in vapours, remove exposed person to fresh air. Call
a physican
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ANEXO 8: FICHA TECNICA NANOTUBOS DE CARBONO

2 GHS Label elements, including precautionary statements Pictogram

ignal word: Danger

rning Hazard statement{s)

19 Causes senous eye irmtation.

315 May cauwse respiratory irritation.

51 Suspected of causing cancer.

recautionary statement{s)

201 Obtain special instructions before usa.

202 Do not handle until all safety precautions have been read and understood.
2861 Avoid breathing dust! fumed gas! mist’ vapours! spray.

264 Wash skin thoroughly after handling.

271 Use only outdoors or in a waell- ventilated area.

2B0 Wear protectnve gloves! protective clothing' eye protection/ face protection.

304 + P340 + P32 IF INHALED: Remove person to fresh air and keep comfortable for breathing. Call a
DISON CENTER or doctor/ physician if you feel umaell

305 + P351 + PI3E IF IN EYES: Rinse cautiously with water for several minutes. Remove contact
nsas, if present and easy o do. Conlinue rinsing.

P08 + P313 IF exposed or concermned: Get medical advice! altention.
P337 + P33 If eye writation persists: Gel medical advices attention.

P403 + P223 Store in a well-ventilated place. Keep container tghtly closed.
P405 Store locked up.

P301 Dispose of contents! container to an approved waste disposal plant

2 3 Hazards not otherwise classified (HNCC) or not covered by GHS - none

3 - Composition/I» n Componen
! Chemibeal characterization:
! Deseription: (CASH#)
_omponent ') OSHA/PEL ACGINTLY
Carbon Up to 100% 15 mg/m: (lotal dust) 2 me/ms TWA
5 mg/m: (respirable fraction)
Metallie impurnty Balance

*Exposure limits based on svnthete graphits

4 - First Aid M

I Afber inhalation
Femove to fresh aie. IF reguired., provide antificial respiration. Eeop patieint warm. Seck mmediate medical

110

repositorio.unap.edu.pe

No olvide citar adecuadamente esta tesis
.|



3

UNIVERSIDAD
NACIONAL DEL ALTIPLANO
Repositorio Institucional

7 - Handlin

! Handling: 1se PERSONAL PROTECTIVE ECUTPMENT and exposure controls given i Section &

Detailed information on hasdling carbon nanotubes may be found at the ASTM Standard E 2535 - 07,
Sandard Guide for Handling Unbound Engineered Manoscale Particlos in Oecupational Settings,” ASTR
Internatioasal, West Conshohocken, PA. www astmoorg.

Storage: Feep in closed container for storage

! Information for safe T limg:
Keep container tightly seabed.
Store i cool, dry place in tightly closed containers.
Ensure good ventilation at the workplace.

! Information about protection against explosions amd fires:
Mo Bpocial Requirements

Requirements to be met by storerooms and receptaches:
Mo apecial pequireimnents.

Information about storage in one common storage facility:
Store away from oxidizing agenta.

Store away from halegens.

Do not stope together with acids.

! Further information about storage condiHons:
Koep container tightly seabed.
Store b cool, diy conditions in well sealed containers.

§ - Exposure Controls and Personal Protection

! Additienal information about deskgn of technbcal sysbems:

Properly operating chemacal fume hood designed for hazardous chemicals and having an average face
valocily of at least 100 feat per minute.

Comi ents with lmait values that require monitoring at the workplace:

Grraphite mgfm3
ACGIHTLY 2
Belgiom TWa 2.5
Finland TWA 5

Framce VRME 2
Grermany MAK &

[reland TWA 5

Korea TLV 2
Motherlands MAC-TGG 2
Poland TWA 2

Sweeden MGV 5 (dust)
Swatzerland MAK-W 2.5
United Eingdom 5-LTEL
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ANEXO 9: FICHA TECNICA CURATIVO — MOCA

Especificacion de MOCA

Peso Molecular 26716

Peso equivalente 133.575

Apariencia Luz amarillo granulo (100% a 1/2 de malla de Sereno)
Olor Ligero

Amine 7.4-76 (mmolig)

La gravedad especifica en 24°C 144

La gravedad especifica 107°C 126

Punto de fusion de 110-120°C

Almacenamiento de la estabilidad Ligeramente higroscdpico

Solubilidad Soluble en MEK... DNF... folueno acetona etanol Insoluble en agua
Eluso de Agente de curado para poliuretano y epoxi
Paquete 29kg 0 50kg por tambor de fibra

Toxicidad Oral LD90 es de 5.000 mg/kg
Caracteristica

Para poliuretano que reacciona con MOCA

Resistencia a la abrasion

Elasticidad no importa con baja o alta dureza

La resistencia a la fraccion lagrima fuerza de compresion
(Juimica de ozono y resistencia al frio

Resistencia al impacto

Absorcion de vibraciones
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ANEXO 10: FICHA TECNICA PRIPLAST

Priplast™ 1838 — Amorphous Polyester Polyol
MW 2000

Priplast 1838 bio-based building block for high perfformance polyurethane

systems

Priplast 1828 is a versatle and all-round tlding block for polyurethane systems, used in adhesives,
coatings and elastomers that require an overall high performance. This amarphows palyol provides extreme
hydmphobicity and excellent colowr: Priplast 1838 also offers enhanced durability as it brings superior
chemical, oxidative and UV resistance. This liquid polyol has a molecular weight of 2000.

= Versatile and allvound polyol for high performance applications

» Excellent hydrolytic resistance

= Supenior colour stabdity

+ Extreme UV resistance

« Enhanced durability: hydrolytic, thermo-oxidative and LUV stabiity
= B2% renewable carbon content

Applications
»  Adhesives & Sealants » Engneenng Flastics
+ Auiomotive Coatings » Indusirial Coatings
» Elastomers

Function

+  Buikding Block
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Typical properties® Priplast 1838

UInit Value
Cymamic viscosity mPa.s at 26C 14 000
Formi at 25°C Liquid
Functionality 2
Hydroooyl walue mg KiOHig &4
Molecular Weight g'maol 2000
Renewable carbon 2 2]

“This is not a sales/product specificabon

Regulatory status

Please visit our poiine MoDS Cente at pywwmads crodadirectcom and search for this product. Section 15
of the M50S contains the latest regulatony status. In case of any further questions, please contact your local
Croia sales representative.

Food contact approval status*

Regulaton Compliant

FDA (175.104) Yes

FDA (175.200) Yes with explict direcions
EU (Mo. 10:2011) Yes

"Please contact Croda for indvidual stastements

Further information

Please wisit our website ywer crodacogiing=andpolmers com or contact a Croda sales representative for
samples and further application information.
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Disefio y fabricacion de un medidor de resistividad volumétrica

ANEXO 11: Disefio de ensamble
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ANEXO 12: Modelamiento en Software
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ANEXO 13: Materiales a usados para medida son multimetro y medidor de

conductividad.

RS232C(USB)

MAX MIN REL A

HOLD/LIGHT
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ANEXO 14: Instalacion del multimetro y equipo medidor de conductividad para la

medida de los elastomeros.
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ANEXO 15: Evidencias fotograficas

1. Medicidn de los elastdbmeros para medidas de traccion y elongacion.

repositorio.unap.edu.pe
No olvide citar adecuadamente esta tesis
. ____________________________________________________|]



. UNIVERSIDAD
NACIONAL DEL ALTIPLANO

Repositorio Institucional

120

repositorio.unap.edu.pe
No olvide citar adecuadamente esta tesis
.|



UNIVERSIDAD
NACIONAL DEL ALTIPLANO

Repositorio Institucional

121

repositorio.unap.edu.pe
No olvide citar adecuadamente esta tesis
. ____________________________________________________|]



