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RESUMEN

La investigacion analizo el desempefio de materiales compuestos sostenibles como
alternativa a polimeros tradicionales empleados en tableros automotrices, frente al impacto
ambiental generado por el uso de plasticos derivados del petroleo, responsables del 9 % de
las emisiones globales de CO,. Se aplicé un método inductivo—deductivo mediante
ensayos estandarizados (ASTM B117, ASTM D4329, NTE INEN 2637) sobre 18 probetas
(6 de ABS, 6 de PC reciclado y 6 de Bio-propileno), evaluando pérdida de masa, brillo,
color, retencion mecdanica y elasticidad. Los resultados mostraron que el Bio-propileno
present6 el mejor desempefio global: AE* = 4,3, pérdida de brillo 12 %, pérdida de masa
1,2 % y retencion mecénica 87 %, superando al ABS (2,8 %, 78 %) y al PC reciclado (4,6
%, 58 %). En promedio, el Bio-propileno superd en 23 % al ABS y en 44 % al PC
reciclado, consoliddndose como una alternativa técnica y ambientalmente viable para la
fabricacion sostenible de tableros automotrices.

Palabras clave: Materiales compuestos sostenibles, biopolimeros, tableros automotrices,
impacto ambiental, Bio-propileno, ABS, policarbonato reciclado, ensayos ASTM.

ABSTRACT

This research analyzed the performance of sustainable composite materials as an
alternative to traditional polymers used in automotive dashboards, addressing the
environmental impact caused by petroleum-based plastics responsible for 9% of global
CO; emissions. An inductive—deductive approach was applied through standardized tests
(ASTM B117, ASTM D4329, NTE INEN 2637) on 18 samples (6 ABS, 6 recycled PC,
and 6 bio-polypropylene), evaluating mass loss, gloss, color variation, mechanical
retention, and elasticity. Results showed that bio-polypropylene achieved the best overall
performance: AE* = 4.3, gloss loss 12%, mass loss 1.2%, and 87% mechanical retention,
outperforming ABS (2.8%, 78%) and recycled PC (4.6%, 58%). On average, bio-
polypropylene exceeded ABS by 23% and recycled PC by 44%, confirming its technical
and environmental viability as a sustainable alternative for automotive dashboard
manufacturing.
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INTRODUCCION

La produccion de tableros en la industria automotriz es uno de los principales actores
que generan contaminacion mundial en su fabricacion, dichas empresas enfrentan desafios
ambientales y sociales debido al uso de materiales derivados del petroleo y adhesivos con alto
contenido de formaldehido, estas practicas emiten compuestos organicos volatiles (VOCs).
“La industria automotriz contribuye con el 9 % de las emisiones globales de efecto
invernadero. Este estudio midio las emisiones de los vehiculos durante todo su ciclo de vida
(desde la extraccion de materiales hasta el final de su vida util).” (Greenpace, SinCarbono,
2024), por ende, grandes empresas como: Toyota, Audi, honda, entre otras, han optado por la
fabricacion de elementos automotrices hechos a base de compuestos organicos como una
propuesta alternativa viable para reducir su impacto ambiental, por lo que es importante
examinar las propiedades fisicoquimicas de dichos materiales compuestos orgéanicos
mediante procedimientos experimentales normalizados para evaluar sus caracteristicas y su
viabilidad. “Empresas como Ford, Toyota, Honda, BMW, y Audi estan integrando materiales
reciclados en sus vehiculos, como plasticos de botellas PET, polipropileno de parachoques
usados, y fibras de redes de pesca, para sus interiores, parrillas y otros componentes.”
(Trujillo, E., MotorpasionMx, 2019). Por tal motivo, la presente investigacion busca analizar
las caracteristicas para determinar si estos materiales cumplen con criterios similares o

superiores a los plasticos tradicionales.

Para la ejecucion de esta investigacion en una primera etapa se deberan de analizar
conceptos, manuales y libros que aporten informacion de los materiales usados en la industria
automotriz y a su vez evaluar materiales compuestos enfocados en la misma. Establecer
pruebas de laboratorio que ayuden a valuar las propiedades fisicoquimicas de estos mismos
materiales. Comparar y recopilar los datos obtenidos de los ensayos realizados, esto para
determinar si los materiales cumplen con criterios de disefio, propiedades fisicas y quimicas
para comprobar si cumplen con caracteristicas similares al material original y la vialidad que

podrian tener estos materiales compuestos frente a convencionales.
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En la actualidad, la contaminacion causada por el uso de polimeros sintéticos
representa uno de los mayores desafios ambientales. La acumulacion de plasticos de baja
degradabilidad ha generado efectos negativos sobre los ecosistemas acudticos y terrestres, lo
que ha impulsado la busqueda de alternativas sostenibles que mantengan propiedades
similares a los materiales convencionales pero con menor impacto ambiental. En este
contexto, los biopolimeros fabricados a partir de fuentes naturales como el almidon, la cafia
de azlcar, las papas o los cereales, han surgido como una opcién viable, ofreciendo rigidez y
resistencia comparables a los polimeros tradicionales, pero con la ventaja de ser

biodegradables. (Arias Pérez et al., 2022; McKay et al., 2024; PubMed, 2023).

El desarrollo de materiales compuestos se ha posicionado en el centro de la
innovacion industrial a nivel mundial. Estos materiales, reforzados con fibras naturales o
sintéticas, permiten una reduccion significativa de peso y un mejor desempefio mecanico, lo
que ha impulsado su adopcidn en sectores como el transporte, la construccion, la medicina y
la manufactura avanzada. Estudios recientes demuestran que los compuestos reforzados con
fibras vegetales presentan un balance favorable entre desempefio y sostenibilidad, al reducir
las emisiones de carbono durante su produccion y uso. (Nivedhitha Durgam et al., 2022;
Dahy, 2019; MRS Bulletin, 2023). Ademas, la modificacion de matrices termoestables y
biopoliméricas ha permitido desarrollar alternativas ecologicas que responden tanto a las

exigencias del mercado como a las regulaciones ambientales actuales. (MDPI, 2020).

Diversas industrias han comenzado a incorporar materiales compuestos sostenibles
para optimizar procesos y reducir su huella ambiental. En la arquitectura y la construccion,
por ejemplo, las fibras naturales como el lino, el cafiamo o el coco se utilizan para reforzar
paneles, estructuras y recubrimientos biodegradables, mientras que en el sector médico se
aplican biopolimeros para fabricar protesis y empaques con alta resistencia y bajo impacto
ecoldgico. Del mismo modo, en la fabricacion de productos de consumo, los materiales
compuestos a base de biopolimeros han permitido crear empaques mas ligeros, resistentes y
reciclables. (Campos et al., 2008; Discover Applied Sciences, 2025; MDPI, 2020). Estos
avances evidencian que la aplicacion de materiales compuestos sostenibles no solo
contribuye a reducir la contaminacion, sino que también fortalece la innovacion, la

competitividad y la responsabilidad ambiental de las empresas a nivel global.

MARCO TEORICO
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Antecedentes

En los ultimos afios, el parque automotor ha ido aumentando exponencialmente
integrando en vehiculos nuevas tecnologias y materiales compuestos, lo cual ofrece
caracteristicas como ligereza, resistencia y con una huella de carbono mas reducida, como
resultado de la constante evolucion dentro del sector automotriz, el desarrollo enfocado en la
fabricacion de vehiculos y componentes ha experimentado con nuevos materiales
orientados tanto a la innovacion tecnoldgica como a la sostenibilidad ambiental. En este
ambito, las cabinas y de manera particular, los tableros automotrices representan un area de
interés debido a que los materiales de los tableros empleados tradicionalmente
corresponden a elementos plasticos derivados del petrdleo, los cuales, si bien ofrecen
resistencia y durabilidad, generan impactos negativos en términos ambientales, frente a esta
problematica, se han propuesto alternativas basadas en elementos compuestos provenientes
de fuentes recicladas u orgénicas, cuyo analisis resulta imprescindible para valorar su
viabilidad y si cumplen con criterios similares o superiores frente a materiales tradicionales,
en este sentido, la evaluacion de las propiedades fisicas y quimicas de dichos materiales
constituye un aspecto fundamental para determinar si cumplen con los parametros de
calidad, seguridad y desempefo exigidos en la produccion automotriz, aportando asi al

desarrollo de soluciones mas sostenibles en el disefio y construccion de interiores vehiculares.

Industria Automotriz

La industria automotriz es un sector clave en la economia mundial por su capacidad
de innovacion tecnologica, pero también uno de los mayores generadores de contaminacion
ambiental (OICA, 2024), en respuesta, muchas empresas han adoptado estrategias alineadas
con los Objetivos de Desarrollo Sostenible (ODS) como:

- ODS 7: Energia asequible y no contaminante

- ODS 9: Industria, innovacion e infraestructura
- ODS 12: Produccién y consumo responsable

Estas son algunas de las ODS mas importante que promueven el uso de materiales reciclados
y biodegradables, ademas del desarrollo de vehiculos eléctricos (World Economic Forum,
2023), Fabricantes como Volvo, Toyota, BMW y Ford integran plasticos reciclados, metales
recuperados y fibras naturales en sus procesos, reduciendo emisiones y fortaleciendo su
imagen sostenible (Trujillo, Mckinsey and Company, 2022).

Huella de carbono
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Segun la European Automobile Manufacturers’ Association (ACEA, 2024), fabricar
un automovil promedio genera entre 5 y 12 toneladas de CO, equivalente, siendo los
componentes plasticos y metalicos los principales responsables, el uso de materiales
compuestos organicos o reciclados puede reducir hasta un 20 % estas emisiones gracias a su
menor demanda energética y posibilidad de biodegradarse (Greenpeace, 2022). El método
Life Cycle Assessment (LCA) permite medir este impacto, confirmando que los biopolimeros

y fibras naturales son una alternativa viable hacia una movilidad mas sostenible.

Figura 1

Huella de carbono en diferentes industrias

Energia Industria Movilidad Edificios Agricultura Silvicultura

| \ L~ — | !
co, 30 30 19 61 14

% de Emisiones de Diéxido de Carbono por Sector (2019)

Fuente:
MansurSolar, Impacto ambiental de la industria automotriz (2023)

Fabricacion de vehiculos

La fabricacion automotriz comprende el disefo, la conformacion de piezas y el
ensamblaje final, tradicionalmente dominada por el acero y el aluminio, ha evolucionado
hacia el uso de polimeros y materiales compuestos que mejoran la relacion resistencia—peso y
reducen el consumo energético (Callister & Rethwisch, 2020), no obstante reemplazo de
metales por compuestos poliméricos ha permitido disminuir hasta en 30 % el peso del
vehiculo, optimizando la eficiencia y reduciendo las emisiones (Josh, L., 2024). Procesos
como el moldeo por inyeccion y termoformado también contribuyen a la reduccion de

residuos y costos de produccion.
Componentes

Existen componentes de diversos materiales que se utilizan en la fabricacion de todo
un vehiculo, que pueden dividirse en componentes estructurales, funcionales y estéticos. Los
materiales compuestos han ganado protagonismo en parachoques, puertas y tableros por su
ligereza, resistencia y durabilidad (Roberson, .H, 2021), los biopolimeros reforzados con
fibras naturales ofrecen ventajas adicionales como reciclabilidad, absorcidn actstica y

reduccion de la huella ambiental (Fardin & Hossain, 2023), su aplicacion demuestra que los
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materiales alternativos pueden igualar o superar el desempeio de los convencionales

derivados del petrdleo.

Figura 2

Distribucion de materiales en un auto

Otros metales (Pb, Cu, Zn) 4%

Aluminio 8%

Vidrio, gomas,
bamices 11% ™

Plasticos
y tejidos 14%

Metales
_ férricos
63 %

Distribucion de materiales en el automévil.

Fuente: AFM (Association Francaise de Mécanique)

Tableros automotrices

El tablero automotriz, con el pasar del tiempo ha ido evolucionando ante las
necesidades de los compradores, esto enfocado en el interfaz hombre-méaquina o mejor
conocido como HMI, donde la funcionalidad del vehiculo se conecta directamente con el
usuario al tener todas las herramientas al alcance de este, la multifuncionalidad va de la mano
con el confort, lo estético y la percepcion de calidad. Por esto, segin expresa Mbatha en su
documento, es necesario encontrar un equilibrio entre la comodidad electronica y la
seguridad de los materiales que lo rodean, esto con el fin de no alterar la experiencia del
conductor. («Application Of Natural Fibre Composites In Interior Panels In The Automotive

Industry: A Review», 2024)

Es importante saber establecer una linea de necesidad frente al consumidor, por ende,
el desarrollo de nuevas tecnologias va de la mano con la implementacion de nuevos
materiales que se enfoquen en el confort y la estética que se percibe del vehiculo, por ende,
uno de los puntos clave en el andlisis de un tablero automotriz son los materiales de

fabricacion y como esto repercute en el desarrollo automotriz.

Materiales
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En la actualidad, la industria automotriz ha alcanzado nuevos territorios enfocados en

el desarrollo de materiales, esto con la finalidad de aportar al medioambiente un menor indice

de contaminacion esto mediante la experimentacion de materiales compuestos, los cuales van

de la mano con polimeros para asi mantener sus propiedades mecanicas. (Joshi et al., 2019;

Kim & Pal, 2018). Es por esto por lo que a continuacion se presenta una tabla de los

materiales cominmente utilizados.

Tabla 1

Evolucion de materiales en paneles automotrices.

Material compuesto Matriz polimérica Refuerzo Propésito / ventaja
PP + Fibra de vidrio Polipropileno (PP) Fibra de vidrio (GF) Mayor rigidez y resistencia mecénica,
reduccion de peso
. S Acrilonitrilo Butadieno . . Incremento de resistencia térmica y
+
ABS + Fibra de vidrio Estireno (ABS) Fibra de vidrio (GF) estructural
PC/ABS + Fibra de vidrio Mezcla de policarbonato Fibra de vidrio (GF) Me._]ora d.e est?blhdad dimensional y
y ABS resistencia al impacto
PU + Fibra de vidrio Poliuretano (PU) Fibra de vidrio (GF) Superficie mds suave con buena resistencia y

PP + Fibras naturales

Fibras naturales (kenaf,

Polipropileno (PP) sisal, jute, coco)

tacto agradable

Ligereza, sostenibilidad y propiedades
mecanicas aceptables

Fuente: Shinde, Nitin & Patel, Dilip. (2020).

Normativa

Los polimeros termoplésticos y termoestables como se los conoce han trasformado la

industria mediante el desarrollo de subtipos que reducen el peso del vehiculo, eficiencia y

facilidad al momento de moldear superficies es asi como los materiales tradicionales como el

metal fueron reemplazados. Entre estos subtipos se encuentran, polipropileno (PP), el

acrilonitrilo butadieno estireno (ABS), poliuretanos termoplasticos (TPU), entre otros. (Zhou

et al., 2023; Protolabs, 2023). Su implementacion en la industria se da debido a su

versatilidad, facilidad al momento de su procesamiento y lo mas importante, la relacion de

costo entre materia prima y mano de obra, por otro lado, también es relevante analizar desde

el lado de las emisiones, ya que estos materiales, a comparacion de los compuestos tienen un

indice de contaminacion mucho mas alto.
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Figura 3

Evolucion de materiales en el vehiculo.
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(2013)

A partir del 2010 se empez6 con la implementacion de materiales compuestos en el
vehiculo, con la finalidad de reducir las emisiones de CO, superando a sus predecesores que
preferian funcionalidad que comodidad y salud. Su manufactura se enfoca en la
implementacion de las propiedades que ofrecen las fibras naturales para aumentar asi la
resistencia, reducir el peso del vehiculo y de este modo reducir la huella de carbono generada
por las emisiones de gases. las propiedades fisicoquimicas que deben presentar para arrojar
un resultado apto en su disefio y futura manufactura. (Khan et al., 2019; Saba et al., 2022).
Los materiales compuestos o mejor conocidos como “matriz polimérica reforzado con fibras”
es un material que erradica las limitaciones presentadas en materiales poliméricos, esto
gracias a la implementacion de fibras naturales como el Kenaf, fibras de coco, entre otros,
que ayudan a reforzar las propiedades estructurales del material sin modificar los beneficios

que entregan los polimeros.
Propiedades fisicoquimicas

El estudio de las propiedades fisicoquimicas se enfoca en el estudio de un material en
relacion con el comportamiento ante el calor y su estructura molecular, materiales como
polietileno, polipropileno y policarbonato forman parte de aquellos materiales que, al aplicar
calor, su estructura tiende a deformarse y eso ayuda al reciclaje de este, la formula

establecida para analizar la rigidez del material por analizar.
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El modulo de Young es una propiedad enfocada en el estudio de la rigidez del material, como
se percibe en la tabla, existen valores tanto como termopléstico y termoestables, la diferencia entre
valores recae en su estructura molecular ya que los termoplasticos tienen una rigidez menor que su
contraparte lo que permite una deformacion mas notable, por otro lado, los termoestables presentan
una mayor rigidez gracias a algo llamado “Red tridimensional” lo cual ofrece una mayor resistencia al

esfuerzo.

g C (1)
€
Donde:
E:Mbdulo de eslasticidad.
o:Esfuerzo.

e:Deformacion por unidad.

Los termoestables por otro lado presentan propiedades que al solidificarse se es
imposible su reciclaje, por lo tanto, funciona muy bien como aislante térmico componentes

eléctricos. (Callister & Rethwisch, 2013; Strong, 2006).

Tabla 2

Propiedades fisicoquimicas del plastico.

Propiedad Termoplasticos PP, ABS, PC) Termoestables (Epoxi, Fendlica)
Densidad (g/cm?) 09-1.4 1.1-2.0

Mobdulo de Young (GPa) 1.0-3.0 2.5-10.0

Resistencia a la traccion (MPa) 20-70 40-120

Temperatura de servicio (°C) 100 - 250 150 - 300

Reciclabilidad Alta Muy baja o nula

Fuente: Peters, Edward. (2007). Plastics: Thermoplastics, Thermosets, and Elastomers.
10.1002/9780470172551.chl 1.

Por otro lado, al relacionar la formula del mdédulo de Young con la deformacion del material y
su espesor, se obtiene una formula utilizada para el estudio de materiales y su funcionalidad, esto se
utiliza en la industria automotriz para el disefio de interiores y paneles, estudiando la seguridad,

estabilidad y confort del vehiculo.

Py — Py (1)
ID= ———
Py
Donde:
Py:Propiedad inicial.
Pi:Valor posterior al envejecimiento.
22
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ID:% de degradacion.

De este modo, las formulas planteadas forman una pequefia parte del proceso
realizado para el estudio de las propiedades fisicoquimicas, es necesario entender que cada
uno de los materiales ya sean compuestos o polimeros, tienen sus rangos ya establecidos y
por lo tanto es dificil comprender el nivel de elasticidad, rigidez, y confort solamente con
férmulas, sino con pruebas experimentales que detallen sus valores en funcidn a distintos

tipos de estudios.

MATERIALES Y METODOS

Método

El andlisis se sustentd en el método inductivo—deductivo, ya que partio de resultados
particulares (pruebas controladas con muestras sesgadas) para luego extrapolarlos a escenarios
generales, comparando el desempefo con materiales plasticos y compuestos transversales
empleados en la fabricacion de tableros automotrices, usando materiales que son recurrentes
por los fabricantes automotrices.

La evaluacion de la vida util de plasticos empleados en tableros se llevo a cabo mediante
ensayos estandarizados que permitieron predecir su desempeno en condiciones reales de
operacion. La prueba de comportamiento de compuestos o llamada corrosion acelerada en
camara salina (ASTM B117) evaluo la resistencia frente a ambientes altamente agresivos con
cloruros y humedad; la prueba de radiacion solar reprodujo los efectos de la radiacion
ultravioleta y espectros solares, determinando procesos de foto-degradacion, cambios de color
y pérdida de propiedades mecénicas; la prueba de envejecimiento acelerado expuso los
materiales a ciclos combinados de temperatura, humedad y oxidacion, simulando condiciones
de servicio prolongado.

Para cumplir los objetivos planteados se aplicaron enfoques metodologicos
complementarios. El método bibliografico se bas6 en la revision critica de normas
internacionales, articulos técnicos y literatura especializada en ciencia de polimeros aplicada
a la industria automotriz. El método experimental se implementé mediante la ejecucion de
pruebas de laboratorio estandarizadas (ASTM B117, ASTM D4329, NTE INEN 2637),
asegurando que las pruebas sean lo mas estandarizadas para obtener resultados significativos.

Finalmente, el método estadistico permiti6 analizar cuantitativamente los datos obtenidos,
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estableciendo diferencias mecanicas entre los tres plasticos evaluados y determinando cual de

ellos presentd mejores caracteristicas mecanicas luego de someterse a ensayos destructivos.

MATERIALES
Probetas ASTM

Para la evaluacién de piezas plasticas automotrices se emplearon probetas normalizadas bajo
dos normativas internacionales: la ASTM D638, utilizada para ensayos de envejecimiento acelerado de
plésticos, y la ASTM B117, destinada a la prueba de niebla salina para determinar resistencia a
ambientes corrosivos. La seleccion de estas probetas se basé en su geometria estandarizada, lo que
asegura resultados reproducibles y comparables entre diferentes materiales, garantizando uniformidad

en la medicion de resistencia mecanica, deformacion y degradacion.

Figura 4
Probeta ASTM DS38
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Figura 5
Probeta ASTM DS38
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En el caso de la prueba de niebla salina, aunque la norma no establece dimensiones
exactas, se emplearon muestras con medidas comunes de 70 mm x 140 mm, expuestas en una
camara de niebla salina a un ambiente controlado con soluciéon de NaCl atomizada, de esta
manera, se dispuso de un sustrato representativo de condiciones reales en tableros
automotrices, permitiendo analizar con rigor la vida Util de plasticos como ABS, PC reciclado

y Bio-propileno.

Figura 6
Probeta ASTM B117

Fuente: (ASTM, 2018)

Céamara Salina

Se utilizé una camara de niebla salina siguiendo la norma ASTM B117, destinada a
reproducir condiciones de ambientes corrosivos; aunque los plasticos no se oxidan como los
metales, esta prueba permitio evaluar el comportamiento de compuestos hibridos y reforzados
con fibras orgénicas frente a la humedad, salinidad y efectos sinérgicos de degradacion, la
camara funciond con una solucion de NaCl atomizada a temperatura controlada, sometiendo a
las probetas a un ambiente agresivo. El propdsito de esta prueba fue comparar la resistencia de

los tableros plésticos bajo condiciones extremas que aceleran la pérdida de propiedades.
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Figura 7

Camara de niebla salina

Fuente: Autores

Laboratorio de radiacion UV

Para evaluar la resistencia de los materiales frente a la radiacion solar, se utilizdé un
laboratorio de exposicion a radiacion ultravioleta, siguiendo los parametros de la norma ASTM
D4329, este ensayo consistid en someter las probetas a lamparas fluorescentes UV, que
reproducen de forma acelerada los efectos del sol sobre superficies plasticas. Se procesaron 9
probetas en total (3 de ABS, 3 de PC reciclado y 3 de Bio-propileno), con ciclos de irradiacion

controlada, temperatura estable y periodos de condensacién de humedad.

Figura 8
Radiacion UV

Fuente: Autores.
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El proposito de esta muestra fue cuantificar la foto-degradacion de cada material,
observando variables como el cambio de color, AE!, la pérdida de resistencia mecanica y la
fragilidad estructural, esta prueba es indispensable para predecir el desempefio de tableros

automotrices plasticos expuestos a radiacion prolongada en condiciones reales de uso.

Normativas

La investigacion se sustentd en normativas internacionales y nacionales que establecen
parametros de ensayo para plasticos y compuestos en aplicaciones automotrices. Se
consideraron la norma ASTM B117 para resistencia superficial, la ASTM D4329 para
exposicion a radiacién UV, y las directrices de la ISO 4892 sobre envejecimiento climatico de
plésticos, se tomd como referencia la NTE INEN 2637, aplicable a materiales plasticos de uso
industrial. La aplicacion de estas normas fue indispensable para garantizar reproducibilidad y

comparabilidad de resultados, permitiendo validar la durabilidad de los tableros.

Tabla 3

Normas aplicadas en los ensayos

Norma Ensayo aplicado Propésito principal

ASTM B117 Niebla salina Corrosion y resistencia superficial
ASTM DA4329 Radiacion UV Envejecimiento por radiacion
ISO 4892 Ciclos climaticos Envejecimiento ambiental

NTE INEN 2637 Traccion Elongacion

Fuente: (ASTM,2017), (ISO, 2013), (INEN, 2012)

Tableros de ABS

Los tableros empleados en la presente investigacion corresponden a vehiculos
disponibles en el mercado regional, dichos componentes fueron seleccionados considerando
criterios de fabricacion sostenibles, orientados a la disminucion de la huella de carbono, en este
contexto, se utilizaron tableros provenientes de vehiculos ensamblados en Asia y Europa.

Se seleccionaron probetas de ABS, polimero de referencia en la fabricacion de tableros

automotrices debido a su resistencia al impacto, rigidez y facilidad de moldeo, este material
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fue sometido a pruebas de radiacion, camara salina y envejecimiento acelerado para determinar
la pérdida de propiedades mecanicas y estéticas, el ABS permiti6 verificar las limitaciones de

plasticos convencionales bajo exposicion prolongada a factores ambientales severos

Figura 9
Tablero ABS
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Fuente: Autores

Tableros de PC reciclado

Se tomaron probetas a partir de policarbonato (PC) reciclado post-consumo, con el fin
de evaluar la viabilidad de este material en aplicaciones automotrices. El PC reciclado fue
seleccionado debido a su bajo costo y contribucién a la economia sostenible, se evalud su
vulnerabilidad a la radiaciéon UV y a la absorcion de humedad que son parte del andlisis de
degradacion. Las probetas se sometieron a pruebas de niebla salina, radiacion UV y

envejecimiento climatico, buscando determinar su resistencia frente a condiciones extremas.
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Figura 10
Tablero de PC reciclado

Fuente: Autores

Tableros de Bio-propileno

Se incluyeron probetas de bio-propileno, polimero de origen parcialmente renovable,
reforzado con componentes organicos, este material fue seleccionado por su menor huella
ambiental y su creciente uso en bioplasticos aplicados a la industria automotriz. Las probetas
fueron expuestas a pruebas de radiacion UV, envejecimiento climatico y cdmara salina; el
objetivo fue analizar su resistencia frente a factores de degradacion y comprobar su viabilidad

como sustituto del ABS y del PC reciclado en la fabricacion de tableros.

Figura 11

Tablero de Bio-propileno

Fuente: Autores
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RESULTADOS Y DISCUSION

Los ensayos se realizaron de acuerdo con normas internacionales y nacionales, lo cual
permitié garantizar la comparabilidad de los resultados. Las probetas de ABS, PC reciclado y
bio-propileno fueron acondicionadas bajo parametros de la ASTM B117 (niebla salina), ASTM
D4329 (radiacion UV), ISO 4892-2 (envejecimiento climatico) y la NTE INEN 2637(ensayo a

traccion).

Tabla 4

Normas aplicadas en los ensayos

Norma Ensayo aplicado Propésito principal Cumplimiento

ASTM B117 Niebla salina Resistencia a ambientes corrosivos v Si

ASTM D4329 Radiacion UV Degradacion por radiacion solar v Si

ISO 4892-2 EI.We,Je.ClmlentO Simulacion de ciclos ambientales extremos v Si
climatico

NTE INEN 2637 Traccion Elongacion v Si

Fuente: Autores

La aplicacion de estas normas estandarizadas permitio asegurar que los resultados
fuesen representativos de condiciones reales de servicio, ya que estudios previos destacan que
los métodos acelerados son fundamentales para correlacionar la vida 1til con la durabilidad en
campo (Wypych, 2016; ASTM International, 2017).

Se desarroll6 las pruebas bajo condiciones de laboratorio controladas, con el fin de
cumplir los objetivos planteados: ejecutar ensayos normalizados de vida util para tres tipos de
plasticos automotrices (ABS, PC reciclado y Bio-propileno), tabular cuantitativamente los
resultados y realizar un analisis comparativo entre los materiales mediante métodos estadisticos
y observacionales. Las probetas fueron elaboradas conforme a la norma ASTM D638 y ASTM
B117, garantizando geometria uniforme y resultados reproducibles, utilizando seis réplicas
independientes por material (M-ABS: polimero virgen, M-PC: policarbonato reciclado post-

consumo y M-BPP: biopropileno reforzado con base organica).
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Tabla 5

Muestras analizadas en el laboratorio

Cédigo de Material Procedencia / Preparacion N*de Normativa aplicada

muestra probetas

M-ABS Acrilonitrilo Butadieno Inyeccion de polimero virgen 3 ASTM D638/ ASTM

Estireno grado automotriz B117/ ASTM D4329

. . Recuperado de residuos post- ASTM D638 / ASTM

M-PC Policarbonato reciclado consumo 3 B117/ ASTM D4329

M-BPP Biopropileno (con base Extrusiéon de polimero con 3 ASTM D638/ ASTM

bio-orgénica) refuerzo organico B117 / ASTM D4329

Fuente: Autores

Los ensayos se efectuaron bajo las normativas ASTM B117 (niebla salina), ASTM
D4329 (radiacion UV) e ISO 4892-2 (envejecimiento climatico), complementadas con la NTE
INEN 2637 como marco de referencia nacional. Los resultados fueron tabulados en registros
digitales, normalizados y expresados en pérdida de masa, variacion de brillo, resistencia
mecanica y retencion de elasticidad, de esta manera, se asegur6 la confiabilidad metodoldgica,

logrando el cumplimiento del tercer objetivo de la investigacion.

RESULTADOS EXPERIMENTALES
Prueba de niebla salina (ASTM B117, 240h)

Este ensayo de laboratorio consiste en someter las probetas a un ambiente controlado
de niebla salina generada a partir de una solucién acuosa de NaCl, con temperatura y
concentracion constantes. El objetivo es simular condiciones altamente corrosivas y himedas
que aceleran los procesos de degradacion de los materiales, permitiendo observar la resistencia
a la pérdida de masa, brillo y la formacion de microgrietas, esta prueba es ampliamente
utilizada para predecir el desempefio de materiales plasticos y compuestos en ambientes
agresivos y su durabilidad frente a la humedad y agentes corrosivos.
Tabla 6

Resultados de prueba de niebla salina

Material ~ rerdidademasa oo 00 de brillo (%)  ndice de microgrietas o g0 Geterioro
(%) (0-5)
ABS 1.8 12 2 Medio
PC reciclado 34 28 4 Alto
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Material ~ Perdidademasa b gida de brillo (%) M de((;‘_“sgmg“e‘as

(%) Nivel de deterioro

Bio-propileno 0.9 8 1 Bajo

Fuente: Autores

El PC reciclado mostré un deterioro significativamente mayor, con pérdida de masa
casi 4 veces superior al bio-propileno, el ABS mantuvo desempeio intermedio. Estos
resultados concuerdan con estudios que evidencian que los polimeros reciclados poseen mayor
vulnerabilidad a la absorcion de humedad y fragilidad interfacial (Pickering, 2016) y (Osswald
& Hernandez-Ortiz, 2006).

Prueba de radiacion UV(ASTM D4329, 500h)

El ensayo de radiaciéon UV se basa en exponer las probetas a lamparas fluorescentes
que emiten radiacion ultravioleta controlada, simulando el efecto del sol en condiciones
aceleradas de laboratorio. Su objetivo es medir la estabilidad de los materiales frente a la foto-
degradacion, la pérdida de color y las variaciones en propiedades mecanicas, como la
resistencia al impacto, este procedimiento permite anticipar el comportamiento estético y
funcional de plésticos y bioplasticos en tableros automotrices expuestos a radiacion solar

prolongada.

Tabla 7
Resultados de radiacion UV

Material Cambio de color Retencion de Fragilidad Nivel de
AE* resistencia (%) (escala 1-5) degradacion
ABS 8.5 72 3 Medio
PC reciclado 15.2 55 4 Alto
Bio-propileno 5.1 81 2 Bajo

Fuente: Autores

El PC reciclado experimentd el mayor cambio cromatico (AE* > 15), lo que es
considerado un umbral critico de pérdida estética en polimeros expuestos a radiacion (Fried,

2014). EI ABS mostr6 amarillamiento progresivo, tipico en tableros plasticos convencionales.
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El bio-propileno conservd mejor estabilidad con solo un AE* de 5.1 y la mayor retencion
mecanica, evidenciando un desempefio superior frente a radiacion solar, tal como lo evidencian

en sus investigaciones Wypych (Satyanarayana, 2007) y (Wypych, 2016).

Prueba de envejecimiento climatico (ISO 4892-2, 1000h)

El ensayo de envejecimiento climatico consiste en exponer las probetas a ciclos
controlados de temperatura, humedad relativa y radiaciéon UV, que simulan de manera
acelerada las condiciones ambientales que los materiales enfrentarian en su uso real. El objetivo
es evaluar como estas variables influyen en la pérdida de elasticidad, deformacion superficial
y aparicion de fallas estructurales a lo largo del tiempo, esta prueba es esencial para estimar la
durabilidad de materiales plasticos en tableros automotrices sujetos a cambios climaticos

extremos.

Tabla 8

Resultados de envejecimiento climatico

. Retencién de elasticidad  Deformacién superficial Indice de fallas (0— Nivel de
Material . .
(%) (mm) 5) resistencia
ABS 68 0.45 3 Medio
PC reciclado 49 0.72 5 Bajo
Bio-propileno 83 0.28 1 Alto

Fuente: Autores

El bio-propileno conservé mas del 80% de su elasticidad inicial, mientras que el PC
reciclado descendid por debajo del 50%, evidenciando alta fragilidad. E1 ABS mostr6 valores
intermedios. Estos resultados son consistentes con investigaciones sobre la mayor estabilidad
térmica y resistencia a la fatiga ambiental de biopolimeros frente a plasticos reciclados

convencionales (Rodriguez, 2017)

Comparativa de resultados

Para integrar los resultados de las tres pruebas de laboratorio niebla salina, radiacion
UV y envejecimiento climatico, se elabord una tabla comparativa con los valores promedios

obtenidos para los tres materiales analizados: ABS, PC reciclado y Bio-propileno.
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Las variables cuantificadas fueron: pérdida de masa, pérdida de brillo y microgrietas en
ambientes salinos; cambio de color, retencion de resistencia mecanica y fragilidad bajo
radiacion UV; y elasticidad, deformacion superficial e indice de fallas en condiciones
climaticas aceleradas. Este analisis permite contrastar directamente el comportamiento de cada
material bajo factores de degradacion que simulan condiciones extremas de uso en tableros

automotrices.

Tabla 9

Analisis general

Niebla salina (ASTM Radiaciéon UV (ASTM D4329, Envejecimiento climatico Nivel global de

Material B117, 240 h) 500 h) (ISO 4892-2, 1000 h) desempefio
Elasticidad:
Pérdida de masa: 1,8% Cambio de color AE*: 8,5 68%
ABS Pérdida de brillo: 12% Retencidén mecénica: 72% Deformacion: Intermedio
Microgrietas: Fragilidad: 0,45 mm
2 (Medio) 3 (Medio) Fallas:
3 (Medio)
Elasticidad:
Pérdida de masa: 3,4% Cambio de color AE*: 15,2 49%
. Pérdida de brillo: 28% Retencidon mecénica: 55% Deformacion: "
PC Reciclado Microgrietas: Fragilidad: 0,72 mm Debil
4 (Alto) 4 (Alto) Fallas:
5 (Bajo)
. Elasticidad:
A . 0
Perzrd¥da de mellsa.' 0.9% Cambio de color AE*: 5,1 83%
Pérdida de brillo: - L o .
. . N Retencion mecdnica: 81% Deformacion:
Biopropileno 8% g Alto
. L Fragilidad: 0,28 mm
Microgrietas: . .
1 (Bajo) 2 (Bajo) Fallas:
1 (Alto)

Fuente: Autores

La tabla evidencia que el Bio-propileno obtuvo el mejor desempefio global en las tres
pruebas, destacando por su menor pérdida de masa, brillo y elasticidad frente a los demas
materiales, esto confirma que los biopolimeros reforzados pueden superar en desempefio tanto
al ABS tradicional como al PC reciclado, ademéas de aportar beneficios en sostenibilidad. El
ABS se mantuvo como material de referencia con un rendimiento intermedio, mientras que el
PC reciclado mostro debilidades significativas en todas las variables medidas, lo que limita su
aplicabilidad directa en tableros sin estabilizantes adicionales.

A partir de estos resultados, el Bio-propileno no solo es viable desde el punto de vista

técnico, sino que también puede contribuir a la transicion hacia materiales mas sostenibles en
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la industria automotriz, abriendo oportunidades para reemplazar polimeros convencionales con

alternativas de mayor resistencia y menor impacto ambiental.

Figura 12

Comparacion de resultados

ARS RC e Bio Qogtleno

CONCLUSIONES

Las pruebas realizadas sobre las 18 probetas (6 de ABS, 6 de PC reciclado y 6 de Bio-
propileno) permitieron analizar variables criticas de degradacion: pérdida de masa, pérdida de
brillo, microgrietas, cambio de color, retencion mecanica, elasticidad y deformacion, estos
indicadores aportaron informacion cuantitativa y objetiva sobre el desempefio de cada material
frente a condiciones ambientales extremas, garantizando comparabilidad y validez
experimental.

Entre los ensayos aplicados, la radiacion UV (ASTM D4329) result6 ser la prueba mas
determinante, ya que permitid evidenciar la foto-degradacion y la pérdida de propiedades
mecanicas, fenomenos directamente vinculados a la exposicion solar prolongada en tableros
automotrices; en esta prueba, el PC reciclado mostr6 el peor desempefio con una variacion
cromatica critica (AE* > 15) y reduccion significativa de resistencia, lo que lo posiciona como
el material mas vulnerable.

La comparacién integrada de los resultados de niebla salina, radiacion UV y
envejecimiento climatico evidencié que el Bio-propileno es el material con mejor desempefio
general, superando al ABS y, con mayor diferencia, al PC reciclado, esto demuestra que los

biopolimeros no solo aportan beneficios ambientales al reducir el impacto de plasticos
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convencionales, sino que también ofrecen propiedades técnicas competitivas, consoliddndose

como una alternativa viable para la fabricacion de tableros automotrices sostenibles.
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éCuédnto CO2 produce la industria automotriz?

De acuerdo con un informe de Greenpeace, la industria automotriz contribuye con el 9 % de las emisiones globales de efecto
invernadero. Este estudio midié las emisiones de los vehiculos durante todo su ciclo de vida (desde la extraccién de materiales hasta
el final de su vida Gtil).

Para un automévil, las emisiones de las empresas automotrices se distribuyen asi: 10 % del proceso de fabricacién, 85 % del usoy 5 %
cuando se desecha. En primera instancia, las emisiones de la fabricacién se derivan de la extracciéon de minerales del suelo para
elaborar las partes del vehiculo. También hay que considerar los componentes de plastico, las llantas y la energia consumida para
ensamblar todas las partes. En la industria automotriz un elemento que consume mucha energia son los talleres de pintura.

Ya vimos como se genera la huella de carbono en la fabricacién. Ahora vamos a ahondar en las emisiones de la etapa de uso, la que
ma@s contribuye al cambio climatico. Estas emisiones pueden variar segin la duracién de los viajes, el nUmero de pasajeros y el
tamano del vehiculo. A modo de ejemplo, conducir un auto pequeno emite 111 g CO2eq por km. Y conducir un auto grande emite 200
g CO2eq, jcasi el doble! Ademas, agregar un pasajero reduce a la mitad las emisiones por pasajero-kildmetro. A mayor nimero de
pasajeros por auto, menor huella de carbono.

En México el transporte contribuye con el 18% de las emisiones. Por otro lado, las emisiones de particulas suspendidas al aire es
preocupante. En el Valle de México, por ejemplo, las emisiones generadas por vehiculos aportan con el 60 % de la contaminacion por
particulas suspendidas.
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¢Cudles son los principales contaminantes de los automotores?

Ademas de conocer los porcentajes que construyen la huella de carbono y las fuentes de emisiones, es importante saber el tipo de
emisiones que se generan. Primeramente, estan las emisiones que contribuyen al calentamiento global como el diéxido de carbono.
Y, por otra parte, las emisiones que perjudican directamente la salud de las personas como el plomo.

Las emisiones se generan en diferentes proporciones segln el tipo de combustible. Los automéviles que usan gasolina producen
mas didxido de carbono que los autos con motor diesel. También emiten monéxido de carbono, hidrocarburos y compuestos de

plomo. Los autos diésel generan mayores proporciones de 6xidos de nitrégeno y azufre, hidrocarburos no quemados y hollin.

Otro tipo de contaminantes son las emisiones de escape de la quema de gasolina y diésel. El diéxido de carbono atrapa la radiacion
y crea ozono a nivel del suelo. Por otra parte, la friccién causada por los frenos de los automéviles libera particulas dafninas que
permanecen en el aire.

éCudl es el impacto ambiental de la industria automotriz?

La industria automotriz contribuye significativamente al cambio climatico y es perjudicial con el ambiente. Las emisiones de éxido de
nitrégeno y de diéxido de azufre producen lluvia acida. Estas lluvias causan un impacto negativo en los cultivos, contaminan el agua,
y afectan la flora y fauna circundante. La bencina produce smog, el cual causa dificultades respiratorias.

Podemos ver que el consumo de combustibles fosiles perjudica significativamente a los ecosistemas, y dada la importancia del
cuidado de los recursos naturales, ¢por qué usar automéviles hibridos y eléctricos? Si bien es cierto que el uso de este tipo de
automoviles puede reducir las emisiones de efecto invernadero hasta en un 17 %. Pero si consideramos las emisiones asociadas a la
fabricacién de los vehiculos y la produccion de electricidad. Adicionalmente, si al final de su vida Gtil no se les da un manejo
adecuado a las baterias, esto se convierte en un grave problema de contaminacién ambiental.
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Posibles soluciones: ;Qué hace la industria automotriz por el medio
ambiente?

Hay que ir més alla de la transicién de los vehiculos con combustibles fésiles a los vehiculos eléctricos. Como lo vimos anteriormente,
los autos eléctricos también generan un impacto ambiental importante. En ese sentido, hay una serie de estrategias para reducir el
nivel de emisiones en las empresas automotrices:

e La fabricacién y uso de automoviles eléctricos puede ser menos perjudicial para el ambiente si la generacion de energia proviene de

fuentes renovables (solar, edlica o geotérmica).

0 Para la etapa de uso, las emisiones se reducen al reducir el uso de autos particulares y sustituirlo por transporte pablico. Recordemos
a mayor nimero de pasajeros, menor huella de carbono. El uso de transporte piblico puede reducir en un 95 % las emisiones de

mondxido de carbono, 50 % el diéxido de carbono, 90 % los compuestos organicos voldatiles y 50 % las emisiones de éxido de nitrégeno.

o La industria automotriz es un area prioritaria para aplicar medidas de descarbonizacion. Por un lado, hay que descarbonizar las
operaciones de fabricacién, y por otro, la extracciéon y manufactura de autopartes. Hay que definir una hoja de ruta basada en

estrategias de eficiencia energética y uso de fuentes de energia renovables.

6 El camino a la descarbonizacion también incluye la economia circular. Las empresas automotrices generan muchos residuos que
acaban en los vertederos. Pero la verdad, es que pueden aprovecharse como recurso. Los residuos como las fibras textiles, espumas y

cauchos sintéticos son muy resistentes, por eso sirven para el sector de la construccion donde esta propiedad es muy valorada.

Podemos ver que las emisiones de las empresas automotrices tienen una participacion significativa en la huella de carbono global.
Pero al mismo tiempo, se trata de una industria muy importante a nivel mundial. Esta situacién amerita la aplicacién de medidas
para reducir el nivel de emisiones. El primer paso consiste en identificar las principales fuentes de emisiones para priorizar las lineas
de accién. La plataforma sinCarbono facilita el proceso de medicién de la huella de carbono para todas las etapas del ciclo de vida
de esta industria. Asimismo, facilita el reporte, verificaciéon y compensacioén de estas emisiones.
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Anexo 2. Revista en linea de autos MotorpasionMx. Trujillo, E. (4 de julio 2019). Obtenido

de https://www.motorpasion.com.mx/industria/materiales-reciclados-tambien-puedes-

encontrar-estos-modelos-no-precisamente-electricos
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@ HOY SEHABLADE > Versiones

¢Materiales reciclados? También los puedes
encontrar en estos modelos y no precisamente
son eléctricos

X

Vida Extra

4 Julio 2019

g Estefania Trujillo

En los ultimos afios |a industria automotriz se esta inclinando mas hacia el cuidado del
medio ambiente, y no precisamente nos referimos a la integracion de mas modelos
hibridos o eléctricos, aunque si que tienen que ver en este tema, no son los Unicos
protagonistas, pues marcas como Nissan, BMW, Ford, Grupo FCA, Toyota, KIA y Volvo
se han enfocado al reciclaje de articulos contaminantes para la creacion de algunas
partes del vehiculo.
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NUEVO M

A pesar de que es un tema que podra sonar un poco nuevo, estamos hablando que se
trata de algo que se viene trabajando desde hace afios, un ejemplo claro es el trabajo
de Ford, que inicié en 1990 cuando 6 a utilizar pla iclado en algunos de
sus modelos.

En los ultimos 12 afos, la dinamica haii Isado la idad del uso de
plasticos en las carrocerias y en las autopartes de los vehiculos, creciendo
exponencialmente su uso a nivel mundial. Actualmente, Ford utiliza 1.2 mil millones de
botellas de plasti icladas por afio, en promedio 250 botellas por vehiculo.

PUBLICIDAD

Marcas que utilizan materiales reciclados:

* Una de las firmas que desde que lanz6 su primer modelo 100% eléctrico en México
fue BMW, al mismo tiempo, grito a los cuatro vientos que dicho vehiculo habia sido
fabricado en su interior con el 90% de materiales reciclados y procesados en su
propia planta de ensamble.

« Nissan también se une a esta causa y precisamente lo hace también con su
eléctrico LEAF, que utiliza materiales reciclados de botella PET y lo hace para crear
los asientos, ademas de usar materiales reciclados de electrodomésticos como
refrigeradores y lavadoras para darle vida a la consola central.
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Anexo 3: Arias Perez, A., Velez Salazar, J., Jorque Rea, A., & Toasa Jimenes, R. (2022).

Materiales compuestos y su aplicacion en partes automotrices: Revision. Polo del

Conocimiento, 7(9), 596-622. doi: https://doi.org/10.23857/pc.v7i9.4592.................. 616 -

Angel Xavier Anas Perez, Jonathan Samuel Velez Salazar, Abrahan Mesias Jorque Rea, Rodngo

En la Figura 2 sc pucde observar ¢l resultado de la revision en donde se muestra en porcentajes los

Patricio Toasa Jimenes

materiales compuestos utilizados en base a las publicaciones encontradas.

A continuacion, en g Tabla 5 se muestran las, caracteristicas principales de los materiales

MATERIALES COMPUESTOS

M Paoliester y particulas de caucho B Pilester con fibra de vidrio

N Fibra vegetales
H Fibra de vidrio

JA Flbra

Fibra de cabuya
W Fibra narural

Fibra de vi

Figura 2. Porcentajes de fibras empleadis en el estudio

Fibra de banamo

H Fibra de bagazo

compuestos cncontrades os Jos-estudios o

Tabla 5. Caracteristicas Materiales Compuestos

microfibrillas

cristalinas de celulosa,
en conjunto con lignina
y hemicelulosa. A causa
del solapamiento de las
microfibnllas, la
estructura se¢ convierte

en una especic de malla

cargas presentando poca
deformacion  antes  de
romperse, lo que la hace
potencialmente apropiada
para refuerzos

estructurales

Detalle Componentes Durabilidad Beneficios
Fibra de|Las fibras de guadua | Su ngidez le permitc a la | La guadua es un material
guadua estan compucstas de | fibra  resistir  grandes | natural, con un

comportamicnto  mecdnico
favorable para ¢l wso
estructural. La disposicion de
sus fibras, permite que el
comportamicnto a fuerzas
axiales ¢jercidas en el sentido

de las fibras sea muy bueno.

Pol. Con. (Edicién nim. 70) Vol. 7, No 9, Septicmbre 2022, pp. 396-622, ISSN: 2550 - 682X
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Fibras Definimos como fibras | Los  cientificos  estan | El uso de fibras vegetales
vegetales | vegetales al matenal de | descubriendo  que  las [para la  construccion  de
la pared de la célula | fibras vegetales anaden | edificios modemos es muy
vegetal compuesta por | durabilidad y resistenciaa | ventajoso, garantizando
diversos componentes | sustancias empleadas | segundad, confort,
que resisten la digestion | tanto en la construccion | compatibilidad ecologica y
de las enzimas y demas | como en la fabricacion de | reduccion de costos.
sccreciones  digestivas | toda clase de productos,
de los mamiferos. desde  juguetes  hasta
Los principales | aviones, pasando por
componentes de la fibra | coches y mucbles.
son:
v Fibra Insoluble
v" Fibra Soluble
Fibras de | Los principales | Las fibras de bamba | Es un matenal liviano que
bambi componentes del | ticnen una alta resistencia | permite bajarle ¢l peso a la
bambii son cclulosa, |a la rotura y bucnas | construccion, factor muy
hemocelulosa y lignina. | propiedades de absorcion, | importante para
Los componentes | pero  tienen  un  bajo | construcciones sismo
sccundarios del bambu | alargamicento. resistentes.
son resinas, cera y sales
inorganicas. El bambu
conticne otros
componentes organicos
ademas de cclulosa y
lignina.
Fibra de|La fibra de vidrio se |En  cuanto a su|La fibra de vidrio es un
vidrio genera  debido a  la | durabilidad la lamina de | material muy versatil.  Se
conjuncion de ciertos | fibra de vidrio cuenta con | puede incluir en
hilos de vidrio muy | una vida atil de alrededor | practicamente cualquier
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diminutos, mismos que
al entrclazarse
genecrando una malla,
un patron o una trama.

Se

van

compone
de
silicona, del oxido del
alimina y del boro y del
oxido de magnesio, del

principalmente

oxido de calcio, del

de 20 anos. Cabe
mencionar que sc puede
componer por uno o mas
clementos como resinas
acrilicas, poliéster vy
polictileno que pueden
conservarla por mas

tiempo.

estructura confiriéndole una
larga vida atil. Incrementa la
scguridad de las estructuras,
reforzandolas y previniendo

incendios.

oxido del sodio, del etc.

Cenizas Las cenizas volantes se | Es mas resistente al acido | Normalmente considerado un

volantes componen y al fuego, y ha|producto de desecho, las
generalmente de | demostrado una mayor | cenizas  volantes sc ha
particulas  esféricas, | resistencia a la | demostrado que es
algunas de las cuales | compresion y la traccion. | extremadamente beneficioso
pueden ser como vidrio para mejorar ¢l rendimiento
y de particulas de forma del hormigon, en los Estados
irregular de frescos y endurecidos.
combustible no
quemado o carbono

Bagazo de | Es un material fibroso, | Resiste liquidos y altas | Este material es de baja

baja heterogénco en cuanto a | temperaturas densidad porque tienen una

densidad | su composicion gran transparencia y
granulométrica y flexibilidad. Son perfectas
estructural, que para albergar articulos solidos

presenta relativamente
baja densidad y un alto
contenido de humedad,

en las condiciones en

o pulverulentos, ademas,

pucden mantener alimentos.
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Advances of composite materials in automobile applications - A review =
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Mostakim Blllah Mohammad Asaduzzaman Chowdhnry
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ARTICLE INFO ABSTRACT
Kiyworde This paper emphasizes the benefiss of wing comp rials in fctur b
Aatoemoblle instend of conventiosal metal. Some usk and umoegrnined ind muwumwm
of compesite materiads is guided by sed for facturisg. R h the variaticn of com-
mmm:mm-nqmnnﬂumv“dmhmwm
strength, Eghrweight, and 3 ballistic p posites are used. Some other features,
like fire asd ligh bedaviour, can be mposed within a very eisy and econcssical fabrication
mmmd P ing ¥y WMMM«MMMH
depend ad ey on rinki may look
WMIMMWB\wWGhMWWNNMWnR
wlready idered the new ing point of material sci Very shoetly, it willl provide a vasiety of scopes, like
nateral fibre used for Biod “iiylhp“‘ i du-g ¥ e ch tized in
Mwo-mﬂmh < Bnology sed sedety for Doth the
uvhmtﬂn“hmdmmgnqmlemhmwudmn
Nwd“%“cmkmwwmmmﬂmdm“wmw
mmmtmm“mmam- pective like phezoel strictive
properties, self-healing capability o goetic sheilding can be accel muﬁu-mmmm-ua
e discessed in this review paper.
1. Introduction weapon |2).

Compesite materials consist of two or more materials that perform
better than unique materials [1). Egyptians and Mesopotamians first
used It back in 1500 BC 0 make beicks with mud and a mixture. But in
1200 AD, Moagol's first use composite materials for making Bow. Thus,
Composite materials are first used in military activities for elevated
performance |2 ). The Modem era of composites was started In 1900 s by
developing plastics (Le. polyester, vinyl). In 1935, first fibee composites
were Introduced due to thelr higher strength and lower weight [3). The
fibwe reinforced compaosites were developed during World War IL After
the war, those were Introduced In other markets along with military

Abbreviation: CTE, Coefficient of Thermal Expansion; RTM, Resis Transdfer M

Carbon Fidee Reinforced Puoly PFRC, P

The first compasite materials were introduced with austomobiles in
1947 [3,4). In 1974, Japan thought to reduce weight of the vehick for
decreasing high fuel consumption. That time they gave importance of
compasite materials in vehicle’s bodywork [5). Although Rolls Royee in
UK was experimenting glass fibre reinforced thermaset polymers in gas
turbine engine fan, this experiment didn’t get significant success (6. In
between 1960 s and 1990 s, this pericd Is considered as development
period of composites In automobile Industry. In these all periods, SMC
type’s compasites were developed and in 1990, world first carbon road
car was introduced by Mclaren [7). In 20th and 215t century, com-
pasites are signified as ploacer In automobile industry, due 1o thelr low

d Fibre PL ATL,

Iding; AFP, A d Tape Laying. CFRP,

in Fibre-Reisforeed Polyester Compasites; FRP, Fibre Reinforoed Plistic; LOM, Liquid Compasite Moulding; MRI,

Magsetic Resomance Inagisg: SMCs, Sheet Moulding Compounds; GMTs, Glass Mat Thermopliatics; LFTs, Long Fidee Thermoplastics BMC, Bulk Mouldisg Com-
pound, VIP, Vicusss Infusios Process; GFRP, Glass Fibre Redsfoeced Polymer; PVB, Polyvisyl Butyrid CMCs, Corsessic Maetal Composites; MMCs, Matrix Metal

Comp MICs, Mag rictive Palymer Comg
* Cormespoading author.
E-madd addreix: soyess howainiiubaledu (N Hossain).
hips/ /doiceg/10. 1016/ jer. 2024.02.017
Received 21 Ocsoder 2023 Received in revised form 2 Februsry 2024; Accopted 22 Fedeuary 2024

Availidle caline 27 Felwuary 2024

23071877 /0 2024 The Authoe(s). Published by Elsevier BV. on bedall of Kewail Univessity. This & an opes access asticke under the CC BY Eeense

(hirge / /ereativecommaons arg/licesses /by /4.0/).


https://v3.camscanner.com/user/download

Fabned

weight, less fuel consumption, accidental safety (5 ). Now natural fibre is
ako used In h and trial b of Green Technalogy. It controls
pollutions, enviroamentally biodegradable and avatlable In nature (9],

Composite materials are used because of some speclality such as low
coerosion, easy malntenance and design varlability [10). The primary
benefit of composite materials is thelr combination of strength, rigidity,
and lightweight. Manufacturers may develop qualities that perfectly
meet the needs of a specific construction for a particular purpose by
selecting the right combination of reinforcement and matrix material
(11].

Fig. 1 shows the beneficial characteristics of composite materials. As
compasite materials have multiple layers, each of them combinedly
carries different properties.

Compared to other traditional materials, composite material shows
some unique characteristics that can be fabeicated according to neces-
sity. Unlike other materials, compasites have been used In the awto-
mobdle iIndustry and acrospace and military vehicles In recent times (12
13]. For high-performance and lghtweight, composite materials are
used In low-volume vehicles and motoesports | 14). Even foe the natural
fibre composites, It shows higher welght-to-strength ratio, than other
homogeneous metal [15). Composite materials show 15 times higher
tensile strength than coaventional material That consumes low fuel
economy [16). In the case of thermal and corrasion resistance, this
multipurpose material Is economical In overall cost [17). This
eco-friendly material shows high damage tolerance propenties for
ensuring passenger safety | 15). Composite materials show some effects
on recycling, which are very convenlent for Green Technology. These
materials are generally sufficient for environmental safety [19). Though
recetving good quality surface finishes at a cheap rate is challenging, it
shows benefits in manufacturing, designing, repairing, lightweight,
Jolning, and recycling and safety lssues [ 20 ). Comparing to performance
and usage, overall cost Is very low for composite [21). Several easy
fabrication techniques must be applied to reduce cost for fabricating
compasites such as moulding, lay-up, winding and so one [22).

Researchers are trying to progress of using composites for making
eco-friendly | 23] within reasonable cost [ 24, In the contrast, it & quite
impossible to improvise because of high fabrication cost. Additionally,
the 3D printing technology was very imited for several types of mate-
rials. Though that Is already generated to develop composites with 3D
printing within limited cost [ 25]. These all-other problems can be solved
by utilizing Natural Fibre Composite materials | 26). Besides, fire prob-
Jems [27) and lightning damage |25) are substandally increased for
vehicle. Mareover, self-healing and sensing properties, plezoelectricity
and magneto-strictive characteristics should be taken consideration for
the manufacturer. Researcher should Imply impoctance in this

Journal of Engreering Resarch 13 (2025) 1000-1023

phenomenon by using the effective chamcteristics of composite
materials.

2. Advantages of composite materials

Compaosites now have a permanent place In modern production
because of cutting-edge engineering methods that arise fram the crea-
tive blending of various materials and chemical compounds [29]. The
following are some benefits of using composite materials in the auto-
motive industry over traditional materials

2.1. Swength-to-welght rano

The strength-to-weight ratio of a substance, commoaly known as its
specific strength, compares its strength to its weight. Composites’
excellent strength-to-weight ratio Is arguably their most significant
benefit. Although carbon fibre Is stronger and stiffer than both materials
per unit of weight, it weighs approximately one-quarter as much as steel
and 70% as much as aluminium |30). Multtlayer composite laminates
absorb more energy than conventional singlelayer steel, emabling
high-end autamotive engineers 1o reduce vehicke weight by as much as
60% while enhancing crash safety [31). For instance, it Is possible 1o
make a compaosite material that will not bend In cae direction where
metal typically needs to be thicker to achleve the desired level of
strength in one order, which Increases weight. Composite materials can
be robust without belng heavy [32). Table 1 show that Steel and Carbon
Flbre as well as Aluminium and Laminated Fitreglass can be easily
distinguished with respect to their mechanical properties such as Types
of Materials, Tensile Strength, Density and Elastic Modulus.

Table 1
Comparisen of riad stremgth of differest types of composite wad alloys.
Materals Nene  Mowertads Tenule Demdty  Elaatic el
Type Strength P Mochaba
o kg’ [ 3
(nePa) =" (GPa)
Steel Alley 500 a0 20 x3
()
Carban Pibee Caempasdte J060 152 4 134
(tagh
Seezgrh)
Alsrziraen Alley 130 o n r
(AASOST)
Larzd roeed Coempasdte snr 20 »
Fhreglam
(R4
om
50
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According to Table 1, Carbon Fibre and Laminated Fibreglass are
higher in tensile strength than Steel and Alumintum. Their elastic
modulus is also higher. Though thelr density Is lower, Steel and
Aluminism can be replaced by Carboa Fibre and Laminated Fibreglass
respectively.

22, Durabdiry and damage tolerance

Metaks are susceptible to fatigue. The Aloha Alrlines disaster In the
1980 s resulted from this |37]. Whether It's hot or cold and wet or dry,
compaosites can maintain their shape without rusting because of their
excellent dimensional stability. As a result, they are a preferred material
for outside structures such as wind turbine blades for Jong-term stability
(38].

23. Impact resistance

Composites can be designed to deflect blows, such as the sudden
force of a bullet or the blast from an explosion. Due to this characteristic,

compasites are used to create bulletproof jackets and panels and protect
bulldings, military vehicles, helmets and atreraft from explosions (19

2.4. Corrogion resistance

Composites-based peroducts offer Jong-lasting resistance o harsh
chemical and temperature environments. There have been numerous
instances of glass fibee.reinforced polymer ductwork functicalng In
corrosive chemical conditions round-the-clock, every day of the week,
for mare than 25 years in chemical Industrial facilities [ 40 ). Compasite
materlals Including carboa fibres, glass fibres, and rapid-cure resins
have qualities that resist carrasion from oxygen and molsture as well as
corrosive substances, saltwater, and humid envircaments. Because of
this, compaosites are an essential component of maritime Industries or

companies that move products and chemicals through pipelines and into
contalners (41,

25. Thermal conductivity

Additionally, compaosite materials exhibit Jow heat and electrical
conductivity, making them excellent insulators for components that
require insulation [42). But If it's necessary to create thermally
conductive parts, thermally conductive materials can be Incorporated
into the compasite part, so this attribute o't Jost in creating compaosite
parts [43). For example, Polyimide Composites are very high thermal
conductive. It Is less heavy than metals with a high glass-transiticn
temperature. This material can be modified to have the best qualities
dependent oa the applications by switching out the carbon fibres which
has low CTE [44).

2.6. Nonmagneric

Since composites don't Include any metals, they are not magnetic.
Composite materials can be used around sensitive technological equip-
ment. Large magnets used In MRI (Magnetic Resonance Imaging)
apparatus operate more effectively without magnetic Interference [45).
In Fig. 2, It can be observed that the contact angle remains the same after
magnetic impact. The composite materials inside the micro-channel get
magnetized when two rectangular permanent magnets of the same
opposing polarity are positioned in the middle of the channel length,
with their magnetization direction perpendicular to the channel wall.

2.7. Cost reducrion
Compoesites are more affordable in terms of price per cubic Inch and

raw material price. A single cae of them Is a thermoset composite. The
cost of thermoset composites s Jower when compared to materials ke

1o
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a
v

Fig 2. Testing eriaki with the

of magset.

thermoplastics, wood, and metal [46). Furthermore, since thermaoset
compasites contaln little petroleum, they are not affected by price
swings that affect petrolenm.based products [47).

2.8 Design flexibiliry

Compasite materials offer design flexibility in automotive applica-
tions, enabling engineers and designers to create structures moce in-
ventively and effectively than traditicnal metals [45). Composite
materials can be moulded Into complex forms for aesthetic and
economical designs, enhancing the aesthetic appeal and functionality of
automobile exteriors [49). Composites can be designed easlly for
maintaining environmental safety [50). Engineers can customize com-
posite materials” mechanical characteristics by altering flbre type,
orlentation, and stacking order, thereby ensuring components with
precise stiffness, strength, and damping properties [51). Composite
materials can be combined Into a single part, simplifying design and
eliminating the need for multiple components by acting as a notse bar-
rier, thermal insulator, and structural element [52).

2.9. Dimensional stabiliry

Dimenstonal stability Is crucial for the structural integrity and long-
term performance of vehicle components. For this reason, composite
materials are used In awtomotive applications to reduce mechanical
stress and environmental factars [53]. The Low Coefficient of Thermal
Expansion Is a crudial design technique for automotive applications, as it
minimizes size changes and maximizes dimensional stability due 10
temperature fluctuations (54,55, Some composites, especially those
with organic matrix, can cause dimensional changes due to modsture
absoepticn, which can be minimized through design declsicas and ma-
terial selections [56).

2.10. Chemical resistance

Compaosite materials’ high strength.to.wedght ratio, corrosion resis-
tance, and other benefits are driving thedr Increasing use In astomotive
applications, with the type and envircament determining thedr chemical
resistance |57, Glass fibres (55] and epoxy resin [59] are typically
resistant 30 most chemicals, making them a popular cholce for auto-
motive applications due 10 their stroag chemical resistance. Modsture
absoeptica can significantly affect the performance of compasite mate-
rlals, even if some are designed to peevent It [60).
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Anexo 5: Nivedhitha Durgam Muralidharan, Jeyanthi Subramanian, Sathish Kumar
Rajamanickam, Prabu Krishnasamy, Senthil Muthu Kumar Thiagamani, Anish Khan. Flame
retardant characteristics of natural fibre reinforced polymer composites: A thematic
review. Polymer Composites 2024, 45, 12530, DOI: 10.1002/pc.28699 ...............
12535.
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cfficient to only reduce the heat release rate. When they are used alone in bio-
composites, it has been reported that the presence of natural fibers can increase the
pHRR probably by disturbing the protective layer formed by the accumulation of
nanoparticles at the top surface. The incorporation of banana fibers into a PP matrix
flame retarded with nanoclays leads to a linear increase of the peak of heat release
rate in cone calorimeter test (heat flux 50 kW/m?) [72]). The pHRR increases from
748 to 1256 kW/m® when 30 wt% of fibers are incorporated. Hapuarachchi and
Peijs have also observed that hemp fibers increase the pHRR of PLA flame retarded
with nanoparticles (sepiolite and multiwalled carbon nanotubes) in cone calorimeter
test [63). The authors noted that hemp fibers provoke severe delamination during
the test. Interestingly, when nanoparticles are adequately modified, they can be
highly efficient on flame retardancy of biocomposites. For example Yu et al. [68]
proved the efficiency of 9,10-dihydro-9-oxa-10-phosphaphenanthrene-10-oxide
(DOPO) functionalized MWCNTs to improve UL94 test and limiting oxygen
index (LOI) of ramie/poly(lactic acid) (PLA) composites. The char improvement is
allowed thanks to a high dispersion of the functionalized MWCNTs and the
interaction between DOPO and ramie fibers (that acts as a chaming agent).

On the whole, phosphorous compounds seem to be the most efficient FR in NF
based biocomposites. As they are incorporated by additive way, a high amount is
usually needed that can induce a significant degradation of mechanical properties
and may provoke processing troubles [61, 73). For example, Zhang et al. have
studied PP composites filled with APP and silica. Both fillers lead to a decrease in
mechanical properties, particularly impact strength. Morcover, the authors note that
these fillers have a certain impact during foaming using CO; as blowing agent [73].
One alternative that can be used for laminates is to protect the composite by a fire
retardant layer (multilayer composites) as proposed by several authors [74, 75]. The
geometry as well the choice of the composition for each layer has a great influence
on properties, including fire properties (74, 76]. Another alternative is to incorpo-
rate the FR in reactive way, in order to flame retard the reinforcement. Therefore,
the question is: Is it possible to reach the same fire performances by flame retarding
only the natural fibers? A less ambitious (but more realistic) objective may be to
combine both approaches in order to reduce the FR amount in the matnix: the
incorporation of FR additives into the matrix and the chemical grafting of FR on the
natural fibers.

3.3.2 Is to Flame Retard Natural Fibers Enough to Impart
Fire Performances to Composites?

Natural fibers are sometimes functionalized to improve their compatibility with the
matrix. Even if these treatments are not intended to improve the flame retardancy,
some authors have noted that the fiber modifications have an impact on the fire
behavior, especially on LOI [77-80]. Hence, Nair et al. [78] found that PS
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composites filled with modified (benzoylated and acetylated) sisal fibers exhibit a
better thermal stability than the composite containing unmodified fibers. According
to the authors, this is explained by the improved stability of modified fibers
themselves but also by the interactions between the modified fibers and the matnix.
Silanated Grewia optiva fibers increase the thermal stability and the residue content
of unsaturated polyester filled with 30 wt% of fibers [77). The limiting oxygen
index is also slightly enhanced from 19 to 22 when fibers are silanated. VP et al.

[39] have not observed that silanization of banana fibers does 1 ve the thermal
stability of PLA biocomposites. But the burning rate is reduced in UL-9%4 horizontal

test, dripping is limited and drips do not ignite cotton. Moreover the pHRR in cone
calorimeter decreases from 398 kW/m® for PLA containing 30 wt% of untreated
banana fibers to 340 kW/m” for PLA filled with silanated fibers at the same loading.

The strategies to flame retard natural reinforcements can be directly inspired
from techniques used in textile industry. There is a huge literature about the flame
retardancy of plant-based textiles, mainly cotton. Alongi et al. [81] have recently
reviewed the innovative methods to impart flame retardancy to fabrics. Among the
reviewed methods, layer-by-layer (LbL) assembly process has attracted the interest
of several researchers. Flame retardancy was imparted mainly to cotton fabrics [82-
85], but also ramie fabrics [86] or delignified wood fibers [87]. In most cases,
phosphorus-based compounds were used to promote the charring. To the best of our
knowledge, LbL has rarely been used to flame retard a natural reinforcement for
composite applications. Li et al. [37] have coated a ramie fabric using this method
and incorporated it into a polybenzoxazine composite. The coating is constituted by
ammonium polyphosphate (APP) and polyethylencimine. The fabric content was
around 65-70 wt%. The LbL treatment strongly increases the LOL: from 26.5 for
the composite containing the uncoated fabric to 38.9. The coating also allows
reaching V-0 rating at UL94 test. The thermal stability is enhanced above 300 °C
under nitrogen and air and the residue content is significantly increased (by 15%
under nitrogen). In this case, due to the high amount of ramie fibers and to the
intrinsic good behavior of the matrix, the flame retardancy of fibers allows dra-
matically improving the performances of the composite.

Some authors have modified natural fibers by adsorbing or absorbing some
phosphorous flame retardants as DAP, APP or p{osphoric acid without washing
fibers after modification [43. 46, 50). For example, Suardana et al. have treated
coconut and jute fibers with diammonium phosphate and incorporated them into

PLA or PP at a volume fraction of 35% [50]. The phosphorus content into fibers
was not measured. The flammability of composites is reduced as proved by the

decrease in burning rate (horizontal propagation) and the increase in char yield.
Grafting of FR is another strategy. In most cases, it is involved through hydroxyl
groups of cellulose or lignin. Dorez et al. used molecules (cellulose, xylan and
(o s octadbcylphosphonie acid. ODPA) [60). They proved that ODPA reacts
strongly with lignin and at a lower degree with xylan (model for hemicellulose)
whereas no reaction with cellulose was evidenced. These results mean that in soft
conditions used in this study, phosphonic acid preferentially reacts with aromatic

Scanned with

& CamScanner’;


https://v3.camscanner.com/user/download

Anexo 6: Campos, A.R. & Cunha, Anténio & Tielas, Alberto & Mateos, Anténio. (2008).
Biodegradable Composites Applied to the Automotive Industry: The Development of a

Loudspeaker Front. Materials Science Forum. 587-588. 187-191.
10.4028/www.scientific.net/MSF.587-

B88. 187 . e 187 - 191

anline at http:/Swww.scientific.met

Materials Science Forum Vols. 557-588 (2008) pp 187-191 mp
© (20N8) Trans Tech Publications, Switzerland

Biodegradable Composites Applied to the Automotive Industry: the
Development of a Loudspeaker Front

Ana Rita Campos™ %, Anténio M. Cunha?®, Alberto Tielas*< and Anténio
Mateos™ ¢

'PIEP, Innovation in Polymer Engineering, Campus de Azurém, 4800-058 Guimar3es, Portugal
*IPC, Institute for Polymers and Composites, Department of Polymer Engineering, University of
Minho, 4800-058 Guimaraes, Portugal
*CTAG, Centro Tecnoldgico de Automacién de Galicia, Poligono Industrial de A Granxa, 36400
Porrifio, Pontevedra, Spain

“r.campos@piep.pt, "amcunha@dep.uminho.pt, “alberto tielas@ctag.com,
“antonio.mateos@ctag.com

Keywords: Biodegradable composites, Natural fibres, Automotive applications.

Abstract. The interest of the automotive industry on biodegradable and green composites is
increasing dramatically due two environmental legislation that obliges automakers to reduce the
disposal of waste from vehicles [1]. As an answer to this recent demand several research groups are
working on the development of these composites. This work shows the development of a
loudspeaker front made of two different biodegradable composites: PLA (polylactic acid) and SCA
(blend of starch and cellulose acetate) reinforced with different percentages of cellulose spent fibres.
The composites were previously extruded on a counter-rotating twin screw extruder and injection
moulded into tensile specimens. The mechanical properties of the produced tensile specimens were
assessed with an Instron Universal Testing Machine as well as the morphological aspects of the
matenals, studied with optical and scanning clectron microscopies. After these preliminary set of
tests, the best composites were chosen to produce the final parts (loudspeaker front). These parts
were injection moulded on a Ferromatk Milacron K85 injection moulding machine (850 kN
clamping force) and subjected to a wide set of automotive tests to evaluate their performance. The
best matenals for this application proved to be the PLA reinforced composites, although there is still
a large window for improvement of properties, based on the engincering of the
matrix/reinforcement interface and also on the improvement of the thermal properties of the PLA
material.

Introduction

Several reasons |2], are pushing the development of sustainable plastics and biodegradable
matenals to apply in automotive parts [3, 4. However, the idea of producing biodegradable parts,
from renewable resources, made of biodegradable polymers reinforced with natural fibres is still in
an carlier stage of development, as the target applications are very demanding.

In the present work, two different biodegradable polymers were reinforced with cellulose spent
fibres, resulting in 100% biodegradable composites. These composites were studied in order to
cvaluate their applicability, in terms of mechanical properties and functional performance, in a real
automotive part — a loudspeaker front.
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Experimental

Materials and compounds. Two biodegradable matrices were used for this work: SCA (a starch

based blend) and PLA. SCA 1s a commercial biodegradable blend of starch (60 wt-%) with cellulose
acetate (40 wt-%), with a melt flow index of 9.04 g/I0min (170°C and 98N). It was supplied by
Novamont, Novara, Italy. The PLA used has a melt flow index of 8 g/10min (190°C and 98N) and
was supplied by Hycail Finland Oy, Finland. The biodegradable polymer matnices were reinforced
with different loads of washed cellulose spent fibres (cf), coming from Eucalyptus Globulus var.
Labill. These fibres were recovered from the wastewaters of a local kraft pulping industry (ENCE,
Pontevedra, Spain) and processed as descnbed elsewhere [2).

Compounding and moulding. Prior to any investigation and in order to avoid steam release during
compounding, the fibres were oven heated at 60°C to reach moisture content below 2 wt-% and
scaled in polyethylene bags under vacuum. All the materials were compounded on a Carvex
counter-rotating twin-screw extruder with a screw diameter of 52 mm and an L/D ratio of 18. Both
polymer matrices were compounded with 20, 30 and 40 wt-% of cellulose spent fibres with barrel
temperatures and screw speeds adapted to each one (barrel temperatures — 60 to 160°C and 60 to
180°C and screw speeds — 15 rpm and 20 rpm for SCA and PLA composites, respectively). The
maximum fibre load was kept at 40 wt-% due to the difficultics found in injection moulding
composites with higher reinforcement content. The extruded materials were granulated in a
Colortronic cutting mill, and stored in polyethylenc bags at least for 48h conditioned in ambient
environment (23°C, 55% relative humidity). ISO tensile specimens were obtained in an Engel ES45
HL-V injection moulding machine (450 kN clamping force) and mouldings of the laudspeaker front
were produced on a Ferromatik Milacron K85 mjection moulding machine (850 kN clamping
force). The njection moulding conditions used were optimized for cach matenal, machine and
moulded part as shown in tablel.

Table 1 - Injection moulding conditions used for the production of the tensile test specimens and

loudspeaker front parts.
specimens’ loudspeaker front parts
SCA PLA SCA PLA
Barrel temperatures (°C) <180 <200 <180 <190
Mold temperature (°C) 40 30 40 40
Cooling time (s) 40 40 40 40
Injection speed (mmy's) <30 <50 25 30

1 - produced on an Engel ES45 HL-V injectson moulding machine (450 kN clamping force)
2 « produced on a Ferromatik Milacron K85 injectson moulding machine (850 kN clamping force)

Development of the part. A loudspeaker front was selected as target application and developed.
From the concept to the moulded part the use of advanced design tools like 3D design powerful
tools (Catia V5), simulator of the plastic injection process (Moldflow), validation through FEM
calculations (Hypermesh, Nastran and Mark) and rapid prototype tools (Sclective Laser Sintering of
polyamide) were necessary (Fig. 1).

Once the geometry was validated, the following stage was the design of the prototype mould. The
moulding clements were manufactured with technologies of “rapid tooling” in a rapid prototype
machine (EOS P380) working with SLS. These clements were then fitted on the structure of the
mould. This structure 15 versatile and appropnated for any kind of mould inserts with similar
dimensions. Fig. 2 shows the final result of the set and the final part.
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Figure 1 — Examples of the different stages of the part development.

Figure 2 — Mould and final part produced.

Mechanical and morphological characterization. The tensile specimens were tested in an Instron
4505 universal testing machine fitted with a 50 kN load cell. A resistive extensometer with a 50 mm
gauge length was used to determine the E modulus. The tests were run at a crosshead speed of 2 mm
min’' (corresponding to a strain rate of 33.3 x 10° s'l). The ultimate tensile stress (referred as tensile
strength) and the strain at break were also assessed. The morphology of the mouldings was observed
with an Olympus BH2 transmission microscope, by polansed light microscopy. Scanning electron
microscopy (Leica S360) was used to study the interfaces between the matnces and the fibres.

Automotive performance tests of the final parts. Several studies were done n order to evaluate
the behaviour of the different materials, in conditions similar to those used to test conventional
plastics m the automotive industry.

The parts, made of both SCA and PLA reinforced with 30 wt-% of cellulose spent fibres were
submitted to a set of tests: physical and dimensional parameters vanation under different
temperature and humidity conditions; fatigue tests; resistance tests; part teanng off; solar radiation
test; vibration tests; climatic tests; parasitic noises tests; dilatation of the parts tests.

Results and discussion

Fig. 3 presents the mechanical results obtained for the composites reinforced with different loads of
washed cellulose spent fibres (cf).

These results show, as expected, that the increase of the reinforcement load results in a
progressive increase of the composites ngidity. Reinforcing the matrices with 40 wt-% of cellulose
fibres gives nise to double the stiffness of the base matenals. Regarding the tensile strength
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Anexo 7: Kim, Hyun-Joong & Lee, Byoung-Ho. (2009). Sustainable Bio-Based Green-
Composites for Automotive Interior Parts.
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1 Introduction

Conventional polymers composites have various
advantages, such as lightweight, endurance, flame
resistance, low cost, and wide use [1]. Recently,
advanced polymer composites containing carbon and
glass fibers have been utilized extensively in the
aerospace, automotive, and construction industries.
[2] Since the matrices and the fiber reinforcements
in these advanced composites are based on mineral
resources that have long term sustainability have
some problems such as accumulating environmental
pollution. While recycling may be a viable strategy,
the complicated mixed morphology of composite
materials makes them inherently difficult to recycle.
In companson, several so called bio-composites,
have been developed that offer certain
environmental advantages at the end of their use
cycle when composites are landfilled or incinerated
[3]. For the purposes of this study bio-composites
are defined as composite materials that combine
natural fibers such as sisal, jute, hemp, and kenaf
with either biodegradable or non-biodegradable
polymers. Natural fibers have many advantages over
synthetic  fibers; these advantages include
biodegradability, low density, high toughness,
acceptable specific strength, reduced dermal and
respiratory irvitation, low cost, and less use on non-
renewable resources. So, if some properties of bio-
composites such as low thermal stability in
biodegradable matrix polymer and weak interfacial
adhesion between matrix and filler are improved,
than bio-composites will alternate with conventional
advanced polymer composites. Recently, ‘Sick Car
Syndrome” was occurred by the problem for new
made cars that have great quantity VOCs (volatile

organic compounds) in their interior parts. Thus, the
automotive makers have struggled to reduce emitted
VOCs from car interior.

2 Experimental

2.1 Material

The Matrix of the bio-composites was poly(lactic
acid) (PLA), which was manufactured by Huvis Co.,
Ltd., South Korea, in the form of fibers with density
1.24 g/lem’, average length of 52 mm Kenaf fiber
was donated by Sutongsang Co., South Korea.
Kenaf fiber used in our experiments was bast fibers.

2.2 Sample preparation

The bio-composites of PLA/kenaf fiber were
prepared using a carding machine (Kyowa Co. Lid,
Japan). Carding provides a uniform blend of the two
fibers [4], this is followed by needle punching, then
pre-pressing and finally hot-pressing to form the
composite material. The PLA/kenaf non-woven web
produced after the carding process was pressed to
reduce the thickness of the matt. In the final step, the
prepressed matt was hot-pressed for § minutes at
200T under a pressure of 0.7 MPa (70 kgfiem2).
This process enabled melting of the PLA and good
impregnation provided a well corsolidated formed
sheet. Figure | shows the carding process. Headliner
and package tray were manufacture by carding
process.
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Fig. 1. Carding process for PLA/kenaf bio-composites.

2.3 Characterization

Mechanical properties and physical properties of
headliner and package tray were conducted. The
VOCs emission and formaldehyde were measured
20L small chamber method which is very useful
equipment to catch up the sample gas that gas was
taken by Tenax-TA after the sample specimens were
installed into the dynamic thermal extractor chamber
and analyzed by TDS-GC/MSD.

3 Results and Discussion

3.1 Mechanical test of headliner

Fig. 2. Prototype headliner composed of PLA/kenaf
fiber bio-composites.

Figure 2 shows the prototype headliner interior part
composed of PLA and kenaf fiber by carding
process.

Table | shows that the test results on the beadliner
utilizing standard test methods from the automotive
industry. These tests were conducted with prototype
headliner composed of PLA/kenaf 50 wit%. All test
results satisfied the needs for automotive headliner.

Table 1. Mechanical properties of headliner mad of
bio-composites

Assooment Uit Neads Rowk

Teusile | Nemdd | demghaise | oecm | 95 | 1927 [ ox
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3.2 VOCs emission of headliner

Table 2 lists the VOCs emission and formaldehyde
levels, as detected by TDS-GC/MSD, of various
VOCs from the bio-composites. As a result, the
VOCs emission levels of PLA/kenaf bio-composites
were very low emission levels. And formaldehyde
emission levels are also emitted.

Table 2. Formaldehyde and VOCs emission of
prototype headliner

Fig. 3. Prototype headliner composed of PLA/kenaf
VOCs Limited® Headliner fiber bio-composites.
Table 3. Formaldehyde and VOCs emission of
2 2
Formaldehyde 250 2196 prototype package tray
Toluene 1000 4.6 VOCs Limited® Package tray
Xylene 870 0 Formaldehyde 250 89
Benzene 30 0 Toluene 1000 105
Ethyl e 1600 P Xylene 870 Not detected
Benzene 30 Not detected
Styrene 300 ° Ethyl benzene 1600 Not detected
* The standard in Korea.
Styrene 300 Not detected
3.3 VOCs emission of package tray * The standard in Korea.

Table 3 lists the TVOCs emission and formaldehyde
levels of prototype package tray, as detected by
TDS-GC/MSD, of vanows VOCs from the bio-
composites. As a result, VOCs emission levels are
very low. And formaldehyde emission levels are
also emitted. So, VOCs and formaldehyde emission
levels satisfy with the regulation. Figure 3 shows the

prototype package tray.

3.4 Module for automotive interior part

Interior headliner and package tray modules for an
automobile are shown in the photograph of Figure 4
and Figure 5; headliner is the interior ceiling in
automobiles and package tray is shelf. The beadliner
and package module are made of PLA/kenaf 50 wr%.

Fig. 4. Module of headliner made from
PLA/kenaf fiber blocomposite.

Scanned with

& CamScanner’;


https://v3.camscanner.com/user/download

ANEXOS MARCO TEORICO
Anexo 8. Revista en linea Mansur Solar. (30 de septiembre de 2025). Obtenido de

https://www.mansur-solar.com/2023/10/impacto-ambiental-industria-automotriz-y-energia-

limpia/

iLldmanos! 442 199 0885 | energia@mansur-solar.com
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¢Alguna vez te has preguntado cudl es el impacto ambiental de la industria automotriz? ;Te encuentras en
la busqueda de soluciones sostenibles para tu empresa de partes automotrices en México? Si es asi, estas
en el lugar correcto. En este articulo, exploramos el tema de la huella de carbono y cémo tu empresa puede

dar el salto hacia la energia limpia.

La industria automotriz ha sido una pieza fundamental en la economia global durante décadas. Sin
embargo, este éxito ha venido con un alto costo ambiental. Las emisiones de carbono, la contaminacién del

aire y la degradacion del entorno natural son algunos de los problemas que la industria ha enfrentado.

Pero la buena noticia es que la conciencia sobre estos problemas estd en constante aumento, y la industria

automotriz estéd comenzando a tomar medidas para reducir su huella de carbono.

:Qué es la huella de carbono?

Antes de sumergirnos en el impacto de la industria automotriz, es esencial comprender qué significa la 30/09/2028
«huella de carbono». En pocas palabras, es «la suma total de todas las emisiones de gases de efecto
invernadero que han tenido lugar para que se produzca un producto o se realice una actividad». (1) ;Por qué

es relevante? Porque nos permite evaluar el impacto total que nuestras acciones y costumbres tienen sobre

MANSUR SOLAR NOSOTROS v INDUSTRIAL v RESIDENCIAL v ALMACENAMIENTO v

El impacto de la industria automotriz en el medio ambiente

La visién global que se estd adoptando en el sector automotriz, asi como en el resto de las industrias a nivel
mundial con respecto al impacto en el cambio climatico, implica considerar un enfoque holistico. Esto
significa que no solo debemos evaluar el impacto de la planta de manufactura, sino también el impacto del
producto final que se crea. Ademas, es esencial tener en cuenta cémo toda la cadena de suministro y

proveeduria contribuye a este impacto ambiental. Analicemos cémo se desglosa este impacto.

A nivel global, emitimos 36,800 millones de toneladas de CO5 al afio (2). Para ponerlo en perspectiva, el

sector industrial (incluida la industria automotriz) es responsable del 30%, mientras que la movilidad
contribuye con el 19% de las emisiones.

Energia Industria Movilidad  Edificios Agricultura  Silvicultura
I | L L— | =
co, 30 30 19 61 14

% de Emisiones de Diéxido de Carbono por Sector (2019)

Y analizando a detalle el sector de la movilidad, las emisiones de manera porcentual se desglosan de la

siguiente manera:

% de Emisiones de CO, dentro del Sector de Movilidad

TERRESTRE AEREA MARITIMA FERROVIARIA OTROS
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Anexo 9. Biblioteca de la CEPAL. (19 de octubre de 2023). Obtenido de
https://biblioguias.cepal.org/c.php?g=587382&p=4058152

@) NACIONES UNIDAS

Biblioguias - Biblioteca de la CEPAL

Comisién Econdmica para América Latina y el Caribe

Biblioteca CEPAL » Biblioguias » Huella Ambiental y de Carbono en las Exportaciones y el Comercio Internacional » Huella Ambiental @ CEPAL

Huella Ambiental y de Carbono en las Exportaciones 'y
el Comercio Internacional

P pi y Activi de la Comision en relacion al tema.
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La Divisién de Comercio Internacional e Integracion, ha estado b ni

La Divisién de Comercio Internacional e Integracion, ha estado
profundizando en el tema de la huella ambiental y de carbono,
relacionado con la produccién, distribucién, comercio y
consumo de bienes. A través de sus publicaciones, proyectos, y
eventos en los que participa, se crea conciencia acerca de la
importancia de comprender las variables incorporadas en las
actividades relacionadas con el comercio y su impacto en lo
econémico, social y ambiental.

Infografia sobre la Huella de carbono
y el Comercio

La huella de carbono v el comercio

América Latina y el Caribe ya esta sufriendo los efectos del calentamiento global. Producir un bien, exportarlo, consumirlo y
ionar (g emisiones de gases o 1GEI) que son medidas a través de la llamada
5 la:

*huella de carbono". La reducein de esta huella puede ser para hacer
de la regién, especialment las de alimentos.

La huella de carbono o cantidad de ¥ Eneel caso del transporte
carbono incrustado en un producto depende intemacional, la via masftima
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Proyectos

« Proyecto “Huella de Carbono y Exportaciones de Alimentos”
8=
Objetivo: Capacitacion a un publico amplio de
representantes de los gobiernos y exportadores para:
Identificar buenas practicas de gobiernos y empresas para
abordar los requisitos ambientales en la actividad
exportadora y presentar los resultados de los estudios de

caso.

Eventos Anteriores

o Taller Ill de la Red Latinoamericana y del Caribe de la Huella
Ambiental del café. Santiago, Chile - 15-16 Dic 2015 2=
Objetivo: Continuar con la articulacion de los paises de la
region en el proceso de elaboracion del estandar ambiental
europeo del café, a través de las presentaciones de expertos
nacionales y capacitacion en temas metodolégicos
relacionados con el impacto ambiental a trav;és del analisis
de ciclo de vida.

e Seminario Taller "Huella de carbono para productos de
exportacion del sector de alimentos de América Latina:
Practicas empresariales”. Santo Domingo, Republica
Dominicana. 26 de noviembre de 2012 2=
Objetivo: Capacitacion a representantes de los gobiernos y
exportadores sobre la relacién entre comercio y cambio
climatico y las principales metodologias y etiquetados de
huella de carbono experiencias publico-privadas existentes
en cada pais
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Anexo 10. Blog en linea Elementos Amovibles y Fijos no estructurables. (16 de junio de

2016). Obtenido de https://amoviblesio.blogspot.com/2016/06/1.html

Jjueves, 16 de junio de 2016

MATERIALES SINTETICOS - 2

Los materiales plasticos son compuestos quimicos formados por grandes moléculas, llamadas
(moléculas constituidas por mas de mil atomos), de peso molecular muy elevado.
Las macromoléculas se designan también con el nombre de , Y las moléculas que se

combinan para formar un polimero o macromolécula, se conocen como ,que se repiten a
lo largo de toda una cadena.

¢ Un polimero es como si uniésemos con un hilo muchas monedas perforadas por el centro,
al final obtenemos una cadena de monedas, en donde las monedas serian los monémeros
y la cadena con las monedas seria el polimero.

Polietileno
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La palabra plastico deriva del griego plastiko que significa moldeable. Los plasticos son polimeros (del
griego poly, muchos; meros, parte, segmento). Los plasticos pueden definirse como un conjunto de
materiales de origen organico, solidos a temperatura ambiente, facilmente moldeables mediante calor y
de elevado peso molecular.

. , experimentando con el caucho (primer elastomero conocido), se descubrio
que reticulandose (tejido en forma de red) con sulfuro, se vulcanizaba, obteniéndose caucho
sintético, cuyas propiedades elasticas eran excepcionales.

, el cientifico francés Victor Renault logré obtener policloruro de vinilo en laboratorio a
partir de acetileno, cloruro de hidrégeno, de etileno y cloro. Actualmente, y por polimerizacion
de este cloruro de vinilo, se obtiene el cloruro de polivinilo (PVC), empleando perdxidos como
catalizadores. Con aquel descubrimiento, quedaba abierto el camino a la evolucion de los
plasticos.

, se inici6 la produccién técnica de celuloide por parte de los hermanos Hyatt, un
material que fundia a temperaturas muy bajas que no se transformaba bruscamente en
liquido, como los metales, sino que daba una masa plastica y viscosa capaz de adoptar las
formas mas variadas. Ellos patentaron la primera maquina de inyecciéon del mundo.

se inicio la produccion de galatina.
Siguid la produccion de resinas felonicas o baquelitas.

Otra etapa importante en la historia de los plasticos esta marcada por el afio , €n que se
dio un paso decisivo para la verdadera produccion en masa de materias plasticas al
reconocerse las multiples propiedades de aplicacion.

Distribucion de materiales en el automovil.

se utilizaron en 1957 aproximadamente 1,1 kg de plastico
por automovil, siendo en 1970 el consumo de mas de 50 kg, y en la actualidad, los fabricantes emplean
una media de 110 kg por automévil. Se calcula que para los préximos anos, los plasticos utilizados en
los vehiculos seran aproximadamente el 30% del peso. De este porcentaje, en el interior de los turismos
puede llegar al 70%, mientras que en el exterior serd del 30%. Asi pues, fabricantes y proyectistas, en
busca de confort, reduccion de peso y de ruidos, emplean cada vez mas el plastico en los automéviles.
Una simple mirada a los vehiculos que hoy en dia circulan, nos da una idea de la importancia que ha
adquirido la presencia de los plasticos en el automévil, y como han desbancado a los materiales
clasicos.

La mayoria de los plasticos se emplean en el interior del vehiculo: salpicaderos, pulsadores, paneles,
mandos, etc. Asimismo, la aplicacion en la carroceria también estd muy extendida: paragolpes,
portones, capés. elementos de ornamentacion como estriberas. spoilers y alerones.

Las principales que han llevado a los fabricantes de automéviles a incorporar plasticos de
forma masiva han sido:
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Anexo 11. Blog de internet EsPlasticos. (21 de abril de 2021). Obtenido de

https://esplasticos.es/blog/el-coche-del-futuro-la-seguridad-como-eje-central/
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info@esplasticos.es

Quiénes somos Estrategia de la Industria Blog

Movilidad

El coche del futuro: la seguridad como eje
central

21 de abril

A la hora de elegir un coche nos fijamos en muchas cosas siendo una de las mas relevantes la seguridad. Los cinturones de
seguridad, los sistemas de retencion infantil, los airbags o el parachoques, son elementos que intervienen en la seguridad de
los automoviles y estan hechos de plastico. Sin estos materiales, la seguridad seria mucho menor. jVeamos todo lo que los
plasticos hacen por la seguridad en los coches!

S~
EsPlast

info@esplasticos.et

Quiénes somos Estrategia de la Industria Blog

[t e s e i e e s e

¢Cuanto plastico lleva mi
coche?

THE PLASTIC

PERCENTAGE IN

LIGHT VEHICLES
pot

El uso de los plasticos en la fabricacion de vehiculos se

remonta a los anos 20 y, hoy en dia, es dificil imaginar un
vehiculo que no utilice plastico. Un coche moderno medio
que pese 1.500kg contiene entre un 12%-15% de materiales
plasticos. Esto equivale a mas de 2.000 piezas de todos los

MEDIUM SIZ

tamanos y formas, desde las luces hasta los parachoques,

partes del motor, pantallas, techos, airbags cinturones... jse //
podria decir que el plastico es parte de la esencia del coche!
Es por esto por lo que no deberia sorprendernos que el
plastico sea el segundo material mas utilizado en la
automocion después del metal.

e: Association Franaise de Mécanique (AFM)
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Los mayores avances en la seguridad han sido gracias a
los plasticos

Una de las promesas de los vehiculos auténomos es que reduciran drasticamente las colisiones gracias entre otras cosas a su
sensorizacion. Pero, mientras se da esa transicion, esos accidentes que a medio plazo parece que podrian ser evitables,
siguen produciéndose. La seguridad es critica y fundamental. Los cinturones, los airbags, las capas interiores de los
parabrisas, los elementos de seguridad para los peatones en caso de colision, los salpicaderos acolchados y los propios
sensores son, entre muchos otros, objetos que sin el plastico no existirian.

De entre todos los materiales de seguridad hechos de plastico, los airbags son una de las innovaciones de seguridad mas
importantes de las ultimas décadas. Gracias a ellos las muertes de conductores en colisiones frontales se reducen un 29%.

El uso de los plasticos en automocion que ayudan a la
seguridad a dia de hoy

Hoy en dia existe una gran cantidad de objetos en nuestro automovil que esta hecho de plastico. Aqui te mostramos cuales
son las principales piezas hechas de esos materiales.

N info@esplasticos.es

. .
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Body and Exterior Interior Lightweighting
« Composite fenders, truck bed « Seat belts « Light. energy-absorbing
liners « Air bags, side air curtains. bu"n";’:" and instrument
Foam in front pa
. bumpers. .Fmpﬁ;tmu:'nwm 't‘mm,‘";’od’b
« Foam-filled structures Pk orar
« Plastic body panels, fascia « Inflatable and foam on e
frontal barners, side barriers e oo adding on Iove. , |mproved maneuverabilty
« Reflectors, mirrors, rear « Flame retardants
parking assist

« Lighted displays

*Window and windshield
glazing

Powertrain and Chassis
« Composite engine frames. «Plastic fuel lines. system components.
« Plastic cooling tubes with superior e Plastic for electronic (e.g.. crankshaft sensors)
‘stability automatic + Leak prevention (radiators,
«Fuel tank tanks and lines, battery cases

El presente y el futuro de los plasticos en tu coche

A dia de hoy el uso de los plasticos en los automéviles es crucial para una conduccion segura, pero el futuro no esta exento de

importantes retos asociados a la mejora de esa seguridad. Para hacerles frente, los fabri de oviles y la industria
de los plasticos identifican un conjunto de prioridades mientras, entre todos, andamos el camino hacia el coche del futuro.
Veamos qué aplicaciones tienen a dia de hoy la inmensa oportunidad que estos ofrecen de cara a la movilidad del futuro.



https://v3.camscanner.com/user/download

Anexo 12. Joshi, M., Gupta,

A., Netravali, A., & Sahu, O. (2019). Recent advances in lightweight composites
for automotive applications: Materials, manufacturing and performance. Composite

Structures, 216, 201-220. https://doi.org/10.1016/j.compstruct.2019.03.002

El presente y futuro de los materiales
compuestos

Un material compuesto es una combinacion a escala macroscopica de dos o mas
materiales para producir un tercer material.

El disefio de un material compuesto incluye el diseno del propio material y la
estructura. Estos materiales tienen un comportamiento anisotropico, lo cual es una
ventaja inherente, ya que las diferentes orientaciones de las fibras pueden adaptarse
segun las distintas aplicaciones (0°, 90°, £45°).

Su excelente comportamiento frente a corrosion, alta resistencia, buena relacion peso-
rigidez y su alto grado de integracion, son otras de las ventajas del uso de estos
composites. Concretamente, esta ultima permite un ahorro de peso considerable, lo
que supone también ahorro de combustible y la posibilidad de aumentar la carga de
pago de los aviones, siendo asi mas eficientes.

Materiales compuestos en la industria aeronautica

La industria aeronautica ha sido, hasta las ultimas décadas, la abanderada de los
materiales compuestos. Sus beneficios mas que demostrados han hecho que otros
sectores como el edlico, la automocion, el ferroviario o la construccion se hayan unido
al uso de estos materiales. Antes, era el sector aeronautico el que marcaba los pasos
de la tecnologia en composites; ahora, podemos hablar de tecnologias ping-pong en
las que son otras industrias que llevan el paso aventajado y la industria aeronautica la
que extrapola estos conocimientos a sus procesos.

A nivel de materias primas, los materiales termoplasticos se presentan como la
alternativa a los termoestables. Su principal ventaja es la reciclabilidad, en cambio
necesitan altas temperaturas para ser procesados. La nanoingenieria de polimeros

mejora las propiedades de los composites anadiendo nanorefuerzos en la matriz.

En este sentido, el grafeno seguira siendo una de las tecnologias emergentes que
daran mucho juego cubriendo carencias y mejorando la funcionabilidad de las
aplicaciones finales. Los biocomposites también han visto aumentada su demanda.
Este interés es debido a los beneficios que ofrecen desde el punto de vista
medioambiental, ya que permiten reducir la dependencia de materias primas de origen
fosil, asi como las emisiones de gases invernadero a la atmosfera al final de su vida
util.

Industria4.0 y materiales compuestos

En cuanto a la industria 4.0, los procesos fuera de l

autoclave y la integracion en una uUnica estructura | =
T Ultimaker” ™

ya son una realidad. Procesos cada vez mas
automatizados vy la eliminacion de operaciones
intermedias, consolidandolas en una sola etapa,
son algunos de los grandes retos. La industria
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Anexo 13. Kim, H.-S., & Pal, K. (2018). Natural Fibers, Biopolymers, and Biocomposites:
Recent Advances in Automotive Applications. Advanced Composite Materials, 27(1), 1-

15. https://doi.org/10.1080/09243046.2017.1422780 «..euenrerenenniniinieniiinieneenenee 3-4
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Natural Fibers, Biopolymers, and Biocomposites: An Introduction

(Figure 1.1) is a multibillion-dollar business.™ Glass fiber is the dominant
fiber and is used in 95% of cases to reinforce thermoplastic and thermoset
composites. Current research findings show that in certain composite appli-
cations, natural fibers demonstrate competitive performance to glass fibers.
Broadly defined, biocomposites (Figure 1.2) are composite materials made
from natural fiber and petroleum-derived nonbiodegradable polymers like
PP, PE, and epoxies or biopolymers like PLA and PHAs. Composite materi-
als derived from biopolymer and synthetic fibers such as glass and carbon
also come under biocomposites. Biocomposites derived from plant-derived
fiber (natural /biofiber) and crop /bioderived plastic (biopolymer /bioplas-
tic) are likely more ecofriendly, and such biocomposites are sometimes
termed “green composites.”

(1%) Acrospace

HCGURE 1.1
Fiber-reinforced plastic composites used in 2002 — 2.28 x 10" Ib. (Adapted from Plast. News.
August 26, 2002.)

Naturalbiofiber composites (biocomposites®)
1

I 1
Partly ecofriendly Ecofriendly/green
[ — I . 1
Biotiber- Biofber-renewable
petroleun-based plassc resource-based bloplassc
(polypropylene/polyester, (soy plassc/
eic.) cadllulosic plasticPLA, etc.)
1 I I |
Hybrid biocomposites
(fiber blending/matrix blending)

ites made from synmhetic fiber; like
glass and bioplastic; like PLA can also come under ' biocompesite’

AGURE 1.2
Classification of bicbased composites.
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6 Natural Fibers, Biopolymters, and Biocomposites

After decades of development of high-performance artifical fibers like car-
bon, aramid, and glass, natural fibers have gained renewed interest, espe-
cially as a glass fiber substitute in automotive industries. Advantages of
natural fibers over synthetic or man-made fibers such as glass and carbon are
as follows: low cost, low density, acceptable specific strength properties, ease
of separation, carbon dioxide sequestration, and biodegradability. Natural
fiber composites are now emerging as a realistic alternative to wood-filled
and glass-reinforced plastics. Ecofriendly biocomposites have the potential to
be the new material of the 21st century and be a partial solution to many
global environmental problems.

14 Natural/Biofibers as Reinforcements in Biocomposites

The world's supply of natural resources is decreasing and the demand for
sustainable and renewable raw materials continues to rise. In 1997, approx-
imately 25 million metric tons of man-made fibers and about 20 million met-
ric tons of natural fibers were produced worldwide." Biofiber-reinforced
composites represent a potential nontraditional, value-added source of
income to the agricultural community.® Jute is from India and Bangladesh;
coir 15 produced in the tropical countries of the world, with India account-
ing for 20% of the total world production; sisal is also widely grown in trop-
ical countries of Africa, the West Indies, and the Far East, with Tanzania and
Brazil being the two main producing countries; kenaf is grown commer-
cially in the United States; flax is a commodity crop grown in the European
Union as well as in many diverse agricultural systems and environments
throughout the world, induding Canada, Argentina, India, and Russia. Flax
fiber accounts for less than 2% of world consumption of apparel and indus-
trial textiles, despite the fact that it has a number of unique and beneficial
properties. Hemp originated in Central Asia, from which it spread to China,
and is now cultivated in many countries in the temperate zone. Ramie fibers
are the longest and one of the strongest fine textile fibers and mostly avail-
able and used in China, Japan, and Malaysia. The price for natural fiber
varies depending on the economy of the countries where such fibers are
produced.

Most plastics by themselves are not suitable for load-bearing applications
due to their lack of sufficient strength, stiffness, and dimensional stability.
However, fibers possess high strength and stiffness but are difficult to use in
load-bearing applications by themselves because of their fibrous structure.
In fiber-reinforced composites, the fibers serve as reinforcement by giving
strength and stiffness to the structure while the plastic matrix serves as the
adhesive to hold the fibers in place so that suitable structural components
can be made. A broad classification (nonwood and wood fibers) of natural
fibers is represented schematically in Figure 1.3, whereas Figure 1.4 displays
images of several natural fibers with reinforcement potential.
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Anexo 14. Shinde, N., & Patel, D. (2020). Study of composite materials used in automotive
industry. Materials Today: Proceedings, 26(2), 1815-
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1 | INTRODUCTION

Abstract

The relevance of polymer nanocomposites (PNCs) in the automobile industry has
been booming for the last few decades because this kind of material can fulfill the
need for fightweight vehicles, and that leads to low gasoline intake and drain gas
emission. This review covers the fundamental aspects of polymer-based nanocompo-
sites and their application in the automotive sector. Following an introduction that
comprises the need for PNCs and their rewards over traditional materials for
instance, excelent thermal and mechanical strength, eco-friendiiness, affordable cor-
rosion resistance, low density, and <o on. In addition, the review also covers how
these composites can be useful in automotive sector applications. Apart from this,
the second section covers the different synthetic approaches (solution casting, melt
blending, electrodeposition, edectrospinning, in-situ polymerization, and others) for
the manufacturing of PNCs and their characterizations using scanning electron
microscopy, transmission electron microscopy, Fourier transform electron micros-
copy. X-ray diffraction spectroscopy, energy dispersive X-ray analysis, and other
techniques. Afterward, the applications of PNCs in different parts of vehicles such as
automotive coatings, tires, glasses, and inner parts of the vehicles, extra will be dis-
cussed. Finally, discussions related to key areas of PNCs and future perspectives are
explained.

KEYWORDS

automablie applications, characterization, polymeric nanocomposites, synthesis

alloys and metals, structural plastics, fillers made by reinfordng, and
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In recent times, automotive manufacturing companies have been con-
tinuously trying to achieve the vehicle that should consist the parame-
ters bke, low cost of production, lightwelght materials that replace the
metals, decrease the of fuel ption, less emission of
hazardous gases, as well 3s akso surge the safety and comfort of the
vehicle.* The automotive industry ks a materials-based industry that
Is composed of different metals, plastics, and fillers. In the past, the
whole body, roof, bonnet. and cther parts of the car were made of
steel and that causes the high cost of manufacturing and increase the
welght of the vehicke *To clm these prob Inds are put-
ting their emphasis on composite-based materiaks In which various

tactics Is having demerits. Surface post-forming modfications were
often required for structural polymers as well as time-consuming cycle
periods and that increases the cost. In addition, the metals and their
alloys which have lower weight properties have been observing an
upsurge In use, mastly In non-cosmetic compositions, for reducing the
mass. Here, this metal in contrast, consists of the same processing
diadvantages as ron and steel, which generally increase the cost. To
implement the greater stiffness reinforcing fillers are used, for
Instance, mka, talc. and calclum carbonate, at the ame time they
enhanced welght, soften viscosity, as well as reduce toughness, darity
of optical property, and quality of the surface. Though glass-fiber
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Anexo 15. Thermoplastics Selection Guide for Automotive Applications. Protolabs White
Paper.

Disponible en: https://www.protolabs.com/resources/guides/

More than 85,000 commercial options for plastic materials are
listed in materials databases, and, within those, 45 polymer
families can be broadly classified into two categories:
thermosets and thermoplastics. At Protolabs, we primarily
focus on the latter category, offering hundreds of stocked
engineering-grade thermoplastic resins through our rapid
injection molding service. In addition to our stocked supply of

resins, we have the capabilities to support many more
customer-supplied resins as well.

Narrowing down that extensive list of materials can sometimes
seem like a formidable task, so we've prepared this list that
outlines the benefits and applications of some of our most » p a ot

more, this is an example of a plastic injection-molded part using
commonly molded materials. By choosing the right material, polycarbonate material.

Manufactured for a customizable mounting system for iPads, laptops, and

you can improve the form, fit, and function of your parts.

ABS (Acrylonitrile Butadiene Styrene)

Benefits: ABS is a tough, impact-resistant plastic that is widely used across many different industries. It has low shrink and high
dimensional stability, and it has good resistance to acids and bases. ABS is a good choice for handheld consumer devices. It's also
relatively inexpensive.

Applications: cosmetic parts, handheld devices, housings, and moldings for electrical tools, remote controls, computers, telephone
components.

Considerations: ABS-molded parts will show knit lines and can have sink and voids in thick areas. Reduction of sink can possibly be
had by switching to an ABS/PC-blended material. ABS also mates well to PC parts.
ABS/PC

Benefits: ABS/PC combines the strength and heat resistance of polycarbonate with the flexibility of ABS. ABS/PC also provides
improved processing during injection molding, increased toughness and dimensional stability, higher heat resistance than ABS, and
improved low temperature impact resistance than PC.

Applications: These blends are typically used in the automotive, electronic, and telecommunications industries among others
applications.

Considerations: ABS/PC materials oftentimes can minimize thick molding concerns found in ABS or PC materials when molded
alone. It is frequently used when increased mechanical properties are required when using ABS or when & lower cost PC is required.

PC (Polycarbonate)

Benefits: PC is strong and extremely impact resistant with low shrink and good dimensional stability. It's & transparent plastic that is
available in optically clear grades. PC has good heat resistance and accepts high cosmetic finishes well.

Applications: Lenses, indoor and outdoor lighting, cell phone housings, electrical components, medical devices, bulletproof glass.

Considerations: There can be sensitivities in thick sections of parts that may cause voids, bubbles and sink, and PC parts possess
poor chemical resistance. An ABS/PC blend is a good alternative for opaque parts with these issues, and Acrylic (outlined below) is
another option for parts with thick geometries.

PA or PPA (Aliphatic Polyamides)

Benefits: There are many types of PAs, or nylons (4, 6/6, 6, 6/10, 6/12, 12, etc.), each with its own advantages. Generally, nylon parts
provide high strength and high-temperature strength, especially when reinforced, and are chemically resistant, except to strong acids
and bases. Some, like nylon 6/6, offer great hardness and stiffness, and are abrasion resistant. Nylon 6 is extremely hard and tough at

lonss somngroturge it audan /19 hoo shg hotegr imnart ctronnth
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Anexo 16. Plastics: Thermoplastics, Thermosets, and Elastomers. En: Handbook of Polymer
Applications in Medicine and Medical Devices, pp. 360-375. Wiley.
https://doi.org/10.1002/9780470172551.Ch1l covviiriiiiiiie i 1-4

6 Thermoplastic Elastomers

Geoffrey Holden

Holden Polymer Consulting, Incorporated, PMB 473, 1042 Willow Creek Road, A101 Prescolt, AZ

B5305-1670, USA

6.1 Introduction

Thermoplastic elastomers have become a significant pant
of the clastomers industry since they were first produced
about 55 years ago. Several books [1—-3] and articles [4—6]
have covered this subject in detail. Two of the books [1,3)
concentrate mostly on the scientific aspects of these poly-
mers, while the other [2] concentrates on their end uses.

The properties of thermoplastic elastomers in relation to
other polymers are summarized in Table 6.1. This table
classifies all polymers by two charactenstics—how they are
processed (as thermosets or as thermoplastics) and the
physical properties (rigid. flexible. or rubbery) of the final
product. All commercial polymers used for molding. extru-
sion, etc., fit into one of the six resulting classifications—the
thermoplastic elastomers are the newest. Their outstanding
advantage can be summarized in a single phrase—they allow
rubber-like articles to be produced using the rapid processing
techniques developed by the thermoplastics industry. They
have many physical properties of rubbers, e.g., softness,
fexibility, and resilience. However, they achieve their prop-
erties by a physical process (solidification) compared to the
chemical process (crosslinking) in vulcanized rubbers.

Table 6.1 Comparison of thermoplastic elastomers with

conventional plastics and nubbers
Thermosetting Thermoplastic
Rigd Epaxies Polystyrene
Phencl-formaldetyde Palypropylene
Urea-formakdetyde Poly{vinyl
chioride)
High-density
. polyetriene
Flexile Highly filled andice Low-density
highly vulcanized polyetiyiene
rubbers
EVA
Plasticized PVC
Rubbery | viscanized rubbers Thermoplastic
(NR, SBR, IR, etc.)
Elastomers

Applied Plstico Handbook
Cogryraght © 2011 Elsevier Inc. All rights reserved

In the terminology of the plastics induwstry. vulcanization is
a thermosetting process. Like other thermosetting processes,
it is slow, irreversible, and takes place upon heating (see
Chapter 7). With thermoplastic elastomers, on the other hand,
the transition from a processable melt to a solid, rubber-like
object is rapid, reversible, and takes place upon cooling
(Figure 6.1).

Thus thermoplastic clastomers can be processed using
coaventional plastics techniques, such as injection molding
and extrusion; scrap can be recycled. Addmtionally, some
thermoplastic elastomers are soluble in common solvents and
so can be processed as solutions.

At higher temperatures, the properties of thermoplastic
clastomers are usually mot as good as those of the
conventional vulcanized rubbers. Applications of thermo-
plastic clastomers are, therefore, in areas where these
properties are less important, e.g., footwear, wire insu-
lation, adbesives, polymer blending, but not in areas such as
automobéle tires.

6.2 Classification and Structure

Thermoplastic elastomers can be divided into six basic
types:

e Styrenic thermoplastic elastomers

e Multiblock copolymers

e Hard polymer—elastomer combinations
o Graft copolymers

Thermoplastic Elastomers
Heat
Svong, Enstc ——————3  ‘Weak Prozessabie
Salias —— ——  Fuds
Ceol
Conventional Vulcanizates
Weak Processable % M8 . gyong, Easse
Fluds Solds
Figure 6.1 Polymer transiSons.
n
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e lonomers

e Care-shell morphologies

Only the first three are commercially important.

Almost all thermoplastic elastomers contain two or more
distinct polymeric phases and their properties depend on these
phases being finely and intimately mixed. In some cases, the
phases are not chemically bonded, but in others they are linked
together by block [2] or graft copolymerization.

At least one elastomeric phase and one hard phase must be
present, and the hard phase (or phases) must become soft and
flusd at higher temperatures so that the material as a whole
can flow as a thermoplastic.

6.2.1 Styrenic Thermoplastic
Elastomers

These are based on simple molecules such as an A-B-A
block copolymer, where A is a polystyrene and B an elastomer
segment | 12,37 8]. If the elastomer is the main constituent, the
polymers should have a morpbology similar to that shown in
Figure 6.2. Here, the polystyrene end segments form separate
spherical regions, i.c.. domains, dispersed in a continuous
clastomer phase. Most of the polymer molecules have their
polystyrene end segments in different domains. At room
temperature, these polystyrene domains are hard and act as
physical crosslinks, tying the clastomeric mid-segments
together in a three-dimensional network. In some ways, this is
similar to the network formed by vulcamizing conventional
rubbers using sulfur crosslinks. The difference is that in ther-
moplastic elastomers, the domains lose their strength when the
material is heated or dissolved in solvents. This allows the
polymer or its solution to flow.

When the material is cooled down or the solvent is
evaporated, the domains harden and the network regains its
ongimal integnity.

|___ Polystyrene
Daomain

= Elagtomes
Mid Segment

0.1 pum
Figure 6.2 Morphology of styrenic block copolymers.

AprpLIED PLasSTICS ENGINEERING HANDBOOK

Analogous block copolymers with only one hard segment
(e.g.. A-B or B-A-B) have quite differemt properties. The
clastomer phase cannot form a costinuous interlinked
network, since only one end of each elastomer segment is
attached to the hard domains. These polymers are not ther-
moplastic elastomers, but are weaker materials similar to
umvulcanized synthetic rubbers [8].

In commercial applications, three clastomeric nud-
segments have been used for many years—polybutadiene,
palyisoprene, and poly(ethylene-butylene ). The corresponding
block copolymers are referred to as S-B-S, S-1.5S and S-EB-S.
Later, polymers with poly(ethylene-propylence) mid-segments
(S-EP-S) were introduced. A more recent development, now
commercialized, is styrenic block copolymers with an isobu-
tylene mid-segment (S4B-S) [9.10]. These can also be
produced with substituted polystyrene end segments.

6.2.2 Multiblock Copolymers

The multiblock copolymers have structures that can be
written as A-B-A-B-A.B-A-B-... or (A-Bn. For most of
those of commercial importance, the hard (A) segments are
crystalline thermoplastics while the softer, elastomeric (B)
segments are amorpbous. In best known types, the hard
segments are thermoplastic polyurethanes [10], thermo-
plastic polyesters [11], or thermoplastic polyamsdes [12] and
the soft segments are cither polyesters or polyethers. Similar
materials have been recently introduced in which the hard
segments are polyethylene [13,14) or polypropylene [13—16]
and the soft segments are copolymers of cthylene and
a-olefins such as propylene, lbutene, l-hexene, and
l.octene. The morphology of these (A-Bwm multiblock
copolymers is shown diagrammatically in Figure 6.3. Another
type of (A-B)r multiblock copolymer has hard segments of
polyetherimides (these are amorphows ) and polysiloxane soft
segments [17].

The structure shown in Figure 6.3 has some similarities to
that of a poly(styrene-b-clastomer-b-styrene) eguivalents
(Figure 6.2) and also some important differences. First, the

Soft
i~ B 8locks

™~ Hard
V- A Blocks

Crystaline
|~ Regions

™ Amaorphous
Regions

Figure 6.3 Morphology of multiblock polymers with crystalline
hard segments.

Scanned with

& CamScanner’;


https://v3.camscanner.com/user/download

G. HoLpex

hard domains are much more mterconpected. Second, in
most cases, they are crystalline. Third, each long (A-Bn
molecule may run through several hard and soft regions. A
list of thermoplastic elastomers based oa block copolymers
of all types is given in Table 6.2.

6.2.3 Hard Polymer—Elastomer
Combinations

Other thermoplastic elastomers are not block copolymers,
but instead are fine dispersions of a hard thermoplastic
polymer and an elastomer. Some of these are simple blends,
while others are produced by dynamic vulcanization (see
later). A list of the various polymers used to produce ther.
moplastic elastomers based on hard polymer—elastomer
combinations of all types is given in Table 6.3.

The two materials usually form interdispersed co-contin-
uous phases with a final morphology similar to that shown in
Figure 6.4.

79

Polypropylene s often chosen as the hard thermoplastic
becawse #t is readily available, low priced, and solvent
resistant, and has a high crystal melting point (165 °C).
Combinations with cthylene—propylenc—diene monomer
(EPDM) or ethylene—propylene copolymer (EPR) are the
most important commercial products based oa polypropylene
[13—15.28]: other elastomers that can be used include nitrile
[28], butyl [29]. and natural [30] rubbers. Softer. more impact
resistant materials can be produced by using propylene
copolymers as the hard phase [13,14]. Halogen-containing
polyolefins [33] are another option. Two examples are blends
of PVC with nitrile rubber [31—33] and blends of halogen-
ated polyolefins with ethylene interpolymers [33). Mixtures
of the last two polymers are claimed to give a single phase
system.

In these blends, dispersion of the two phases is most often
achieved by intensive mechanical mixing, but in the poly-
propylene—EPR  combimations, polymerizing the finely
dispensed elastomer phase simultancously with the hard
polypropylene is possible [13—15).

Table 6.2 Thermoplassc elastomers based on block copolymers

Hard Segment A Soft or elastomeric segment B Structure® References
Polystyrene Polybutadiene and polyisoprene T.B 1-8
Polystyrene Poly{ethylene-co-butylene) and T 1-7
Poly{ethylene-co-propylene)
Polystyrene and substituted Polyiscbutylene T.B £l
polystyrenes
Poly(a-methylstyrene) Polybutadiene, polyisoprene T 7
Polyurethane Polyester and polyether 2] 10
Polyester Polyeter M 11
Polyamide Polyester and polyether M 12
Polyethylene Polyla-clefins) M 13-15
Polyethylene Poly{ethylene-co-butylene) and T 13,14
Poly(ettylene-co-propylene)
Polypropylene(isotactic) Poly{a-clefins) M 13,
Polypropylene(isotactic) Polypropylene(atactic) M 13, 14
Polypropylene(isotactic) Poly(ethylene-co-propytene) o 13, 16
Polyetherimide Polydmethyisiloxane Z 17
Polystyrene Polydmethyisiloxane ™M 18
Poly(a-methylstyrene) Polydmethyisiloxane T 7,18
Polysulfone Polydmethyisiloxane M 19
Poly(siphenylene sioxane) Polydmethyisiloxane M 20
Polycarbonate Polydmethylsiloxane M 2-24
Polycarbonate Polyether M 2626
Poiymethyl methacrylate Pobytalkyl acrylates) T.B 27

*T, Triblock, A-8-A; B, branchod, (A-Blx; M, mutibiock, A-B-A-BA-.; M, mixod structures, including mulhiock.
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TABLE 1 Designations for Speed of Testing*

Nominal
Speed of Testng, Strain® Rate at

-
Cassifcaton®  Specimen Type prariy ) smu’rm
(inSn.min)
Rigid and Semirigid 1, 1, 1l rods and 5(02)225% o1
bes
S02)z10% 1
S00(20):10% 10
v 5(02):25% 015
S02)=z10% 15
S00(20):10% 15
v 1(005)226% o1
10(05)+25% 1
100 (5)= 25 % 10
L Nonrigid m 50(2)+10% 1
S00(20):10% 10
v S0(Z)=210% 15
500 (20) =+ 10% 15
“Seloct the lowest speed that produces rupture in 0.5 %0 5 min for the specimen
gounﬂybwvmﬂ(mszl
'See Terminology DEE3 for definitions.
g cannot be for haped

“The inlal rate of exactly

of both in the reduced section cutside the gage
lengh and in the fillets. This inial strain rate can be measured from the initial slope
of the wersie strain-versus-time diagram.

the speed is not specified, use the lowest speed shown in Table
I for the specimen geometry being used, which gives rupture
within 0.5 to 5-min testing time.

8.3 Make modulus determinations at the speed selected for
the other tensile properties when the recorder response and
resolution are adequate.

9. Conditioning

Suandard Length, L, of S . . .
Nominal Diam-  Length of Radial me Spacimen %o Be Used 9.1 Cr'mduummx—Condmon lhc test specimens in accor-
eter Sections, 2RS. | oo of Specmen ¥ B3O (354n) dance with Procedure A of Practice D618, unless otherwise
Jums” specified by contract or the relevant ASTM material specifica-
mm (in} tion. Conditioning time is specified as a minimum. Tempera-
32 (') 19.6 (0.773) 356 (14.02) 381 (15) idity i i
o bt o S61(14200  3m1 {15y ture Vand humidity 'lolcranccs shall be in accordm with
6.4 (%) 27.7 (1.091) 364 (14.34) 331 (15) Section 7 of Practice D618 unless specified differently by
9.5 (%) 339 (1.333) 370 (14.58) 331 (15) contract or material specification.
127 (%) 39.0 (1.535) 376 (14.79) 400 (15.75) -
159 (%) 435 (1.714) 380 (14.96) 400 (15.75) 9.2 Tesr Condirions—Conduct the tests at the same tempera-
gg:}?; ;Z: onsm x::;;% g:::;—;: ture and humidity used for conditioning with tolerances in
254 (1) 547 (2.154) 391 (1540) 419 (165 :wccfdamc with Section 7 of Practice D618, unlc.ss mhc{wnsc
NB(1%) 60.9 (2.398) 398 (15.65) 419 (16.5) specified by contract or the relevant ASTM material specifica-
381 (1%) 66.4 (2615) 403 (1587) 419 (16.5) tion.
425 (1%) 714 (2812) 408 (16.06) 419 (16.5)
508 {2) 76.0 (2.993) 412(16.24) 432 (17)

“For jaws greater than 89 mm (3.5 in), the standard length shall be incroased by
twice he langth of e jaws minus 178 mm (7 in.). The standaed length permits a
sippage of approximataly 6.4 to 12.7 mm (025 %0 050 in.) in each jaw whic
maintaining the maximum length of the jaw grip.

FIG. 3 Diagram Showing L
in Testing Machine

of Rod Te Test S,

idle may be used, if it can be shown that the resulting speed of
testing is within the limits of vaniation allowed.

8.2 Choose the speed of testing from Table 1. Determine
this chosen speed of testing by the specification for the material
being tested, or by agreement between those concerned. When

10. Procedure

10.1 Measure the width and thickness of each specimen to
the nearest 0.025 mm (0.001 in.) using the applicable test
methods in D5947.

10.1.1 Measure the width and thickness of flat specimens at
the center of each specimen and within 5 mm of each end of the
gage length.

10.1.2 For injection molded specimens. the actual measure-
ment of only one specimen from each sample will suffice when
it has previously been demonstrated that the specimen-to-
specimen variation in width and thickness is less than | %.

10.1.3 For thin sheeting, including film less than 1.0 mm
(0.04 in.), take the width of specimens produced by a Type IV
die as the distance between the cutting edges of the die in the
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T 1 e I:u
w W,
= T -
~{
R L T
4]
o 1
TYPESLIL AV
" W l
wfer
L
[+]
w
TYWE IV
g s for T, mm fny*
7 (0.28) or under Owver 7 %0 14 (0.28 10 055), Ind 4 (0.16) or undar
ot (se0 ¥ co
Type | Type II Type W Type V¥ Type V
We-Wicth of namow section®* 13 (0.50) 6 (0.25) 19 (0.75) 6 (0.25) 3.18 (0.125) 20.5 (z0.02)%<
LLangth of nasrow section 57 (2.25) 57 (225) 57 (2.25) 33(1.30) 9.53 (0.375) £0.5 (20.02)°
WO-—-Width overall, min® 19 (0.75) 19 (0.75) 29 (1.13) 19 (0.75) +64(+025)
WO--Width overall, min® — 9.53 (0.375) +3.18(+ 0125
LO-Length overall, min’* 165 (B.5) 183 (7.2) 246 (9.7) 115 (4.5) 635 (25) no max (no max)
G—Gage length’ 50 (2.00) 50 (2.00) 50 (2.00) 7.62 (0.300) £0.25 (20.010)°
G—Gage langth' . 25 (1.00) 20.13 (20.005)
D—Distance betwaen grips 115 (4.5) 135 (53) 115 (45) €5 (2.5 254 (1.0) 25 (20.2)
A-Radus of filet 76 (3.00) 76 (3.00) 76 {3.00) 14 (0.56) 12.7 (0.5) +1 (£0.04)°
RO-Outior radus (Type IV) - . 25 (1.00) 21 (20.04)
“Thickness, T, shall be 3.2= 0.4 mm (0.13 = 0.02 in.) for al types of moided specimens, and for other Types | and | sp whare ] are
from sheets or plates, thickness, 7, shall be the thickness of he sheet or plate provided this does not excoed the range stated for he intended spedmen type. For sheats
of nominal thickness groater than 14 mm (0.55 in.) he shall be to 14 = 0.4 mm (0.55 £ 0.02 n.) in thickness, for use with the Type IIl specimen. For
sheets of nominal thickness between 14 and 51 mm (0.55 and 2 in.) appx y equal shal be h from each surk For thicker sheets both surlaces
of the sp shall be and he of the sp with to the original thickness of he sheat shall be noted. Tolerances on thickness less than

14 mm (0.55 in.) shall be hose standard for the grade of material tested.
'mewwmmmm-mmnmmmmmmwnam:wmqomzmnymmmmymmm
C n Test Methods D412,

%WV shal be machined or die cut 10 the dmensions shown, or moided in a mold whose cavity has these dmensions. The dmensions shall ba:
Ww3.18 = 0.03 mm (0.125 = 0.001 in.),

L»953 = 0.08 mm (0.375 = 0.003 in.),

G»7.62 £ 0.02 mm (Q.300 = 0.001 in), and

A=12.7 = 0.08 mm ({0.500 = 0.003 n.).

The other tolerances are those in the table.

©Supporting data on the ofthe L sp of Test D1822 as e Type V specimen are avalable from ASTM Headgquaners. Request RRD20-1038.
‘nuwmdmmnmww,snubo‘aoom-o.iomunooonm-ammwmmwnmmdmmmm
rechuction in W at the center shall be gradual, equally on each side o !hat no abrupt changes in dmension result.
‘Fammmamurumo.ismmnosmumunmlo’lmumw.iamhmsummwm
shal be taken into account when caloudating widh of the specimen. Thus a typical section of a ded Type | having the draf, could be
as follows:

“Overal widths greater than the minimum indicated are used for some materials in order 10 avoid breaking in the grips.

“Overall lengths greater than the minimum indicated are used for some materials % avold breaking In he grips or to satisty special test requirements.

“Test marks or inisal exsensometer span.

“When selt-tightening grips are used, for highly poly the 1 grips will depend upon the types of grips used and may not be critical if
maintained uniform once chosen.

FIG. 1 Tension Test Specimens for Sheet, Plate, and Molded Plastics
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rMIM
Z
s
/:
L
AE
F: 1.6 mm Rad.
s {0.063 in.mm)
-
Machine to L
7 mm 60% of
(2.25in.) Norrinal
Wiall Thickness
70 mm Rad.
E#‘ (3.00n)
b S 1.6 mm Rad.
/ (0.063 in. )
51 mm, min,
(2.00 in.) )
25 mm (1.00 in.)
—_ .
89 mm, min.
(3.50 In.)

DIMENSIONS OF TUBE SPECIMENS

Standard Length, L,

Nominal wai  Length of Radal  Total Cakulited "oy eponiman i Be
™ Used for 89-mm
2RS. Length of Specimen (3.54n) JawsA
mm (i)
0.79 (153) 13.9 (0.547) 30 (13.80) 381 (15)
1.2 P%d) 17.0 {0.670) 354 (1392) 381 (15)
156 (%) 19.6 {0.773) 366 (18.02) 381 (15)
24 (4s) 24.0 (0.945) 361(1420) 381 (15)
3.2 (%) 27.7 (1.081) 364 (1434) 381 (15)
43 (a) 33.9 (1.333) 370 (1458) 381 (15)
6.4 (V) 39.0 (1.535) 376 (1479) 400 (15.75)
7.9 (%a) 435 (1.714) 380 (14.95) 400 (15.75)
95 (%) 47.6 (1.873) 384(1512) 400 (15.75)
1.1 (e ) 51.3 (2.019) 388 (1527) 400 (15.75)
127 (%) 54.7 (2.154) 91 (15.80) 419 (165)

“For jaws greater han 89 mm (3.5 in), the standard length shall be increased by
twice the kngth of e jaws minus 178 mm (7 in.). The standard length permits a
sippage of approximately 6.4 to 12.7 mm (025 % 050 n.) n each jaw whic
maintaining the maximum length of the jaw grip.

FIG. 2 Diagram Showing Location of Tube Tension Test Speci-
mens in Testing Machine

machining shall be 60 % of the original nominal wall thick-

ness. This groove shall consist of a straight section 57.2 mm
(2.25 in.) in length with a radius of 76 mm (3 in.) at each end
joining it to the outside diameter. Steel or brass plugs having
diameters such that they will fit snugly inside the tube and
having a length equal to the full jaw length plus 25 mm (1 in.)
shall be placed in the ends of the specimens to prevent
crushing. They can be located conveniently in the tube by
separating and supporting them on a threaded metal rod.
Details of plugs and test assembly are shown in Fig. 2.

6.3 Rigid Rods—The test specimen for rigid rods shall be as
shown in Fig. 3. The length, L, shall be as shown in the table
in Fig. 3. A groove shall be machined around the specimen at
the center of its length so that the diameter of the machined
portion shall be 60 % of the original nominal diameter. This
groove shall consist of a straight section 57.2 mm (2.25 in.) in
length with a radius of 76 mm (3 in.) at each end joining it to
the outside diameter.

6.4 All surfaces of the specimen shall be free of visible
flaws, scratches, or imperfections. Marks left by coarse ma-
chining operations shall be carefully removed with a fine file or
abrasive, and the filed surfaces shall then be smoothed with
abrasive paper (No. 00 or finer). The finishing sanding strokes
shall be made in a direction parallel to the long axis of the test
specimen. All flash shall be removed from a molded specimen,
taking great care not to disturb the molded surfaces. In
machining a specimen, undercuts that would exceed the
dimensional tolerances shown in Fig. | shall be scrupulously
avoided. Care shall also be taken to avoid other common
machining errors.

6.5 If it is necessary to place gage marks on the specimen,
this shall be done with a wax crayon or India ink that will not
affect the material being tested. Gage marks shall not be
scratched, punched, or impressed on the specimen.

6.6 When testing materials that are suspected of anisotropy.
duplicate sets of test specimens shall be prepared. having their
long axes respectively parallel with, and normal to, the
suspected direction of anisotropy.

7. Number of Test Specimens

7.1 Test at least five specimens for each sample in the case
of isotropic materials.

7.2 For anisotropic materials, when applicable, test five
specimens, normal to, and five parallel with, the principle axis
of anisotropy.

7.3 Discard specimens that break at some flaw, or that break
outside of the narrow cross-sectional test section (Fig. I,
dimension “L"), and make retests, unless such flaws constitute
a variable to be studied.

Nome 10 Before testing, all transparent specimens should be inspected
in a polanscope. Those which show atypical or concentrated strain

patterns should be rejected. unless the effects of these residual strains
coastitute a variable to be studied

8. Speed of Testing

8.1 Speed of testing shall be the relative rate of motion of
the grips or test fixtures during the test. The rate of motion of
the driven grip or fixture when the testing machine is running
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Nore—This figure shows a typical fog collector arrangement for a single atomizer tower cabinet. The same fog coll ar

/ L

Fog Chamber

for multiple atomizer tower and horzontal (“T7 type) atomizer ower cabinet constructions as well.
FIG. 1 Arrangement of Fog Collectors

10.2 Atomization and Quantity of Fog—Place at least two
clean fog collectors per atomizer tower within the exposure
zone so that no drops of solution will be collected from the test
specimens or any other source. Position the collectors in the
proximity of the test specimens, onc nearest to any nozzle and
the other farthest from all nozzles. A typical arrangement is
shown in Fig. 1. The fog shall be such that for cach
80 cm” (12.4 in.%) of horizontal collecting arca, there will be
collected from 1.0 to 2.0 mL of solution per hour based on an
average run of at least 16 h (Note 9). The sodium chloride
concentration of the collected solution shall be 5 = 1 mass %
(Notes 9-11). The pH of the collected solution shall be 6.5 to
7.2. The pH mecasurement shall be made as described in 8.2
(Note 3). Both sodium chlonde concentration (measured as
specific gravity) and volume of condensate collected (mea-
sured in mL) shall be recorded once daily (except on week-
ends, or holidays when the salt spray test is not interrupted for
€Xposing, rearranging, or removing test specimens or to check
and replenish the solution in the reservoir. The maximum
interval between these data collection measurements shall not
exceed 96 h).

Nore 9—Suitable collecting devices are ghass or plastic funnels with
the stems 1 d through stoppers o gradi d cylinders, or crystal-
lizing dishes. Funnels and dishes with a diameter of 10 cm (3.9 in.) have
an area of about 80 cm® (124 in.%).

Nore 10—The specific gravity of salt solution will change with
temperature. Table 3 shows salt concentration and densily versus tempera-
ture’ and can be used o determine if the sample meassured & within

specification. The sample 10 be measured may be a composite sample from
muluple fog-collecting devices within a single cabinet, if necessary, 1o
obtan sufficient soluti i for

Table 3 shows the salt concentration and salt density of 4%, 5% and 6%
salt solution between 20°C and 40°C. A measurement that falls within the
range between 4% and 6% is acceplable.

It 15 important 10 und i the being used 0 measure
specific gravity. One common practice for specific gravity measurement is
the use of a hydrometer. If used. careful attention 1o the hydrometer type
18 important as most are manufactured and calibrated for measurements af
15.6°C (60°F). Since salt densaty is temperature dependent, an offset will
be necessary 10 make an accurale measurement al other lemperatures.
Contact the hydrometer manufacturer to find the proper offset for the
hydrometer being used.

Nore 11—Salt solutions from 2 10 6 % will give the same results,
though for uniformaty the limits are set at 4 10 6 %.

10.3 The nozzle or nozzles shall be so directed or baffled
that nonc of the spray can impinge directly on the test
specimens.

11. Continuity of Exposure

11.1 Unless otherwise specified in the specifications cover-
ing the matenial or product being tested, the test shall be
continuous for the duration of the entire test period. Continu-
ous operation implies that the chamber be closed and the spray
operating continuously except for the short daily interruptions
necessary to inspect, rearrange, or remove test specimens, to
check and replenish the solution in the reservoir, and to make
necessary recordings as described 1n Section 10.

Nore 12—Operations should be so scheduled that the ¢ Lalive
time for these mterruptions are held 1o 60 man or less per day.

* “Thermodynamic Properties of the NaCl + H20 system 1. Th dy
Properties of NaCl{aq), NaCL.2H2O(cr), and Phase Equilibeia,”  Jowmal of Physics
and Chemistry Reference Dara, Vol 21, No. 4, 1992,

It is recommended to have oaly one interruption per day if possible. If
interruplion time s longer that 60 man, it should be noted in the test report.
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TABLE 3 Temperature versus Density Data

Temperature Density, glem®
TeH 4-percent Salt Concentration 5-percent Sait Concentration G-percert Satt C
20 (68) 1.025758 1.032350 1.038867
21 (69.8) 1.028480 1.032067 1.038560
2z (118) 1.025193 1.031766 1.036245
23(734) 1.024899 1031458 1037924
24 (782) 1.024596 1.08142 1.037596
257 1.024286 1.030819 1.037261
26 (788) 1.023969 1.030485 1036919
27 (808) 1.023643 1.030152 1.036570
28 (824) 1.0z 1.020808 1036215
29 (842) 1.022971 1.020457 1.035853
30 (86) 1.022624 1.020099 1.035485
31 (878) 1.022270 1.028735 1.035110
32 (89.6) 1.021910 1.028354 1034729
33 (914) 1021842 1.027986 1034343
34 (932) 1.021168 1.027602 1.033950
35 (98) 1.020787 1021212 1.033551
35 (96.8) 1.020399 1.026816 1033146
37 (98.6) 1.020006 1026413 10327358
38 (100.4) 1.015605 1.026005 1.032319
39 (1022) 1.019199 1.028530 1031897
40 (104) 1.018786 1.025170 1.031469

12. Period of Exposure

12.1 The period of exposure shall be as designated by the
specifications covering the material or product being tested or
as mutually agreed upon between the purchaser and the seller.

Nore 13—Rec led exp periods are to be as agreed upon
between the purchaser and the seller, but exposure peniods of multiples of
24 h are suggested.

13. Cleaning of Tested Specimens

13.1 Unless otherwise specified in the specifications cover-
ing the material or product being tested, specimens shall be
treated as follows at the end of the test:

13.1.1 The specimens shall be carefully removed.

13.2 Specimens may be gently washed or dipped in clean
running water not warmer than 38°C (100°F) to remove salt
deposits from their surface, and then immediately dried.

14. Evaluation of Results

14.1 A careful and immediate examination shall be made as
required by the specifications covering the material or product
being tested or by agreement between the purchaser and the
seller.

15. Records and Reports

15.1 The following information shall be recorded, unless
otherwise prescribed in the specifications covering the material
or product being tested:

15.1.1 Type of salt and water used in preparing the salt
solution.

15.1.2 All readings of temperature within the exposure zone
of the chamber.

15.1.3 Data obtained from cach fog-collecting device of
volume of salt solution collected in millilitres per hour per
80 cm™(12.4 in?).

15.1.4 Concentration or specific gravity of collected solu-
tion and the temperature of that solution when measured.
Follow Table 3 for salt concentration and density versus
temperature to determine that the sample measured is within
specification. Sample to be measured may be a composite
sample from multiple fog-collecting devices (within a single
cabinet), if necessary to obtain sufficient solution volume for
measurement.

15.1.5 pH of collected solution at 23 *= 3°C (73 = 5°F).
Sample to be measured may be a composite sample from
multiple fog-collecting devices (within a single cabinet), if
necessary to obtain sufficient solution volume for measure-
ment.

15.2 Type of specimen and its dimensions, or number or
description of part,

15.3 Method of cleaning specimens before and after testing,

15.4 Method of supporting or suspending article in the salt
spray chamber,

15.5 Description of protection used as required in 6.5,

15.6 Exposure period,

15.7 Interruptions in exposure, cause, and length of time,
and

15.8 Results of all inspections.

Nore 14—I1f any of the atomized salt solution whach has not contacted
the test specimens 1s returned 10 the reservoir, it 18 advisable to record the
concentration or specific gravity of this solution also.

16. Keywords

16.1 controlled corrosive environment: corrosive condi-
tions: determining mass loss: salt spray (fog) exposure
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X1.5 Types of Construction

TABLE X1.1 Operating Characteristics of Typical Spray Nozzle

X1.5.1 A modern laboratory cabinet is shown in Fig. X1.1. m A: m::’f:'; el —— -cm%
Walk-in chambers arc usually constructed with a sloping .om 34 69 103 138 34 69 108 138
ceiling. Suitably located and directed spray nozzles avoid -3~ 2& o S -
ceiling accumulation and drip. Nozzles may be located at the 0 19 265 N5 3B 0 1380 3000 3710
ceiling, or 0.91 m (3 ft) from the floor directed upward at 30 to 40 19 266 385 36 O 780 2124 2904
60° over a passageway. The number of nozzles depends on type -

. . Air Flow, Soluson
and capacity and is related to the area of the test space. An 11 Sphon Umin mLh
to 19 L (3 to 5-gal) reservoir is required within the chamber, ng | Air Pressure, psi Ar ﬁn. psi
. : alkoin v 5 10 15 20 5 10 15 20

\kllk.l the Icw.:I cor.ltmllod.. Thc major features of a walk-in type T 5 SE 3l % St 5 T35
cabinet, which differs significantly from the laboratory type. 8 19 265 :5 3B 636 2760 3720 4320
are illustrated in Fig. X1.2. Construction of a plastic nozzle, 12 19 265 N5 X 0 1380 3000 3710
such as is furnished by several suppliers, is shown in Fig. X1.3. M. . : -

TABLE X1.2 Temperature and Pressure Requirements for

Operation of Test at 95°F
Air Pressure, kPa
83 % 110 124
Temperature, “C 46 47 48 49

Air Pressure, q
1 14 1 1

Temperature, “F 114

n7z

19

121
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Ay D 4329

7.22 Cycle B:
8 h UV with uninsulated black panel femperature controlled at 70 =
¥Cc
4 h condensation with uninsulated black panel temperature con-
trolled at 50= 3°C
(Typically used for automotive applications)

7.23 Cycle C:

8 h UV with uninsulated black panel femperature controlled at 50 =
3Cc

4 h condensation with uninsulated black panel temperature con-
trolled at 50= 3°C

(Typically used for plassc buikling products)

7.3 Practice G 154 lists several other exposure cycles that
arc used for fluorescent UV exposures of nonmetallic materi-
als. Obtain mutual agreement between all concerned parties for
the specific exposure cycle used.

7.4 In order to minimize any cffects from temperature or
UV light vanation, reposition the specimens as follows. Fig. 1
shows a diagram of the specimen repositioning.

7.4.1 Reposition the specimens horizontally once per week
by (/) moving the two extreme right-hand holders to the far lcft
of the exposure arca, and (2) sliding the remaining holders to
the right.

7.4.2 Rcposition the specimens vertically so that each speci-
men spends the same amount of exposure time in cach vertical
position within the specimen holder. For instance, if two
specimens are stacked vertically in cach holder. then the top
and bottom specimens should switch places halfway through
the test. If four specimens are stacked vertically, then the
specimens should be repositioned vertically three times during
the test.

7.5 Water Purity—The purity of water used for specimen
spray is very important. Follow the punty requirements in
Practice G 151 for water sprayed on specimen surfaces. It is
recommended that deionized water be used for water used to
produce condensation.

7.6 It is recommended that a control material be exposed at
the same time as the test specimens for comparison purposcs,
if performance comparisons are not being made between the

1.2
1.0 1
£ T Sunlight
£ o8- TN
g -
2 06+
£ 04
E 1 UVA-340
= 024
0.0 v Al T T L3 L)
260 280 300 320 340 360 380 400
Wavelength (nm)
FIG. 1 Representative Spectral Power Distribution of UVA-340
Fluorescent Lamps

test materials themselves. All concerned parties must agree on
the control material used.

7.6.1 Identification of any control specimen used shall
accompany the report.

8. Periods of Exposure and Evaluation of Test Results

8.1 In most cases, periodic cvaluation of test and control
materials is necessary to determine the variation in magnitude
and direction of property change as a function of exposure time
or radiant ¢ 1

8.2 The time or radiant exposure necessary to produce a
defined change in a material property can be used to cvaluate
or rank the stability of materials. This method is preferred over
cvaluating materials after an arbitrary exposure time or radiant
cexposure.

8.2.1 Exposure to an arbitrary time or radiant exposurc may
be used for the purposc of a specific test if agreed upon
between the parties concerned or if required for conformance
to a particular specification. When a single exposure period is
used, select a time or radiant exposure that will produce the
largest performance differences between the test matenals or
between the test material and the control material.

8.2.2 The minimum exposure time used shall be that nec-
cssary to produce a substantial change in the property of
interest for the least stable material being cvaluated. An
exposure time that produces a significant change in one type of
material cannot be assumed to be applicable to other types of
materials.

8.2.3 The relation between time to failure in an exposure
conducted in accordance with this practice and service life in
an outdoor environment requires determination of a valid
acceleration factor. Do not use arbitrary acceleration factors
relating time in an exposure conducted in accordance with this
practice and time in an outdoor environment because they can
give erroncous information. The acceleration factor is matenial-
dependent and is only valid if it is based on data from a
sufficient number of scparate exterior and laboratory-
accelerated exposures so that results used to relate times to
failure in cach exposurc can be analyzed using statistical
methods.

Nore 6—An wple of a ical analysis using ple-lab Y
and extersor exp 1o cakeulate an acceleration factor 1s d bed by
Simms.* See Practice G 151 for more mnf and add; | i

about the use of acceleration factors.

8.3 Afier cach exposure increment, evaluate or rate changes
in exposed test specimens in accordance with applicable
ASTM test methods.

Nore 7—For some matersals, changes may after the speci
has been | from the exp P M (visual or
mstrumental) should be made within a standardized time period or as
agreed upon b the § parties. The lardized time period

needs to consider conditioning prior to testing.

8.4 Usc of results from exposures conducted in accordance
with this practice in specifications:

8.4.1 If a standard or specification for gencral use requires a
definite property level after a specific time or radiant exposure

*Simms, JA., Journal of Coatings Technology, Vol 50, 1987, pp. 45-33.
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in an exposure test conducted in accordance with this practice,
base the specified property level on results from round-robin
cxperiments run to determine the test reproducibility from the
exposure and property measurement procedures. Conduct these
round robins in accordance with Practice E 691 or Practice
D 3980 and include a statistically representative sample of all
laboratories or organizations who would normally conduct the
cxposure and property measurcment.

8.4.2 If a standard or specification for use between two or
three parties requires a definite property level after a specific
time or radiant exposurc in an cxposure test conducted in
accordance with this practice, base the specified property level
on two independent expeniments run in cach laboratory to
determine the reproducibility for the exposure and property
measurement process. The reproducibility of the exposure/
property measurcment process is then used to determine the
minimum level of property after the exposure that is mutually
agrecable to all partices.

8.4.3 When reproducibility in results from an exposure test
conducted in accordance with this practice has not been
established through round-robin testing, specify performance
requirements for materials in terms of comparison (ranked) to
a control material. All specimens shall be exposed simulta-
ncously in the same device. All concerned parties must agree
on the specific control material used.

8.43.1 Conduct analysis of variance to determine whether
any differences between test materials and control materials is
statistically significant. Expose repli of the test specimen
and the control specimen so that statistically significant per-
formance differences can be determined

Nore 8—Fischer illustrates use of rank comparison between test and

trol ials in specifi ?

Nore 9—The ASTM Committee G-3 on Weathening and Durability =
developing a Standard Guide for Appli of Basx Statistical Method
o Weathermg Tests, whach will includ ples shy
of variance to compare materials.

1
ng use of y

“Fischer, R.. Ketola, W., “Impact of Research on Development of ASTM
Durability Testing Standards,” Durabiliry Testing of Non-Metalitc M is, ASTM
STP 1294, Robent Herling, ed. American Society for Testing and Materials,
Philadelphia, 1995.

9. Report

9.1 Report the following information:

9.1.1 Type and model of exposure device.

9.1.2 Age of fluorcscent lamps used at the start of the
exposure, and whether any lamps were changed during the
period of exposure.

9.1.3 If required, irradiance in Wm™ - nm’', or radiant
exposure in Jm™ at the sample plane, and the wavelength
region in which the measurements were made.

9.1.3.1 Do not report irradiance or radiant exposure unless
direct measurement of irradiance was made during the expo-
sure.

9.1.4 Elapsed exposure time.

9.1.5 Light- and dark-water condensation or humidity cycle
cmployed.

9.1.6 Operating black pancl temperature.

9.1.7 If required, operating relative humidity.

9.1.8 Type of spray nozzle, if used.

9.1.8.1 If used, total solids and silica level of water used for
specimen spray (if above limits specified in Practice G 151).

9.1.9 Specimen repositioning procedure, if different from
the procedure described in 7.4,

9.1.10 Results of property tests. Calculate retention of
characteristic property in accordance with Practice D 5870
when it is reported.

10. Precision and Bias

10.1 Precision—The repeatability and reproducibility of
results obtained in exposures conducted in accordance with this
practice will vary with the matenals being tested, the material
property being measured, and the specific test conditions and
cycles that are used. It is essential to determine reproducibility
of the exposure/property measurement process when using the
results from exposures conducted in accordance with this
practice in product specifications.

10.2 Bias—Bias cannot be determined because no accept-
able standard weathering reference materials are available.

11. Keywords
11.1 degradation: exposure; fluorescent UV: light exposure:
ultraviolet

SUMMARY OF CHANGES

This section identifies the location of sclected changes to this practice. For the convenience of the user,
Committee D-20 has highlighted those changes that may impact the usc of this practice. This section may also
include descriptions of the changes or reasons for the changes, or both.

D 4329 - 99:

(/) Title changed.

(2) Referenced new ASTM performance standard for fluores-
cent UV exposure tests.

(3) Added specific procedures for conditioning and handling
during the exposure test.

(#) Revised section covering cvaluation of results.

(5) De-emphasized use of a single required exposure time.
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Anexo 20. Normativa pdf de ISO 4892-2.(2013). Obtenido de
https://cdn.standards.iteh.ai/samples/55481/63db083d72bd48e4belcac31¢37df12d/ISO-4892-

2-2013.pdf

INTERNATIONAL STANDARD 1SO 4892-2:2013(E)

Plastics — Methods of exposure to laboratory light sources —

Part 2:
Xenon-arc lamps

1 Scope
This part of 1ISO 4892 specifies methods for exposing specimens to xenon-arc light in the presence
of moisture to reproduce the weathering effects (temperature, humidity and/or wetting) that occur

when materials are exposed in actual end-use environments to daylight or to daylight filtered through
window glass.

Specimen preparation and evaluation of the results are covered in other International Standards for
specific materials.

General guidance is given in 1SO 4892-1.

NOTE Xenon-arc exposures of paints and varnishes are described in IS0 11341,

2 Normative reférefiéks® 1 ANDARD PREVIEW
The following documents, in w‘l&&dl‘“lp“’éhell‘&hawy referenced in this document and are

indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 4582, Plastics — Determination a[vcb(_mgés ir‘l“cdou} and variations in ‘praperties after exposure to
daylight under glass, natural weathering or laboratory light sources

1S0 4892-1, Plastics — Methods of exposure to laboratory light sources — Part 1: General guidance

1SO 9370, Plastics — Instrumental determination of radiant exposure in weathering tests — General
guidance and basic test method

3 Principle

3.1 Axenon arg, fitted with filters, is used to simulate the relative spectral irradiance of daylight in the
ultraviolet (UV) and visible regions of the spectrum.

3.2 Specimens are exposed to various levels of light, heat, relative humidity and water (see 3.4) under
controlled environmental conditions.

3.3 The exposure conditions are varied by selection of
a) the light filter(s);

b) theirradiance level;

c) the temperature during exposure to light;

d) the relative humidity in the chamber during light and dark exposures, when exposure conditions
requiring control of humidity are used;

e) the way the test specimens are wetted (see 3.4);

© IS0 2013 - All rights reserved 1
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f) the water temperature and wetting cycle;

g) therelative lengths of the light and dark periods.

3.4 Wetting is produced by spraying the test specimens with demineralized/deionized water, by
immersion in water or by condensation of water vapour onto the surfaces of the specimens.

3.5 The procedure includes measurements of the UV irradiance and UV radiant exposure in the plane
of the specimens.

3.6 It is recommended that a similar material of known performance (a control) be exposed
simultaneously with the test specimens to provide a standard for comparative purposes.

3.7 Intercomparison of results obtained from specimens exposed in different apparatus should not be
made unless an appropriate statistical relationship has been established between the apparatuses for the
particular material exposed.

4 Apparatus
4.1 Laboratory light source

4.1.1 General p— o y ' Tarar
iTeh STANDARD PREVIEW

The light source shall comprise one or more quartz-jacketed xenon-arc lamps which emit radiation from
below8270 nm in the ultra\?iolet thmugﬂoﬁﬁﬂmib‘;ﬁt\uﬁt S!tﬁ inth the i?nfrared In order to simulate
daylight, filters shall be used to remove short-wavelength UV radiation (method A, see Table 1). Filters
to minimize irradiance at wavelengths shorter than 310 nmshall be used to simulate daylight through
window glass (method B, see Table 2). In addition, filters to remove infrared radiation may be used to
prevent unrealistic heating of the test specimens, which can canse thermal degradation not experienced
during outdoor exposures.

NOTE Solarspectralirradiance foranumber ofdifferentatmospheric conditions is described in CIE Publication
No. 85. The benchmark daylight used in this part of 1SO 4892 is that defined in Jable 4 in CIE No. 85:1989.

4.1.2 Spectral irradiance of xenon-arc lamps with daylight filters

Filters are used to filter xenon-arc emissions in order to simulate daylight (CIE Publication No. 85:1989,
Table 4). The minimum and maximum levels of the relative spectral irradiance in the UV wavelength
range are given in Table 1 (see also Annex A).
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Table 1 — Relative spectral irradiance of xenon-arc lamps with daylight filtersab (method A)

Spectral passband Minimume CIE No. 85:1989, Table 4d¢ Maximume®
(A = wavelength in nm) % % %
A<290 0,15
290 <4< 320 2,6 54 79
320 <A< 360 28,2 38,2 39,8
360 <A< 400 54,2 564 67,5

4  Thistable gives the irradiance in the given passband, expressed as a percentage of the total irradiance between 290 nm
and 400 nm. To determine whether a specific filter or set of filters for a xenon-arc lamp meets the requirements of this table,
the spectral irradiance must be measured from 250 nm to 400 nm. The total irradiance in each wavelength passband is then
summed and divided by the total irradiance from 290 nm to 400 nm. Typically, this is done in 2 nm increments.

b The minimum and maximum limits in this table are based on more than 100 spectral irradiance measurements with
water- and air-cooled xenon-arc lamps with daylight filters from different production lots and of various ages [3] used in
accordance with the rec dations of the facturer. As more spectral irradiance data become available, minor
changes in the limits are possible. The minimum and maximum limits are at least three sigma from the mean for all the
measurements.

¢ The andm col will not necessarily sum to 100 % because they represent the minima and maxima
for the measurement data used. For any individual spectral irradiance, the percentages calculated for the passbands in this
table will sum to 100 %. For any individual xenon-arc lamp with daylight filters, the calculated percentage in each passband
shall fall within the minimum and maximum limits given. Exposure results can be expected to differ if obtained using
xenon-arc apparatus in which the spectral irradiances differ by as much as that allowed by the tolerances. Contact the
manufacturer of the xenon-arc apparatus for specific spectral irradiance data for the xenon-arc lamp and filters used.

4 The data from Table 4 in CIE Pubbcamn No. B5:1989 is the global solar irradiance on a horizontal surface for an air
mass of 1,0, an ozone mluT$ (‘t W Pﬂp ﬁuw a spectral optical depth of aerosol
extinction of 0,1 at 500 nm. ta arelargﬂ values for xenon-arc [amps wi ht filters.

¢ Far the solar spectrum represent mu[dﬁ;ntl*l&l )V irradiance (between 290 nm and 400 nm) is

11 % and the visible irradiance (between 400 nm and B00 nm) is 89 %, expressed as a percentage of the total irradiance
between 290 nm and 800 nm. The percentage of the UV irradiance and that of the visible irradiance incident on specimens

exposed in xenon-arc apparatus might vary due to of specimens being exposed and their reflectance properties.

e PRI U RCTLE LR e LI U B T e T IC COU T ots T

4.1.3 Spectral irradiance of xenon-art lamps wtt‘ll mndow glass filters

Filters are used to filter the xenon-arc lamp emissions in order to simulate daylight which has passed
through window glass. The minimum and maximum levels of the relative spectral irradiance in the UV

region are given in Table 2 (see also Annex A).

Table 2 — Relative spectral irradiance for xenon-arc lamps with window glass filters2b (method B)

CIE No. 85:1989, Table 4, plus
Spectral passband Minimume Maximum<
(A = wavelength in nm) % effectolwl&dow glassde %
A <300 0,29
3002 <320 0,1 <1 28
320 <2 <360 238 331 355
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Norma Técnica  ENSAYO DE TRACCION PARA DETERMINAR EL PUNTO FINAL NTE INEN
Ecuatoriana DE LA DEGRADACION DE POLIETILENO Y POLIPROPILENO 2637:2012
Voluntarla DEGRADABLES. 2012-07

1. OBJETO

1.1 Esta norma describe el método de ensayo para la determinacidn de un punto final de la
degradacidn (un punto frigil) para peliculas y I&minas de polietiena/polpropileno degradable de
menos de 1,0 mm de espesor.

2. ALCANCE

2.1 Esta norma se aplica & peliculas y laminas de polietileno/polipropileno degradable de menos de
1.0 mm de espesor. Este ensayo no esta disefiado para determinar la velocidad del grado de
degradacidn de una pelicula o I&mina de polietiieno/poliproplieno, sino més bien, para evaluar cuando
se aicanza un punto frégd en el curso de su degradacion bajo cierta condeion. Si se quiere wigdar el
alargamiento por traccidn durante &l procaso de degradacion (por ejempio, cuando el slargamenio
por traccion es significativameante superior al 5%), se recomienda la NTE INEN 2635 o el método de
ensayo ASIM D 882.

Este ensayo no debe ser considerado como la Unica manera de determinar un punto final de
degradacion.

2.2 Las propledades de traccion de los plasticos de 1,0 mm o mas de espesor se determina de
conformidad con el métado de ensayo ASTM D 638.

3. DEFINICIONES

3.1 Para los efectos de esta norma, se adoptan las detinicones de 1érminos y los simbolos relatvos &
los ensayos de tensdn de plasticos que se encuentran en el anexo del método de ensayo ASIM D
638. y las que a continuacion se detallan:

3.1.1  Falla a I2 rotura. En el ensayo de traccdn de peliculas, una falla caractenizada por la fractura
Inicada en un borde de la probeta y que avanza a través de la probeta a una velocdad
suticentemente lenta para producir una curva carga-detormacion andmala.

3.1.2 Mordazas linegles. En maquinas de ensayo de iraccidn, mordazas con caras disenadas para
concentrar toda la fuerza de agarre a lo largo de una sola linea perpendicular a 1a direccion de la
tension de ensayo.

3.2 Descripcion de términos especiticos para esta norma

3.21 Pelicula. Para propositios de esta norma, una pieza de matenal que no excade & 0,250 mm de
espasor.

3.22 Punito fragd. En una pelicuia de polietileno/polipropiienc degradable, s el punto en el anaksis
de un matenal cuando el 75% de las probetas analizadas tienen un alargamiento por traccion en la
rotura del 5% 0 menos.

(Continia)
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4. DISPOSICIONES GENERALES

4.1 Aplicar un ensayo del tipo pesaje estatico-velocidad constante de separacion de mordazas. kEste
procedimiento emplea una veloodad consiante de separacion de las mordazas que sostienen ia
muestra y una ceida de carga estatica (ver nota 1).

4.2 Este proceaimiento ha sido exitoso para la determinacion del punto final de la degradacion de
copolimeros de etieno-mondxido de carbono y ha examinado con éxido ofros dos poletilenos tipo
aditvo en una prueba round robin.

4.3 Los valores Indcados en unidades del Sstema Internacional de Unidades. SI, deben ser
considerados como los estandares.

4.4 Esta norma no tiene el propdsito de contemplar todo lo concerniente sobre sequndad, si es que
hay algo asociado con su uso. Es responsabildad del usuaro d2 esta norma esiablecer practicas
apropladas de sequridad y salud. y determinar la aplicabllidad de las limitaciones reglamentarias
previo & su uso.

4.5 Signiticancla y uso

4.5.1 La propiedad del alargamiento por traccon, determinada por este ensayo, tiene valor para la
caractenzacion de matenales degradables. La propledad de alargamiento por raccion puede vanar
con el espasor de la probeta, el método de preparacion, la velocidad de ensayo, el tipo de mordazas
utilizadas, y la forma de medir la extension de ensayo. Por consiguiente, cuando se desean
resultados comparativos precisos, estos factores deben ser culdadosamente controlados.

4.5.2 La propedad de alargamiento por fraccion puede ser utllizada para proporconar datos para
Investgacion y desamollo y diseno d2 ingenieria, asi como especticaciones de control de calidad. Sin
embargo, los datos de estas pruebas no pueden ser considerados significativos para aplicaciones que
difieren ampliamente de |a escala carga-tiempa del ensayo empleado.

4.5.3 Los matenales que fallan por rotura proporconan datos andmalos que No pueden CoMPararse
con aquelios de talla normal.

454 Antes de proceder con este método de ensayo, deberia hacerse referenca a las
especificaciones del material que esta siendo ensayado. Toda preparacion de probetas de ensayo,
acondicionamiento, dsmensiones, 0 parametros de ensayo 0 una combinacion de estas, cublertes en
las especificaciones oel materal senen prioridad sobre aquelios mencionades en este método de
ensayo. Si no hay especificaciones del material, entonces aplican las condiciones predeterminadas.

4.6 Correspondencla. Esia norma INEN es la version ofical, en espanol, para el Ecuador, de la
Norma ASTM D 3826-98 (2008).

5. EQUIPO

5.1 Maquinas de ensayo

5.1.1 Utlizar una maquina de ensayo del tipo velocdad constante de separacion de mordazas. La

debe estar equipada con un sistema de pesaje que se mueva una distanca maxima del 2%
de la extension de |a probeta dentro del infervalo que se esta midiendo. Ademas, deberia haber un
dispositivo para registrar la carga de traccion y la cantidad de separacidn de las mordazas; ambos
sistemas de medcion deben tener una precisidn de + 2%. La velocidad de separacidn de mordazas
debe ser uniforme y susceptible de ajuste de sproximadamente 1.3 a 500 mm/min en incrementos
necasarios para producir las velocidades de deformacion especificadas en el numeral 9.2

NOTA 1. Este procecimento 5@ Dasa en la utizacen de la separacion de las mordazas como una medkda de 2 extension; sn

), la e de ampiear Indica de €on una p da +1,0% 0 superncr CoOmo 56 espechica en al
mmmmutubmuxm yuna mmmdmmml PEIUMeNtaCcon 5@ eNCUANITa INCCIPOrada en
ol procecimiento.

(Continia)
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5.2 Mordazas. Utilizar un sistema de agare que minimice tanto el deslizamiento coma |a distribucion
desqgual d2 |a tension con |a probeta de ensayo (ver nota 2).

5.3 Medidor de espesor. Un micrometro de dsco de peso muerio, de acuerdo a lo estipulado en el
Método C de los métodos de ensayo ASTM D374 de lectura igual a 0,0025 mm o menos.

5.4 Dispositivos de medicion de ancho. Escalas de ensayo 20ecUadas u Of0s dISPositivos de
medicion de ancho capaces de medir 0.25 mm o menos.

5.5 Cortador de muestra. Accesorios que utilizan cuchillas de afeitar. cortadoras de papel
adecuadas, u otros dispositivos capacas de cortar con sequridad las probetas al ancho adecuado y
producir bordes rectos, limpios, paralelos, sin imperfecciones visibles. Un dispositivo formado por dos
cuchillos en paralelo montado fememente contra un bloque de corte con base de precision (simiar a
un corador de papel) ha resultado satstactorio. El uso de dados de Impacio no es recomendaable
debido a su tendencia & produck bordes de probetas pobres e inconsistentes. Es imperativo que s
bardes cortantes se mantengan afiados y libres de rascaduras 0 muescas visibles.

5.6 Indicadores de extension. S| se emplean, los Indicadores de extensidn deben ajustarse & los
requissos especificados en el método de ensayo ASTM DE38. Ademas, tales aparatos deben estar
disafiados para reducr al minimo la tensidn en la probeta en los punios de contacto de |a probeta y el
indicador (ver nota 3).

6. PROBETA DE ENSAYO
6.1 Cortar las probetas de ensayo antes de la exposcion. Prestar la maxima atencion en el cone de
las probatas para evitar hendiduras y grietas que causan fallas prematuras (ver nota 4). Los bordes
deben ser paralelos dentro del 5% ael ancho a lo largo del iramo de la probeta entre las mordazas.

6.2 Preparar |a probeta de ensayo con ancho y longitud undormes. Ejempios tipicos de longitudes y
anchos son:

Ancho, mm Longitud, mm
13 152
25 102

6.2.1 £l espesor de la probeta de ensayo depande del espesor de la aphkcacion final. £l espesor de la
probeta de ensayo debe ser el mismo que aquel para la aplicacion final especifica.

6.3 Slempre que sea posible, seleccionar una probeta de ensayo de modo que el espesor sea
uniforme dentro del 1056 del espesor a lo largo del tramo de la probeta entre las mordazas en el caso
de materigies de 0,25 mm o menos de espesor, y dentro del 5% en el caso de materiales mayores a
0,25 mm de espesor, pero inferiares que 1,00 mm de espesor (ver nota 5).

mrAzsamwaammwmmemummIpocmmaummwm
moroazas con acabada sUpeMcal S6rmaa o tpo lima para mucho: =2 supericie de agame dapence
wmmymyuw mmcmmmammmmmlommmm
resultados. Las momazas accionadas por aife son convenientes, sabee 1000 @n @l Caso co materales que tienden

on las morcazas, ya que la p e on todo En los ca505 @n que las muestras falian con
frocuencia an @f borde Ce las mordazas, pucde ser aumentar ig ol radio ce curvasra de los borses
conce 25 Marcazas antran an contacta con k2 Zona Ce ensayo de la probata.

NOTA 3. Es deseable una a2 walcoidad 00 respusta an @ sisiema de registra, sobre 1000 CUINCO 5@ empiean valcocaces oo

400 relam altas para maserizies rigiccs. La velocidad de 2 respucsta ce la pluma e los regstradores s
sumnisrada por las fabdcanies ce esie equipe. Se dabe tenar cucado de levar a cabo Ios ensayas en candciones takes que
¢l Sempo de respuesta (capackiad del registracor para seguir canga real) produzea manas del 2% de amor.

NOTA 4. Se pucde LBIZIr UN QXAMeN MICTDSCOPICO O8 |a probeta para datectar 131as cebidas 3 12 MUSSINa O 2 | preparacion
oo 2 probeta.

NOTA 5. En los 02505 on Que 1as vanacicnes de asp 2 aquelas an el numeral 6.3, los resultadas
no pueden sef caractensticas cel materal 2 pruaba.

(Continda)
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Anexo 22. Probeta ASTM B117

Anexo 23. Camara de niebla salina

Anexo 24. Maquina de radiacion UV
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Anexo 25. Tablero ABS

Anexo 26. Tablero PC

reciclado
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Anexo 27. Tablero Bio-propileno
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ANEXOS RESULTADOS Y DISCUSION
Anexo 28.

Tabla 10

Normas aplicadas en los ensayos

Norma Ensayo aplicado Proposito principal Cumplimiento

ASTM B117 Niebla salina Resistencia a ambientes corrosivos v Si

ASTM D4329 Radiacion UV Degradacion por radiacion solar v Si

ISO 4892-2 EI.IVE:]G.()lmlel’ltO Simulacién de ciclos ambientales extremos v Si
climatico

NTE INEN 2637 Traccion Elongacion v Si

Fuente: Autores

Anexo 29.

Tabla 11

Muestras analizadas en el laboratorio

Cédigo de Material Procedencia / Preparacion N° de Normativa aplicada

muestra probetas

M-ABS Acrilonitrilo Butadieno Inyeccion de polimero virgen 3 ASTM D638 / ASTM

Estireno grado automotriz B117/ ASTM D4329

. . Recuperado de residuos post- ASTM D638/ ASTM

M-PC Policarbonato reciclado COnSUMo 3 B117/ ASTM D4329

M-BPP Biopropileno (con base  Extrusion de polimero con 3 ASTM D638/ ASTM

bio-organica) refuerzo organico B117/ ASTM D4329

Fuente: Autores

Anexo 30.

Tabla 12

Resultados de prueba de niebla salina

Pérdida de masa

Indice de microgrietas

. (e S e . .
Material (%) Pérdida de brillo (%) (0-5) Nivel de deterioro
ABS 1.8 12 2 Medio
PC reciclado 3.4 28 4 Alto
Bio-propileno 0.9 8 1 Bajo
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Fuente: Autores

Anexo 31.

Tabla 13
Resultados de radiacion UV

Material Cambio de color Retencion de Fragilidad Nivel de
AE* resistencia (%) (escala 1-5) degradacién
ABS 8.5 72 3 Medio
PC reciclado 15.2 55 4 Alto
Bio-propileno 5.1 81 2 Bajo

Fuente: Autores

Anexo 32.

Tabla 14

Resultados de envejecimiento climatico

. Retencién de elasticidad  Deformacién superficial Indice de fallas (0— Nivel de
Material . .
(%) (mm) 5) resistencia
ABS 68 0.45 3 Medio
PC reciclado 49 0.72 5 Bajo
Bio-propileno 83 0.28 1 Alto

Fuente: Autores

Anexo 33.

Tabla 15

Analisis general

Niebla salina (ASTM Radiacion UV (ASTM D4329, Envejecimiento climatico Nivel global de

Material B117, 240 h) 500 h) (ISO 4892-2, 1000 h) desempefio
Elasticidad:
Pérdida de masa: 1,8% Cambio de color AE*: 8,5 68%
ABS Pérdida de brillo: 12% Retencion mecanica: 72% Deformacion: Intermedio
Microgrietas: Fragilidad: 0,45 mm
2 (Medio) 3 (Medio) Fallas:
3 (Medio)
Pérdida de masa: 3,4% Cambio de color AE*: 15,2 Eéa;t1c1dad:
. Pérdida de brillo: 28% Retencidon mecanica: 55% J o 1
PC Reciclado | ;. . s Deformacion: Débil
Microgrietas: Fragilidad: 0.72 mm
4 (Alto) 4 (Alto) Fallas:
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Material Niebla salina (ASTM Radiacién UV (ASTM D4329, Envejecimiento climatico Nivel global de
atera B117, 240 h) 500 h) (ISO 4892-2, 1000 h) desempeiio
5 (Bajo)
. Elasticidad:
A . 0,
P?rd}da de masa 0.9% Cambio de color AE*: 5,1 83%
Pérdida de brillo: -, o .
. . N Retencion mecanica: 81% Deformacion:
Biopropileno 8% g Alto
. . Fragilidad: 0,28 mm
Microgrietas: . las:
1 (Bajo) 2 (Bajo) Fallas:
1 (Alto)
Fuente: Autores
98
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