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Unit One

Mold Materials

Lesson 1 Polymers

The word polymer literally means “many parts”. A polymeric solid material may be

considered to be one that contains many chemically bonded parts or units which themselves

are bonded together to form a solid. * Two industrially important polymeric materials are

plastics and elastomers. Plastics are a large and varied group of synthetic materials which
are processed by forming or molding into shape. Just as we have many types of metals
such as aluminum and copper, we have many types of plastics such as polyethylene and

nylon. Plastics can be divided into two classes: thermoplastics and thermosetting plastics,

depending on how they are structurally and chemically bonded. ® Elastomers or rubbers

can be elastically deformed a large amount when a force is applied to them and can return
to their original shape (or almost) when the force is released.

We are all pretty aware of the various plastic/ polymer products in our life. The left of Fig. 1-1
is a montage of typical plastic extrusion products. Alongside. we see recognizable applications of

polymers: modern telecommunications equipment and the ski boot.

Fig. 1-1 Polymers products

The basic building block of a plastic is the polymer molecule, a long chain of covalent-
bonded atoms, such as the one shown in Fig. 1-2. Secondary bonds then hold groups of
polymer chains together to form the polymeric material. Excerpt from the polymer web

pages of the Department of Chemistry of the Imperial College of Science, Technology and
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Medicine in the UK.

Engineers over the world use heat-shrinkable tubing instead
of standard approaches for insulation, such as taping or molding
in place. The tubing comes in a wide range of sizes, colors, and

materials. When heated, it shrinks to conform to the size and

shape of the underlying material, making installation fast and g
easy. Fig.1-2  VELCRO

Synthetic fabrics are man-made copies of natural fabrics. Synthetic fabrics do not
occur in nature by themselves but are usually derivatives of petroleum products. Examples
of common synthetic fabrics are polyester, spandex, rayon, and velcro. The image of Fig.
1-2 is VELCRO(hook side). A plant in nature gave the inventor of VELCRO the idea for
the product.

Hook and Loop fabric fasteners were invented in 1941 by George de Mestral after a
dz;y of hunting in the Jura Mountains in France. Carefully inspecting the burs in his wool
pants and his dog’s coat, he found hundreds of little hooks engaging the loops in the
material and fur. De Mestral made a machine to duplicate the hooks and loops in nylon.
He called his new product VELCROI1 Fasteners, {rom the French words VELours and
CROchet. )

We are all familiar with liquid crystal display (1.CD) devices.

SR

image Fig. 1-3. Do you know liquid crystals are polymeric materials? LCD

A liquid crystal is, as the name suggests, a state of matter

intermediate between a “normal” liquid and a solid. Liquid crystal
phases are formed from geometrically anisotropic molecules.
Usually this means they are cigar shaped, though other shapes are
possible. In a liquid crystal phase, the polymer molecules have a

certain degree of order. In the simplest case, the Nematic phase,

the molecules generally point in the same direction but still move

Fig. 1-3 LCD devices

around with respect to one another as would be expected in a

liquid. ® Under the influence of an applied electric field, alignment of the polymer

molecules gives rise to light absorption.

New Words

literally /'litorali/ adv. MRFHEXH . FFH
polymeric /poli'merik/ adj. BHM

industrially /in'dastriali/ adv. Tl Hh

elastomer /i'leestoma(r)/ n. SRR

synthetic /sin'Oetic/ n. 4

aluminum /2'lju: minom/ n. £
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copper /'kopa/ n.

nylon /'nailon/ n. Je
thermoplastics /0o: ma'pleestiks/ n. POH M YE R
thermosetting /i0o: mou'setin/ adj. HREH
telecommunication /telikomju:ni'keifon/ n. HB{5
molecule /'molikju:l, 'mou-/ n. ¥
covalent-bonded n. LM
insulation /insju'leifon/ n. 4% 5
underlying /i andoa'laiig/ adj. BREE K
man-made adj. Ni&EW
derivative /di'rivativ/ n. JRAEY
petroleum /pi'trouliom/ n. il
duplicate /'dju:plikeit/ v, & il
liquid crystal display W R B
geometrically anisotropic molecules adv. JUf%¢ E
alignment /a'lainmant/ n. HER—4T
Noles

(D A polymeric solid material may be considered to be one that contains many chemically

bonded parts or units which themselves are bonded together to form a solid.

553 F B AR BN R 2 —Fh i AR 2402 4 FROC R R & U B

that 5| 5 1Y & i 40484 5 71 7Y “one” , “considered to be. .. "ia 4 & PN RS- " Y
=958

@ Plastics can be divided into two classes: thermoplastics and thermosetting plastics,
depending on how they are structurally and chemically bonded.

SHRE AT 43 Sy P < A B R R A T S X IR T EATT B S5 4 Ak 2E B i 5K
“depend on. .. "{A 2 iF R B Feeeeer 7,

@ In the simplest case, the Nematic phase, the molecules generally point.in the same
direction but still move around with respect to one another as would be expected in a
liquid.
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Alloy

An alloy is a partial or complete solid solution of one or more elements in a metallic
matrix. Complete solid solution alloys give single solid phase microstructure, while partial
solutions give two or more phases that may be homogeneous in distribution depending on
thermal (heat treatment) history. Alloys usually have different properties from those of
the component elements.

Alloying one metal with other metal(s) or non metal(s) often enhances its properties.
For instance, steel is stronger than iron, its primary element. The physical properties,
such as density, reactivity, Young’s modulus, and electrical and thermal conductivity, of
an alloy may not differ greatly from those of its elements, but engineering properties, such
as tensile strength and shear strength may be substantially different from those of the
constituent materials. This is sometimes due to the sizes of the atoms in the alloy, since
larger atoms exert a compressive force on neighboring atoms, and smaller atoms exert a
tensile force on their neighbors, helping the alloy resist deformation. Alloys may exhibit
marked differences in behavior even when small amounts of one element occur. For
example, impurities in semi-conducting ferromagnetic alloys lead to different properties,
as first predicted by White, Hogan, Suhl, Tian Abrie and Nakamura. Some alloys are made
by melting and mixing two or more metals. Brass is an alloy made from copper and zinc. Bronze,
used for bearings, statues, ornaments and church bells, is an alloy of copper and tin.

Unlike pure metals, most alloys do not have a single melting point. Instead., they
have a melting range in which the material is a mixture of solid and liquid phases. The
temperature at which melting begins is called the solidus and the temperature when
melting is complete is called the liquidus. However, for most alloys there is a particular

proportion of constituents (in rare cases two) which has a single melting point. This is
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called the alloy’s eutectic mixture, as shown in Fig. 1-4.

v/
In practice, some alloys are used so predominantly with '7//// /

7

respect to their base metals that the name of the primary
constituent is also called as the name of the alloy. For
example, 14 karat gold is an alloy of gold with other elements.
Similarly, the silver used in jewelry and the aluminium used as

a structural building material are also alloys.

The term *alloy” is sometimes used in everyday
speech as a synonym for a particular alloy. For example,  Fig. 1-4 Steel is a metal alloy whose
automobile wheels made of aluminium alloy are commonly major  component s iron,

. . . with carbon content between
referred to as simply “alloy wheels”. The usage is

. : - . . 0.02% and 2. 14% by mass
obviously indefinite, since steels and most other metals in

practical use are also alloys.

Lesson 2 Mold Materials

Depending on the processing parameters for the various processing methods as well as
the length of the production run, i.e., the number of finished products to be produced,
molds must satisfy a great variety of requirements. It is therefore not surprising that,
molds can be made of a very broad spectrum of materials, including such exotic materials
as paper match and plaster. However, because most processes require high pressures, and
often combined with high temperatures, metals still represent by far the most important
material group, with steel being the predominant metal. It is interesting in this regard
that, in many cases, the selection of the mold material is not only a question of material
properties and an optimum price-to-performance ratio but also the methods used to produce
the mold, and thus the entire design can be influenced.

A typical example can be seen in the choice between cast metal molds and machined
molds, with their very different cooling systems. In addition, the production technique can
also have an effect. For instance, it is often reported that, for the sake of simplicity, a
prototype mold is frequently machined from solid stock with the aid of the latest
technology such as computer aided design (CAD) and computer integrated manufacturing
(CIM). In contrast to the previously used methods based on the use of patterns, the use of
CAD and CIM often represents the more economical solution today, not only because this
production capability is available in-house but also because with some other technique an
order would have to be placed with an outside supplier.

Overall, although high-grade materials are often used, as a rule, standard materials
are used in mold making. New, high-performance materials, such as ceramics, for

instance, are almost completely absent, This may be related to the fact that their desirable
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characteristics, such as constant properties up to very high temperature, are not required
in molds, whereas their negative characteristics, e. g. , low tensile strength and poor
thermal conductivity. Having a clear relation to ceramics, sintered material, is found in
mold making only to a limited degree. This refers less to the modern materials and
components produced by powder metallurgy, and possibly by hot isostatic pressing, than
to sintered metals in the sense of porous, air-permeable materials.

Removal of air from the cavity of a mold is a necessary with many different processing

methods. and it has been proposed many times that this can be accomplished using porous

metallic materials. ¥ The advantages over specially fabricated venting devices, particularly

in areas where melt flow fronts meet, i. e. , at weld lines, are as obvious as the problem
areas: On one hand, preventing the texture of such surfaces from becoming visible on the
finished product, and on the other hand, preventing the micropores from quickly becoming
clogged with residues. It is also interesting in this case that completely new possibilities
with regard to mold design and processing technique resulted from the use of such
materials. The process steps of venting, cooling., and ejecting in relation to the use of

sintered metals can be best illustrated with the aid of the sketches shown in Fig. 1-5.

(a)Venting (b)Cooling (c)Ejecting

Fig. 1-5 Microporous metal ejecting in a mold

Venting of the edge-gated cavity used to produce a cup-shaped product with a complex

bottom would require a great deal of technical effort to provide guaranteed removal of the

air from the bottom region.® By using a microporous material for the core and cavity

halves, no additional measures for venting are required. Moreover, because venting takes
place over the entire surface area of the cavity, filling of the cavity can occur faster, and
there is, in principle, freedom in selecting the location of the gate.

It is particularly difficult to remove the necessary amount of heat in regions with long,

narrow cores. In this case, it is possible to distribute cold gas via the system of micropores

in the core and in this way intensify the cooling, with the possible result of achieving a
)

shorter cycle time.

Improved temperature uniformity over the mold surface can be another beneficial side
effect.
It is also possible, in combination with other means(ejectors, stripper rings)or even

without them, to eject the product by injecting gas at high pressure into the core half of



