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Metallurgists and other technologists involved with metals and alloys are provided with a unique overview of
processing techniques and their effects. Surface Modification by Lasers. Mechanical Milling and Alloying. Ion
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This phenomenon is known as viscoelastic creep. At a time t0, a viscoelastic material is loaded with a constant
stress that is maintained for a sufficiently long time period. The material responds to the stress with a strain
that increases until the material ultimately fails. When the stress is maintained for a shorter time period, the
material undergoes an initial strain until a time t1 at which the stress is relieved, at which time the strain
immediately decreases discontinuity then continues decreasing gradually to a residual strain. Viscoelastic
creep data can be presented in one of two ways. Total strain can be plotted as a function of time for a given
temperature or temperatures. Below a critical value of applied stress, a material may exhibit linear
viscoelasticity. Above this critical stress, the creep rate grows disproportionately faster. The second way of
graphically presenting viscoelastic creep in a material is by plotting the creep modulus constant applied stress
divided by total strain at a particular time as a function of time. Additionally, the molecular weight of the
polymer of interest is known to affect its creep behavior. The effect of increasing molecular weight tends to
promote secondary bonding between polymer chains and thus make the polymer more creep resistant.
Similarly, aromatic polymers are even more creep resistant due to the added stiffness from the rings. Polymers
experience significant creep at temperatures above ca. Creep of concrete[ edit ] Main article: Creep and
shrinkage of concrete The creep of concrete, which originates from the calcium silicate hydrates C-S-H in the
hardened Portland cement paste which is the binder of mineral aggregates , is fundamentally different from the
creep of metals as well as polymers. Unlike the creep of metals, it occurs at all stress levels and, within the
service stress range, is linearly dependent on the stress if the pore water content is constant. Unlike the creep
of polymers and metals, it exhibits multi-months aging, caused by chemical hardening due to hydration which
stiffens the microstructure, and multi-year aging, caused by long-term relaxation of self-equilibrated
micro-stresses in the nano-porous microstructure of the C-S-H. If concrete is fully dried it does not creep,
though it is difficult to dry concrete fully without severe cracking. Applications[ edit ] Though mostly due to
the reduced yield strength at higher temperatures, the collapse of the World Trade Center was due in part to
creep from increased temperature operation. Creep in epoxy anchor adhesive was blamed for the Big Dig
tunnel ceiling collapse in Boston, Massachusetts that occurred in July Sagging of the filament coil between its
supports increases with time due to the weight of the filament itself. If too much deformation occurs, the
adjacent turns of the coil touch one another, causing an electrical short and local overheating, which quickly
leads to failure of the filament. The coil geometry and supports are therefore designed to limit the stresses
caused by the weight of the filament, and a special tungsten alloy with small amounts of oxygen trapped in the
crystallite grain boundaries is used to slow the rate of Coble creep. Creep can cause gradual cut-through of
wire insulation, especially when stress is concentrated by pressing insulated wire against a sharp edge or
corner. Special creep-resistant insulations such as Kynar polyvinylidene fluoride are used in wirewrap
applications to resist cut-through due to the sharp corners of wire wrap terminals. Teflon insulation is resistant
to elevated temperatures and has other desirable properties, but is notoriously vulnerable to cold-flow
cut-through failures caused by creep. Hence, it is crucial for correct functionality to understand the creep
deformation behavior of materials. Creep deformation is important not only in systems where high
temperatures are endured such as nuclear power plants, jet engines and heat exchangers, but also in the design
of many everyday objects. For example, metal paper clips are stronger than plastic ones because plastics creep
at room temperatures. Aging glass windows are often erroneously used as an example of this phenomenon:
While glass does exhibit creep under the right conditions, apparent sagging in old windows may instead be a
consequence of obsolete manufacturing processes, such as that used to create crown glass , which resulted in
inconsistent thickness. Various viscoelastic idealizations are used to model the surface materials, for example,
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Maxwell, Kelvin-Voigt, Standard Linear Solid and Jeffrey media. The accepted practice when connecting
stranded wire to a screw terminal is to use a wire ferrule on the end of the wire. Preventing creep[ edit ] Creep
resistance can be influenced by many factors such as diffusivity, precipitate and grain size. Take metal as an
example, to improve creep resistance, it is obvious that diffusion rate should be reduced. And due to the fact
that diffusion activation energy is proportional to absolute melting temperature, for a specific creep
temperature, materials with higher melting temperature will be preferred. Diffusivity can also be influenced by
material classes. Body-centered cubic metals, which are not as close packed as face-centered cubic metals and
has more frequently vibrating atoms, consequently has higher diffusion coefficients. In this situation, materials
with higher shear modulus, which are harder to deform, will be more creep resistant. However, modulus
changes of different materials are much less than diffusivity changes, indicating that modulus strengthening is
not as efficient as diffusion decrease in creep resistance. In addition, microstructures, or in this case, grain
sizes and particles at grain boundaries, are also correlated with creep resistance. The second-phase
intergranular particles, on the other hand, will prevent the grain boundaries from sliding. One way is to use
higher melting point metals. The second way is to use materials with greater grain size. The third way is to use
alloying. Creep of superalloys[ edit ] Materials operating at high temperatures, such as this nickel superalloy
jet engine RB turbine blade, must be able to withstand the significant creep present at these temperatures.
Superalloys based on Co, Ni, and Fe are capable of being engineered to be highly resistant to creep, and have
thus arisen as an ideal material in high-temperature environments. Solute elements added, e. In , Weili Ren at
el. As a result, dislocation quantitiy is reduced during the creep. Although the magnetic field will damage the
integrity of single crystal, this method shows a new routine to control microstructure and mechanical
properties in superalloys and still benefits the creep lifetime. The high creep resistance is primarily due to low
stacking-fault energy in matrix, high anti-phase boundary energy in precipitates as well as thermally stable
microstructure. This research is the first to discuss tensile creep on full scale specimens of high entropy alloys,
which shows the potential of HESA at high temperature application.
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Retinal hemorrhage secondary airbag-related ocular trauma by Shankar M. Alloy ingots containing 0. Both Y
and Er effect grain refinement and microstructural homogeneity and ratard grain growth; Mischmetal is less
effective than Y or Er. Yttrium and erbium act slightly as beta-phase stabilizers and mischmetal is an
alpha-phase stabilizer. Rare-earth second-pahse precipitation-strengthening is a factor in the room-temperature
tensile properties for only alpha-beta annealed Ti-6Al-4V in which the volume fraction of equiaxed alpha is
significant. L Sastry 1 edition published in in English and held by 1 WorldCat member library worldwide
Development of a predictive optimization model for the compressive strength of sodium activated fly ash
based geopolymer pastes 1 edition published in in English and held by 1 WorldCat member library worldwide
Highlights: A relationship between the strength of a geopolymer and its chemical makeup is found. For high
strength, a high reactive SiO2 and low H2 O content in the mix are critical. The CaO and Al2 O3 contents in
the mix do not have a significant impact on strength. As concerns about global CO2 emissions grow, there
exists a need for widespread commercialization of lower emission building materials such as geopolymers.
The commercialization of geopolymers is currently impeded by the high variability of the materials used for
their synthesis and limited knowledge of the interrelationships between mix design variables. To overcome
these barriers, this work demonstrates a relationship between the compressive strength and the chemical
design variables derived from experimental data using genetic programming. The developed model indicates
the main chemical factors responsible for the compressive strength of sodium activated geopolymers are the
contents of Na2 O, reactive SiO2, and H2 O. The contents of reactive Al2 O3 and CaO were found to not have
a significant impact on the compressive strength. The optimization model is shown to predict the compressive
strength of fully cured sodium activated fly ash based geopolymer pastes from their chemical composition to
within 6. The Y-containing Ti-6Al-4V has lower flow stress and higher strain-rate sensitivity of flow stress
and consequently better superplasticity than the reference alloy at C at strain rates of. The room-temperature
plane-strain fracture toughness, yield stress, ductility, and high-temperature creep are not significantly altered
by the rare-earth additions. W, Ta, and Nb reinforcements formed complex, two layer reaction zones in
contact with MoSi2. Reaction layer growth parameters were measured for Nb. Compositing with Nb
significantly lowered elevated temperature strength. K1c was measured at 20 deg C for each composite and
significant improvements were observed. Reinforcement morphology had a strong effect on toughness.
Reinforcement morphologies listed in order of increasing potency are: Nb powder, micrometer Nb wire,
micrometer Nb wire, Nb foil. Quantitative comparison was made between theory and measurement of the
toughness increase, and poor agreement was found. The effects of alloy chemistry, grain size, volume fraction
of constituent phases, and anomalous microstructures on the superplastic parameters were determined by
incremental strain-rate, constant stress, constant strain rate and biaxial constant stress cone-forming tests. The
strain-rate time or equivalently, strain dependences of flow stress and strain-rate sensitivity were identified as
the most important superplasticity parameters, with the continuous changes in alloy microstructures during
superplastic deformation requiring proper consideration. In the alpha-beta and near-alpha titanium alloys, the
flow stress decreases and necking resistance increase with decreasing grain size at F - F with increasing strain
and time the flow stress at constant strainrate increases and the strain rate at constant applied stress decreases
as a consequence of increasing grain size. Ti-6Al-4V alloys with elongated-alpha have significantly higher
flow stress than equiaxed regular grade Ti-6Al-4V. The flow stress at a constant strain rate of different
alpha-beta alloys is uniquely related to grain size, beta transus temperature, and volume fractions of
constituent phases at the test temperature Optimum Microstructures for SPF Superplastic Forming Using
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Hydrovac Book 1 edition published in in English and held by 1 WorldCat member library worldwide The
effects of the addition of up to 1. The results of a systematic study of the beneficial effects of hydrogen on
superplasticity and tensile and creep properties of Ti alloys are presented in this report. The microstructural
refinement and properly improvement affected by the heat treatment of Ti alloys containing hydrogen and the
effects of internal hydrogen on the superplastic forming and diffusion bonding of ti alloys were determined
Microstructure and Properties of Powder-Processed Aluminum-Lithium Alloys 1 edition published in in
English and held by 1 WorldCat member library worldwide The overall objectives of this research program
were to determine the source of brittleness in Al-Li alloys, determine ductility enhancement through slip
homogenization effected by grain refinement and incoherent dispersoids, compare the properties of Al-Li
alloys prepared from different types of rapidly solidified powders with the properties of cast Al-Li alloys and
other commercial high-strength Al alloys, and identify and recommend for further development promising
Al-Li alloy compositions for use in aircraft structures. The approach followed was that of rapid solidification
and powder-processing, which result in significant microstructural refinement and make possible the
processing of novel Al-Li alloy compositions not amenable to ingot-casting methods.
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Western Reserve Manufacturing Co. The basic properties of copper alloys are largely influenced by the
properties of copper itself. Copper is known to possess certain unique qualities that make it the best
engineering material for bearing applications. Model of the face-centered cubic crystal structure of copper
showing one unit cell. Distance between centers of corner atoms is 3. The copper atom is quite similar to an
atom of gold or silver, which together with copper make up a group in the periodic table of the elements.
Within the copper atom lattice a cloud of free electrons is uniquely available for the transfer of electrical
current. This same cloud of electrons also enhances the efficient transfer of thermal energy. Solid copper can
be described as the arrangement of copper atoms in a face-centered-cubic fcc configuration. A copper atom is
found at each corner and in the center of each face of a cube as depicted in Figure 1. This is the unit cell which
is repeated in three dimensional space to make up the crystal structure of the metal. The atoms are held in
place in the structure by the energy of the atomic attractions between them. It is this particular face-centered
cubic arrangement of the atoms that gives copper its high ductility and toughness. All metals deform by means
of a mechanism called slip. When slip occurs, a force on the metal causes the atoms to slide past one another
in groups. In the copper fcc structure this movement occurs preferentially in any or all of three directions
along a specific geometric plane of atoms within the lattice, as shown in Figure 2. Unit fcc of copper with
corner atom removed to show the slip plane on which deformation preferential takes place. This place
embodies the densest atom packing that is geometrically possible Reference 1. The copper cell has four such
planes. If movement can occur in three directions on all four planes, there are twelve possibilities for the
occurrence of slip. It turns out that this is the maximum number of possibilities for slip found in any metal
structure. The more likely it is that a metal can experience substantial slip, the more likely it is to deform
rather than fracture and fail. Hence, copper has excellent ductility and toughness and is resistant to fatigue and
creep. An added benefit is that copper, since it is a face-centered structure, does not suffer from embrittlement
at low sub-zero temperatures; a phenomenon common to other crystal structures. The free electron cloud is
readily available to form coherent films on the metal surface that protect the lattice from further corrosion. The
fcc structure which generates the slip planes imparts another characteristic to these very planes. The atoms on
the slip planes are packed as closely together as is possible in any metal system Figure 2. This efficient
arrangement of atoms packs the most matter into a given space as honeybees seem to know when they build
honeycombs. It is very difficult for hydrogen ions to find their way through the small spaces between the
atoms and cause stress corrosion cracking except in the most aggressive environments. We have seen how
copper, the base metal for cast bronze, when viewed on the atomic scale, imparts the important characteristics
for good bearing materials. But bearings are not made of pure copper, but rather from a wide range of alloys of
copper which are now available. Each of these alloys improves on the performance of pure copper and further
adapts the new material to specific environments. Let us examine some of the more common alloy systems
with respect to the metallurgy of the material and its purpose in bearing design. Cast Bronze Alloys The
bearing grades of cast bronze can be classified metallurgically into three categories: Single-phase solid
solution alloys Polyphase alloys Composite materials To understand the performance of different alloys, we
must first understand what happens to the basic copper structure when small amounts of alloying metals are
added. Reactions occur during the solidification and cooling of alloys from their molten state. In simple terms,
the final arrangement of the alloying metals with respect to the normal fcc copper lattice determines the
properties of the alloy material. Alloying metals find their place in the copper lattice in three basic ways: They
substitute for copper atoms in the fcc lattice. They combine with the copper and form localized regions phases
where the crystal structure is of a form which differs from the fcc copper crystal. They are rejected by the
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solidifying copper lattice but are trapped within the crystals of the alloy as they freeze and grow. Research has
resulted in the graphical representation of how simple binary alloy systems react. This representation is called
a phase diagram. The phase diagrams of some binary systems relevant to bronze show the behavior of alloying
elements that typically results in one of the three cases mentioned previously. The copper-tin equilibrium
phase diagram Figure 3 illustrates Cases 1 and 2. Copper-tin equilibrium phase diagram Reference 2. Case 1 Substitution Figure 4. Microstructure of a single-phase alpha copper-tin alloy 88Cu-8Sn-4Zn. Structure shows
slip lines. Note also traces of the delta phase darker islands Reference 2. Under equilibrium conditions of slow
cooling, the solid phase that forms is a face-centered cubic crystal alpha phase. Tin atoms substitute directly
into the lattice in place of copper atoms. The tin atoms have the effect of actually strengthening the pure
copper because they strain the lattice, that is, they alter the usual distance between the copper atoms. Under
commercial conditions of rather slow solidification, nearly all of the metal will solidify as the alpha phase
Figure 4. This substitutional phenomenon results in a single-phase solid solution of tin in copper. The crystal
structure, though stronger than pure copper due to lattice strain, is still fcc. Consequently, the slip
characteristics remain very good. Single-phase solid solution alloys of copper, therefore, retain high ductility
despite very significant increases in strength. Such materials find wide use under conditions where the
material may be subjected to considerable stress but where fracture would be catastrophic such as fittings in
nuclear reactor seawater systems. An example of such a single-phase commerical alloy is alloy C, whose
properties are compared with copper in the tabulation below.
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Download or Read Book Although the present edition of Fundamentals of Creep in Metals and Alloys remains broadly
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