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FIGURE 16-1 Comparison of the three types of composite materials. (a) Particulate
compostte, (b] fiber-reinforced composite, and (c) laminar composite.
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Figure 17-2

Coamparison of the yield strength of
dispersion-sirengthened sintered
aluminum powder (5AP) composite
with that of two conventional twa
phase high-strength aluminum alloys.
The composite has banefits above

about 3007°C, A fiber-reinfarced
aluminum composite is shown for

comparson.
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FIGURE 16-3 Dispersion-strengthened platinum,

containing 12.5% ThO,, has much higher creep
resistance than pure platinum.




TABLE 17-1 W Applications of selected dispersion-sirengthened composites

System Applications

Ag-Cd0 Electrical contact materials

Al-Al205 Fossible use in nuclear reactors

Ba-Bel Aerospace and nuclear reactors

Co-ThQs, ¥aly Possible cresp-resistant magneatic materials
MNi-20% Cr-ThQ= Turbine angine componenls

Fh-Fhi Battery grids

Ft-Th Filaments, electrical components

W-ThOsa, £rlaq Filaments, heaters




o

Choppad Iders (random)

AR

Shont fiber hybrds

Orthogonal 3-D

\\_ =3 D
Lo, — —
ol S a ™ S
T e \Q"’: S
\\ e R -
Orkantad short fioors ¥ Fibatparticulats bybrids
L
A
Unidirectional continuous fibers Fllamant wound cylindrical
Type Afibers

Multk-axial 3-0 weave

Fig. 1 Examplesof reinforcement sl;les. combinations, oricniations, and configurations (composite ypes)



 Example 17-1 LTSRS

Suppose 2wt ThOs is added to nickel. Each ThOs particle has a diameter of 1000 A,
How many particles are present in each cubic centimeter?

SOLUTION

The densities of ThO; and nickel are 9.69 and 8.9 g/em?, respectively. The volume
[raction is
2
9.69
Sho. = 2 o8 0.0184

I
Q.69 B9

Therefore, there is 0.0184 cm” of ThQ; per em” of composite, The volume of each
Th, sphere 1s

Vo, = 3wr = 3m(0.5 % 105 cm)® = 0.524 x 107" cm’
0.0184

Concentration of ThO- particles = — = 351 X 10'? particles/cm®
0.524 = 107

] \\



an accurately predict these propertics. The density of a particulate composite, for
ample, 15

pe = 2 (i) = fip + fapr = -+ fups (17-1)

/here p,.is the density of the composite, py, ps. . . .. p, are the densities of each constituent
1 the composite, and fy, f4, .- -, f, are the volume fractions of each constituent. Note that
he connectivity of different phases (i.c., how the dispersed phase 1s arranged with respect
o the continuous phase) 15 also very important for many properties.




(ST LB Ol Cemented Carbides

Aocemented carbide cutting tool used for machining contains 75 wit%: W, 15wt
TiC, 5 wi TaC, and 5 wi%s Co. Estimate the density of the composite.

SOLUTION

First, we mmst convert the weight percentages to volume fractions. The densities of
the components of the composite are

pwe = 15.77 g/em? pric = 4.94 gfem?
Prac = 14.5 gfem’ Pea = 883 gfem’
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17-2 Particulate Composites
75/15.97 4.76
IWe = 3571577 + 15/494 + 5/14.5 ~ 5/8.83 870 o4
15/4.94
Jric = 870 0,349
5/14.5
Jrac = 870 0.040
5/8.90
feco = =5 = 0.065

From the rule of mixtures, the density of the composite 1s

pe = () = (0.546)(15.77) + (0.349)(4.94) + (0.040)(14.5)
(0.065)(8.83)
= 11.5g/cm?

657



Electrical Contacts  Materials used for electrical contacts in switches and
relays must have a good combination of wear resistance and electrical conductivity.
Otherwise, the contacts erode, causing poor contact and arcing. Tungsten-reinforced silver
provides this combination ol characteristics. A tungsten powder compact 15 made using
conventional powder metallurgy processes (Figure 17-5) to produce high interconnected

Force

(a) (b) (c) (d)

Figure 17-5 The steps in producing a silver-tungsten electrical composite: {(a) Tungsten
powders are pressed, (b) a low-density compact 15 produced, (c) sintering joins the tungsten
powders, and (d) llauid silver is infiltraled into the pores between the parlicles.



Modulus of E Iastir.:il:y The rule of mixtures is used to predict the mod-
ulus of elasticity when the fibers are continuous and unidirectional. Parallel to the fibers,

the modulus ol elasticity may be as high as

Eey = foEum + frEy (17-5)

www .elsolucionario.net
opyright 2000 Cengage Learning, Inc. All Rights Reserved. May not be copied. scanned, or duplicated, in whale or in part.

CHAPTER 17 Composites: Teamwork and Synergy in Materials

== Figure 17-8
1 E. = By The stress-strain curve for a fiber-
reinforced composite. At low stresses
(region 1), the modulus of elasticity is
given by the rule of mixtures. At higher
stresses (region 11}, the matrix deforms
and the rule of mixtures is no longer
obeyed.

Stress

LE., = fufim + B¢

Strain




When the applied stress is very large, the matrix begins to deform and the stress-strain
curve 15 no longer linear (Figure 17-8). Since the matrix now contributes little to the sufi-
ness ol the composite, the modulus can be approximated by

E.| = frEs (17-6)

When the load is applied perpendicular to the fibers, each component of the composite
acts independently ol the other. The modulus of the composite 1s now

S

— 17-7
E. | Ly E'jl" |: :

Again, if the fibers are not continuous and unidirectional, the rule of mixtures does not

apply.
The following examples further illustrate these concepts.



(51T L 2 -0 Rule of Mixtures for Composites: Stress Parallel to Fibers

Drerive the rule of mixtures (Equation 17-5) for the modulus of elasticity of a fiber-
remnforced composile when a stress (o) 1s applied along the axis of the Obers,

SOLUTION

The total force acting on the composite is the sum of the forces carried by each con-
stituent:

F, = F,, + Fy

Since F=wd

r _O'm.-‘!rn+ ﬂ:lr.-"l_lf
-on(52)+ A3
oy
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17-3 Fiber-Reinforced Composites 663

If the fibers have a uniform cross-section, the area fraction equals the volume
fraction

T = Ty T U_,l'_ff
From Hooke's law, oo = eFE, Therefore,
Er',lee' - Enzﬂmfm + -b:.l'e_.l'.ilr.l"

If the fibers are rigidly bonded to the matnx, both the fibers and the matrnix must
streteh egqual amounts (1so-stram conditions):

Ex = Em = &f

= foEm + _)I'}_L:lr




31 WL W Modulus of Elasticity for Composites: Stress
Perpendicular to Fibers

Derve the equation for the modulus of elasticity of a fiber-reinforced composite
when a stress 15 applied perpendicular to the axis of the fiber (Equation 17-7).

SOLUTION

In this example, the strains are no longer equal; mnstead, the weighted sum of the
strains in each component equals the total strain in the composite, whereas the
stresses In each component are equal (1so-stress conditions):

€ = fmeEm T Jrer

i, e, oy
7 ~m(z)  ilz)

Since @, = oy = 0




/

Whiskers are single crystals with aspect ratios of 2010 1000, Because the whiskers
contamn no mobile dislocations, ship cannot occur, and they have exceptionally high
strengths, Because of the complex processing required to produce whiskers, their cost may
be quite high.



