




Section 9-G Solidification Defects
9-23 In. Sen;ra], compared to componenm prepared

using forging, rolling, extrusion, etc., cast prod_ucts tend to have lower fracture toughness. nx_plain why this may be the case.

9-24 What is a riser? Why should it be designed so asto freeze after the casting?

9-25 Calculate the volume, diameter, and height of thecylindrical riser required ,o pr.u.ni.rrin?ug. in uI in. x 6 in. x 6 in. castins i rn" i/i'"iir,r. nr..is 1.0.

9-26 Figure 9-24 shows a cylindrical riser attached toa casting- Compare the solidification tiries fbreach casting section and the .ir., urJ j.iLin.
whether the riser will be effective.

problens 2gg

9-29 A 4-in' cube of a_liquid metal is allowed to solid-ify. A spherical shrinkage .*uy;il;diameter
of 1.49 in. is observed i" tfr. ,oiiO 

"urtiig. 
Deter_mine the percent volume 

"h"rg;;h"t ;;;urs dur_ing solidification.

9-30 A 2 cmx4 cmx6 cm magnesium casting isproduced. After cooling- to .oo"_ t.*prr-ature, thecasring is found to weigh SO g. O.i.-#iri
(a) the volume

centerof the:iJ[,'fff-age 
cavitv at the

(b) the percent shrhtlage it at must have oc_curred during solidifi cation.
9-31 A2in.xgin.x

and, arter coori,rl,:'l#?.#lir,#,?rffj
to weigh 43.9 lb. Determine
(a) the percent of shrinkage that must have oc_
,., 

.].r.d during solidificaiion; and(D, the number of shrinkage pores in the castingif all of the shrinkage ;.;, ;.;;;, with adiameter of  0.05 in.  
-  rvrvJ

9-32 Liquid magnesium is poured into a2cm x 2 cm x24 cm mold and, as a result of directional solidi_fication, all of the solidification shi-nt"# o""ur.
.alonq rhe length of ,f," 

"uuing. 
;;t'#i.,. tt.length of the casting immediateiy 
"f,* 

,"rr*n."_tion is completed.

9-33 A liquid casr iro" 
l?:.1 density of 7.65 g/cm3.Immediately afrer solidificati"", ifr. i.rrltfb, ,n.solid cast iron is found t b" j.;t-;i;.'o.r.._

mine the percent volume change tiru'l o."o., 0"._ing solidification. Does th. ;;; i.", ._""r0 *contract during solidification? ---r*'

Figwe g-24 Step-block casting (for problem 9_26).

9-27 Figure 9-25 shows a cylindrical riser attached toa casting- Compare the solidificatlon--tirie, fo,each casting section and the riser anJ j.irr_i.r.
whether the riser will be effective, Section 9-7 Casting processes

tor Manufacturing Components
9-34 An alloy is cast into a shape using a sand moldand a metallic mold. wirictr castii, ,jri u. 

"*_pected to be stronger and why?

Section 9-g ContinuousCasting, tngot Casting,and Single Crystal Growth 
e- - ---r

Section 9-9 Solidification of polymers
and Inorganic Glasses
9.35 Why do most pl

crystalline..rron.ittt"t 
contain amorphous and

9-36 Explain why silicate glasses tend to form amor-phous glasses, however, metallic melts typicallycrystallize easily.

Section 9-10 Joining of Metallic Materials
9-37 Define the terms brazingand solderine.

9-25 Step-block casting (for problem 9_27).

A 4-in.-diameter sphere of liquid copper is al_loled to solidify, pioducing 
" 

,irfr."."iif,rrt#
cavity in the center of the casting. Co_pu;;-fi;
volume and diameter of the shriik"g".;;y;
the copp_er casting to that obtained vifr* 

"-i_ir.sphere of liquid iron is allowed to sofiOifv.
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Spherulite Spherical-shaped crystals produced when certain polymers solidify'

Superheat The pouring temperature minus the freezing temperature'

Thermal arrest A plateau on the cooling curve during the solidification of a material caused by

the evolution of the latent heat of fusion during solidiication. This heat generation balances the

heat being lost as a result ofcooling'

Total solidification time The time required for the casting to solidify completely after the casting

has been Poured.

Undercool ingThetemperaturetowhichthel iquidmetalmustcoolbelowtheequi l ibr ium
freezingtemperature before nucleation occurs'

Section 9-1 Technological Significance

Section 9-2 Nucleation

9-1 Deflne the following terms:
heterogeneous nucleation'

(a) at 10'C undercooltng;
(b) at 100'C undercooling; and

(c) homogeneously'

The specific heat of iron is 5'78 J/cm3''C'

Section 9-3 Growth Mechanisms
g-7 Calculate the fraction of solidification that occurs

dendritically when silver nucleates

(a) at 10'C undercooling;

iUi at IOO'C undercooling; and

(c) homogeneouslY'

The specific heat of silver is 3'25 Ilcnf '"C'

9-8 Analysis of a nickel casting suggests lhat.28oh of

the solidification process occurred in a dendritic

manner. Calculate the temperature at which nu-

cleation occurred' The specific heat of nickel is

4.1 J/cm3 ' 'C'

9-9 Write down Chvorinov's rule and explain the

meaning of each term'

9-10 A 2-in. cube solidifies in 4'6 min' Calculate

(a) the mold constant in Chvorinov's rule; and

ibi ttt. solidification time for a 0'5 in' x 0'5 in' x

6 in. bar cast under the same conditions'

Assume bhatn:2'

9-11 A 5-cm-diameter sphere solidifies in 1050 s' Cal-

culate the solidification time for a 0'3 cm x

10 cm x 20 cm plate cast under the same con-

ditions. Assume that n :2'

9-12 Find the constants B arrd n in Chvorinov's rule by
- -- 

pfoiti"g the following data on a 1og-log plot:

nucleation, embryo,
and homogeneous

nucleation.

9-2 Suppose that liquid nickel is undercooled until ho-
- - 

-og.".ous 
nucleation occurs' Calculate

(a) the critical radius ofthe nucleus required: and

iii lrt. number of nickel atoms in the nucleus'

Assume that the lattice parameter of the solid FCC

nickel is 0'356 nm'

9-3 Suppose that liquid iron is undercooled until ho-
- - 

-Jg.".ous 
nucliation occurs' Calculate

(a) the critical radius ofthe nucleus required; and

iil ltt number of iron atoms in the nucleus'

Assume that the lattice parameter of the solid BCC

iron is 2.92 A'

9-4 Suppose that solid nickel was able to nucleate ho-
"- 

"J;;usly 
with an undercooling of only 22'C'

How many atoms would have to group together

tp""r"".""-fy for this to occur? Assume that

the lattice parameter of the solid FCC nickel is

0.356 nm.

9-5 Suppose that solid iron was able to nucleate ho-
"-- 

;;;;uslv with an undercooling of only 15'c'

How many atoms would have to group together

tp""r""."ittfy for this to occur? Assume that the

lattice parameter oittrt toliO BCC iron is 292 A"

9-6 Calculate the fraction of solidification that occurs

dendritically when iron nucleates

undercooling;


