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Figure 5.1
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Density

Shrinkage c\fsold/

Solidification
shrinkage

Shrinkage of liquid

Time
(b)

(a) Temperature as a function of time for the solidification of pure metals. Note that freezing
takes place at a constant temperature. (b) Density as a function of time.
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Alloy composition
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Figure 5.3

Phase diagram for nickel-copper alloy system obtained by a low rate of solidification. Note that
pure nickel and pure copper each have one freezing or melting temperature. The top circle on
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Schematic illustration of three cast structures of metals solidified in a square mold: (a) pure
metals, with preferred texture at the cool mold wall. Note in the middle of the figure that only
favorable oriented grains grow away from the mold surface; (b) solid-solution alloys; and (c)
structure obtained by heterogeneous nucleation of grains.
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Figure 5.6

Schematic illustration of alloy solidification and temperature distribution in the solidifying
metal. Note the formation of dendrites in the semi-solid (mushy) zone.
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Figure 5.11

Solidified skin on a steel casting; the remaining molten metal is poured out at the times
indicated in the figure. Hollow ornamental and decorative objects are made by a process called
slush casting, which is based on this principle.
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Solidification time # T
(surface area)

The respective surface areas are
1

= 4.84

)
-

Sphere: V = (2)7" Yy 1= (:_7)] 1, and A = 4mr* = 477( 37‘_)

Cube: V=43 a=1, and A = 6a*=6.

. 1 \V3
Cylinder: V= nr?h = 2713, r= ( ) , and

27
1 2'3
A = 2mr? + 2arh = 6mr? = 61.'(2”) = 5.54.

Thus the respective solidification times ¢ are

tiphere = 0.043C,  tp = 0.028C, and ¢ 404 = 0.033C.
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Solidification contraction for various cast metals

Metal or Alloy VOIUQEE::&?;LOIEE/S? et Metal or Alloy Volug(:]ttl;igci?;indi(l(‘)i/g? el
Aluminum 6.6 70% Cu-30% Zn 4.5
Al-4.5% Cu 6.3 90% Cu-10% Al 4
Al-12% Si 3.8 Gray iron Expansion to 2.5
Carbon steel 2.5-3 Magnesium 4.2
1% Carbon steel 4 White iron 4-5.5
Copper 4.9 Zinc 6.5
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FIGURE 5.18 Solubility of hydrogen in aluminum. Note the sharp decrease in solubility as the
molten metal begins to solidify,

6}U l01000
() JS8) o5l Slaels 4 coans 6 5V 55 > colde s

Kigd g0 035 (p Jolowe 5l ool >

bl i B o leo b lde {8 STy 51 b alel oo b3S

By 5o s, JSiis Gl b ailS e meezd o yais o (2le asle B3 glls gblie o pe S

(O™ 9 ﬁs«éw&” (o2l 50 059 4 € gus o0

Dged B> D> 0 Olde 8 yBu, b Olde o Jis 35 0,5 0)ls b lgi e 1y culs J> slaj8 i8ds gig

41




S5 L ol 5l ab Jslse s, (et

el 35 olisl alo ay 51 Lol call Blo oyless slilo g (59,5 Jlzs S

Cwldio s o ol |wbwb)ﬂ9¢at¢b&d¢u@aﬂ;\

d9“""(5‘° OML’ Ls.oL»Ju‘ oj.ﬂkgw‘ G:A.?u uaLJL" ‘LS“L’ w)OJ.?LLéL?

42




