9.1 In cast metal alloys one can often find three kinds of
Problem 9.1 pores

1. Interdendritic pores, often called shrinkage pores.

b2

Spherical pores, which are either randomly distribu-
ted in the material or more often concentrated close
to the upper surface.

3. Elongated pores in the columnar crystal zone.

Explain the mechanism of formation of the three types
and mention likely gas concentrations in the melt,
required for formation of the three types (see the dia-

gram below).
Hint B20
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Problem 9.3

In the production of copper alloys, hydrogen and oxy-
gen are dissolved 1n the melt. This often results in
pore formation when the metal 1s cast and allowed to
sohdity. The pores are formed by precipitation of water
vapour.

Calculate the maximum hydrogen concentration in a
Cu melt with 0.01 wt-% O, which can be present from
the beginning, if formation of water vapour during the
solidification process 1s to be avoided. Cu,O will pre-
cipitate mstead of water vapour,

The solubility product of the reaction 2H + O = H,0O
1S:

2 11
E‘HCQ =2x 10 PH,0

where py,o 1s measured i atm and cy and ¢g are
expressed 1 wt-%.

The binary phase diagrams of the systems Cu—0O and
Cu—H are given above.

10183

i

1055

Cu

Cu + Cu >0

(b 00035 (1.39
O] {wr-T}

Simplified phase diagram of the system Cu—0 at 1 atm O».

L
&)
S 1083 | ---
-
Cu Cu+ H,
| 1
1.8 49
[H] (ppm)

Simplified phase diagram of the system Cu-H at 1atm H,.
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9.5 At a steelworks, steel with 0.050 % C is cast. The gas

PrObleI[| 9 5 precipitaion during the solidification process of

rimming steel 1s determined by the sum of the partial
pressures of the dissolved gases.

HinFe Describe graphically how the oxygen and hydrogen
concentrations have to vary to ensure that the gas pre-
cipitation starts immediately after the casting.

0.0025 Hint B314

0.0020 The equilibrium between the concentrations of O
% and C 1n the melt and the pressure of CO gas outside
% 0.0015 the melt 1s assumed to be described by the relation on
% page 280:
—| 0.0010

ckch = 0.0019pco  (wt-% and atm).
0.0005 o
— The solubility of hydrogen in 1ron at equilibrium

with I atm hydrogen as a function of temperature 1s
1300 1400 1500 1600 illustrated in Figure 9.23 on page 277.
T (€)
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Problem 9.6

9.6 A steel melt contains 0.040 wt-% O and 0.030 wit-% C.
Manganese 1s added to the melt 1n order to prevent CO
precipitation. The temperature of the melt is 1500 °C.

Calculate the mimmimum Mn concentration required

to prevent formation of gaseous CO.
Hint B128

The partition coethicients of O and C are 0.054 and
0.20, respectively. The partiton coethcient of Mn 18
0.67. The solubility product of MnO n the melt can
be written as:

12760 5
Kyino = Ck,lnc{[g = exp {—( = 5.68)] (wt-%)"
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