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Solution

he earliest evidence of human use of fire for warmth and light

Tcomes from caves occupied by Peking man about half a million
years ago. In spite of this use, it has been only in relatively recent times
that people have understood that heat is energy and that temperature is a
measure of the amount of that energy present in a body. As a form of
energy, heat can be converted into work. Although it is customary to
speak of sensible heat and latent heat, since the word heat is restricted to
energy being transferred. When heat energy is given to a body one or
more of the following effects are observed:

i. Change in color.

ii. Increase in size (expansion).

iii. Change in electric properties.

iv. Change in chemical composition.

v. Body gets hotter (increase in temperature).




vi. Change in state (solid to liquid or liquid to vapour).

All these effects can be observed experimentally and some of them are
used to measure the change in temperature.
1. Heating and Cooling Curves

Substances in our environment are usually classified as solids,
liquids, or gases. These forms are called phase of matter. When heat
energy is given to a substance an increase of temperature is observed and
a change of phase may take place. The reverse changes take place on
cooling. For example, when water is heated sufficiently, it changes to
steam; or when enough heat is removed, water changes to ice. Such

changes can be studied by the what are called heating or cooling curves.
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Fig. (1): A plot of temperature versus time when 1 gm of ice initially at
—40 °C is converted to steam




If the temperature of 1gm of ice is recorded at regular intervals as
it heats, and the readings are plotted on a temperature-time graph, a

heating curve is obtained as in Fig. (1). At some particular temperature
(0°C and 100° C) the graph becomes horizontal. Although heat energy

is continually given, the temperature does not rise for a certain time. At
these temperatures ice melts and water boils, respectively.

If, on the other hand, hot vapour cools and temperature-time is
plotted a cooling curve will be obtained with horizontal parts at the same
temperatures (100° C and 0° C). It is at those temperatures the substance
during heating is melted (melting point), boiled (boiling point). On
cooling, at these temperatures the substance is condensed at the
temperature of the boiling point and is solidified or freezed at constant
temperature called freezing point which equals to the temperature of the
melting point. At these constant temperatures the state is changed and two

phases are existed in equilibrium.

2. Phase Diagram

A real substance can exist in three phases or states: solid, liquid,
and gas. A phase is defined as a portion of system whose properties and
composition are homogenous. Materials are subjected to one or more
phase in the course of their manufacture. Phase transformation is an

extensive subjects with many important technologies associated with it,




e.g., casting of metals, heat treatment of steel, sintering of ceramics and
molding of polymers.

A phase diagram shows the phases that exist in equilibrium for a
material. Figure (2) shows the pressure-temperature diagram of water

(H,O). The features of this diagram are:

i. There are three areas represent the solid, liquid and gas state. They
are the areas where only one phase exists.
ii. There are three lines represent solid-gas (oa), solid-liquid (ob), and

liquid-gas (oc) boundaries.
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Fig. (2): Phase diagram of water

Thus the (oa) curve is a graph of the "sublimation point" of the
substance versus pressure, the (ob) curve is a graph of the "melting point"
or freezing point temperature versus pressure and (oc) curve is a graph of
the "boiling point" or condensation point temperature versus pressure.
The three lines meet at the "triple point" (O), where solid, liquid, and

vapour can coexist in equilibrium.




The phase diagram is very common in materials science and helps
us to determine the phase of the material for different temperatures and
pressures. There are three regions: solid, liquid, and gas, separated by
boundaries. How do you read this diagram? As an example, say you were
trying to find out whether water is a solid, liquid or gas at a temperature
of 50° C and pressure of 0.5 atm. Draw a line up from 50° C and a line
across from 0.5 atm; the intersection is in the liquid region of the
diagram.

The boiling point is the temperature at which the vapor pressure
equals the external pressure. Therefore, the boiling point temperature
increases as the pressure increases as shown by (oc) curve in Fig. (3). It

can be seen in the figure that the boiling point is 100° C at pressure of

latm. If the external pressure is increased, e.g., to 6atm, the boiling
point will be 160° C, while if it is reduced, e.g., to 0.023atm, water will

boil at room temperature (say 20° C).

On contrast, there is no effect for the pressure on the triple point at
which the three phases coexist. There is only one temperature and one
pressure at which this equilibrium condition can be confirmed. In case of

water, solid, liquid, and gas are remain in equilibrium only when the

pressure is 0.006 atm and the temperature is 0.01° C.
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