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CH;0H (g)+ 122 0»(g) — HCHO(2) + H:0(2) -~ (A)
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Formaldehyde is produced by oxidizing methanol with air. In a reactor, the following reaction occurs.

CH:OH (g)+ 1202 (g) = HCHO () +H:0(g)  (A)
The reactant gas composed of methanol and air (Oz: 21 mol%, Na: 79 mol%) is supplied to the reactor at 900 K. The composition of
product gas is as follows; Na: 58.0 mol% and HCHO: 14.0 mol%. Oz, H2O, and unreacted CH3OH are included in the product gas,
however, the composition is unknown. Table 1 shows the thermochemical properties of the compounds. Answer the following
questions.
(1) Calculate the composition (mol%) of product gas.
(2) Calculate the excess air ratio (%o).
(3) Calculate the standard heat of reaction (kJ/mol) for the reaction (A).
(4) Calculate the heat of reaction at 900 K (kJ/mol) for the reaction (A).

Table 1 ZMbZWH%E Thermochemical properties
stateat  standardheatof latentheatof  average molar heat capacity
298.15K formation vaporization gas at constant pressure

AHP L»° G
kJmol]  (at298.15K) 298.15 K~900 K
[kJ/mol] [molK)]
CH:OH  Liquid —239.1 375 67.0
HCHO Gas —108.7 - 477
H0 Liquid —28538 440 36.6
O Gas 0 = 322
N, Gas 0 — 303
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Answer the following questions on the vapor-liquid equilibria for the hexane (component 1)+ heptane (component 2) around atmospheric
pressure. This system can be assumed as an ideal solution in the whole composition range. T'is temperature, P is pressure, and x; and y;
are liquid phase mole fraction and vapor phase mole fraction of component 7, respectively.

(1) IMustrate schematically the P — x;,y, diagram, and the x; —y; diagram that express the constant-temperature vapor-liquid
equilibria for this system. In the P — x;, y; diagram, indicate the boiling point curve (BPC), the dew point curve (DPC), the
homogeneous vapor phase region (V), the homogeneous liquid phase region (L), and the vapor - liquid coexisting region (V+L.) using
their abbreviations in parentheses.

(2) Obtain the boiling point pressure P and the vapor-phase mole fractions y,y, attemperature of 7 = 353.15 K and liquid-phase
mole fraction of x; = 0.500. The saturated vapor pressures for the pure components at this temperature are Py 142.5 kPa and
Py = 57.08 kPa, respectively.

(3) Obtain the liquid-phase mole fractions x,, x, and the vapor-phase mole fractions y;,y, attemperature of T = 353.15 K and
pressure of P = 90.0 kPa.

(4) ny =35.00 mol of hexane and 7, =5.00 mol of heptane were mixed and equilibrated at the same temperature and pressure as those

given in the question (3). Obtain the amount of the mixture existing in vapor phase # -
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Consider heat transfer when an iron sphere (diameter o, specific heat ¢, density ) with an initial temperature of 7p is instantaneously

exposed to a fluid at 7+ (7> T+) for cooling, Assuming that the temperature distribution of the iron sphere during copling is uniform,

answer the following questions.

(1) Derive the equation for temperature change (d77dr) of the iron sphere with respect to time # during cooling by the Newton's law of
cooling. Here, the heat transfer coefficient around the iron sphere is /.
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