(1) There are 7 question sheets and 7 answer sheets including a front sheet.
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fRE 1 (Question 1)
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Eormaldehyde is produced by oxidizing methanol with air. In a reactor, the following reaction occurs.
CH:OH(g)+120:(g)—=HCHO (g +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; N: 58.0 mol% and HCHO: 14.0 mol%. O», H>0, and unreacted CH3;OH are included in the product gas,
however, the composition is unknown. Table 1 shows the thermochemical properties of the compounds. Answer the following
questions.

Calculate the composition (imol%o) of product gas.
(2) Calculate the excess air ratio (%a).
(3) Calculate the standard heat of reaction (kJ/molj for the reaction{Ag:z
(4) Calculate the heat of reaction at 900 K (kJ/mol) for the reaction (A).
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FHRE 3 (Question 3)
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(2) IREE 353.15K, ~FV L OEAEE/LDEx, =0500 D& E, [ENP LTFHELDE Y, v, B RO X, 21EL, ZORE
WZRIT ARGy OEFERRIENY PJ = 1425 kPa, P; = 57.08 kPaTh 5,

(3) IREE353.15K, [EH 90.0kPa DL &, WHBE/ASER xq, %, ERIEELDE Y, v, RO L,
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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. 7'is temperature, P is pressure,and x;- and y;
are liquid phase mole fraction and vapor phase mole fraction of component 7, respectively.

(1) Mustrate schematically the P — x4, 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 b0111ng point pressure P and the vapor-phase mole fractions y;, ¥, attemperature of T = 353.15 K and liquid-phase
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R 5 (Question 5)
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Q) WIS B CeOBAb dCridt % ki, ko, Ca, CaZFVTHRE,
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(@) FEKCao=10mol L% AV CRUSHRER T o 7o, BOSBIkAH 40 HTEIOME A, B DIREORIFE(LE IR X, 708,
323K ik =0.10min?, k=0.025min' TH 5,

A consecutive reaction without change in the liquid density is carried out at 323 K using a batch reactor. The reactions 1 and 2 follow the

first order reaction kinetics for the concentrations of compounds A and B (denoted by Cx and Cg), respectively, and ki and & are the rate

constants. The raw material contains only compound A, and the initial concentration is Cao.

(1) Express Ca as a function of time £ using 41 and Cap.

(2) Express a change of Cg in a differential time, dC/dlt, using k1, k2, Ca, and Cg.

(3) Show that Cy is expressed as Eq. 1. If necessary, use a general solution (Eq. 2) for a linear differential equation: dC/dt+aC=0Q(f). ais
a constant, (X?) is a function of 7, and Corst. is a constant of integration.

(4) The reaction operation is carried out at using the raw material (Cao = 10 mol L), Ilustrate the changes in concentrations of compounds
A and B during the first 40 min after the start of the reaction. At 323 K, k& =0.10 min™ and k> =0.025 min' are gjven.

fa %)
SO 1 Reactionl : A—B B2 Reaction2 : B—S
. : k _ _
1 Eq.l: Co=1 Cao (e7hi—e)

X2 Eq.22 C=e” “{fe Q(t)dr +Const.}
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The development of chemical products and chemical production processes that are environmentally friendly will become increasingly

important in the future. Discuss the following points.

(1) Importance of product development aiming at both resource recycling and economic efficiency of chemical substances. (about 150
words)

(2) Importance of decarbonization or energy saving in development of the chemical production processes. (about 150 words)



