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There are 7 question sheets and 7 answer sheets including a front sheet.

Fill in your examinee’s number in the specified positions in this cover and each question and answer sheet.

This exarnination booklet consists of only question sheets. Use other separate sheets for answers.

If the space is exhausted, use the reverse side of the sheet and write down “to be continued” on the last line of the sheet.

Select 3 specialized subjects among the following 6 specialized subjects and answer these questions in English or Japanese.
Moreover, mark specialized subjects that you have selected with circles in the table given in the cover of the answer sheet. (If
you select four and more specialized subjects, three specialized subjects of lower scores are adopted.)

Retumn these question sheets together with the answer sheets.

If given the instruction to draw a diégram, draw it on the answer sheet.

You may use a rented ruler if you need one.

Raise your hand if you have any questions.
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RIRE 1 (Question 1)

AZ ) NOLETEAU Lo THRNVLT VT B FBER L TD, Sbes CIERROIEIREZ > T3,
CH;0H (g)+ 122 0»(g) — HCHO(2) + H:0(2) -~ (A)
AH 7=V ETER (0221 mol%, Np:79mol%) MEERDRIGH AL 900K TRIGEHIHHG S ND, AN ADMRE /Y
FrLi=& 25, Na:58.0mol%, HCHO: 140 mol% T o7z, ARA ATITZOMIZ 0y, HO ERED CHOH HE®
FLTWBED, ZORRGIRATH S, Table 1 IZEOBYLFYNER T, ROBWNIEZ X,
(1) R AR (mol%) %KD L,
) ERIZEKE %) RO,
(3) I (A)YDIEEERISEY (kimol) Z3Red &,
) FUGE (A)D 900K (281 HFUEEY (dfmol) 23R &,

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




2023 4 A A% (April 2023 Admission)
IR REFRF S eERE TRBIF IR E LR ONE AR AR ) SP9R B AFHERTE
Graduate School of Advanced Science and Engineering (Master’s Programs), Hiroshima University
Entrance Examination Booklet (Special Selection for International Students)
(2023 41 A 26 HEJfi / January 26, 2023)

HBEAE | (LFETE FEIRE D A=A {F=cunes B
Subject Chemical Engineering | Program Chemical Examinee’s Number | M
Engineering : :

RIE2 (Question2)

MERNERREEEIR (N— L - BT AA i) OBUHTAERE Yy O5FRE, v= f—i(Rz -r) TEABNA, 2T,
Ap VFEEREL IR Tz 2 DOWHEDE ) D7, WIHEEE, RITEHEE, » 1TEPLEIEFA L T2 B Th D,
LUF DR Z &,

(D) v ORI (v) DFRBNEELT,

Q) ApEAp=(4 f)(%)(%p(v)zj (D TEER, pIEBE) LELEEE, XFO £ IHTE LD,

GV )DREELQDRD S, £ ERe (LA /AR OEREEHE L,
@HQDOREQ)DIFEIZLD L, v BY2RATR-T0 £ AT B, BAE & BITEZ L,

The distribution of the axial velocity, v, of steady-state developed laminar flow in a circular pipe (Hagen—Poiseuille flow) is given by
y= ZA:;L( R - r2) , where Ap is the difference between the pressures at two cross sections separated by distance L, p is the
viscosity, R is the radius of the pipe, and 7 is the radial coordinate with its origin at the center of the pipe. Answer the following
questions. '

(1) Derive the equation expressing () (the cross-sectional average value of v ).

(2) Whatis f calldwhen Ap isexpressedas Ap=(4f )(%) (%p(v)zj (D : diameter of the pipe, p : density) ?

(3) Derive the relationship between f and Re (Reynolds number) from the answer of (1) and the equation in (2).
(4) How many times is / .multiplied when v is halved, considering the equation in (2) and the answer of (3). Add explanatory
notes.
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RERE 3 (Question 3)

~EYY @) ATE Y ({67 2) ROEEMTIRIT D5ETHE SOV TUTORWIEX L, 72721, ZORIE

SRR T > TEIERR E AT 2 L3 TE B, Eiz, TIHEE, PIHES, x, &y T ENThakdy i OfFETE/L

SR ETITLSREERT,

(1) ZOFRDERKIETEERERTP — xy, y B, BEVx -y BREESENCHLT, 7720, P —xy, y BRI
PR (BPC), BEmdhiR (DPC), SUERHIK (V), WRIEEHR (L), BLUSBSHFER (Vi) %, fEIAOIHIT
i B

(2) 1BFE 353.15K, ~FH U OBIEEASHR ) = 0500 DEE, [ENP LXMBTNDIERY, », EROL, IZEL, ZORE
T DFERRG DETFEESENL PY = 142.5 kPa, P§ = 57.08 kPaTH D,

(3) IBAE35315K, T4 900kPa DL X, JRFEENDIE xp, x, ERABENTR Y, vy FRO L,

@) ~FH >y = 500mol LT H 2 ny =500mol HIREL, LRIV - A0 FIBO TPk LIz, 0k
X OKMOWE RN #RDL,

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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VIERBEDS T, CHHBIR (HRd, H#c, BE)p) ZBHEFHC L. (H> To)OREFICE 5 L CAHIT 2B OEEE 2

%o HBEOBEROBEFATAETHD LHELT, LATOMWWIEZ L,

(1) HEFFOSEROBSH ¢ (26T DIREE( @ld) & ==— b ORRIOERIZ AW TR TRE, 27ZL, SEREY O
BRERIT L LT5,

(2) PTHBEEN 673K THAHSER (E10mm, HE0442kIke K), FEE:7870keg/m®) ZBHRHCI 293 K OFEFIZSH
LizE &, 1, 5, 20 SHEOBERDOEE L FNFIRD L, EOBMERIT 10 Wm?-K)L T35, £, RAFEETT
L= LI (B 10mm, Y 0905kIkg K), HEE2688kg/m’) AMENLIAFE, SREREHEIL TEH O
HRINDN, BB S TR,

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 /.

(2) When the iron sphere (diameter: 10 mm, specific heat: 0.442 kJ/(kg-K), density: 7870 kg/m?) of the initial temperature 673 K is
suddenly plunged into a fluid of temperature 293 K, estimate the temperature of iron sphere after 1, 5, and 20 min. The heat transfer
coefficient of the surrounding fluid is 10 WAm?: K). If an aluminum sphere (diameter: 10 mm, specific heat: 0.905 kJ/(kg- K), density:
2688 kg/m?) is cooled under the same conditions, which cools first compared to the iron sphere? Explain together with reason.
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fE5 (Question 5)

323K I TEG ROSEE O CERRRIKEIS T Do BUSR 1, G2 13& <G A, WHEB DRE (Ca Cs&T5) O

—REISFERERTRELN, b B b SREEE THD, FENIWE A OBEEATEY, TOFRENR Co ThHD,

(D ke, CaoZFVY, Ca ZWHE r ORI E U TR,

Q) NI RBIT 5 Ce DB dColdt % ki, ko, Ca, Cs ZFWVTEH,

(3) Cpida1 TREIND Z &2, MERL—EES T  d0di+aC=00D— B2 E AV L, alTFEE,
OONE t DB, ConstiIfEDTEHTH S,

@ JBHCa0=10mol L2 AV " C I E 24T o7, BUSERGEH 40 S3HIOMHE A, B DIRE DRI ZBIRE L, 7238,
323K Tid Ak =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 corripounds A and B (denoted by Ca and CB), respectively, and k1 and 4, 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 1 and Cao.

(2) Express a change of Cp in a differential time, dCp/d, using k1, k2, Ca, and Cs.

(3) Show that Cg is expressed as Eq. 1. If necessary, use a general solution (Eq. 2) for a linear differential equation: dC/dt+aC=Q1). a is
a constant, () is a function of z, and Const. is a constant of integration.

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

ki ko
1 Reactionl : A— JUit~2 Reaction2 :B—S

Eﬁ 1 Eq 1: CB:'ﬁ CAO (e_klt—e_l‘lt)

2 Eq2 C=e “{feQ(t)dt +Const}
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RRE6  (Question 6)
o7 A, B IBEWITORST A DFHIL, N, =J, +x, (N, + Ny) =-DC, dx/dy +x, (N, + N,) TREND, 788, M

BIP I EEGT | OB/ VRRBL e 2FE, C, DITET/VIRE, ITEREEERT, RaRE
ZONAFENDZET, FHEDEDRIR(A) HFFEL, BHNOZER(B) PRI, i EE-LHRES ———
NABBDEVFHR (Fig. | #BH8) 2RbdT=\, ZOWEETE (v = ) TOHANBIT DL A DL 2,
435 0 LU, B BISERA ICRHES RO ET 5, BAMENE A L B DIEARE L TEY, l
BT (y=y)TD A BREIORERGE 2, T—FEET D, Na

y
(1) NaRDAED Ja BEO xaWa+Ne) DYBERTERE, BLUOEIENOEDIERZR~L, ] | &
() THEWETORSG A DE/NVEER T AZE L, A (quLlid))/Q
(3) ARGy ADSK, Sy B BNEER BRI, 77 1.01325 x 10°Pa, 1REE 293 K IZARI=AV TV D, K57 Fig]

FIFEFEL, BNOBEEE Y- =020 m ZYEECT 5, 12721, ZERHOKEKDIERREE 025 x 107
m%s, 293 K TORFEEI 2.341 x 10° Pa &35, BAMAIFIZESO N THY =0 £75, KOEFEENFREBEL
OB ENAEL ke [m/s]a KD L

The total flux of component A in the mixture of A and B, Na, can be expressed as the following equation:
N,=J, +x, (N, +Ng)=-DC, dx%}+xA (N, + Ny),where N; and x;, are the molar flux and mole fraction of component

i. C and D are the total mole concentration and the diffusivity. Using the Na equation, we would like to obtain molar flux (see Fig. 1)
when the liquid (A) at the bottom of a tube evaporates, diffuses through the air (B), and is exhausted from the top. Assume that the mole
fraction of component A in the gas phase at the liquid surface (y = y1) is x1 and component B is not dissolved in/ released from the
solution A. A mixture of A and B gases is flowing on the outside of the tube, and the composition of component A at the top of the tube
(y=y») is assumed to be constant at x».

(1) Describe the physical meaning of the terms, Ja and xa(Na-+Ng), of the N equation, and answer if each term is positive or
negative.

(2) Derive an equation for the molar flux of component A at steady state.

(3) The system consisting of water as component A and air as component B is kept atmospheric (1.01325 x 10° Pa) and isothermal at
293 K. Water vapor evaporates and diffuses through the air with the diffusion length, 2 - y1= 0.20 m. The diffusivity of water vapor
at 293 K is 0.25 x 10* m?%s, and the vapor pressure of water is 2.341 x 10° Pa. Assume air outside the tube is dry (x»=0). Calculate
the molar flux of water vapor, and obtain mass-transfer coefficient, & [m/s].
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(6) MREFMIFEEAKE & bICEILET,
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@) TE+5ES, B53n-EREFERALTHLELEZ 2N,
©) HfH DR ERHDHEEIEFERT TSN,

Notices
(1) There are 2 question sheets and 2 answer sheets including a front sheet.
(2) Fill in your examinee’s number in the specified positions in this cover and each question and answer sheet.
(3) This examination booklet consists of only question sheets. Use other separate sheets for answers.
(4) Ifthe space is exhausted, use the reverse side of the sheet and write down “to be continued” on the last line of the sheet.
(5) Answer all the questions in English or Japanese.
(6) Return these question sheets together with the answer sheets.
(7) Ifgiven the instruction to draw a diagram, draw it on the answer sheet.
(8) Youmay use a rented ruler if you need one.
(9) Raise your hand if you have any questions.
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/1N Short essay

HIEREREEI RS LT, L BEseds DO AR O ARE 7 o+ ABIRIIS R E T T EEC R D, FNBIZOWTUT
DIEB ZimE L,

(1) B OGRS & B Dm LA Bis U7- BB OEEN: (400 FHEE)

Q) ({EFIEDAFET 1t ARSI TRIT DIURF LS B UOITE = RNAX—LOEEE (400 FHRE)

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)



