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‘Notices
" (1) There are 6 question sheets and 6 answer sheets including a cover 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) 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.
(5) Select four specialized subjects among the following five 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 five specialized subjects, four specialized subjects of lower scores are adopted.)

(6) Return these question sheets together with the answer sheets.

(7) If given the instruction to draw a diagram, draw it on the answer sheet.
(8) You may use the approved ruler if you need one.

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

7rN (CiHg) 22K & & BITBER VW TRKUE T T S 5, 7 r/ 30 & 225K (02: 21 mol%, Na: 79 mol%)
VL1 :33 OE/VELERT 308.15 K TG S, BRET R ITREERRN OIS b D &5, BREEERDIVEE JWEGA TE i,
AERA~DEDIBEN T2 b D &35, Table 1252 SIVBMESVEE R VT, UTFORICE L &, 7272, FEL
BRI MERERIE) DIRBERE OB E C—E L T2, »

(1) 7228 % 100 molh TS L7z & & OBREED X2 BB OE/VFE [molh) &3k L,

(2) EFRIZEGEE [%] Z3RD L,

(@) TS DIEERUSER kI/mol] &R &,

(4) 7,3 % 100 molh TR L7z & 2 DBRBERIRAT 2 W AD  Z 1— [kh] ZRKD L,

(5) 72/ % 100 molh CHEE L7 & X DBREET ADIBEE [K] &Rk L,

Propane gas (CsHsg) is completely burned in 2 combustion reactor with air under atmospheric pressure. Propane and air (O»: 21 mol%,
Na: 79 mol%b) with a molar ratio of 1: 33 are fed at the temperature of 308.15°K into the combustion reactor and combustion gas is left
from the reactor afler combustion. The outer wall of the combustion reactor is covered with insulation and there is no heat transfer to the
outside. Answer the following questions using the value of the thermal properties of materials as shown in Table, The average molar
heat capacity is assumed to be constant from the standard state to the region of combustion temperature.

(1) Obtain the molar flow rate [mol/h] of each composition in output gases after combustion, when propane is fed at 100 mol/h.

(2) Calculate the excess air ratio [%o].

(3) Calculate the standard heat of reaction [kJ/mol] for propane.

(4) Calculate the enthalpy [kJ/h] of gas fed to the combustion reactor, when propane is fed at 100 mol/h.

(5) Calculate the temperature [K] of combustion gas, when propane is fed at 100 mol/h.

Table EMLFHMEME  Thermal properties of materials

=" RAEE PRV IR THENEERE (K
Chemical State Standard heat of Average molar heat capacity of
formula at298.15K formation, AHP gas at constant pressure, Cp
{kJ/mol] [J(mol-K)]
CsHs Gas —104 150
O, Gas — 30
N Gas — 30
CO Gas —394 50
HO Gas —242 35
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REEE 2 (Question2)
LAFORICE % L. ' )
(1) AHCEINPHED OBEMEORS L OXME, FADSFEAEE (v) Tid & & ORYTEESHT ) D= FL¥

—kE, kelid, E, =4f (é—] [%(V}z) (f VX Fanning OFTAEEIRE) TEED, AEIBIZHE 0.1 m,

& 10m OBEMEIC, K GFE 1,000 kg/m?, $5E 0001 Pa-s) 23 1 BFEH720 10m® OB TR CONDEXDE, %
KL, TIT. fIFEHRTIE S =16/Re, ELITETIL £ =0.0791Re™* THIND LIET X,

Q) (WOED AR E 2 v 7 IR ST T, BIOROEE 10 m¥h TRAUAA TWS, ZOEEFEHNCERIT 5=
FIVR—BKE,, DkglZ Rk, ZIT, ZOERRI OBEERMREIT 05 IREE L,

B) QDHERTRGT OIS ES FBNER) 2Rk,

Answer the following questions.

(1) The energy loss per unit mass, Ev [J/kg], when the fluid flows at an average velocity <v> through a portion of length L ofa
straight circular pipe of inner diameter D placed horizontally can be expressed by Ev =4f (-g—] (%(vy] , where [ isthe

Fanning’s friction factor. Calculate EV for water (density 1,000 kg/m?, viscosity 0.001 Pa*s) running at a flow rate of 10 m* per

hour in a horizontally-placed straight circular pipe of 0.1 m inner diameter and 10 m length. Assume that f is expressed as

f =16/Re for laminar flowand f =0.0791Re™* for turbulent flow, respectively.

(2) One end of the pipe described in (1) is connected to a larger tank, and water flows into the pipe there at a flow rate of 10 m¥h. Find

the energy loss Z:fv‘in [Wkg] at this connection, Assumne that the friction loss factor of this connection is 0.5.

(3) Find the equivalent pipe length for the connection described in (2).
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RIEE 3 (Question 3)

KR 9ERL, RELDOT 4 AZOWTEZD, ZO7 L ORAED

BRI Ty, BBEFUADREL T.THY (T Te) « TDT 4 ND x 4<i;j>7

HEDO—RITTEFIMRELE X D, 7 4 VPRIOFENT 2, 745 _

S B OBENIER T& 5, EFIRBICROT, UTOMICER L, 7= r

2L, T v OBNREEE k, BERE 7  REMORMEERS |
LU, WPhb—E L RET S, 7 (1} () Ja
(1) 74 »ORNEE (=) IZBHT DT F AN EE LD, o
LAFORICEZ L, L
() BYEEIZLY L x/MIARTT AEEEE 7 — Y =0 EH /
W, ENENEETE L ~_

(i) BMmEICLD T4 UREDDHBENT HEEEE R TAE I Figure
RE

(i) ()AL Y. =BT A RAX A ET,

() EHREMERY,

(3) 7 1 ORE AT L,

@) 74 2P L=300mm, d=10mm T, 7,=370K, Tw =300K &35, 7 OMEDEEE EYEE 355 W(m K))
EAT LA EYEER 16 W(mK)) DFNFNDBERITEBNT, 74 Vb OREE Q[WERD L, 72720, 2
EEERIL S0 WM K) &35,

(5) ADEHTRNT, $RESEAT VRO T 1 DR SIS D HEREOE Lo %, fEREO 7T 79
. 7770 e s AT UV ABIOBEEO I NEROB D 33D KO I &,

Consider a fin of diameter & and length Z shown in Figure. The temperature at the root of the fin is 73 and the temperature of the ambient
fluid is Teo (T3> Tw), and we consider one-dimensional steady-state heat conduction in the x direction within this fin. No heat is generated
inside the fin, and heat dissipation from the fin tip is negligible. Under steady state conditions, answer the following questions. Assume that
the thermal conductivity of the fin is & and the heat transfer coefficient between the ambient fluid and the fin surface is %, both constant.
(1) Consider the energy balance in a stab (shell) of a fin. Answer the following questions.

(i) Describe the rate of heat transferred into and out of the shell by heat conduction, respectively, using Fourier's equation.

(i) Give an expression for the rate of heat loss from the fin surface by heat transfer.

(iii) Derive the energy balance equation for the shell from (i) and (ii).
(2) Show the boundary conditions.
(3) Derive the temperature distribution equation for the fin.
(4) Assume that the Z =300 mm, d= 10 mm, 7\, =370 K, and 7% =300 K. Find the rate of heat loss from the fin O [W] for each of the
materials of the fin: copper alloy (thérmal conductivity 355 W/m K)) and stainless steel (thermal conductivity 16 W/(m K)). Here, the heat
transfer coefficient is 50 W/Am? K). ’
(5) Under the conditions of (4), draw in the graph on your answer sheet the change in heat loss versus the length of the fin for the copper
alloy and stainless steel. The graph should show the difference in heat loss between the copper alloy and stainless steel.
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&E4 (Question4)

X (ITFTHE A & B DRIOB SR OVWTUITORIZE A &, 7286, 298.15K, 101.3 kPa (| 23317 2 M E DOFF

HEAEREAA | STy b o 87 (X Table DI& Y L35,

(1) 298.15 K (2551} DIEHERUSELAH 59g « TEYERUST L b B —ASS0g . 35 L OMEHERUS Gibbs T/ —AGSgg 73K
o

Q) BERIGALIERIGT o b r E—=—E Th D LRE LT, 373.15 K 12317 DEERUG Gibbs =R AF—AG373 «
BLOYHEE K7, 2RO L,

(3) 373.15 K., 202.6 kPa {28V T A DH & USRS U TP BES BT L RO OT NG ERD L, T2
L., ZbDORIRIBEA L AR L TR,

Answer the following questions on the homogeneous vapor-phase reaction between two substances A and B shown in Eq. (1). The standard
heat of formation AH 7 , and the absolute entropy S ° for each substance at 298.15 K and 101.3 kPa are listed in Table.
(1) Calculate the standard heat of reaction AH 595 , the standard entropy of reaction AS5qg , and the standard Gibbs energy of reaction

AG39g at298.15K.

(2) Calculate the standard Gibbs energy of reaction AG33 and the equilibrium constant of this reaction K373 at 373.15 K. You can
assume that the standard heat of reaction and the standard entropy of reaction are constant.

(3) Calculate the mole fraction of each substance in chernical equilibria at 373.15 K and 202.6 kPa when only A is fed in a reactor.  You
can assume that the substances are ideal gases.

2A(g) <> B(g) Q)

Table - Physicochemical properties of substances

Subsiane AH % [ki/mol] s° [1/(mol-K)]
AQ) —110 100
B (g) —200 250
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RIES (Question5)

523 K IO THME SN EREGI USRI T, SRR A O¥—5HERUE (Reaction 1217V, Table (O™ #iR4
577 LATORIZEZ X,

(1) FENETVDRIGHFE 28T DEAVEE xa ZFHE L, FOEFAEEROFRITIAT X,

@) BUtk 0 REUS, 1 DG 2 BEUSERE L, RO —2ATO 1 & xu DEIFRERD X,

3) ZOW—FHEUNT | IREUZHED Z L ¥bohotr, MRS 7 728, RSEEEEERD X,

In a constant-volume batch reactor operated at 523 K, a homogeneous gas phase reaction of pure gaseous A (Reaction 1) was carried
out, and the results shown in Table were obtained. Answer the following questions.
(1) Estimate the conversion xa at each reaction time ¢ and write the values in the table on the answer sheet.
(2) Assuming that the reaction obeys zero, first, or second order reaction kinetics, derive the corresponding equations that express
relationship between # and xa.
(3) This homogeneous gas phase reaction was found to obey the first order reaction kinetics. Determine the rate constant by drawing
a graph in the answer sheet.

A — 2B + C (Reaction 1)

Table 523 K (2T 25U A O53fEER T — 4 /Data of the decomposition experiment of gaseous A at 523 K.
BUCHER, Reaction time '

. 0 3. .6 12 30
¢ [min)]
4FE, Total pressure
302 372 443 55.7 754
Pr[kPa]
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R 1 138 T,
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There are 6 question sheets and 6 answer sheets including a cover sheet.

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

This examination 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.
Question 1 is a required one.

Select three specialized subjects among the following four specialized subjects (Questions 2-5) 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. (I you select four specialized subjects, three specialized subjecis of lower scorés are adopted.)

Return these question sheets together with the answer sheets.

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

You may use the approved ruler if you need one.

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

RO 7T EOVETHIBMRTAEEMD 5 6, 5 EHARERQ, FH210 100 75 200 FREE CHBAYT L, 7B, #ick\T
KBLOREER LT R SCFEICiTE oy, 6 HU A LIS 810 LR STERRA I A,

Choose 5 questions among the following 7 questions regarding chemical engineering terms, and explain each term by about 30-100 words

in English. Equations and figures can be used, but are not counted in the number of words. If you choose 6 and more questions, 5 answers

of lower scores are adopted.

M

T4 U7 VEIRGER L O A ~ VRGN L e 27 b ARG E TN TR,

Give examples of boundary conditions for chemical processes whete the Dirichlet and the Neumann boundary conditions apply,
respectively.

@

FTRADIEDEFER F=C—P+2 (%03 C. TP, BREF) IFTHRE CHorT 52 & A,

Show that the Gibbs phase rule: F'=C — P+ 2 (number of components C, number of phases £ degrees of freedom F) holds in a
phase equilibrium state.

©)

| steady-state laminar flow conditions.

FEPICHEEBIENE & = = — P U E B IeRAR CER B S B/ BE OB DM OE VR &,

Explain the difference in velocity distribution between a quasi-plastic fluid and a Newtonian fluid flowing in a circular tube under

@

Michaelis-Menten ZOBfEETH A Lineweaver-Buk 72 + (LB 7' v b) OEMERAZE), £/~ LB 72y
b AT, ORBUGEREE & Michaelis EE04 3k 2 FEE AR X, :

Draw a schematic of the Lineweaver-Burk plot (L-B plot), which is a graphical representation of the Michaelis-Menten equation.
Also, explain the procedure for obtaining the limiting rate and Michaelis constant using the L-B plot.

®)

KA ESMOBIER Z2EE, KFESTIIRIT DA VT AL T— FERE TN EHEHRAE XL,

Draw a schematic diagram of the particle size distribution and explain the median diameter and mode diameter in the particle size
distribution, respectively.

©)

TN OICHOBRER 2 & T —/LOIS M 2 RV TR PRI 8T SRR L R AN )%
KD DFINRLHAE L,

Draw a schematic of'a Mohr's stress circle and explain the procedure for obtaining the maximum principal stress and the maximum
shear stress in a two-dimensional state of stress using the Mohr's stress circle.

Q)

SRS L OB AU ZIV T, Nusselt BDBH & 2 DR THZ TN TN T~ TEA L, Fio, ABROE
FISENTIOW T, At KOV O EFIEE & EEBRRE PO & X Nusselt 2% IV CIRESENO
BTR A KD D FIEZ T &,

Answer all dimensionless numbers that are functions of the Nusselt number in forced and natural convection, respectively. Also,
explain the procedure for obtaining the heat flux in the thermal boundary layer using the Nusselt number for steady-state heat
transfer in a circular tube, assuming that the fluid physical properties, the fluid bulk temperature, and the tube inner wall temperature
are known.
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R 2 (Question2)
HRHERS 7 ¢ V2 BT B LA T ORITE A Ko

(1) —HRIPTRE THL A T AFOF X ML T-HERE D O TIRESN DS, MECHMT 2 T 2 ARORr4ho
PR BEIT ARITE, T TR EEERE SND LEETE S (Figuwe), HIICHIT 5 ET 2 AOKFEEO
fifEE A & L, PSSRy 2R T A8 I,

) () 18T, HEORD D IZER D OERERE LI EE OINHER Ry, 2R T A 8HE XL,

() A NEETH AR, WTAES, B L D7 4 LF R4S y Tl e 5, Z07 /L2 IEEE DO FFRREHE
TR AL, AR O U TEZSORA L T D, A MREER C, #EBOZERE e, FARRIREDTINIR
B RE o & L, ESAL ORyNKRENCEIT S BOMFHS /. 0 OF A S ONKAFRTREGNEL,

@) TANBFODELARE #RTAE, Q) TROIEAEHVTERE L,

S @) IZBT, Dr=10pm, =020 DIFDT 4 )VF DEUARE & 9.5%E 35, Dr=15um, =025 DEFOE LA
ek K, L, go. LIZ—ELEL,

Answer the following questions regarding the fibrous filter.

(1) When dust particles in a gas flowing uniformly are collected by a cylinder of diameter D, it can be assumed that all particles moving
between the upper and lower two particle trajectories that are in contact with the cylinder are collected by impact on the cylinder
(Figure). Express the isolated collection efficiency 771 of the cylinder, here /% is the distance between the upper and lower two
particle trajectories upstream.

(2) Derive an expression for the isolated collection efficiency 772 when a sphere of diameter D is placed instead of the cylinder for (1).

(3) The gas containing dust penetrates a fibrous filter of cross-sectional area S, and thickness L at a superficial velocity u. The filter
consists of cylindrical fibers of diameter D, and the gas passes perpendicular to the fibers. Derive an expression for the mass
balance of the dust per unit time in a section of thickness ALZ, using the dust concentration C, the porosity & of the fiber layer and the
isolated collection efficiency of the cylindrical fibers 770.

(4) Derive an equation for the dust collection efficiency £ of the filter using the balance equation obtained in (3).

(5) When Dr= 10 um, £= 0.20, the dust collection efficiency £ of the filter is 99.5% for (4). Find the dust collection efficiency when
Dy=15 pum, £=0.25. Assume that 77¢ and L are fixed.

Gas

with dust particles Cylinder or sphere
—_

Figure Dust collection system
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REE 3  (Question3)
RN (COp) DA L USHBDEN 235 % x, p, Fo, ENENORIZBIT D HEIRES x| y & RT,
() SESEIRIT DRSS LT, ESEE T SASh A,
(1-1) BHREA 6, JERERE D, 28/ VIREE C LT DLE, BV ECORMYERSERE L A B X, 728, TR
H ARG D EARIS L ORAERRE I+ AlE LTl
(1-2) # CO, HABL COYN IRE T ADKRA~DRIEATID, ZOBRDETNE NGO BRI RES
(CO2, N2 & COMREDFES (x, y; x'\ ) EFEITHET, 2235, N tIAKICEEM LW EB 2 TEW,
Q) BRI, B (55 2) |2, BTSSR L [mol(m? )] C LSRRI, Tk .
OVRISA AR G [mollm? ) CEHESTUNS, Jegn SRR o (o], BWTieE s O T l o
[m?]& 9D, PN AEL THECO & AV, IABIREE 2T/ 5358 0= 0 5 x1 T COp ZRINS D,

4 g —

y x
(2-1) ZOWIGER/ECTMB L OB D2 b, TERREEBIT x B B BRE X t
(2-2) By NER 2~z + d TOEIEEL T, KUBDDHIRFE~RISELT Y | ZOFERE L CRFRRE %—> “ g
DS xr~x+ e \IBAULT= LB 2 D, CO, DB 2 s et s L, ty It

(2-3) QWS TTRER A 2= 0 1b =2 F TR THIET, RHITFO CORE x 2 L, |71 7
x 78 2 AN E DI B e A R &, v
(2-4) &S Z TS TAHZET, BEELHUNTU BLUMEIBIES HTU Z5H Y, &b, 20 I l B
YRR TR X, » i

The mole fractions of the absorbate (COz) in the liquid and gas phases are expressed as x and y; and those of the equilibrium

concentrations in each phase are denoted as x* and y*, respectively.

(1) Two-film theory is commonly used as the absorption mechanism at the gas-liquid interface.

(1-1) Given the boundary film thickness &, diffusion coefficient D, and total molar concentration Ci, detive the liquid phase mass
transfer coefficient & (mole fraction basis). The concentrations of the absorbed gas in gas and liquid phase are sufficiently dilute.

(1-2) In absorption of pure CO» gas and CO»/Namixture into water, draw the concentration distribution (CO,, N>) in each boundary
layer using the symbols (x, y; x*, y*) for the CO; concentration. Note that Ny is considered to be insoluble in water:

(2) As shown in the figure, in an absorption column (height Z), the absorbent (liquid) from the top and absorbate (gas) from the bottom
are fed at a flow rate of L [mol/(m? s)] and G [mol/(m? s)] pér column cross-sectional area, respectively. The gas-liquid interfacial area
of the packing is a [m%m®] and the cross-sectional area of the column is S [m?]. Pure COs is used as the absorbate, and CO; is
absorbed with a liquid phase concentration from mole fraction x> = 0 to x1. Pure water is used as the absorbent, Henry constant of CO;
is m, and the water vapor pressure can be neglected.

(2-1) Graphically show the changes in vapor and liquid phase concentrations during this absorption operation on the x-y chart, along
with the equilibrium line,

(2-2) As the mass balance in the interval z to z + dz, consider. that absorption occurs from the gas phase to the liquid phase, resulting in a
change in the concentration of the liquid phase from x tox + . Equate the differential equation for the mass balance of CO».

(2-3) Infegrate the differential equation in (2-2) from z =0 to z = z to derive an expression for the concentration of CO; in the liquid

-phase, x, and explain how x changes in the direction of z using a schematic diagram.

(2-4) Derive the number of transfer units, NTU, and the height of transfer units, HTU, by integrating over the column height Z, In

addition, explain their physical meanings.
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R4  (Question 4)
1. RO RO YHMERREE AT,
dy

dzy dy 2x
+3—=—+2y=12¢"", =6, ——| =-6 1
dx  dx 7 Mo dx|,, M

2. DT NOSEEEL Gs) KR THZ BN TS, UTOMICE L L, 7228, BFE T o TF,
(@) 1ERH Go(s) D7 A v L AFBERD X,
(b) IR Go(s) D7 MVRRIOBIR 2 BPRt X,

1
GrS) = 251+ 4

1. Solve the initial value problem of a differential equation with its initial conditions shown in Eq. (1).
d*y _dy 2 dy
+3—+2y=12¢", =6, —| =-6 1
d Cdx 7 = dxii, v

2. The transfer function of a plant, Gp(s), is given as follows. Answer the following questions. Here, the angular velocity is represented
by @.
(a) Show the gain and the phase of the transfer function, Gp(s).
(b) Draw the outline of the vector diagram of the transfer function, Gp(s).

1
Grl) = 25T+ as)
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R9RE5 (Questions)
EEKTOFWEERICR U, ASERKEREICE SSRELREELRE L, T 10 FREISHEIDERE LT
BESNTWA, BEKPO B EEICE LT, UTORCEZ X,

M

@)

€)

)
©)

IR A BHEATE T HILFEWHE & B E LV MU i, ACEKNERIEDRTEHENRR S, FNE
. EDOXICFEREDRTE SNAHH AT &,

¥ AE 90 HMOWE A OFOKIREFERE1T o7, FEIEIEEHBA Lz~ v AOEGZ TRIORT, HE
[USHREhE . #EEEE (NOAEL), & EME (LOAEL) ZEPITRE,

Bk GRABORBRITESE, WHEA OE—BENEZE WL, FEICA o~ 7 AOTEHREIL 20 g TH D,
flZER L OB L THEIVERL 10 DRI BT X,

WE A OAGEKERMES G X, 72720, BB RRE L7 BEE 20%, A8 50kg, SEVKE2LL &95,
F THOHAITEEFRAUE S VT D, LEKHNCE A DSHEHEIEHLL FIE L TR0 . 2O - 0icE
SEOHECOAY AFRETEAT D, A AL DHE A OOIRFUGIT, WE A OREB LU OREDEFNE
FUTRILTC 1 DS, 28 LT 2 IRRIETH D, WE A OHKEEEEAS x mg L1, JBKOME A D)
10xmg L', SUSHEFOAY ARER 05 mg L? T—iE, 25CTOME A OA Y ALK DHMROSEETEE b #3
12Lmg'min! T D & &, 25°CITI\U VT, WE A DIEREEAHEHEIERD 12 $ T LB 5 - DI B+ 5 UG
MlEsRkD X,

In the management of chemicals in water environment, environmental quality standards are set based on drinking water standards and then
effluent standards are set as 10 times of the environmental quality standards. Answer the following questions on the management of

chemicals in water environment.

(1) Water quality standards are set differently for chemicals with and without toxicity thresholds. Explain how to set the water quality
standards in each case.

(2) A 90-day drinking water administration study using mice was conducted for the chemical A. The percentages of mice in which
hepatocellular tumors developed are shown in the table below. Draw a dose-response curve for the chemical A and indicate no
observed adverse effect level (NOAEL) and lowest observed adverse effect level (LOAEL) in the figure.

(3) Derive the tolerable daily intake of the chemical A based on the results of the 90-day drinking water administration study. The mean
weight of mice used is 20 g. Apply an uncertainty factor of 10 to cover each of interspecies and interindividual differences.

{(4) Derive the drinking water standard for the chemical A. Assume that 20% of the tolerable daily intake is allocated to drinking water
and an adult weighing 50 kg drinks 2 L d"' of water.

(5) Thewastewater in the F factory is treated with an activated sludge process. The chemical A remains in the treated wastewater above
the effluent standard, and therefore ozone treatment in a batch reactor is applied to reduce its concentration. Decomposition reaction
of the chemical A by ozone is the first-order reaction with respect to each ozone and the chemical A concentrations and totally
follows the second-order reaction kinetics. Assuming that the effluent standard of the chemical A is x mg L"), that the chemical A
concentration in the treated wastewateris 10 x mg L™, that ozone concentration in the reactor is kept at 0.5 mg L' during the reaction,
and that the decomposition reaction rate constant for the chemical A by ozone is 1.2 L. mg'min™ at 25 °C, determine the ozonation -
time required to reduce the concentration of the chemical A to one-half of the effluent standard at 25 °C.

£ 90 BRIOWE A DEUKIE SRR Table Results of the 90-day drinking water administration study for the chemical A.

B58 Dose (mgd?!) 0.001 001 01 1.0 10 100
3 Response (%) 0 0 0 : 5 50 80




