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kY. LR TRORRERAIRIE

S1-This figure shows the topics I'll discuss in
this lecture.

S2- First, I'll explain the chemical industry.

S3-Then, I'll talk about other industries and
provide some examples.

S4-Next, I'll explain chemical engineering, the
field you’ll study.

S5 - Specifically, I want you to understand
chemical engineering in terms of unit
operations.

S6-1 also want you to understand mass balance
and we will touch upon a part of chemical
engineering through solving an exercise.

S7-The chemical industry provides the market
with a variety of products made from
various raw materials.

S8+ For example, gasoline and diesel oil are

made from petroleum.
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K (Key words)

T
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BE:& Fi & (Related terminologies)
HiE (£ 9 5) : equipment

BF27 7 b (IR EbAL)
BT (DR r2Ex9)
AHALFTE (D& I L D)
AL (EE <)
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S9+Sodium hydroxide and chlorine are made
from salt.

S10 - Other chemical materials made from
petroleum, are plastic and resin.

S11-There are many chemical processes.

S12-However, modern life is supported by not

only the chemical industry, but also
various other industries.

S13-There are power plants for electric energy,

and filtration plants for water and food

processing plants, each of these uses
many processes.

S14-Chemical engineering helps us to design

the processes well, and to run them well.

S15-So, what exactly is the meaning of “design

well and run well” ?

: a chemical plant
: inorganic chemical industry

: organic chemical industry

: the petrochemical industry

: a petrochemical plant

: a petrochemical complex

1. T~9 < 7% (humble oneself) ] %b\
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%o,
Bl BELTS T (to wait)] @ [EFIH (masu-Torm) | &V ET,

X1 TEEDD] : WANSRERNS D EFH. T2 Tl 7 summarize” T

Wit A
B BREEELDD sum up opinions
Lot A i

%%’ﬁ@%i%i L5 put together the results of the experiment

w3 a%Ts) (%P5 11, 22Tk TR (show) | & CERGT,

5 THMELTE B39 | [HAET 5 (to understand) | DIF. 3% (Lecture) ZH< ATH, = = TiL.
2% T 5 A (lecturer) BBV TN A AMCHME T 5 L 5 102435 &

WHZE T,

6 Mg [FClNG] &5 DI, touch with the hand” &UNH = & TFv, == T
Ehﬁ?%@%% (contents) &b ko E%Lgtﬁ@:f'é ZETT,

S8 Ty T i T & baaET,
] - %7% (petroleum) . i;xb/% (diesel oil), ﬂ“U—ff(% (olive oil)

w12 TEG L] (HLd] L) Dk, BHOAE (daily life) 245 = & TF,
Fl o HAORES LIk 5 T,
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S1 - Saying a simple phrase, it is how
uselessness is decreased.

S2-1t has dealt by the experience and intuition
to achieve this purpose in old time.

S3 - However, more scientific and efficient
processes are now required.

S4 - This 1s the prototype of chemical

engineering.

S5 = Chemical engineering studies problems
relating to stable mass production
of ,materials, at low cost, and greater
safety, and the tools required to achieve
this.

S6-The figure on the right shows that chemical
engineering ranges from lab scale to plant
scale, and to experiments and research in
industry.

S7- Chemical engineering originated in the

United States in the petrochemical age of

the 20th century with the aim of
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e 03%1@2 I SeIANEN I:“—/I/%LJ E kR rationalizing the process.

8
%:%H:jb%é L%, S8-Next, I'll talk about features of the beer
manufacturing process as an example.
F—7—F (Key words)

SERT—IL - TEHEE(FSURRT—IL)

hARAESC . .

858 FAzE (Related terminologies)
Io=TYT (RALIZHYAL) tengineering
KEEFX(TIBIAF L) (process industry

Y
ZENT

:bi?f
I EBRT

M AT

rIL—J I%. " one word” Td, Z Z Tl F’Eﬁ }V (br1ef1y):.9J L
=R ijzéj 2%, 7 a few words” b\j‘ﬁ%%%Di@”

fil - - THNIOWNTE LET, d like to say a few words.

i 72 v B
L1 THEEK) - F%J 1. T2%F 5720 (worthless) | &\ %’nlﬁ% %E ﬂ%(prefix) T9, ZZTIL” waste”
LW H T ETY,
T A v el i 72
]« BFfE & B4 DOMEEK  a waste of time and money
X2 r%}) .7 intuition” & W) EMETI,
N 7
1l Z?)O)Lkﬂiﬁ:jhmi‘b\b\ He is quick to learn.

16F7Tz#~w1rx7~w1kw9@ifﬁﬁjfﬁ k%é&wo_&f¢

y\'

L7 THELEIELOND. F % 7> (from the beginning, originally)
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S1-Chemical engineering uses a method called
unit operation as one of its features.

S2 - This divides a series of complicated
processes into individual simple operations.

S3-The concept is that the whole process is a
combination of those operations.

S4-For example, you can understand that the
beer manufacturing process has the
following operations:

S5 = Crushing is an operation that crushes
wheat, the raw material.

S6-Mixing is an operation that mixes the raw
materials effectively.

S7-Heating is an operation that applies heat,
fermentation is an operation that produces
alcohol from sugar and yeast, and filtration
is an operation to remove unnecessary
contents.

S8-As you can see, unit operation is the basis of

the system of chemical engineering.

S9-Let’s look at an example in the manufacture
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of gasoline.

F—7—F (Key words)

7 N E SA S ZATH AR eNel Eo29 HoD
B B - Bt BB - JINEL - FEEE - Jig i
;bwn/v 52 . .

BE:8 FAEE (Related terminologies)

FONERE (XA D 5% 9 X) 1 unit process

12 1E A 2 HLED

HAGEfZER
w1 F?{iﬁjj : ?ﬁﬁ‘%ﬁ"é%?ﬁz (method) ® Z & T,

K2 T TO Lol 205 22T,

S5 TR TRS) 13, TES (powder) | & b#EAET, TR 13 T#E< (crush) | Tk,
F%J@iﬁKF%<J&w9_&?ﬁo

w6 TR0 T 21 1. “HIC k% (go to oneside) = & TF, i) &b, 2 2 e bl

7,
N ~AFA
) MEHE ] prejudice
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S1 - You can understand that the gasoline
manufacturing process has the following
operations.

S2-Distillation is an operation that separates
liquid or gas mixtures by differences in the
boiling point.

S3+Petroleum contains many components, so
many distillation operations are needed to
obtain gasoline.

S4-Reaction is an operation to remove sulfur
and nitrogen, and is promoted by using a

catalyst and heating.

s distillation apparatus



gdoo0oo0ooooouooooo
00000 Nagoya University 2010

Sngs (XA H X) @ reactor

12 1E A 2 HLED

H AR

Cro5vw> Cr> i &
L2 Tz T2 1%, 79 (to steam) | E@tAHAET,

5o Th Z

e Z &N S0k H S A F R N
o TR« R (liquid) 78 PBIET 2 (to boil) JELEE (temperature), AIE. Whiait
T%j c (centigrade) 1005 T3,

4 [~45) : T~ &F (ingredient) ¥ LTHoTB 2,
i

Bl - 73— Dk
S o BH

69



z 9

1 -H KT at AT DD L S A AR S
TAZENRTEET,

2 - BRI RO S 20 S8 5 RIET
ER

Y3 W T 4TI BT B
<HEETT,

F—7—F (Key words)

BS;8 FAZE (Related terminologies)
WA (BbATAZED)

HMLED
7S
5

"

gdoo0oo0ooooouooooo
00000 Nagoya University 2010

S1-In another example, you can see that the
process of obtaining clean water has these
operations:

S2-Sedimentation is the operation in which the
suspended solids are allowed to sink in the
liquid.

S3 - Filtration is an operation that removes

small debris with a filter.

:a settling tank (a processing tank)

Cxom

1 TEAK T 1, & b TR 1. SRNARKTT, KEZRnicd s o b, [

+% (purify) ] LEVET,

Li

Sc2 THRER) - TEE) 1. TR (to sink) | EEEBET. KO LISk o7-bOR, Fich< = & T
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X1 s ZOXDITHAABIEL WO MEE R BIA
. SAEES LSS . .
el & T XFESE fg@%b:% T AT S1-Therefore, the concept of unit operation
EBTEET, is applicable to various industries.
AhWNE S S < o CwALs Hos . . . . .
X2 -DF Y HATBIEOMAE T EF. ] S2-That is, the combination of unit operation
STWVAE 0)753‘;%'27‘0@ D2 T, ’;:Q,EZC@ and order only differ for the material
LORF L THDED, %ﬁﬁ f%)%é?%@ under treatment, and since the operation
%*ﬁ%\g@if/\““( i.ﬂmi <7, itself is the same, analysis of the operation
isin essence the same.
= @A ALES
B ARFEME R
X1 F%EQ\UJ : %o “C?C%) (toenter) Z & TT MR, Z 2 Tid, ﬁg:ﬁ\i@ﬁé (to introduce) | £\ 9 fbﬁiﬁ%

Tj‘o

X2 F?}}?OTU‘%}%@J : F%ﬁﬁéJ . ?EIZ)VE r@tiéﬁ”é(processﬂ Z & T9, T, ﬁkﬁéﬁ”é%
DEVWHZETT,

T2 T~ TBABEF T 1. EsTWa (different) 1] R LT, [Ho>Tn5bH0)
O (other than). AL &S = & T,
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S1:Can you think of other examples of unit
operation besides the example shown here?

S2 - This textbook is written by the Tokai

branch of The Society of Chemical
Engineers for beginners of chemical
engineering.

S3-Let’s attempt to grasp the meaning of unit
operations from the contents of this book.

S4+As this book states, fluid dynamics, heat
transfer, evaporation, distillation and so on
are unit operations.

S5 - There are similar keywords in other
textbooks for beginners, although you
might notice some differences.

S6-Even for a complicated chemical process, we
can separate the categories in each limited

field.

S7-This is the meaning of unit operation.
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S8+ These unit operations can be applied to
various processes by such limited field
because an idea of unit operation is not
shown in handled chemicals.

S9-For example, distillation is a unit operation
that can be applied to different processes;
for example, 1) the separation of oxygen and

nitrogen from air,

which requires an
extremely low temperature; 2) the
manufacturing of whisky and shochu, which
requires strict control; and 3) the

refinement of petroleum, which involves

large-scale and wide-temperature-range

distillation.
* <,/51\ALAU B3l FpSH0<
ey i )
FADSTS ﬂé
I I%

: reaction analysis

reactor design

uwjgwgmm\ﬂw£%§umgogbfjgwa:gfﬁozzf@\
| TFinG . BT (First time) #h 45 AT

?bj %@W’Eﬂﬁ@%(a book for children)

Fjb:ﬁéj = Iﬂiélz\(low) Lz 575>E%b\(high) e 5@1%’;@” (to move)

Z T,

b\%“%?ﬁﬁ%ﬁ%ﬁ (verb) k%ﬁ%%b%%(complex verb) Z>< V) F9,

FOA
1)
Z LTI,

FAD S
S NBNS 7 B (naterials) .

B L s pick up, WY LT3
[9FW] H, WAWAREBEERH Y 77,

B2,

take up

Z 2L, TEFIT(skillfully) | &)

;,2 (rice) & 75:% (wheat) & 2> X (buckwheat)
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2K LTo S BilO T,
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S1-So, what will we specifically study about
chemical engineering?

S2-We will learn a basic mode of analysis for
each unit operation.

S3-At this time, there are five important basic
ideas as shown here.

S4-1) Mass balance, 2) Energy balance, 3)
Equilibria, 4) Speed theory, and 5) Economic
balance.

S5-After optimization of each unit operation,
the entire process can be formed.

S6-At this time, process system engineering
and control engineering are useful.

S7 - Thus,

based on unit operation, and is the tool for

chemical engineering is learning

efficient mass-production. So what is

chemical engineering used for?

S8-At a glance, chemical engineering would
appear to be aimed only at the chemical

industry.
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S9-However, it is applicable to all fields, such
as the environment, energy-related fields,
biotechnology, and waste treatment.

S10-In addition, a certain amount of analysis
by chemical engineering can be applied to
the work of human organs in the living body.

S11-For example, it can be considered that
breathing is gas exchange in lungs.

S12 - Therefore, chemical engineering is not
only designing and operating chemical
plants, but is a useful form of engineering
for the designing and building of future

societies on the scale of the Earth

F—7—F (Key words)
>ab}2bm9l, 2R B F —LwdL '\L\}‘_ié/\ %((’:’6:}4;\ ((-fL\g‘L\l,mvl, 5 5 & 7
g TRV F— Al R T - 1R Tut A
¥ T IH3H<
S 25 AT
h=4" ?3:7_5)‘3 <
{18 5
hARAESS . .
858 FAzE (Related terminologies)
BERR®E(LESIFALLIAA) transport phenomena

B hZE (DY EHK) :thermodynamics

FRAEHNZE Y51z W EHC) -hydrodynamics

R IR FE A

MR IZ(SATNI5HK)

L2 RE (DHAKIFADS) :chemical reaction
& A_CHVED

H AR
%2 [~Zk

2 TENFND (each other) ~
TEVS T,

L9 L Loz

34 NG TR

x5

5 TR [T 5 (be suitable) ] &5 = &)

(to suit something) &9 Z & T9,

(IXFADS3FLEAA) :chemical kinetics

IZDONWT VNS ZETd, 22Tl
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B8 YIRS T It
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S1-Now, I want to explain the idea of mass
balance, which is the most basic idea in
chemical engineering.

S2-Mass balance indicates inputs and outputs
in terms of the mass of material, and the
faction that turns it on to the process in a
certain chemical reaction.

S3 - This can be compared to a household
account book. Income, expenditures and the
balance change every day, so the income and
expenditure of one month before and this
month can be expressed by “Balance one
month ago + Total revenue this month =
Total expense this month + Balance this
month”.

S4+-Thus, it is very important for confirming
whether the system and the process are
normal, that is, to confirm the revenue and
the expenditures on goods and energy in a

certain system and process.
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RNV =T EFINL VS S5 * Furthermore, chemical engineers differ

7’71 HLHTWD %(?E identity T, from mechanical engineers or electrical
6 - % %D:J:Z\/I/ﬂ% @uyizgf%”é_%’ﬁg”’@ I3 engineers because they can make the
ramnbvwr i <. 3% XFSE “Cﬁ materials balance. This i1s a chemaical
Fndz., /)\Erﬁ at AN %i&ﬁkﬁﬁ%@ engineer’s special skill.
N /vé’;')%;/ut

BREGCRIEE T, 73 73/1/3://%7’0){31%?@ S6-The balance of materials and energy is
557\& %ﬁx@%ﬁ)ofl/\éd)‘(j” applicable to various processes from micro-
to macro-scale. So, the activities of a
chemical engineer range from the small
process to environmental problems on a

global scale.

*+—"J—k(Key words)
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B ARGEfRER
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Nl Gl
U\’\ < w AT A

650 Y (in order) TN T & T, = 2 T, 25 2.5 Gump) = & T3,

\:F

3 IR Eﬁébfmzij.
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X5 [~ 1LH5] :%ﬁ pﬂﬁ”é(emphasme) 1 ji T, FI N =T RTINS
V=T ELTNWBHENWH ZETT,
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S1-So, how can you describe and what do you
understand about mass balance? I want to
explain this concept further by using a
real-life exercise here.

S2-“A human requires 2 liters water a day to
live. 2.5 liters are excreted, including 0.5
liters of moisture generated by metabolism.
1.5 liters are excreted as urine, and the
remaining 1.0 L are excreted through
breathing and sweat.”

S3 - This figure here shows the material
balance. We can understand that the
volume of water that a human takes in
and the excreted volume of water are
balanced.

S4-So, what can we learn from understanding
this mass balance? We can use the
calculations to solve problems.

S5-For example, if our average lifespan is 80
years, what is the volume of water that we

take in from outside of the body
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MNP L 7‘_%0)7&;}(5};5 ENRTEFET, throughout our life? Or, how much salt is
I, 5%[5’% jz&)“cz,ai Lxo, excreted in one day by the residents of a
two-million person city, where the salinity
concentration of urine is assumed to be 100
mmol/liter? We can calculate answers to
questions such as these. So, let's actually

work through them.

F—7—F (Key words)

=h 7’?
Ez&nn Fa
L Lw% N 7 b AT ALY I b AN

SC1 THRE) ; BRE (oxercise) d7=sbIc. i & LT IR, TRk E () &6 U
X2 r"*%ﬁﬁ‘ib\fj IBR< ) 1X. 7 to exclude” T,

L3 20 HoTWD] 2085 1%, T2 Hv(balance) 23 E TV 5 (be well-alanced) | Z &
& LET,

80



X2

=1 wsizh Yo2&5tE2Lp

Mo CH 2 TUERT 5 - Lo
STNBDT. Z B DSOR % /T
5 LR ERTEET,

ER
5k% L ERETICARD N2 LD
HA
it

}f I
pu

3 H L, 5.84X10%Y v PLEWVWHIE N

McxsEd, o0, A%MEWT%6
00007 v FdAS% I IR
HHEUVITFET

Té Ewn Qﬁxﬁﬂwﬁi‘fo

Y&d AR

8‘

L& 35

P2

-A%#w# kﬁim @%1 LT

w&w#ﬁb#@iﬁmo

H AR

X1 IDTFH): T s) E0H DL, ” multiply”

X3

F

L

PR

gdoo0oo0ooooouooooo
00000 Nagoya University 2010

S1-A question “If our lifespan is 80 years,
what is the volume of water that we take
in from outside of the body throughout our
life?” Because it is understood that we
take in 2 liters of water a day, it is possible
to calculate this by multiplying 80 years of
life and 2 liters together.

S2-The answer is 5.84%104 liters. In a word, a
human takes in moisture of about 60000
liters from outside of the body throughout
life.

S3+Do you understand how humans uses

such a huge quantity of moisture?

LLLLL

E B B (addition) . %I%%(subtractlon)\ D'J@ﬁ(dlvmlon)“(“ﬁ“o

R T ST &nJu?%iﬁ“ﬁ\ ST LD ) TREL 2B T LT,

& - E&n (balloon) ﬁ‘ﬂﬂ//
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S1 - Next, let us consider the following
problem: “How much salt do humans
excrete during a day in a two-million
person  city  where the salinity
concentration in urine is assumed to be
100 mmol/L?”

S2-In this problem, first of all, the molar
mass of NaCl is needed. This is 58.5 g/mol
as shown 1n the textbook. Then, we want
to know the amount of water excreted each
day.

S3-Because 1.5 liters are excreted by each
person, by multiplying two million by 1.5
liters, we see that three million liters are
excreted from the entire city.

S4-And, if the average concentration is 100
mmol/L, this equates to 3000 moles. This
gives the amount of excreted salt during a
day in moles. Finally, the molar mass of
58.5 g/mol is multiplied by this figure. So,
the answeris 1.76 X 107g.
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S5+ Since Nagoya city has a population of
about 2 million, it can be said that 20 t salt
is discharged from Nagoya city every day.
Although environmental problems attract
attention these days, we also have to
consider excretions from man, which are
huge quantities in this case.

S6-Thus, the concept of material balance can
be used for micro problems, such as in the
individual, as well as in macroscopic

problems, such as the city.

LEELES, Socik mFEE LSS, T8,
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W2 E L,
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-Then, how 1s the material balance used in

chemical engineering? Let's see the
distillation that is one of a unit operations

example.

» This right figure is shown the simple

distillation device . There is a raw material
that consists of two elements from among
this for example. And we attention to the low

boiling point element.

-We make a material balance by use Lo as for

the liquid measure of the entire stock
solution, and xo as for the molar fraction of it.
And L1 as for the residual liquid when
distillation ends, and x1 as for the molar
fraction of it. And D as for the amount of the
outflow fluid, and xp as for the molar
fraction of it.

Then, the relation of all liquids can show by
Lo—L1=D and the relation of the attention
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'/;;\/” %%@fﬁ);bh(b vEG, element can show by Loxo—Lix1=Dxp.
Lo&l ™A CS50ES [P S o . .
6 DT EOBBIIBWT Y, *The average composition of the outflow fluid
SoL2LwS5L 55 M E 5 LeStly 5&5L L
WE N D> 6 2EE OB @R L 2 4 can be calculate by measure the amount of
AL 753‘,{4' % E residual liquid and its composition for
o < T3 M« HoLoLp5L
X7 ZOE T ALFTATB O TEINEAE example.
E"T%ﬁxoj‘z“m\% X fgﬁ% ,%_N_“C@ =S *The mass balance is used in all fields of
7 chemical engineering like chemical reaction

engineering, flow phenomenon, extraction
besides the distillation.

-We can know the state of operation and the
condition of the device from the mass
balance on the site such as actual chemical
works.

*Thus, the mass balance is a basic, necessary,

indispensable idea in chemical engineering.

*+—"J—k(Key words)
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