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Table 1. Ten general steps of curriculum design in problem-based learning (PBL)

(S

. Give the rationale for the curriculum and form a curriculum planning group
. Generate general educational objectives of the curriculum

. Assess the educational needs of future students

. Apply the educational principles of PBL to the curriculum

. Structure the curriculum and generate a curriculum blueprint

. Elaborate the unit blueprints

. Construct the units

. Decide on student assessment methods

. Consider the educational organization and curriculum management

. Evaluate the curriculum and revise it (when necessary)
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® Homework 1:

The flowchart of a steady-state process to recover crystalline potassium chromate (K2CrOa) from an
aqueous solution of this salt is shown below.

The solution that is one-third K,CrO4 by mass is joined by a recycle stream, and the combined
stream is fed into an evaporator. The concentrated stream leaving the evaporator contains 49.4%
K2CrOa; this stream is fed into a crystallizer in which it is cooled (causing crystals of K;CrO4 to come
out of solution) and then filtered. The filter cake consists of K,CrOa crystals and K2CrO4 solution;
the crystals account for 95% of the total mass of the filter cake. The solution that passes through
the filter, also the same composition as the solution in the cake, is the recycle stream.

The solubilities of K,CrO4 at 5°C and 50°C are 57.23 and 69.90 g K.CrO4/100 g water, respectively.

]HZO

Filter cake
4500 kg/h | EVAPORATOR 49.4% K,CrO,4 , CRYSTALLIZER| K2CrOy4 (solid crystals) :
33.3% K,CrO4 AND FILTER | (the crystals constitute
95% by mass of the
filter cake)

Filtrate {

You are asked to design a calculator that can calculate and present the rate of evaporation, the rate
of production of crystalline K,CrO4, the feed rates that the evaporator and the crystallizer must be
designed to handle, and the recycle ratio (mass of recycle)/(mass of fresh feed) for different feed
rate and crystallizer temperature, 5 °C and 50 °C.

The assignment should include:
A flow chart with labelling all the streams and compositions.
A table that clearly summarizes the conditions and results, as the following example.

Complete calculation process or code.

Note: the results and flow charts for different feed rate and crystallizer temperature should be
directly demonstrated by changing the values in the condition table.
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m, 2951  kgW/h

REHAAZE - L ELEFERAZAMEL

Feed 4500 kg/h m, 10150 kg/h I m, 7200 kg/h Cake ):"
0.333 kg K/kg Xy 0.350 kg K/kg 0.494 kg K/kg m, 1472 kgK/h
0.667 kg W/KE  mmm 1-x, 0.650 kg W/kg 0.506 kg W/kg . 1 .
¥ —1 Evaporator > Crystallizer >
HE Y .
Mixing Soln /f/F %
point l ms 77 kgh
0.364 kg K/kg —Z
me 5650  kg/h 0.636 kg W/kg
0.364 kg K/kg Recycle ratio ‘;}ﬁ_ %_?E
1.26

0.636 kg W/kg

B

BHAEBOEBETRAA SO E &R ETHI XL H L SRSl - B8

BB F A%
QR - I b AE R

MINVERSE(), MMULT() » K43 F #2 X &9 A% -

033 - Je | (=MINVERSE(J32:1L34)}

A B € D E
30 Overall
31 | Balance
32 K 0.333x4500=m,+0.364m;
33 w 0.667x4500=m,+0.636m;
34 | Ratio m,=0.95(m,+m;)

36 Crystallizer

37 | Balance

38 K 0.494my=m,+0.364m+0.364mg
39 w 0.506m;=0.636ms+0.636mg

41 Mixing point

42 | Balance

43 | Mass 4500+mg=m,

44 K 0.333x4500+0.364m=x,m,

F G H

m,+0.364m;=0.333x4500
m,+0.636m,=0.667x4500
(1-0.95)m,-0.95m,=0

0.494m;-0.364mg=m :+0.364m,
0.506m;-0.636mg=0.636m;

m,;=4500+mg
%,=(0.333x4500+0.364m,)/m,

J K L M

A B

0 1 036398 1500

1 0 063602 3000

0 005  -0.95 0

A B
0494  -0.364 1500
0506  -0.636 293

A B

1 10150

1 0.35039

é HRAAEAFEEEG T ABERF T ARER L
HREIFHEN AW REE R EER PORARAEGRERLLE  TRALEBLTY

2 %iﬂ—r BT Bp H B # ey &R o 24 LIAMBIR G AR 2R EF MR 358 Excel
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(a)

ﬁ&#@/}méﬁ.ﬁ&‘ nﬂ‘k'ﬁ‘ﬂ

Condition
Basis: Feed 4500 kg/h
Crystallizer temperature 5 °C
+
- kg K
Solubility 57.23 /100kg W

Ratio of K,CrO,
in the filtrate

(b)

0.364 kgK/kg

Result
Rate of evaporation
Rate of crystalline
Feed rate of evaporator
Feed rate of crystallizer
Recycle ratio

2951
1472
10150
7200
1.26

H B FIA Excel ARG MB I Tz Rm - LAF R R T RAKRE BB
ERAEIE B AR R o A A Excel 894 A48 B R Bl

o P Q R s T ):l'

A* Ans
-0.0328 1 0.65691 m, 2951 2 /VF
0.9812 0 0.37594 m, 1472 al
0.05164 0 -1.0328 ms 77 % -
Z 3
v
At Ans
VS
4.89171 -2.7994 m; 7200 _}%_ 3@3
3.89171 -3.7994 mg 5650

A* Ans
1 m, 10150
1 X, 0.350 =1

dEE AL B S e e Fr R

!

+t

kg/h
kg/h
kg/h
kg/h



Condition Result

Basis: Feed 4500 kg/h Rate of evaporation 2955 kg/h
Crystallizer temperature 50 °C Rate of crystalline 1468 kg/h
4 Feed rate of evaporator 13418 kg/h
. kgK Feed rate of crystallizer 10464 kg/h
Solubilit 69.90
ORIy /100kgW Recycle ratio 1.98

Ratio of K,CrO,

0.411 kgK/kg
in the filtrate

Bh 3. fFx— X8 d &K AT 9454 A(a)5°C(b)50°C



® Homework 2:

(a)
You are asked to design a calculator that can calculate the molar volume of various gas compounds

with given pressure and temperature by using Soave-Redlich-Kwong equation.

The interested gas compounds include:
Ammonia

Carbon dioxide

Hydrogen sulfide

Nitrogen

Propane

To test your program, calculate the molar volume of each specie under following conditions:
T=25.0°C, P=0.10,1.0 atm

T=150°C, P=0.10, 1.0, 10 atm

T =300°C, P=0.10, 1.0, 10 atm

Hint: For solving the mathematical problem of SRK equation, you may be able to use excel built-in
tool: “Data” tab (“& k" & 3] 42 48) > “What if Analysis” (“#i4% 5#7”) > “Goal Seek” (“ B 4Z 3%

#)

(b)
You are asked to design a calculator that can calculate the vapor pressure of various compounds

with given temperature by using Antoine equation.

The interested compounds include:
Acetone

Chloroform

Ethyl acetate

Methanol

Water

The interested temperature range is 0 °C to 50 °C.

To test your program, calculate the vapor pressure of each specie for T=0.00, 25.0, 50.0°C.

Note:
Complete two problems with two separate worksheets in one file.



Each worksheet should include:

The input and output fields of calculator.

A table which lists the involved constants.

A table which summarizes the numerical results under testing conditions.
All the calculation process or code.

If the results need to be obtained using any tool or add-on, the operation must be clearly noted in
the result presentation.

EE -0y BAZ A FE Excel P2 L B H ey k& ﬁfﬁﬁhfr%% o A FTRTRWAIRG 0 — &
AR SRK TR X RFT AL FERRABOETHMAE - — A A Antoine 7 2 X R3HH & oo &
AR o

EREZABOAENS  BFERER T S S A EE A Excel TER » 3 B3 KA
PIARIEIE AR B B H R S RIBAFTREAFTEAK

Properties Antoine constant
Compound w P (atm) T_(K) Compound A B C
Ammonia 0.257 111.3 4055 Acetone 7.11714 1210.595  229.664
Carbon Dioxide 0.225 72.9 304.2 Chloroform 6.95465 1170.966  226.232
Hydrogen sulfide 0.090 88.9 373.6 Ethyl acetate 7.09808 1238.710 217.0
Nitrogen 0.037 33.5 126.2 Methanol 7.87863  1473.11 230.0
Propane 0.152 42.0 369.9 Water 8.10765 1750.286  235.000
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(a)

Result BiEg=S
\") 3.47 L/mol
3y EfEEE#EE: K0
Ef : 0
Videal 3.47 L/mOI BV
Vrk :____§L4_21L/mo| Goalseek for K10=0 EHEEEQ: $K39)
Error [ 0.26 - by changing K9
(b)
Result EfEEERE
v 3.38 L/mol HEEE K10 EARE .
ERERE -
Videal 3.47 L/mol EifE 0
Viry 3.38 L/mol  |Goalseek for K10=0 | 38%&{&: 0.00
Error 0.00 - by changing K9
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H
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BARE

w3t
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GEEES:

(a) R A2 AT (b) K AR1R

F R W AE T ) Fo 8 B A
B AR EAT AR B R R

A B c D E F G H | J K L
1
2 SRKeg _ ART __ flftl
3 V—>b V(V+0b)
4
5 Compound P 10.00 atm Result
6 Ammonia T 25.0 °C = 298.15 K \ 24.25 L/mol
7
8 w 0.257 a 4.246 atm2.L Videal 2.44 L/mol
9 P, 1113 atm - b 0.02588 L/mol - Ve 24.25 L/mol
10 T 405.5 K m 0.8736 Error 9.00
11 R 0.082 3¢ T, 0.735
12 a 1.2645

A B C D E F G H J
L B
2 |Antoine equation 0o = A—

g10 /
3 T+C
4
5 Compound T Result
—

6 Water 0.0 °C p* 4.6 mm Hg
7
8 A 810765
9 B 175029 —> [ logp* 066 — [ p* 4.6 mm Hg
10 C 235.0
BA 6 (-2 HBERER
] . XTI H 54

® Homework 3:

etk A




You have been assigned to simulate a flash evaporator that separates a liquid feed stream
containing benzene and toluene at temperature Tf (°C) into liquid and vapor product streams in
equilibrium at temperature T (°C) and pressure P (mm Hg). The compositions of the product
streams are related by Raoult’s law, and the component vapor pressures are expressed by the

Antoine equation.

In the test case, a 40 mole% benzene—60 mole% toluene mixture is fed to the evaporator at Ty =
120 °C and a pressure high enough to assure that the feed stream remains in the liquid state. The
unit operates at T=100°C and P = 800 mm Hg.

The heat capacities of liquid benzene and toluene have been taken to be 0.138 kJ/(mol-°C) and
0.165 kJ/(mol-°C), respectively, and the vapor heat capacities and heats of vaporization of both

species are those given in Appendix B.

Goals

Create a calculator that can calculate and present the following terms:

The flow rates and compositions of the liquid and vapor product streams.

The fractional vaporizations of benzene and toluene.

The specific enthalpies of benzene and toluene liquid at Trand T and of benzene and toluene vapor
at T (all relative to the liquid species at 0°C).

The required rate of heat transferred to the evaporator.

Use the calculator to determine the bubble-point and dew-point under the test condition.

(Hint: Goal Seek tool may help.)

Notes
The calculator means that results under different conditions can be directly demonstrated by

changing the values of the input conditions.

The assignment should include:
A table that clearly summarizes the input variables and output results.
A flow chart with labelling all the streams and conditions (including compositions).

Complete process or code. (The associated constants should also be displayed.)

If the results need to be obtained using any tool or add-on, the operation must be clearly noted in

the result presentation.



AE=ZF  LAFZLELSARREEORYE - RIS T BB R ER L] T 8RRy
H&wﬁﬁ—*Mi% %%&Lﬁﬁoﬁ%*%%& LERAZE - FIRAEE =T
Antoine 7 2 X R & WA TF Y pR g fe 2K AR 0 32 )R A B4 Raoult 4 R 3t

ke - & é nﬁ$~%%% - 47e A2 X4 A Excel A X R KAg
W3 A2 o

Operating conditions

98.0 °C
800 mmHg
Feed Vapor
T 120 °C > n, 15.4 kmol/s
P; High Yoz 0.585 mol Bz/mol
> vn 0.415 mol Tl/mol
ny 100 kmol/s
X; 0.40 mol Bz/mol
1-% 0.60 mol Tl/mol Liquid
> n 84.6 kmol/s
i Xpz 0.366 mol Bz/mol
X 0.634 mol Tl/mol
Required heat rate
Q 147 kw
= UL - ag - ‘\ﬁ A= =
B hH 7. ’VF%-—‘ Z B UAEE
(a)
Calculation Formula and Properties
Antoine equation A B C
p*e: 1278 mmHg loga0p* =A - B Bz 6.89272 1203.531 219.888
P*n 523 mmHg T+C Tl 6.95805 1346.773 219.693
Raoult' s law Coeff. Coeff ! Matrix Y Matrix X
Xpz 0.366 mol Bz/mol Bz pBZ xg; = Pyg; Py *BzPyBz =0 1278 -800 0.00132432 -0.00132432 0 0.366
Yoz 0.585 mol Bz/mol Tl p11(1-x82) = P(1-yBz) PTI*B2~P-VBz = PTIP 523 -800 0.00086641 -0.00211641 -277 0.585
Mole balance Coeff. Coeff ! Matrix Y Matrix X
n, 15.4 mol Total ny +np=ng 1 1 -1.67 4.56 100 15.4
n 84.6 mol Bz YRz + XBz'N| = XNg 0.585 0.366 2.67 -4.56 40 84.6
Enthalpy Sll) 8y, | NormalT, 2 b € d Cow)=a+bT+cT2 +dT3
kJ/mol-K kJ/mol °c - - -
Tret 0 Ke Benzene 0.138 30.77 80.10 7.406E-02  3.295E-04  -2.520E-07  7.757E-11
Toulene 0.165 33.47 110.62 9.418E-02  3.800E-04  -2.786E-07  8.033E-11
AlLTe)  ALT)  ARGT T ALLT)  BROT T AR(T)  AAVT>T) A T) T bos coa doT
Benzene 0.0 16.6 -3.04 13.5 -5.51 30.77 1.38 43.2 (ks /mol) AH(v) =le2 CpdT=[aT+ 7T2 + §T3 + 3T4]|Ti
Toulene 0.0 19.8 -3.63 16.2 -1.55 33.47 -1.158 50.6 (kI /mol)
Aralll) Atorav)
In 1850
Out 1286 711
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BIGGAL B REA R BT B YRR -
R 15 — B3 64 P AR B 3% 35 4514 F 498 25 (bubble point) o & 4 & 2 IR A0 BG4
Ak LTHERAE-—_T2EHBEHNI IR RAZBAOEBITES PioARF 0

a st H s o

A B © D E F G H J K
1 Flash Evaporator
2 Adjustable variables Results
3 Temperature of feed 120 °C Yoz 0.620 mol Bz/mol
Vapor 0.0 kmol/s

4 Flow rate of feed 100 kmol/s Flow rate yn 0.380 mol Tl/mol

Molar ratio of benzene in feed 0.4 mol Bz/mol | of product X 0.400 mol Bz/mol
2 Liquid 100.0 kmolfs be
6 Operating temperature 96.9 | °C X7 0.600 mol TI/mol

=
7 Operating pressure 800 mmHg Fractional Benzene 0.000 mol /mol
8 [Ep——— 2 % vaporization  Toulene ?.000 mf)l /mol _
[¢] H(l, Ty) H(I, T) H(v, T)
10 SR 22 ETRE Enthalpy Benzene 16.6 13.4 43.1
ERE8E - kJ/mol
11 SEEE Toulene 19.8 16.0 50.5
12 EfE® 0 Required heat rate -356 kw
13 RAEE: 00
14 Bubble-point 96.9 °C
B a

15
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® Homework 4:

Formaldehyde is produced by decomposing methanol over a silver catalyst:

CH30H - HCHO + H;

To provide heat for this endothermic reaction, some oxygen is included in the feed to the reactor,
leading to the partial combustion of the hydrogen produced in the methanol decomposition.

The feed to an adiabatic formaldehyde production reactor is obtained by bubbling a stream of air
at 1 atm and 44°C through liquid methanol. The air remains same temperature and leaves the
vaporizer saturated with methanol. The stream then passes through a heater in which its
temperature is raised to 145°C. To avoid deactivating the catalyst, the maximum temperature
attained in the reactor must be limited to 600 °C. For this purpose, saturated steam at 145°C is
metered into the air-methanol stream, and the combined stream enters the reactor. A fractional
methanol conversion of 70.0% is achieved in the reactor, and the product gas contains 5.00 mole%
hydrogen. The product gas is cooled to 145°C in a waste heat boiler in which saturated steam at 3.1
bar is generated from liquid water at 30°C. Several absorption and distillation units follow the
waste heat boiler, and formaldehyde is ultimately recovered in an agueous solution containing
37.0 wt% HCHO. The plant is designed to produce 36 metric kilotons of this solution per year,
operating 350 days/yr.

You have been assigned to simulate this plant by using computer program. Show the
absorption/distillation train as a single unit with the reactor product gas and additional water
entering and the formaldehyde solution and a gas stream containing methanol, oxygen, nitrogen,

and hydrogen leaving.

Goals

Create a calculator that can calculate and present the following terms:

The required feed rate of the air (kmol/h) and the steam (kg/h).

The formaldehyde yield (kg/h) and the molar flow rate and composition of the product gas leaving
the separation units.

The required energy (kW) for methanol vaporization and the transferred energy (kW) to the heater.

The rate (kg/h) at which steam is generated in the waste heat boiler.

Notes
The calculator means that results under different conditions can be directly demonstrated by
changing the values of the input conditions.
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CH0H l

I c T 145 *c
n 1795 kmol/h
X 042 | rmacuonms

Methanol

Vaporizer

058 | kmolsir/mol 021 | moioy/molair T
079 | moiny/moiair

Heater

I

600
26

22
822
528

¥ E ks

957.7

5
ISR

kg H:0/h

W&

T H AR

JF'J}%

m

3t B B AR A R R R

R AR TR

Q. 193 kw 135
%7 | kmomon T 1
Qa 1593 kw Steam Reactor
Waste Heat
T 145 °c Boiler
57.4 mol H,0/h
m; kg H,0/h

Cooling Water ] Saturated Steam

T 30 °c P 31
m, 18824  kgH,0/h m, 1882.4

Bl R 10. 1F ¥ w2 Az E
C D E F G H I J
Formaldehyde Plant
Input Output
Target yield 36 kilotons/year | Required feed rate of air 104.1 mol air/h
Operating days 350 days/year |Required feed rate of steam 1034 kg H,0/h
Vaporizer temperature 44 °C Formaldehyde yield 1585.7 kg HCHO/h
Heater temperature 145 °C Gas product rate 120.6 kmol/h

Reactor temperature 600 °C 18.8% kmol CH;0H/kmol

Methanol conversion 70 % 1.8% kmol 0,/kmol

H, ratio of product gas 5 mole % 68.2% kmol N,/kmol
Cooling water temperature 30 °C 11.2% kmol H,0/kmol

Boiler temperature 145 °C Required Vaporizer 1593 kw
Formaldehyde ratio of solution 37 weight % power Heater 193 kw
Generated steam rate 1882.4 kg steam/h

B h 11.

1 ¥ m gy A R A

Separation
Units

| ———

Solution

4286
037
063

ke/h
kg HCHO/kg
kg H.0/kg
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® Homework 1:

Equations
Total process £*0.333=C*(0.9540.05*X) -l
A*0.667=B+C*0.05%(1-X) -2

B i =
Evaporator 3213 C ke 697875 keh Crystallizer DH04H=CHOISHOOSFHERE 3
H20 131213 kgh D*0.506=C*0.05*(1-3X+E*(1-X) -4
A Crystal 653481  keh
Input 2000 kg/h — Solution 343937 kgh Evaporator 0.333A+E*X=0.494D -5
KaCro4 666 ke D Total 3196.82 kg K2Cro4 125189 kgh 0.6674+E*(1-X)=0.506D+B )
H20 1334 kgh K2Cro4  1579.23 kgh H20 21.8748  kgh
H20 1617.59 kg B C D E A
Mixing Point 450894 kg/h Solution 250894 ket 0 09682 0 0 B 0.333 -1
K2Cr04 157923 kgh K2Cr04 913227  kgh 1 00318 0 0 [ 0.667 =2
H20 292971 kgh p H20 159571 kgh 0 0 0494 0364 D 0.333 5
N - 1 0 0506 0636 E 0667 -6
0.0328 1 0 0 666
1.03285 0 0 0 1334
0.092 279968 4.89198 -2.7997 666
0.1248 379968 3.89198 -3.7997 1334
Equations
Filter Cake
Water tio from solubility  xex.,=D21/(D21+100) =  Xkacros  0.364
w 2951  kgh
: Overal System Alcoefficient B
. Fm:;:;akek - TellBalance PG 100 1.00 4500
g Water Bal *F=) "X 100 0.032 3000
Fresh feed Mirture A Misture B Tyl 0050 kglkg oo oelence x"”Fw‘(io“'x’)Q
F 4500  kg/h A 10151 kg/h B 7200 kg/h luti 0.050 kg/kg WeC=F A X
K.Cro. 0333 kg/kg K,Cro. 0352 kg/kg K.Cr0; 0494 kg/kg W‘(_o T T— o053 103 W | 2951
H0 0667 kg/kg HO 0648 kg/kg H0 0506 kglkg Crystallzer 103 -1.03 Cc 1549
" and filter Crystallizer
Total Balance B=C+R Alcoefficient) B
Water Balance  xg0"B=(0.05"%ci20)"C+aizo R 100 -1.00 1549
Recycle Stream = 0506 -0.636 493
R__50o1  foid X >Bx *R=(0.05"%120)C Al X
KLCro, 0384  kglkg R T 489 789 B 7200
HO 0636  ka/kg 389 -7.69 R 5651
Mixing Point
TotalBalance F+R=A =+ A 10151
Water Balance  0.67F+0.63R=Xaus"A = Xaumo 0648
VARIABLES Feed, x, Water, Solution, Cake, Fllirate
C g K2Cr04/100g water
Water 2951 g SC_ 6950 g KaCi04/100g water
Fesh a0 igh Reed 0151 Igh Water 100 | kghg Equations Solution
cor 033 keke Kcos 035 kalke |overall masg[Fresh=Water+Cake Water=Fresh-Cake 2950.7324]
H20 067 kelke HO | 065 kelke Overall K2CrO{ Fresh*1/3=Cake*(0.95+0.05* M27) Cake=Fresh*1/3/(0.95+0.05*M27) | 1549.2676|
| Soution n ke 1309 n
Kac0s | 043 el sl | 035 kel C&F mass [Soulution=CakesFilltrate s-F=C
H20 0.506 kefkg solution  0.05 kefkg C&F K2CrO4|Solution*0.506=Cake*0.05*M28+Filltrate*M28 10.5065-M28*F=0.05*M28*C
Mixmass |Feed=Fresh+Filltrate Feed=Fresh+illtrate 10150.769
Mix K2Cr04 |Feed*x=Fresh*1/3+Filltrate*M27 x={Fresh*1/3+Fillirate*M27)/Feed | 0.3503989
Filltrate 5651 ke/h
Ticos | 036 | kehe
wo | os | lghg
Bh 12. F¥— £ A4F £
R =i
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® Homework 2:

FR-1EE AT B IREE

input output NH3 Cco2 H2S N2 C3H8
[r®)  [pam) |- Tr a Vm SA(Vr] 24.6921| 24.616| 24.6877| 24.505639| 24.940932
298] 1| NH3 0.7349] 1.26162 24.238 #H#{8 | 0.0006] -0.0006] -0.0006| -0.000617| -0.0004777
co2 0.97962] 1.017| 24.322 55 | -0.0006] -0.0006| -0.0006| -0.000617| -0.0004777
H2S 0.79764| 1.1412] 24.251
N2 2.36133| 0.49914| 24.4349
C3H8 0.80562| 1.15236] 24.0387
condition result(Vm(L/mol))
constant T(K) |P(atm) NH3 [CO2 H2S N2 C3H8
@ Tc Pc 2 b m 298 0.1 243.377| 243.28342| 243.37163| 243.1512| 243.676
NH3 0.25| 405.5 111.3| 4.24639| 0.02588| 0.86325 298 1 24.6921| 24.615962| 24.687663| 24.50564| 24.9409
CcO2 0.225] 3042 79.2| 3.35835| 0.02729| 0.82631 423 0.1]—> 346.497| 346.44712| 346.50165| 346.3834| 346.668
H2S 0.1] 3736 88.9| 4.51279| 0.02986| 0.63869 423 1 34.8322 34.7861| 34.837849| 34.72711| 34.993
N2 0.04 126.2 33.5| 1.36649| 0.02676| 0.5469 423 10 3.60632| 3.5632557| 3.611521| 3.506791| 3.74933
C3H8 0.152]  369.9 42| 9.36381| 0.06257| 0.71733 573 0.1 467.515| 467.48213| 467.52593| 467.4463| 467.642
573 1 47.0664| 47.038595| 47.076137| 47.00783| 47.1755
573 10 4.78598| 4.7593054| 4.7952393| 4.729509] 4.88811
R 0.08206 atm*L/mol/K
a 04T RTYE, 17¢C) | Patm)
X,
b 0.08664*RTO/P, 250 | 010 10 R T Ty e
m 0.48508+1.55171 @ 0.1561 @* 150 0.10 10 10 ZEERMALRHERE -
T, T, 300 | 010 10 10 2. 7882V hat=1(3FOEfb (EHHY) -
a [+m(1~77 )} 3ETCOFFIEFREAREEE -
4.72P(atm)F[ 51 % #585 ASRK equation =
5. 2EP(atm)BF51 BE T # 53 F1 68 B k-1 37> B
T(K)  Pclatm) 4] a b m T(’C) P(atm) T, a Vhat (L/mol) | miemmhe: : wEmEs BEET  BREEE
NH; 4055 1113 0250 4253 002500 0863 1500 1000 104 0963 338 %%i%%%ﬁZVhar%%%*FiTﬁi%vﬁﬁitﬂ
CO, 3042 729 0225 365 00207 086 1500 1000 139 075 343 Vhat 28
H,S 3736 839 0100 45 0029 0639 1500 1000 113 0920 338
N, 1262 335 0040 137 00268 0547 1500 1000 335 0298 349
C;Hy 3699 420 0152 938 00626 0717 1500 1000 114 0903 329
[kt #5557
o
SRK equation V=b V(+h)
(@)
Data Result(P=0.10atm’
Compounds Tc Pc a b omega |m Tr25)  |Tr(150) [Tr(300) alpha(25)[alpha(150)|alpha(300)| TC) 25 150] 300,
Ammonia 405.5]  113.3[4.177538622] 0.02545|  0.257] 0.873559221] 0.73527| 1.04353] 1.413440197| 1.26451] 0.962736| 0.697226| T 298.15 423.15 573.15
Carbon dioxide 304.2]  729] 36539244 0.02968 0.225| 0.826312188| 0.98011| 139103 1.884122288| 1.01658| 0.72547| 0478987 _ Patm) [V(L) _|P@tm) VL) |Patm) V(L)
Hydiogen sulfide| 3736  88.9] 4.519398536] 0.02089]  0.09] 0.62346949] 0.79805] 1.13263( 1.534127400] 1.13743[ 0.921480[ 0.724611| Ammonia | 0.10029] 243.595| 0.100809313| 344.107| 0.10057] 467.2925152
Nitrogen 1262 33.5[1.368492965] 0.02679] _0.037] 0.542279569] 2.36252| 3.35301] 4.541600634| 0.50235] 0301729 0.1494g| ~Carbondioxide 10.09991} 244.5661 0.100622267) 344.106) 0.10057) 467.3189479
Propane [ 3609 42[ 0377520855 0.06263| _0.152] 0.717333386] 0.80603] 1.14306| 1.54047283] 1.15201| 0.902605| 0.670656| ~Hydrogen sulfide} 0.09989] 244.5661 0.10081196 344.098) 0.10057) 4672695305
Nitiogen 0.09956| 245.572] 0.100879914] 343.971] 0.10057] 467.3463262
Propane 0.10018] 243661 0.100751068] 344.215] 0.10057] 467.2592483
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® Homework 3:

prory T e
S0 138 0 057
w00 55 2368 038
o x %o 3
B, T o o oo o Spect ’
00013 00013 o1 [[evmer— 150 stimoe
=il . Alcocfilent) 2 [omer= 1650 imale
S B balance Y3 "ot 02 | ont ot T
Comporition A o
Tow ratete) 1 a X tohsene ar v sri0sze) + [ con 5033 Wimoke
bemenekp) | 04 Viss a6 o4
wheaekn) 06 a5 ame 036
T 120
s 1656 Es
& 1950 AR
- Q [aR————]
- - s aw
Babbie poiat
K 410"
» s S
T sem
n3
benzene  toluene gas specific enthalpy
T 100 °C A 6.89272  6.95805
Tf 120 °C T 100 °C P 800 mmHg B 1203.531 1346.773 bezene  43.84337 KJ/mol
mol% 0.4 benzene P 800 mmHg mol% gas v 0.518042 benzene C 219.888 219.693 toluene  50.32893 KI/mol
0.6 toluene 1y 0.481958 toluene logP* 3.130360 2.745343 liquid specific enthalphy
basis 100 mol 55.92317 mol pX 1350.109 556.3432 mmHg T
liquid mol% 0.306963 0.693037 bezene 16.56 13.8 Kl/mol
gas mol% 0.518042 0.481958 toluene 19.8 16.5 KI/mol
mol%  liquid % 0.306963 benzene AH 1467 I
Lx 0.693037 tohuene bubble point  98.21966 °C P(total) 760 750.9999 mmkg
b , e enthal n3 44,0765 | mol benzene toluene
enzene  toluene as specific entha
225 2 logP*(bP)  3.100312 2.721751
|P*(bp) 1286.211  526.928
<P SFN500155E=>
Bezene mdex  x o tevax | Bezene index x o  reovax
[ Onit_ TemperaturecC) | MRy a 801 1 80.1 0.098876 0.0039353 a 80.1 1 80.1 0.098876 0.0078903
| 100 800 | H b 100 2 80.1398 0.0988875 0.0039357 b 120 2 80.1798 0.0988992 0.0078922
e n 500 3 50.1796 0.0985991 0.0039362 u so0 3 802596 0.0989224 0.007894
dax 0.0398 4 80.2194 0.0989107 0.0039366 dax 0.0798 4 80.3394 0.0989455 0.0078959
[ Basis 1 (mole) |
— S 5 802592 0.09§9222 0.0039371 s 804192 0.0989687 0.0078977
‘oluene 0.60 100 °C
200 |ty AHy — 20244535 7 80.3388 0.0989454 0.003938 AH = 41711487 7 80,5788 0.0990151 0.0079014
n 8 80.3786 0.0989569 0.0039385 8 80.6586 0.0990382 0.0079033
SR Do s | soelammnlocoms s [ sousesoumores coorsens
T, =120 °C 100 °C 10 80.4582 0.0989801 0.0039394 10 80.8182 0.0990846 0.0079069
1 mole 800 mmHg 0.518042011 Bezene 11 80.498 0.0989916 0.0039399 11 80.898 0.0991077 0.0079088
ole _ 12 805378 0.0990032 0.0039403 12 80.9778 0.0991309 0.0079106
Mixture Feed 5 O 0481957989/ Toluene 13 80.5776 0.0990147 0.0039408 13 $1.0576 0.0991541 0.0079125
Evaporator 14 $0.6174 0.0990263 0.0039412 14 §1.1374 0.0991772 0.0079143
0.40 B 1S 80.6572 0.0990378 0.0039417 15 812172 0.0992004 0.0079162
0.60 Toluene Liquid Stream | 0.5592317|mole 16 80.697 0.0990494 0.0039422 16 81.297 0.0992235 0.007918
17 507368 0.099061 0.0039426 17 $1.3768 0.0992467 0.0079199
Q  10.948393 (k) 0.306963095 Bezene 18 80.7766 0.0990725 0.0039431 18 81.4566 0.0992698 0.0079217
0.693036905 Toluene 19 80.8164 0.0990841 0.0039435 19 81.5364 0.0992929 0.0079236
20 80.8562 0.0990956 0.003944 20 81.6162 0.0993161 0.0079254
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® Homework 4:

H20() ‘ 396 kmol/h
Ql| 3285k Q 627 kil 145 °C
v
182 kmol/h Heater 145 °C l
nl 75kmol/h  CH30H 107 air i 107 air 107 air
TI 4 °C 75 CH30H 75 CH30H 75 CH30H
saturated 396 H20(v)
air 4 °C 600 °C
84N2
609 kmol/h 002
T1 23 CH30H
Pl 1atm 418 H20(v)
53 HCHO
‘m(HCHO)=0.37m ~ m= 1586 ke/h 30 H2
n(HCHO)=n/30.03 ~ n= 53
n(CH30H)=n(HCHO)/0.7 ~ nl= 75
\P=A+B/(T-C) ~ P= 315 mmHg D 4286 ke/h Wasteheater
* ~ x= 04145 037 HCHO 002 asteheater %39 7006 H20(1)
nl/x ~ n3= 182 0.63 H20 84N2
-nl ~ n2= 107 23 CH30H
23 CH30H 418 H20 239.7006 steam
002 53 HCHO 3.1 bar
84 N2 30 H2 l 30 °C
v 30 H2
Basic Calculation Q2 809.152 kJ xtent of Reaction 30°C
100 mol _ CH30Hq| CH30H — HCHO + H2 70 2893 kg H:0u|n6
2H2+02 — 2H20 X1
1= 6568.61 kI
—————" Vaporizer Reactor i s;::‘em on Train
760 atm 44 °C 1 am 145°C 1 atm 600°C 145°C Product Solution 5,676 kg
100 mol _ CH;0Hy 100 CH;0H,| 30 CH;0Hg 30 CH;0Hg, 37.0 wt% HCHO ~ 2.10 kg
Tam 44°C 27.99 mol 0: [0.21al 70 mol HCH| 70 mol HCH| 63.0 wt% Hy0 3.58 ke
133.28 mol Air |l 105.20 mol N [0.79a1 13=27.99X1| 393 mol O: 3.93 mol 0: 30 CH;0Hg) = HCHO 70 mole
27.99 mol 0 158.63 mol H,0|n2 10529 mol N: 31 bar 10529 mol N: 3.93 mol 0: H20 198.649 mole
105.29 mol N; n4=70-2X1|  21.89 mol H:| 5.00% Saturated Steam |  21.80 mol H. 10529 mol Nz
5=n2+2X1| 206.74_mol Hy0) 2803 kg H:0 | 206.74 mol Hy0 21.803 mol H:
‘ Reference CH2,02N2
State 25°C latm
145 °C 600 °C 145 °C
Species n H  KJ/mol n H Kimol| n KJ/mol [H(30°C))(3.1bar(g) KJ/kg Hi= -131.39 H7= -177.15637
CH30H 100.00 Hi= -13139 KVmol | 30.00 -99.37 KJ/mol | 30.00 KJ/mol - - H2= -193.97 Hs= 17.3801389
HCHO - - - KJmol [70.0000 -88.80 KJ/mol | 70.00 KJ/mot - - H3= 35079 Ho= 18.4183172
H20 158.63 H2= -193.97 Ki/mol [206.74 177.16 KI/mol | 206.74 .97 KI/mol | 20.944 2726.15 KI/kg Hi= 3.60412 H10= 16.8052835
N2 105.29 H3= 351 Kimol | 105.29 17.30 KJ/mol | 105.29 H3= 351 KJ/mol - - HS=  -0037 Hil= -111.35202
02 27.99 H4= 3.60 Ki/mol | 3.934 1842 KJmol | 3.93 H4= 3.60 KJ/mol H6= -88.802 HI2= 3.46480843
H2 - - - Kmol |21.8926 1681 KJ/mol | 2189  HI2= 3.46 KImol
Reactor Waste Heat Boiler
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