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Question 2



Problem 2: Mass Balance, Reactive Systems (35 points)

Instructions:
Acetic acid can be produced via the reaction: F6 CH,COOH
3 C;Hs0H + 2 Na,Cr,07 + 8 H,SO, — o
3 CH;COOH + 2 Cr,(S04)3 + 2 Na,SO, + 11 H,0 F2 \Na.cr,0, |
In the recycle system shown in Figure 2, 90% Reactor Jeparator
overall conversion of C,H:OH is obtained with a F1 F3 — — F5 F7
recycle flow F4 equal to the feed rate of fresh ©H:OH AP G D_’ products
C,HsOH in F1. The feed rates of fresh H,SO, and B
Na,Cr,07 in F2 are 20% and 10%, respectively, in F4 \‘/
excess of the stoichiometric amounts required for Recycle
the fresh C,H;O0H feed F1. The recycle stream F4 Ci‘ﬁfg;{
contains 94 mole-% H,SO, and the rest C,Hs;OH.
Figure 2.

All the CH3COOH is separated and leaves in the top

stream F6 of the separator.
Assume a feed rate of fresh C,H;OH of 100 mol/h.



Problem 2: Mass Balance, Reactive Systems (35 points)

a) Draw and label a detailed flowchart of the process,

recapitulating the composition of each stream. (5 points)

F6
—» CH,COOH

/ \ Separator

F5 F7 Waste
215 C,H,0H products
H,SO0,
2702 2 C H.OH
C,H,0H Na,Cr,0, H,50
Clt‘f(ss%‘)3 Na 2Cr 6
a, 277277
H,0 ' \_/ Cr,(SO,),
F4 CH,COOH Na,SO,
Recycle H,0

stO4 94 %
CZHSOH 6 %



Problem 2: Mass Balance, Reactive Systems (35 points)

b) Calculate the upper product stream flow Fé6. (8 points)

Basis : 100 mol/h of C,H;:OH
Stochiometric calculations:

3 C2H5OH + 2 NaZCrzO7 + 8 HzSO4 -
3 CH3COOH + 2 Cr2(804)3 + 2 N32504 + 11 H20

3 C,H:OH =2 Na,Cr,0- in the reaction, thus;

100 mol C,H:OH > g* 100 mol = 66.7 mol Na,Cr,0,
We also add 10% in excess of the stochiometric amount, thus;
F2,xNa,cr,0, = (100 + 10)% x 66.7 mol = 73.4 mol

3 C,H:OH = 8 H,S0, in the reaction, thus;

100 mol C;HsOH = 2 % 100 mol = 266.7 mol Na,Cr0,

We also add 20% in excess of the stochiometric amount, thus;
F2,xp,s0, = (100 + 20)% x 266.7 mol = 320.0 mol

F2 = F2,xH2504 + F2,xNaZCr207 = 393.4 mol

F6
CH,COOH
H,SO,
Reactor Separator
“1
~_ -7 | F5 F7 Waste
<
H,SO, - ~ C,H,0H products
Na,Cr,O ~ H,SO o
22y P C,H_.OH
C,H.OH Na,Cr,0, 2
7 Cr,(S0,), H,SO,
Na,SO, Na,Cr,0,
H,0 Cr,(S0,),
F4 CH,COOH Na,SO,
Recycle H,0
H,SO, 94 %

C,H,OH 6 %



Problem 2: Mass Balance, Reactive Systems (35 points)

b) Calculate the upper product stream flow Fé6. (8 points)

Overall balance of the system:

3 C2H5OH + 2 N32CI‘207 + 8 H2504 - F6

CH,COOH
3 CH3COOH + 2 Crz(SO4)3 + 2 Nast4 + 11 Hzo g ;. S0, |
Reactor /Separator

IN - OUT + GENERATION - CONSUMPTION = 0 . e N
F1+F2 -35-28-8§+3§+28+28+115-F6-F7=0 " T U A e
F1+F2 + 5&=F6 + F7 ; \T/ ()
Recycle 0
HZSO4 94 %

C,H,OH 6 %

C,HsOH balance :F1-3¢
CH3;COOH balance : 3 €



Problem 2: Mass Balance, Reactive Systems (35 points)

b) Calculate the upper product stream flow Fé6. (8 points)
C,Hs;OH balance :F1-3¢€

. . ano
Overall conversion in the system : 90% CH3;COOH balance : 3 £
0 1l _ Consumed C,HsOH
verall conversion =
Fed C,HsOH v
3 ———» CH,COOH
90/ 3%
100 = 1
Reactor /\ Separator
0.9 x 100 Mol/, =3¢
I ~ . - - /: FS F7 Waste
— mo -7~ C,H,0H products
E =30 / hr ! a0 C,H,0H
cr,(s0,), H,S0,
Na,SO, mez‘Crzq
F4 CHfICZSOH CITL\IZzEZSS%‘j3
Recycle H,0
. . stO4 94 %
Since we have pure CH3COOH in F6 stream, C,H,OH 6 %

CH3;COOH balance : 3 €
Upper product stream flow Fé6:
3*30 mol/ =90mel/ CH;COOH



Problem 2: Mass Balance, Reactive Systems (35 points)

c) Compute the flow rate of each stream, as well as the
composition of each stream, and fill in the table (15 points).

Mixer balance:

F3=F1+F2+F4

F3 = (100 +393.4 +100) ™oL/, ® e cHcOOH
— mol H,SO
F3=5934 / hr F2 Na22Cr267
Composition of F3: Reactor Separator
Lomposition or k5.
F3,60C H-OH — F1+ 0.06 xF4 F1 - — F5
B C,H,0OH HFSZ I S ¥7 Was(;e .
_ mol .50, e SO C,H,OH produc
F3,0c, 1500 = (100 + 0.06 x 100) ™!/, NarO, Ry C,H.OH
-7 Cr,(SO,), NHZgoa
—_— mOl Nﬂzsoq ‘('12 1‘2 7
F3,wc,n0n = 106 MOL/, F4 \T/ F
HO
F3,G)H2504 = F2,a)H2304 + 0.94 xF4 Recycle .
HZSO4 94 %
C_H.OH 6 %
F3,@p,50, = (320 + 0.94 x 100) MOL/, s

F3,C()H2504 =414 mOZ/h,r

F3’a)Na2Cr207 = thwNaZCTZO-;

Fglea2CT207 = 73'4 mOl/h'r



Problem 2: Mass Balance, Reactive Systems (35 points)

c) Compute the flow rate of each stream, as well as the
composition of each stream, and fill in the table (15 points).

Reactor balance:

3 C2Hs0H + 2 NazCr207 + 8 H2S04 — 3 CH3COOH + 2 Cr2(S04)3 + 2 Na2S04 + 11 H20

F6
F3-38-28-8t+38+28+28+11E=F5 CH,COOH
F3+5¢=F5
— l
F5 = (5934 + 5x30) ™%/ hr /Reactor Separator
F5 = 743.4 mol/hr Fs'a)CH3COOH =3 E =3x30 /
“1
F5 F7
_ g mol ~ - Waste
Composition of F5: FS,@cn,coon = 90 /hr Pl /\ - :}W _>Products
F3,w¢,n.0n - 3§ =F5,0¢,n.0n - NI;IZCS?g) C,H.OH
o o Cr;&SéQZ NHzgoa
a alr,
(106 -3x 30) ™01/ = F5, ¢, 1,0 F5,0¢r,(s0,), =28§=2x30 “Ho Cr,(s0,),
mol I F4 CH,COOH Na,SO,
F5, 00,1501 = 16 ™04/, F5,@cry (s0,), = 60 ™° /hr Recycle H,0

H,SO, 94 %
F3,wH2504 -8 E: FS,Q)H2304 CZHSOH 6 %
F5,a)Na2504 = 2 E = 2 X 30
(414-8x30)MOL/, =F5,my,,,

FS,C()N S0, — 60 mol
F5,0y,50, = 174 mOl/hT az50, /h.T

F3,0na,cr,0, = 2§ = F5,0na,cr,0,

(73.4-2x30) MO/, = F5,0n0,c1,0, F5,4,0 =11§=11x30

F5,0na,cr,0, = 134 ™0l F5,0i,0 = 330 M0L/,



Problem 2: Mass Balance, Reactive Systems (35 points)

c) Compute the flow rate of each stream, as well as the
composition of each stream, and fill in the table (15 points).

Composition percentages:

F1 =100 mol/hr: %100 C.HsCOOH

F2 =393.4 mol/hr

320 mol/hr

Fz'xCZHSOH ~ 3934 mol/hr

FZ'xCZHSOH = 0.815

Since we have only two compounds in F2, the rest should be Na,Cr;07, thus;

F2,xNa2Cr207 =0.185

F3 =593.4 mol/hr

106 mol/hr

F3,x =
7C2HsOH ™ 593 4 mot/nr

F3,xC2H50H =0.179

414 mol/hr

F3,x =—
""H2504 ™ 593.4 mol/hr

F3,tzSO4 = (0.698

73.4 mol/hr

F3'xNaZCr2 07~ 5934 mol/hr

F3,xNa2Cr207= 0.123

F4 =100 mol/hr
6 mol/hr

F4,x =—
7C2HsOH ™ 100 mot/hr

F4‘,xC2H50H =0.060

94 mol/hr

F4’xH2504 = 100 mol/hr

F4,xH2304 =0.940

F5 =743.4 mol/hr

16 mol/hr
F5,x =
7C2HsOH ™ 743 4 mol/hr

FS'xCZHSOH =0.0215

174 mol/hr

F5,x =
"H2504 ™ 743 4 mol/hr

FS,xH2504 =0.2341

13.4 mol/hr

F5XNaycr,0, = 743.4 mol/hr

F5,xNaZCT207 =0.0180

F6 =90 mol/hr

Since this stream consists of pure
CH3COOH, it is 100% for CH3COOH.

F5,x(;r2(504)3 = 7434 mol/hr

F5,x(;rz (504)3 = (0.0807

60 mol/hr

F5,%Na,s50, = 743.4 mol/hr

F5,xNa2504 = 0.0807

330 mol/hr
FS5xyo=—"—
""Hz20 ™ 743 4 mol/hr

F5,%y,0 = 0.4439

90 mol/hr

F5,x =—
""CH3CO0H ™ 743 4 mol/hr

F5,xCH3600H =0.1211

60 mol/hr

F7 =553.4 mol/hr

10 mol/hr

F7 =
XCHsOH = 5e3 2o nr

F7,xczH50H =(0.0181

80 mol/hr

F7,x =—
"*H3504 ™ 5534 mol/hr

F7,Xy,s0, = 0.1445

F7 __ 134 mol/hr
XNazCr207 = 553 2 mol/hr

F7,xNaZCrZO7 = 0.0242

60 mol/hr

F7,0cr,(504)s = 5534 mol/hr

F7,a)c,.2($04)3 =0.1084

60 mol/hr

F7,(0Na2504 = m

F7,G)Na2504 =(0.1084

330 mol/hr
F7 =—
'@H,0 = 553 4 mol/hr

F7,04,0 = 0.5963




F6

CH,COOH
H,SO,
F2 |Na,cr,0, }
Reactor Separator

F7 Waste
C,H,OH products
H,SO,
Na;erz)7 CZHSOH

Cr,(S0,), H,50,
Na,50, Na,Cr,0
F4

2 277
H,0 Cr, (S0,
CH,COOH Na,S0,
Recycle B0

Problem 2: Mass Balance, Reactive Systems (35 points)

c) Compute the flow rate of each stream, as well as the
composition of each stream, and fill in the table (15 points).

F1 F2 F3 F4 F5 F6 F7
Flow rate
100 393.4 593.4 100 743.4 90 553.4
(mol/h)
Xc,Hs0H 1 0 0.1790 | 0.0600 | 0.0215 0 0.0181
XH,s0, 0 0.8150 | 0.6980 | 0.9400 | 0.2341 0 0.1445
XNa,Cry0, 0 0.1850 | 0.1230 0 0.0180 0 0.0242
XCH,CO0H 0 0 0 0 0.1211 1 0
Xcry(S04)s 0 0 0 0 0.0807 0 0.1084
XNa,s0, 0 0 0 0 0.0807 0 0.1084
XH,0 0 0 0 0 0.4439 0 0.5963




Problem 2: Mass Balance, Reactive Systems (35 points)

d) Calculate the conversion of C,HsOH in the reactor (7 points).

/ Consumed Ethanol

—» Fed Ethanol

Conversion of C;HsOH:

F3,Xc,n.0n — F5, XC,Hs0H

CONV¢,y.on =

F3, Xy Hg OH e

H,SO,
Na,Cr,O

277277

F2

(5933 MO/, % 0.179) — (7433 ™OL/, x0.0:

Reactor

F1

COTl'UCszOH = 5933 mol/h % 0.179 C,H.OH
. r .

H,S0,

- F5
|
R

C,H,OH
H,S0,

NaZCr207
C,H,OH

Na,Cr,0,
Cr,(SO,),
Na,SO,
H,0

F6
CH,COOH

Separator

F7 Waste
products
C,H.OH
H,SO0,

Cr,(S0O,),
Na,SO,
H,0

F4 CHSCZOOH
106 — 16 Recycle
CONVc,Hs00 = 106 H,S0, 94 %
C,H.,OH 6 %

conve,y.on = 0.85=85%

Na,Cr,0

7



