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Instructions:
Acetic	acid	can	be	produced	via	the	reaction:

3	C2H5OH	+	2	Na2Cr2O7	+	8	H2SO4→	
3	CH3COOH	+	2	Cr2(SO4)3+	2	Na2SO4+	11	H2O
In	 the	 recycle	 system	 shown	 in	 Figure	 2, 90%
overall conversion of C2H5OH	 is	 obtained	 with a
recycle flow F4 equal to the feed rate of fresh
C2H5OH in F1.	 The	 feed	 rates	 of	 fresh	H2SO4	 and	
Na2Cr2O7	 in	F2	are 20% and 10%, respectively,	 in	
excess	of	the	stoichiometric	amounts	required	for	
the	 fresh	C2H5OH	 feed	 F1.	 The	 recycle	 stream	F4	
contains 94 mole-% H2SO4 and	 the	 rest	 C2H5OH.	
All	the	CH3COOH	is	separated	and	leaves	in	the	top	
stream	F6	of	the	separator.
Assume	a	feed	rate	of	fresh	C2H5OH	of	100	mol/h.

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



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)



Problem	2:	Mass	Balance,	Reactive	Systems	(35	points)
b)	Calculate	the	upper	product	stream	flow	F6.	(8	points)

Basis	:	100	mol/h	of	𝐶!𝐻"𝑂𝐻

Stochiometric	calculations:

3	C2H5OH	+	2	Na2Cr2O7	+	8	H2SO4	→	
3	CH3COOH	+	2	Cr2(SO4)3	+	2	Na2SO4	+	11	H2O

3	C2H5OH	à2	Na2Cr2O7	in	the	reaction,	thus;

100	mol	C2H5OH	à
&
' ∗ 100	𝑚𝑜𝑙 = 66.7	𝑚𝑜𝑙	Na2Cr2O7

We	also	add	10%	in	excess	of	the	stochiometric	amount,	thus;
F2,𝒙𝑵𝒂𝟐𝑪𝒓𝟐𝑶𝟕	=	(100	+	10)%	x	66.7	mol	=	73.4	mol

3	C2H5OH	à	8	H2SO4	in	the	reaction,	thus;
100	mol	C2H5OH	à

-
'
∗ 100	𝑚𝑜𝑙 = 266.7	𝑚𝑜𝑙	Na2Cr2O7

We	also	add	20%	in	excess	of	the	stochiometric	amount,	thus;
F2,𝑥.#/0$	=	(100	+	20)%	x	266.7	mol	=	320.0	mol

F2	=	F2,𝒙𝑯𝟐𝑺𝑶𝟒 +	F2,𝒙𝑵𝒂𝟐𝑪𝒓𝟐𝑶𝟕	=	393.4	mol



Problem	2:	Mass	Balance,	Reactive	Systems	(35	points)
b)	Calculate	the	upper	product	stream	flow	F6.	(8	points)

Overall	balance	of	the	system:

3	C2H5OH	+	2	Na2Cr2O7	+	8	H2SO4	→	
3	CH3COOH	+	2	Cr2(SO4)3	+	2	Na2SO4	+	11	H2O

IN	–	OUT	+	GENERATION	–	CONSUMPTION	=	0

F1	+	F2		-	3	ξ	–	2	ξ	–	8	ξ	+	3	ξ	+	2	ξ	+	2	ξ	+	11	ξ	–	F6	–	F7	=	0

F1	+	F2	+	5	ξ	=	F6	+	F7

C2H5OH	balance	 :	F1	-	3	ξ		

CH3COOH	balance	 :	3	ξ		



Problem	2:	Mass	Balance,	Reactive	Systems	(35	points)
b)	Calculate	the	upper	product	stream	flow	F6.	(8	points)

C2H5OH	balance	 :	F1	-	3	ξ		

CH3COOH	balance	 :	3	ξ		Overall	conversion	in	the	system	:	90%		

𝑂𝑣𝑒𝑟𝑎𝑙𝑙	𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 =
𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑑	𝐶!𝐻"𝑂𝐻

𝐹𝑒𝑑	𝐶!𝐻"𝑂𝐻

r90
100 =

3	ξ	
𝐹1

0.9 ∗ 100	 r𝑚𝑜𝑙
ℎ𝑟 = 3	ξ	

𝛏 = 𝟑𝟎	 r𝒎𝒐𝒍
𝒉𝒓

Since	we	have	pure	CH3COOH	in	F6	stream,

CH3COOH	balance	 :	3	ξ		

Upper	product	stream	flow	F6:

3	*	𝟑𝟎	 ⁄𝒎𝒐𝒍
𝒉𝒓	=	90	 ⁄𝒎𝒐𝒍

𝒉𝒓	CH3COOH	



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



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).



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).



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

d)	Calculate	the	conversion	of	C2H5OH	in	the	reactor	(7	points).

Consumed	Ethanol

Fed	Ethanol


