Introduction to Chemical Engineering

Problem Sheet 4 — Week 5 — October 10, 2025

Goals: The aim of this exercise is to practice applying material balance principles to
both reactive and non-reactive systems involving recycle and separation processes.
Through these problems, students will strengthen their understanding of system
decomposition, degree-of-freedom analysis, and process flow determination.



Problem 1: Material Balance, Reactive Systems (Midterm 2024-2025)

Hydrogen can be produced by the shift reaction:

CO + H,0 - CO, + H,
In the reactor system shown in Figure 2, the conditions of conversion have been
adjusted so that the Hz content of the effluent from the reactor is 3%. The composition
of the stream that enters in the reactor is 70% H.O and 30% CO. The recycle stream
contains only H.O and CO. (All the stream compositions are in mole %).
Basis: ny = 100 mol/h.
a) Calculate the flow and composition of all streams.
b) Calculate the moles of recycle per mole of hydrogen produced.
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Problem 2: Mass Balance in Non-Reactive Systems (Midterm 2024-

2025)

Modern processing plants extract soybean oil by solvent liquid transfer. Extraction

occurs by successive washes of hexane solvent. Below is a simplified diagram of the
process. The beans are washed in an extractor using hexane. The oil-solvent mixture
is then sent to a distillation column, where the oil is sent to storage and the hexane
recycled back to the extractor. The washed beans are also sent to a filter to salvage
residual hexane, which is then recycled back to the extractor.
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Consider the following:

Each 102 kg of the feed to the extractor contains 2 kg of ail.
5%w of feed oil remains in the crude raffinate leaving the extractor.
For every 100 kg of soybeans fed to the extractor, the crude raffinate (washed
beans leaving the extractor, before the filter) carries 25 kg of hexane.

o The filter recovers 22 kg of that hexane as filtrate (this is recycled to

the extractor).

o the rest is discarded along with the filtered raffinate.
Distillation head product and the crude extract contain only Hexane and Qil.
The filtrate and the solvent supplied to the system contain only Hexane.
The extractant entering the extractor contains 97%w Hexane.
The crude extract entering the distillation column contains 87%w Hexane.
The distilled extract that leaving the distillation column contains 8%w
Hexane.

Questions:

a) Annotate the flow chart correctly with the information provided.
b) How much Solvent Hexane must be supplied per 100kg of soybeans?



Problem 3: Material Balance, Reactive Systems (Final 2023-2024)

Recovery of the desired solute from a solution can sometimes be accomplished by
using a second solvent which is immiscible with the solution but which preferentially
dissolves the solute. This type of separation process is known as solvent extraction.
For our problem, benzene (B) is separated from a refinery stream containing 70%
(mass) benzene in a mixture of paraffin and naphthene hydrocarbons (which we will
designate from now as non-benzene (NB) compounds) by means of liquid SO.. The
feed (F1) stream flows through three subsequent units where benzene is concentrated
to yield the raffinate stream (F4). At countercurrent, the solvent (F5) stream containing
pure SO: captures non-benzene compounds and some benzene through the same
three units to yield the extract stream (F8).

In this problem the intermediate raffinate streams (F, and F3) are considered solvent-
free, since only a negligible amount of SO, dissolves in the hydrocarbon-rich phase
after contact with partially loaded solvent streams. However, the final raffinate (F,),
which is in direct contact with pure SO, in the last unit, contains a nonnegligible
amount of dissolved solvent as specified below.

We use 3 kg SO per 1 kg feed stream. The raffinate stream contains 1/6 (mass
fraction) SO, and the remainder of benzene. The extract stream contains all of the non-
benzene material, some SO, and % kg benzene (B) per 1 kg non-benzene (NB) hydro-
carbons.

Use a basis of 1000 kg/h for the feed stream.

Questions:

(a) Draw and label a flowchart of the process.

(b) Perform a degree of freedom analysis of the problem.

(c) Determine the percent recovery of benzene (kg benzene in raffinate per kg
benzene in the feed)?

(d) Suppose further that the separation of benzene is 92% in unit | and 80% in unit I,
and that the benzene compositions in the feed streams to units Il and Il are 86.25
and 95%, respectively F2 and F3. Calculate all the stream fluxes and compositions
of this problem by filling the table below:

F1 F2 |[F3 [F4 [F5 [F6 |[F7 |F8

Totallkg/h]

xg [kgs/kg]

XNB [ngB/kg]

X502 [kgsoz/ kg]




