Chapter 4
Types of Problems in steady state mode:  
1. Simulation Problem 
Given the process flowsheet & the best operating conditions; calculate some process outputs
2. Specification Problem 
Given the process flowsheet & desired outputs from the process; calculate the required operating conditions. 
3. Optimization Problem  
Given the process flowsheet; choose the desired outputs (& required operating conditions) to maximize or minimize some objective functions
4. Synthesis Problem 
Given the process inputs & desired outputs; choose the best process (& required operating conditions) to minimize some objective function

Chapter 5 
1. Selection of the processing mode: batch vs continuous (ch 9) 
2. Identification of process input-output structure 
3. Deciding on the process recycle structure 
4. Identification & design of process separation system 

	Batch/semi-batch 
	Continuous

	Low production
	High

	Large residence time 
	Small

	Manufacture of pharmaceuticals, foods, specialty chemicals, beer production 
	Industrial industry, oil refinement, chemical production of 5000 tonnes/y  





	Component Type
	Classification

	Reactant
	Recycle

	Reaction intermediate
	Recycle

	Reversible by-product
	Recycle or Exit

	Primary Product, valuable by-product, fuel by-product, waste by-product
	Exit



	Type 
	Feed
	Sep. Agent
	Products
	Principle

	Evaporation
	L
	Heat 
	L+V
	Volatilities 

	Flash 
	L
	Pressure Reduction
	L+V
	Volatilities

	Distillation 
	L/V
	Heat
	L+V
	Volatilities

	Absorption
	G
	Liquid Solvent 
	L+G
	Preferential Solubility 

	Stripping 
	L
	Gas Solvent 
	L+V
	Preferential Solubility

	Extraction 
	L
	Immiscible Liquid 
	L+L
	Preferential Solubility

	Adsorption
	G or L
	Solid Resin 
	L/G+S
	Adsorbate 

	Leaching
	S
	Solvent 
	L+S
	Preferential Solubility

	Magnetic Separation 
	Mixed S
	Magnetic Field 
	S+S
	Magnetic Attraction 

	Fluidized Bed (continuous)
	G/L
	Fluidized Particle 
	G/L+S
	Adsorbate

	Filtration 
	L&S
	Filter Medium
	L+S
	Size of Solid 

	Settling 
	L&S
	Gravity 
	L+S
	Difference in Density 


Profit margin= (value of product)- (value of raw material) 
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Chapter 3
Horizontal lines are dominant 

Block Flow Diagram(BFD)
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Feed Prep: Compressor, Heat-Exchanger, Pumps.
Separator: Distillation, extraction, separator    

Process Flow Diagram(PFD) 
	C (or K)
	Compressor, Turbine, or Expander
	R
	Reactor

	E (or HX)
	Heat Exchanger
	T
	Distillation, absorption tower

	P
	Pump
	TK
	Storage Tank

	V
	Vessel
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Piping & Instrumentation Diagram (P&ID) 
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The heat exchanger is numbered E-305.

The steam enters the heat exchanger on the shell side going through a 4” schedule
40 carbon steel insulated pipe.

The temperature of the steam entering the heat exchanger should not go higher
than 300°C. To ensure this, one need an alarm in the steam line. There are also
pressure and flow indicators in this line.

The steam leaves the heat exchanger going through a 4” schedule 40 carbon steel
insulated pipe. There is a temperature indicator in this line.

The stream to be heated up (stream number 6) enters the heat exchanger on the
tube side, going through an insulated 5 schedule 40 carbon steel pipe and it is
pumped through pump P-308. This pump has a spare (only show one). The
temperature of this stream is measured by a temperature element.

Stream 7 leaves the tube side through an insulated 5” schedule 40 carbon steel
pipe. The temperature of stream 7 is controlled by manipulating the inlet steam
stream. Show the complete control loop.
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Draw a section of a P&ID diagram for a vessel receiving a process liquid through an

insulated 4-in schedule40 pipe. The purpose of the vessel is to store approximately 5

‘minutes of liquid volume and to provide “capacity” for a feed pump connected to the

bottom of the pump using a 6-in schedule40 pipe. The diagram should include the

following features:

a. The vessel is numbered V-1402 and the pump(s) are P-1407 A/B.

b. The discharge side of the pump is made of 4-in schedule-40 carbon steel pipe and
all pipe is insulated.

c. A control valve is located in the discharge line of the pump, and a double block

and bleed arrangement is used (see Problem 1.15 for more information).

Both pumps and vessel have isolation (gate) valves.

‘The pumps should be equipped with drain lines that discharge to a chemical sewer.

. The vessel is equipped with local pressure and temperature indicators.

‘The vessel has a pressure-relief valve set to 50 psig that discharges to a flare system.

The tank has a drain valve and a sampling valve, both of which are connected to

the tank through separate 2-in schedule-40 CS lines.

PR o &

The tank level is used to control the flow of liquid out of the tank by adjusting the
setting of the control valve on the discharge side of the pump. The instrumenta-
tion is similar to that shown for V-104 in Figure 1.7.
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ACO is fed from storage (off site) to a small horizontal storage vessel, V-101. From V-101, ACO
liquid at 30 °C is fed to a feed pump (P-101 A/B) where it is pressurized to 2 barg. The flow of ACO is
controlled by a flow control valve situated on the discharge side of the pump. The ACO is fed to a
reactor feed furnace (H-101) where the temperature is increased to 340 °C, and the stream leaving the
furnace is sent directly to a reactor (R-101), containing inert ceramic packing, where the decomposition
reaction takes place. The single-pass conversion of ACO to DO in the reactor is 40%. The stream
leaving the reactor is then fed to a gas-liquid separator (V-102) where the acetic acid flashes off and
leaves in the overhead vapour stream. The heavy DO and ACO liquids have very low vapor pr
and consequently do not vaporize appreciably and leave the vessel as hot liquid product. This hot liquid
ream, at 310 °C, leaves V-102 and is then fed to a waste heat boiler (E-101) where the hot oil is
cooled to 160 °C by exchanging heat with boiler feed water to produce medium-pressure steam at 10
barg. The temperature of the cooled oil stream is controlled by adjusting the set point on the level
controller on E-101. This level controller in turn regulates the level of water in E-101 by adjusting the
flowrate of boiler feed water. The cooled oil stream, at a pressure of 1.3 barg, is set to Unit 200 for
further processing.
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Produce a P&ID for only the waste heat boiler (E-101) based on the information (i.e., control
strategy) provided above.
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In the process described below, the Claus unit is designed to recover sulfur from the acid gas recovered
from an acid-gas removal (AGR) unit and the sour gas produced from a sour-water stripper (SWS) in
power plant. Acid gas mainly containing HS and NH; (stream 100 at 2.1 bar and 50 °C) from an AGR
unit and sour-water gas mainly consisting of H>S and NH; (stream 101 at 2.4 bar and 120 °C), from the
SWS entre the Clause unit section of the plant. These streams entre a Claus furnace (H-1501) for
combustion. Preheated, enriched oxygen from an air separation unit (ASU) (stream 102 at 10 bar and
32 °C) is used as the oxidant in H-1501. All feed streams to the furnace are preheated by high pressure
steam (hps) to 230 °C prior to entering the furnace. Within the furnace incomplete combustion of
hydrogen sulfide to sulfur dioxide is carried out in addition to partial combustion of ammonia. These
highly exothermic reactions increase the temperature substantially (to about 1450°C) in the furnace.
Several side reactions also take place. Overall the product stream off of the furnace contains, elemental
H:S, S5, SO2, Na, Ha, H>0 and others. All ammonia is destructed in the reactions. The product hot gas
is then cooled to generate high-pressure steam (hps). Further cooling is carried out by generating low-
pressure steam (Ips). The cooled process gas is then sent to a two-phase separator to separate the liquid
sulfur. The remaining gas is then sent to the first stage of a two-stage process where the gas is first
heated with hps before being sent to a reactor where H,S and SO, react to form elemental sulfur
(known as Claus reaction H,S + % SO; = 16 Sy + H,0 ). The reactor effluent is then cooled by
generating low-pressure steam. The elemental sulfur is then removed in a two-phase separator. The
remaining gas is again preheated with hps and sent to the second-stage catalytic reactor where the same
Claus reaction as above takes place. The reactor effluent is then cooled using cooling water to condense
the formed sulfur. The remaining gas is then sent to a tail-gas treatment unit in another section of the
plant and all recovered sulfur is sent to sulfur storage (another section of the plant).
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Produce a P&ID for only the first two-phase separator and its preheater producing low-pressure
steam only showing the instrumentation and control. Describe your control strategy in your
solution.
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Consider a process in which liquid feed material A (normal BP of 1100C) is reacted with gaseous feed
material G to produce main product C and by-products Rand S via the following reactions:

A+G--5C+S
G+C-->R

Both feeds enter the process at ambient temperature and pressure (250C, 1 atm). Both reactions occur in
the gas phase at moderate temperature and pressure (2500C and 10 bar). The normal boiling points of G,
S, and C are less than -1200C. By-product R has a normal boiling point of 750C and is highly soluble in
water. Product C is very soluble in water but G and S are insoluble. The single-pass conversion through the
reactor is low for feed A, and the ratio of G to A in the feed to the reactor should be maintained in excess
of 4 to minimize the chance of other unwanted side reactions. Using this information, and assuming that
both A and G are expensive, do the following:
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