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Crystalizer

INTRODUCTION

- Industries in Bangladesh using crystallization
- Crystallization process
Importance of crystallization

ANALYSIS OF CRYSTALLIZATION PROCESS
- Nucleation of crystals

- Progress of crystallization

- Solubility curves

- Solubility relations

- Crystal growth rate



Crystallizer

CRYSTALLIZATION EQUIPMENT

° Classification basis - Foust/Ghosal
. COLLING CRYSTALLIZERS
Tank crystallizer (bath process) - Badger & Banchero

Swenson — Walker Crystallizer (continuous) - Foust

¢  EVAPORATOR CRYSTALLIZERS

Salting evaporators - Foust
. Forced circulation (evaporative crystallizer - Perry
Draft Tube Baffle (DTB) Crystallizer -~ Foust
Oslo/Krystal Crystallizer - Perry

. VACUUM CRYSTALLIZERS



Crystallizer

DESIGN OF CRYSTALLIZER

®  Heat and mass balances — Badger & Banchero

- Factors to be considered in designing crystallization process- Mc Ketta
. Information required to specify crystallizer - Perry



Evaporator

INTRODUCTION

Some Basic Concepts
Single effect evaporator
Multiple effect evaporator
Why vacuum is used?
Choice of steam pressure

Liguid Characteristics —-_

TYPES OF EVAPORATORS



Evaporator

PERPORMANCE OF TUBULAR EVAPORATORS

Evaporator Capacity

Factors affecting temperature difference {zﬁ T)
Heat transfer coefficients

Single Effect calculations
Multiple Effect Evaporation

Triple effect evaporator
Methods of feeding
Steady-state operating behavior

Relationships among A Ts and U valucs
Estimation of boiling temperatures in various effects

Effect of BPR on effective AT
Optimum number of effects
Triple effect calculations



Evaporator

DESIGN OF EVAPORATORS

Problems of Design

Heat transfer aspects
Selection of evaporator types
Vapor-liquid separation
Foaming

AUXLIARY EQUIPMENT

Entrainment scparators

Steam traps

Condenser types (barometric condenser)
Condensate discharging methods

MAINTENANCE
Scale Formation

SPECIFICATION SEHEET
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Foust et al, Principles of Unit Operations, 2™ cd., John Wiley (1980).
Chap. 19 — Evaporation and Crystallization”

McCabe, Smith, and Harriott, Unit Operations of Chemical Engincering, 4™ ed,
MecGraw Hill (1985)
Chap. 16 — Evaporation -

Badger, W.L and J.T. Banchero, Introduction fo Cheimnical Er.gineering, pp-170-244,
McGraw Hill (1Y55). Prnted m Singapore (i 996).
Chap. 5 — Evaporation



Dryer

Flash Dryer
INTRODUCTION Fluid Bed Dryer

SOLIDS HANDLING Drying of Slurries and Pastes
Drum Dryer

PRINCIPLES OF DRYING Rotary Vacuum Dryer

Spray Dryer
TYPES OF DRYERS AND APPLICATIONS + o _
Tray Dryer - Atmospheric dryer ; Drying of material in continuous sheet form
Steam-heated Cylindrical Dryer

- Vacuum dryer
Conveyor and Tunnel Dryer
Tunnel Kiln DESIGN CALCULATIONS
' Rotary Dryer (McCabe-Smith-Harriott)
Particulate Dryers
Rotary Dryer - Direct Contact - heated air
- - direct fired (Rotary kiln)

- Indirect Contact



Reference

Foust and others, Principles of Unit Operations, 2™ ed.; McGraw Hill
(1980) Chapt.18-Drying, pages 456-494.

McCabe, Smith, and Harriott, Unit Operations of Chemical Engineeriny
5" ed., McGraw Hill (1993).

Chap. 24- Drying of solids, pages 767-810

Badger, W.L., and J.T. Banchero, Introduction to Chemical Engineering

1* ed., McGraw Hill (1955).
Chap. 10-Drying, pages 469-519



Mixing and Agitation

e

INTRGDUCTIGN

Agitation and mixing
- Applications or purposes
- Some practical examples of mixing operations
- Design of mixing equipment
- Types of mixing equipment used commercially
- Evaluation of mixing

TYPES OF IMPELLERS
- Most common types: Propeller, paddle and turbine

FLOW PATTERNS
- Propeller at off-center \
- Baffled and unbaffled tanks
- Multiple turbines in tall tanks
- Draft tube baffled tank
- "Standaved ¥ Tuvbine Deviow



Mixing and Agitation

POWER REQUIREMENTS IN MECHANICALLY AGITATED VESSE] <
- Dimensionless correlation

- Power number vs Reynolds number curves
- Problems. (Example 9.1, Mc.Cabe, smith)

RANGE OF OPERATION OF MIXERS AND SELECTION CHART ( Ludwig)
- Figure 5-1 Range of operation of mixer
- Figure 5-2 General selection chart for mixing (turbine impeller)

SPECIFICATIONS SHEET

SOME MIXERS (Except mechanically agitated vessels)
e In-line static mixer
¢ Jet mixers



Reference

Ludwig, E.E., “Applied Process Design for Chemical “ad Petrochemical
Plants”, Vol-1, 2* ed., pp.181-205, Gulf Publishing Company.. .

Mief=de, Smith ~ad Hamiott, U= 2__ations o[ Chemical Engineering”, 3"
ed., McGraw Hill Book Company, 1993,

Foust and Others, “Unit Operations™.



Pump

CLASSITFICATION 2. PUMP SELECTION

POSITIVE DISPLACEMENT PUMPS - Specifying the pumping job

. . - T " ' L
- Reciprocating pumps ype ol pump ‘

- Pump sizing -
- Rotary pumps !

CENTRIFUGAL PUMPS

- Working principlc

3. SIZING OF A CENTRIFUGAL PUMP

- Sclect type of impeller(using specific speed as a guide)
- Single stage centrifugal pump - Choosc the pump sizc

- Types of impelier Determine impeller diameter

- Characteristic curves
haracteristic curv 4. SPECIFICATION SHEET FOR CENTRIFUGAL PUMP
- Multistage centrifugal pump

- Operating provlems (Priming and Cavitation)

- Net Positive Suction Head (NPSH)

- Operating point of a centrifugal pump

- Problems.

- Approximate calculations of head required for a typical

process application

- Basic types of impcller and specilic spczd.



Ejector (Ludwig Chapter 6)

STEAM EJECTOR

- Basic components and diagram of encrgy conscrvation (Fig 6.1)

- Features (advantages)

- Types: Single stage and multistage ¢jcclors
(Fig. = Arrangements of Precondenscr, Intercondenser and after condenser for a multistage
ejector system)

- Types of condenser: Surface (Fig 6.6), Barometric (Fig 6.7)

- Materials of construction

- Types of equipment and vacuum range guide (Fig 6.9)

- Operating ranges of different vacuum processes (Fig 6-10)

- Comparison guide for steam ejector performance (Fig 6.11 A)

- Pressure lerminology

Performance Factors

: Steam Pressure: Design pressure of steam (60-350 psig)
Effect of increased stcam pressure
Steam pickup pressure (Fig 6.13)
Back pressure (Fig 6.14)






