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8. PROCESS CHEMISTRY

 Chemical processes that originate from a laboratory all have the
following features.

Chemical Process Chemical
Input Output

 The Input and output issues for scale up are usually dictated by the
physical state of the material SOLID, LIQUID or GAS

 The process issues can be many and varied and relate to the
demands and constraints surrounding the chemical reaction,

purification and subsequent work up.
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CHEMICAL INPUT

Chemical
Input
| |
Gas
Liquid .
Form Form Solid
Form

« Each physical state requires
consideration against a series of

potential issues.

 This in turn will impact on plant,
process, engineering and design.
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CHEMICAL INPUT ISSUES

Chemical Input

SOLID

Issue

Physical Form

Issue

Considerations

Impact

>

Quantity

Alternative states

Stability

Toxicity

Flammability

Common Impurities

Corrosive

Physical Form

Prills, chips, crystals, flakes,
turnings, briquettes, polymers,
dimers, chain length, bridging,
angle of repose,

particle size distribution

Material Handling equipment
Equipment selection
Materials of construction
Lifting equipment

Milling, pre breaking
Equipment cleaning

Static control

Reaction profile

Reaction stalling

Reaction initiation/completion
Charge order
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. | PHYSICAL PROPERTY DATA .

Process Development PPD (Heat of Vaporization) Process Development PPD (Vapor Pressure)
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PROCESS CHEMISTRY
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The reaction stage typically has a large impact on
engineering design. However, other areas, although

Process :|> less challenging, can have a major impact.

Issue

Mixing

Solvation

Heating/Cooling

pH Adjustment

Reaction

Distillation

Phase separate

Crystallise

Filtration /Slurry/ wash

Dry
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Issue

Mixing

Solvation

Heating/Cooling

Phase separate

Crystallise

Filtration /Slurry/ wash

Dry

Reaction run away
Exotherm
Endotherm
Critical parameters
Safe control
Sampling

Scale up concerns
Reflux/ evaporation
Off gas

Catalysts
Homogeneity
Phase Change

pH Adjustment Issue Considerations Impact
Reaction > Reaction Kinetics Cooling design
Distillation Reaction stalling Heating system design

Temperature control system
Instrumentation & control
Addition rate profile
Vessel design

Agitation and Mixing
Safety system design
Emergency relief
Blowdown design

Safe sampling systems
Condenser design
Scrubbing systems
Catalyst handling
Catalyst recovery
Catalyst storage
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EXCEL : Batch Reactor Exotherm Stability >

Reactor Details Reaction Parameters and Conditions Simulation Results
Total Charge 3000]kg
Warking Volume 4.645]m3 Molecular Weight 50 kg/kmol
Total mols 50000.00fmol
Diameter 1.829]m
Dished End Volume 0.775)m3 Density 100C 1510 kg/m3
Dish Height 0.458]m Wolume 1.99/m3 Calculated Volume 2.06|m3
Straight Side Height 1.44]m
Design Side Height 1.55|CCD Adjusted Level Straight 0.46]m
Dished Area 3.77Imz2 Total Level 0.92Im Calculated Level 0.95]m
Max Area 12.058]mz2
Design Max Area 13.1|CCD Adjusted Side Area 2 65)m2
Turbine Impellor Diam 0.915]m Total 5.42m2 Calculated Area 7.0 m2
Agitator Speed 2lrps
Reactant Charge 3500kg
Molecular VWeight 200)kg/kmal
Reactant Charge 1750.0)rmal
FXDOW
Cell Colour Key Heat of Reaction 538_5|kJ/mol
Case Studied Total Heat of Reaction 942375 kJ
Data to CCD 94210J Calculated Total Heat of Feaction -938.26| MJ
Data from CCD Enter Rx Time |Reaction Time 4.601h Reaction Time 4. 60]h
CCD Validation Data Conversion Rate 6.34|mol/im
Theao Frequency Factor 319 moel/m3 m Frequency Factor Walidation 3191
Heat Rate 204 9)MJ/h Calculated Heat Rate of Rx -208_3|MJ/h
-57 9| kW
Conversion {mol/m}=FF{mal/m3 m}*Rx Volume {m3}
Total H {MJ) = Total Conversion (mel/m) * dH (MJ/mol)* Reaction Time(m)
Self Heat Rate(kVWW) = (Corr SHR(degC/m)}/60*Heat Cap(J/kgk)*Charge(kg))/1000
Jacket Temp Charge Temp | Dewar Thermal COMP Latent Heat|Pred Qverall Heat Transfer Coefficient 290 WimzK
degC degC Inertia kedikg
50 90 1.15 400.0 Final Reaction Temperature 98.52|deg C
Measured Temp Heat Capacity |Measured SHR. | Corrected SHR Self Heat Rate Self Heat Reactor Cooling Boil up Rate Temperature Difference 42.21|deg C
deg C Jikg K degCim degC/m VY KWW kg WV kg'h
90 1650 0.60 0.69 56.93 0.01%0 7481 Calculated Reactor Duty -203.4|MJ/h
100 1720 0.87 1.00 86.04 0.0287 93.14 -56.5) kW
110 1800 1.74 2.00 180.09 0.0600 11177
120 1870 3.98 4.58 427 .95 01426 130.39 2678.0
130 1930 5.56 6.39 617.02 0.2057 149.02 4212.0
Thermal Runaway Heat Reaction Time Conversion  |Frequency Factor
kJ/h I/ m mal/m mol/m3 m
204930 208 275.91 6.34 3.192
309755 310 182.54 9.59 4.825
648324 648 g7.21 2007 10100
1540618 1541 36.70 47.68 24.000
2221276 223 2545 G5.75 34.604

.
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Chemstations REACTION STABILITY

JOB : Batch Reactor Exotherm Stability >
— =
BATCH REACTOR THERMAL STABILITY
CASE STUDY 3
Job: Batch Reactor Exotherm Stability :
2

1

@ Stream 1 set 50 degC

Reactor 4.545 M3
Glass Lined

Dowtherm J

4 27 5 m3'h
3 -
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CHEMICAL OUTPUT

Gas
Form

Liquid
Form

Issue

Physical Form

Quantity

Essentially the same as “Chemical
Input”, each physical state requires
consideration against a series of
potential issues.

Solid
Form

Alternative states

Stability

Toxicity

Flammability

Common Impurities

Corrosive
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CHEMICAL OUTPUT ISSUES

Chemical Output

SOLID

Issue

Issue

Considerations

Impact

Physical Form

>

Quantity

Alternative states

Stability

Toxicity

Flammability

Common Impurities

Corrosive

Drying

See crystal form
Temperature issues
Vacuum

Is drying required?
Re use as a slurry
Re dissolve in situ
Choice of wash solvents
Attrition

Balling

Milling

PSD

Isolation from water
based system
Oversize
Homogeneity

Temperature control system
design

Safety backup systems
Dryer Design/ selection
Heat transfer system design
Agitation/mixing

Milling requirement
Packing requirement
Sieving

Dust categories

Area Class
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.8 | DOCUMENT NUMBERING

/REQUIREMENT : UNIQUE DOCUMENT IDENTIFIER \

DOCUMENT SECTOR e.g. Administration, Projects
CLIENT IDENTIFICATION

PROJECT IDENTIFICATION

DOCUMENT IDENTIFIER

DOCUMENT TYPE /

CIESE

\

CLIENT REF. PROJECT NO. DOCUMENT NO. DESCRIPTOR

AA XXX XXX.AAA
/
CQUOTATIONS  QUO )
ABSOLUTE KEY REPORTS RPT
TO CALCULATION CAL
DOCUMENT CONTROL MINUTES MIN

\_MANUALS MAN /
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