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Chemical Substitution

Thinking: Chemicals, Molecules, Properties
Drivers for Pollution Prevention

[ Chemical Substitution Concepts
[1 Substitution Methodology

[] Strategies and Homework
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Why Substitute ?

Are you using ...

Methylene Chloride as a Reaction Solvent ?

1 Toluene as an Extraction Solvent ?
[1 Perfluorocarbons for Cleaning ?
(1 Brominated Flame Retardant Additives ?

[1HCFCs as Foam Blowing Agents ?
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Should | Switch To ...

Process Design / Product Design

[1 Ethyl Lactate as a Reaction Solvent ?
[1H,0, as a Cleaning Solvent ?
[1Vegetable Oil as a Lubricant ?

[1Ozone as a Bleaching Agent ?
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Key Concept

Same Performance but Better Environmental
Property Units Toluene N-Ethylmorpholine
Density i g/cc | 086 0.91

P e

SolParam-H G i 180 - 070

_Bojling Point i Cof 106118900
Flash Point C | 485 27.77

'Béﬁfiﬁ'i&"ﬁ'éﬁr'"L"éé'(')"w"ﬁb}ﬁ""""f ......... T a— Y G

T e o T

Pvpat20C i mmHg . 2180 1 580
ThOD mg/mg i 313 2.76
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Methodology

Step 1: Specify Properties
— Solubility, BOD, Volatility, Reactivity

Step 2: Match and Design

— Closest match, Tradeoffs, Additives

Step 3: Simulate and Experiment
— Multiple Case Studies, Evaluation
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Step 1: Specify Properties

Why

are you using/making
your current chemical ?
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Step 1: Specify Properties

Gas Absorption

—)4

£

Pump Specs: Solvent Specs:

Flow: 1200 GPM Solubility: ??

Head: 65 ft Volatility: ?? i

Mat: Zirconium |1 Reactivity: ?7? —
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Step 1: Specify Properties

[]
[]
[]
[]
[]
[]
[]
[]
[]
[]
[]

—

Aquatic Toxicity
Biodegradation Rate
Biological Oxygen Demand
Boiling Point
Carcinogenicity
Compressibility
Corrosivity

Density

Enthalpy of Combustion
Enthalpy of Vaporization

Flammability

N I [ D I B AN

Freezing Point
Global Warming

Heat Capacity

Ozone Degradation
Permeability
Reactivity

Solubility

Surface Tension
Thermal Conductivity
Vapor Pressure

Viscosity
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Step 1: Specify Properties

Examine Material’s Life Cycle
for Sources of Property Specifications

[1 Synthesis and Production
[1 Use and Performance
[1 Design and Retrofit

[1 Disposal and Reuse
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Step 1: Specify Properties

Water 93% Toluene
Phenol 7% Phenol

Ry

W

Toluene

N

Water Toluene

o,

Phenol
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Liquid Extraction

o O 0O o o od oo o

Aquatic Toxicity
Biodegradation Rate
Biological Oxygen Demand
Corrosivity

Density

Enthalpy of Vaporization
Solubility

Surface Tension

Vapor Pressure
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Step 1: Specify Properties

Surface
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Cleaning Solvent

O O O 0O oo oo d i

Biological Oxygen Demand
Boiling Point

Corrosivity

Enthalpy of Vaporization
Flammability

Global Warming

Ozone Degradation
Solubility

Surface Tension
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Step 1: Specify Properties

O O O 0O oo oo d i

Antifreeze

Aquatic Toxicity

Biodegradation Rate

Biological Oxygen Demand

Boiling Point
Carcinogenicity
Corrosivity
Flammability
Freezing Point

Heat Capacity

@) -
5 — 1| ikl
g) llqu e
SN
Pl N
LL B 1 R
- solid:
Concentration
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Step 1: Specify Properties

@)
@)

@)
OOO

Temp

@)
@)
@)

@)
@)

o

Blowing Agents

[1 Boiling Point
Density

Flammability

Global Warming

Heat Capacity

Ozone Degradation
Permeability
Solubility

Thermal Conductivity

O O 0O o o O O
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Toxicity is a Level
Not a Chemical

[1 Needed Amount
[ Solubility
[] Diffusivity

[] Toxic Level
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BOD

Too Biodegradable ??

Too Fast ?

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Too Slow ?

% Degraded
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Step 1: Specify Properties

[1-CH3

Chemical Properties
Especially Reactivity

[1-COOH ] -S-
[1-COO- [1-NH2
[1>C=0 [ ] >N-

| -O- 1 -CN
[1-NO2 [1-CH=0
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Step 1: Specify Properties

Heat *

Condenser )7

— |

Evaporator )7

* Heat
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Lubricant Additive

1 -CH3 1 >C=0
[1 =CH- [1 -O-

] -Cl [1 -NO2
L] -F ] -S-

L1 -Br [1 -NH2
] -COOH [ -CN

[0 -COO- ] -CH=0
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Step 2: Matching Properties

Use an Appropriate Objective Function
Property Toluene Substitute Distance
Density . 086 i 091 0.05

e e R o

SolParam-H i 160 . 070 i . -09

Boiling Point _: 11061 : 139.00 i 2839 .
Flash Point i 4.85 27.77 22.92

'Béﬁh"r{i"cﬁl"ziéﬁ'r'"L"éé'(')'"{ ....... T - é'é'iiéi'"m"':""""""i'é'Eé .......

OralRattDs0 . 6360 ...1780 ;. . 1144

Pvpat20c i 2180 i 580 i . 16
ThOD ;313 i 276 i  -0.37
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Step 2: Matching Properties

Matching Solvent Power

Solvent . Dispersive : Polar H-Bonding

Aceticacid i 189 i 122 i 189
" Acetonitrile i 10.3 111 ¢ 196
B R R e
e i g S
B T S R T s T T
e i R S
"Méfﬁﬁ'é'iﬁgflmlzéot'é'ﬁé .................. i s G
"'I\Vlnéi°ﬁ'3}'l"i'é'i')ol'anijﬂflo'ii'é't'c'i'ﬁé"ﬁ .......... o G s S g
"'I'\°/'I"e'fﬁ'§/'l'é'r'i"é"c':'ﬁ'l'&r'i'd'é ................... B Rt e T G
Tetrahydrofuran .......... A ....... 110 ............ G

Reference: “CRC Handbook of Solubility Parameters”
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Step 2: Matching Properties

14.0 o 1) Acetic acid
S 13.0 P 2) Acetonitrile
< o 3) Benzene
%— 12.0 09 o 4) Chloroform
'g' 11.0 011 0 5) Diacetone alcohol
3] 10.0 6) Methanol
% ~ 910 07 7) Methyl ethyl ketone
F 90 Y 8) Methyl i-butyl ketone
s 8.0 03 9) Methylene chloride
g 10) o-Dichlorobenzene
7.0

11) Tetrahydrofuran
0.0 50 100 150 200 250 300

Hydrogen Bonding Parameter [Mpa”1/2]
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Step 2: Matching Properties

Polar Parameter [Mpa”1/2]
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0.0 5.0 10.0 15.0 20.0 25.0

Hydrogen Bonding Parameter [Mpa” 1/2]
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Step 2: Matching Properties

Molecular
Modeling

[1 Force Fields

[1 Canonical Ensemble

[ Monte Carlo Method

[1 Receptor Matching
[] Simple is Okay
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Step 2: Matching Properties

Property Estimation

Cl)H 5?2.9
CH,—CH 23.6—21.7
- - |
(IZH2 2|2.9
CH, 23.6

Th = sum + 198.1 = 382.8 K

Tb (lit) = 372.7K

Reference: “Properties of Gases and Liquids”
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Step 3: Simulate & Experiment

[1 Multiple Case Studies
- Different solvents, products, chemicals

[ Retrofitting Concerns
- Densities, viscosities, volatilities

[] Estimating Properties
- Pure, mixtures, product simulation

[] Establish Standard Screening Tests
- 20 Common solvents”

; Page 25 Molecular Knowledge Systems, Inc.

99-02-02



Strategies and Homework

Establish Chemical Specifications
During Design

[ What properties were found important ?
[ What chemical classes were tested ?
[ Why were candidates eliminated ?

[] What are the top 5 candidates ?
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Strategies and Homework

Use Life Cycle Analysis
to Establish Specification Team

[1 Synthetic chemists

[] Process chemists and engineers
[J Environmental engineers

[] Maintenance engineers

[] Safety engineers
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Strategies and Homework

What About Water ?

[] Very Polar and Hydrogen Bonding
[] Very Large Heat of Vaporization
[] Very Large Surface Tension

[ Promotes Corrosion (Salts)
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Strategies and Homework

Consolidate Solvents
Used Plant-wide

[135 Solvents reduced to 7
[l Less documentation

[1 Economies of Scale
- Research & Disposal
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Chemical Substitution

[ Chemical Specifications
[1 Physical and Chemical Properties
[ Matching Properties Graphically

[ Chemicals, Properties, Molecules
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Cranium: Chemical Substitution

Matenal Search Dialog

Target l Constraints l
Property Temp Pres Target Units Weight
Sos C bar oo oo oo
1 |Boiling Point --- --- 3.83E+02 K 1.00E+00 [~ ]
ol o o o o o =
Clear | Edit | Remove | Enable Disable | Match
Search Results
Done
Distance | Yalid | Material | Search
1 7.80E-01 Yes Toluene =
2 2.15E+00 Yes sec-Butyl acetate L Sort
3 6.65E+00 Yes Methyl isobutyl ketone
1 7.81E+00 Yes  Butanol S L
L 8.05E+00 Yes Acetic acid Update KB
i 8.92E+00 Yes Methylcyclohexane
7 9.85E+00 Yes  Water - Print
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Synapse: Chemical Design

Eﬂ' Combinatornial Dezignl

Boiling Point Constrain! =

E/D Eesign Technigues aroups Elements

Design Groups Design Parameters
Group Min | Maxg Parameter Yalue
1 |[-CH3 ---| --- I |Minimum Total Groups 2
2 |-CH2- - -] 2 |Maximum Total Groups 10
3 |>CH- --- - 3 |Mumber of Rings 0
4 »C{ --- ---
5 |-0H ——- 9 Candidates
6 |-COOD- -1 - Candidate Molecule
1 3[-CH3] 1[-CH2-] 2[=C<] 1[-CN]
Constraints 2 1[-CH3] 5[-CH2-] 1[=CH2] 1[=CH-]
Constraint 3 |2[-CH3) 2[-CH2-) 1[>CH 1[NO2)

1 |Match Solubility Param =} | | (4 [3[-CH3]) 1[>CH-] 2(-0]
2 |Vapor Pressure Constre : 2[-CH3) 4[-CH2- 1[>CH] 1[-CH=0]
3 )L
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[1 Software Demonstrations
[1 Copies of Presentations

[1 Technical Papers
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