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Presentation Outline

> Model purpose and ob jectives

» Model development

— Thermodynamic and thermo—physical
properties

— Kinetic scheme
> Model results

> Conclusions
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Model Purpose and Ob jectives

» Predict reactor performance during
unsteady state operating conditions

> Optimize reactor steady state
operating conditions

» Optimize grade transitions strategies
to minimize off—grade products

> A training tool off—line for engineers
and technicians at the plant site
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Model Purpose and Ob jectives
(cont.)

> Use of the model will help reduce risks
especially going to plant trials (i.e. to ease
scale—up of new commercial product
formulations) by:
— Targeting conditions
— Predicting overall performance

> Predict Polymer properties

> Test various system configurations, such as
dual reactors versus a single CSTR
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Selection of a Property Method for
the Thermodynamic Properties

> A property method is a collection of
methods and models that Aspen
Properties uses to compute
thermodynamic (fugacity coefficients,
enthalpy., entropy., Gibbs free energy.
and volume) and transport (viscosity,
thermal conductivity, diffusion
coefficients, and surface tension)
properties.
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Selection of-a Property Method for
the Thermodynamic Properties
(cont.)
> Ideal Property Methods (Ideal gas/Raoul’ s

Law/Henry’ s Law)

> Equation Of State (EOS) Property Methods
(SAFT— Statistical Associating Fluid Theory,
Sanchez—l.acombe, ect**)

> Activity Coefficient Property Method (Flory—
Huggins, Polymer NRTL—Non—Random-—
Two—Liguid model)
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Selection of a Property Method for
the Thermodynamic Properties

(cont.)

> Activity Coefficient Property Method is
selected

— Versatile , accommodate a high degree of solution
none—ideality into the model

— Can only be used for the liguid phase, another
model is needed for the vapor phase (usually an
equation of state)

> Polymer Non—Random Two—Liquid (Poly—
NRTL) model is used for the calculation of

the activity coefficients of the system and
the related physical properties.
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Selection of a Property Method for
the Thermodynamic Properties

(cont.)

Poly—NRTL is a segment—base model that
allows accurate representation of co—
polymer composition and chain length

The Van Krevelen Thermo—Physical property
models dre used to calculate segment
property parameters (such as heat capacity.,
molar volume, enthalpy, entropy, Gibbs energy
of formation, glass transition and melt
transition temperatures), which are in turn
used to cdlculate polymer property
parameters.
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The SMA Model

> Model based on fundamental polymerization
principles with a full Free—Radical
polymerization kinetic scheme for the system
Styrene, MA, and Rubber

» Aspen Plus wds used to generate the
properties file

> Aspen Dynamics and Aspen Custom Modelen
were used for the dynamic simulation
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The SMA Model (cont.)

> Model developed and validated for 2
peroxides

> Input to the model includes: Feed
composition, reactor operating conditions,
rubber mix composition and degree of
polymerization

> Output from model includes: Polymer
production rate, polymer composition, Mn,
and Mw
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The SMA Kinetic Scheme
(Free—Radical Polymerization)

> Peroxide Decomposition
— — Ny R Rak = N T K Gy
(K, = K. Exp(—E_ / RT)]
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The SMA Kinetic Scheme

(cont.)

> Chain Initiation

*

R*+STY > P[STY-SEG], R, =K, ,Ccry R

N1
R*+MA > P[MA-SEG]. R, =K. ,C, R

in2

> Thermal Initiation

Free radicals can also be generated from
styrene monomer by thermal mechanism. The
thermal initiation mechanism for styrene is
believed to be 3™ order in monomer . The rate
of thermal initiation (R, ) is given by:
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The SMA Kinetic Scheme
(cont.)

> Chain Propagation
- P |STY-SEG]+ STY > P_,.[STY-SEG]
R~ Koy Cory PlSTY-SEG]
— P [STY-SEG] + MA > P__ [MA—SEG]
Ron= Kon Cua P STY-SEG]
- P IMA—SEG] +STY > P__[STY-SEG]

R~ Ko, Cory P IMA—SEG]
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The SMA Kinetic Scheme
(cont.)

» Chain Transfer to Monomer
P!+ M - D+ P
— P [STY-SEG] +STY > D_+ P[STY-SEG]
Ry= Kiyy Cory PLISTY—SEG]
- P [STY-SEG] + MA > D_+ P [MA-SEG]
Ryo= Koo Copa Pl STY—SEG]

tmi2 tm12 MMA " n

» Chain Transfer to Polymer
P'"4+D —> D + P
n m n m
- P [STY-SEG] + b, —> D, + P[STY-SEG]
Ripi= Kipr Cory PlSTY—SEG]

tpll tpll
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The SMA Kinetic Scheme
(cont.)

» Terminations reactions

P'"+PJ > D__ (combination)

— P [SsTY-SEG]+ P _[STY-SEG] > D,_,
R,.y= Koy PISTY-SEG] P_[STY-SEG]

P'+PJ —> D +D_

(disproportionation)

- P [STY-SEG] + P_|[MA-SEG] > D_+ D_

Ripin/o1= Kipor/io PolSTY=SEG] P, [MA-SEG]

tcll

|
(This is NOVA Chemicals )




> The gel effect (Trommsdorf effect) is
modeled by multiplying the termination
reaction rate coefficients, K_, by a Gel Factor
(GF).

> GF decreases with increasing conversion (GF
vary between 0 and 1).

> The effective rate coefficient (K _.) for the
Termination reaction is given by:

K_. =K_GF
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Gel Effect (cont.)

» GTF correlation selected is a function of
reactor conversion only

>»GF=a,/(1+ a, X " a,)
Where
Xp = weight fraction of the polymer

a, a,and a_ are user specified
parameters
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Model Results - Normalized % solids

1.0

0.9

0.8

0.7

0.6

0.5

0.4

A % Solids - Perox1

¢ % Solids - Perox2

e
¢ IS
'S

.'-'%é N < "'._"
ST abBassh
- 9, " A '10%
L ] L JIPS

A A'

Ay

N

,,,;,,;AL ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
<A

0.5 0.6 0.7

Experimental Results - Normalized % solids

0.8 0.9 1.0

|
(This is NOVA Chemicals )




¢ MA content - Perox2

A MA content - Perox1

| | | | |

| | | |

| | | |

| | | |

| | | |

| | | |

| | | |

| | | |

| | | | |

| | | | |
* = I I [

N I I I I

+ | | | |

s | | | |

,,A_ | | | |

o | | | |

| + | | | |

< Y | | | |

| | | | |

| | | | |

| | | |

wwwwwwwwww [t Sl il el S
| D | | | |
f

| N | | | |

| Y | | | |

A I | | | |

S I | | | |

ol [ | I | I

| | . | | | |

ls | . | | | |

I @ - | | | |

| ! ‘. | | | |
\\\\\\\\\\\\\\\\\\\\\ L Y

.

. @ . | | |

' | ‘O | | |

“\ | ' | | |

I s | | |

| ", | | |

] [t | | |

f o | | I

I [N I I I

| N\ * | | |

\\\\\\\\\\\ L QNO

' ’, ¢ | |

. o |

C\G | |

@ |

* |

} D |

s I

I I

I I

I

I

\\\\\\\\\\\\

VIN

0 © Y N
o o o
JUSTUOD

pPazifewloN - S1nsay [8PON

1.0

0.8

0.6

0.4
Experimental Results - Normalized MA content

0.2

)

his is NOVA Chemicals

F




4 Rubber content - Perox2
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Model Results - Normalized Mw
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Model Results - Normalized PDI
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cConclusions

> A dynamic model was successfully developed
and used to estimate the kinetic constants
for the free—radical polymerization scheme
for the system styrene/MA/rubber.

> Model predictions for the percentage solids
and the polymer compositions were within *

10 96 compared to the experimental data.

> For Mn, model predictions in 73% of the
cases were within 10 96 of the experimental

data and in 859 of the cases were within +15
% of the experimental data.
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Conclusions (Cont.)

> For Mw, model predictions in 82% of the cases
were within 10 96 of the experimental data and

in 9396 of the cases were within 15 26 of the
experimental data.

> PDI predictions in 929 of the cases were within
+15 96 of the experimental data. These results

are in line with the experimental data
considering the accuracy of the experimental
measurements of Mn and Mw.
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Conclusions (Cont.)

> The model was successfully validated
using experimental runs that were not
originally used for the estimation of the
kinetic parameters.

> The present dynamic model constitute
a versatile tool for process
optimization and developments of new
polymer recipes.
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DYLARK® for Automotive

DY LARK isin over 90 million vehicles Worldwide
The Industry Leader in Instrument Panel (IP)
Substrates for Covered/SoftIP’ s

Fully assembled soft IP
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Audio components Floor consoles Structur’a/\Aﬁvckets
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