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Capítulo�I�–�Introdução,�objetivos�e�organização�do�trabalho�

I.1�Introdução�

�
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I.2�Objetivos�

�

I.3�Organização�do�Trabalho�

�
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Capítulo�II�Revisão�da�literatura�e�conceitos�fundamentais

II.1�Introdução�

�

Plug�Flow�Reactor Continuous�Stirred�Tank�Reactor�

0

�

II.2�Técnicas�de�polimerização�e�categorias�segundo�a�densidade�

�
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High�Density�PolyEthylene

Medium�Density�PolyEthylene

Low�Density�PolyEthylene

Very�Low�Density�PolyEthylene

Continuous� Stirred� Tank� Reactor

loop

Continuous� Fluidized� Bed� Reactor

Imperial� Chemical� Industry
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Continuous�Stirred�Autoclave�Reactor

Linear�

Low�Density�PolyEthylene

Molecular� Weight�

Distribution
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Tabela�II.1

LDPE EVA AP

HDPE MDPE BP CSTR

LLDPE LPE BP

LLDPE HDPE BP CFBR

LDPE EVA AP CSAR

PE MP

PE EVA

LDPE VLDPE

VLDPE LLDPE

LDPE
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�

Tabela�II.2:�Termos�utilizados�na�tabela�II.1�

AP� A P �

BP � B P �

CFBR� ontinuous� luidized� ed� eactor �

CSAR� ontinuous� tirred� utoclave� eactor �

CSTR� ontinuous� tirred� ank� eactor �

EVA� thylene� inyl� cetate �

HDPE� igh� ensity� oly thylene �

LDPE� ow� ensity� oly thylene �

LLDPE� inear� ow� ensity� oly thylene �

LPE� inear� oly thylene �

MDPE � edium� ensity� oly thylene �

MP� M P �

PE� P E �

VLDPE� ery� ow� ensity� oly thylene �

�

II.3�Tipos�de�catalisadores�

�
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II.3.1�Catalisador�Ziegler;Natta�

�

Figura�II.1:
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II.3.2�Catalisador�Metalocênico�
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II.3.3�Catalisador�híbrido�–�Ziegler;Natta�e�Metalocênico�

�
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elt� ndex

II.4�Tipos�de�Reatores�

�

Plug� Flow� Reactor

Continuous� Stirred� Tank� Reactor
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�

�

PFR�(#3)�

PFRtri

CSTR�(#1)�

CAT� CO CAT�

CAT� CO CAT�

H2�

Produto

Monômero�

Co monômero�

H2�

Solvente�

Figura�II.2
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,�Stress�Exponent

II.5�Métodos�matemáticos�

�

II.5.1�Método�dos�Volumes�Finitos�

�
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0→�V

( ) ( ) ( ) φφρφ
ρφ

SV
t

+∇Γ∇=∇+
∂

∂

�

Tabela�II.3:�Termos�da�Equação�Geral�do�Método�dos�Volumes�Finitos�

( )
t∂

∂ ρφ φ

( )Vρφ∇ φ

( )φ∇Γ∇ φ

φS φ

�
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II.6�Conclusão�
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Capítulo�III�Modelo�Cinético�

III.1�Introdução�

�

III.2�Formação�do�sítio�ativo�(sítio�de�iniciação)�

n

k

n CCCC nf *,'→+ ][][,',' CCCkr nnfnf ⋅⋅−=

nC n CC nC *

n
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Tabela�III.1

Sigla� Espécie�

*C �

C

CC �

CI �

CCI �

CCD �

CD �

1M �

2M �

kjP , �

kjQ , �

kjU , �

�

III.3�Envenenamento�por�impureza�

CCDCCI icck

CC →+ ' ][]['' CCIkr CCICCICC ⋅⋅−=

n

k

nC CDCI nic →+ ,*'** ]*[][ *,*',' nCnICnIC CIkr ⋅⋅−=
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CCI *CI

CCD nCD

III.4�Iniciação�da�cadeia�(sítio�de�propagação)�

n

k

n PMC ni

,0,11
,1* →+ ][]*[ 1,1,1 MCkr nnini ⋅⋅−=

n

k

n QMC ni

,0,12
,2* →+ ][]*[ 2,2,2 MCkr nnini ⋅⋅−=

� 1M � � 2M kjP ,

j k

kjQ , j

k

III.5�Propagação�da�cadeia�

�

nkj

k

nkj PMP np

,,11,,

,1,1

+ →+ ][][ 1,,,1,1,1,1 MPkr nkjnpnp ⋅⋅−=
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nkj

k

nkj QMP np

,1,2,,

,2,1

+ →+ ][][ 2,,,2,1,2,1 MPkr nkjnpnp ⋅⋅−=

nkj

k

nkj PMQ np

,,11,,

,1,2

+ →+ ][][ 1,,,1,2,1,2 MQkr nkjnpnp ⋅⋅−=

nkj

k

nkj QMQ np

,1,2,,

,2,2

+ →+ ][][ 2,,,2,2,2,2 MQkr nkjnpnp ⋅⋅−=

III.6�Transferência�

�

� Transferência�para�o�monômero�

kjU , j k

kjn

k

nkj UPMP nfm

,,0,11,,

,1,1 + →+ ][][ 1,,,1,1,1,1 MPkr nkjnfmnfm ⋅⋅−=

kjn

k

nkj UQMP np

,,1,02,,

,2,1 + →+ ][][ 2,,,2,1,2,1 MPkr nkjnfmnfm ⋅⋅−=

kjn

k

nkj UPMQ nfm

,,0,11,,

,1,2 + →+ ][][ 1,,,1,2,1,2 MQkr nkjnfmnfm ⋅⋅−=

kjn

k

nkj UQMQ np

,,1,02,,

,2,2 + →+ ][][ 2,,,2,2,2,2 MQkr nkjnfmnfm ⋅⋅−=
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� Transferência�para�hidrogênio�

kjn

k

nkj UCHP nfh

,2,, *,1 + →+ 1

2,,,1,1 ][][ ofh

nkjnfhnfh HPkr ⋅⋅−=

kjn

k

nkj UCHQ nfh

,2,, *,2 + →+ 2

2,,,2,2 ][][ ofh

nkjnfhnfh HQkr ⋅⋅−=

� Transferência�para�o�organometálico�(alquil0alumínio)�

CC

kjn

k

nkj UCCCP nfCC

,,, *,1 + →+ 1

,,,1,1 ][][ ofCC

nkjnfCCnfCC CCPkr ⋅⋅−=

kjn

k

nkj UCCCQ nfCC

,,, *,2 + →+ 2

,,,2,2 ][][ ofCC

nkjnfCCnfCC CCQkr ⋅⋅−=

� Transferência�espontânea�

kjn

k

nkj UCP nf

,,, *,1 +→ ][ ,,,1,1 nkjnfnf Pkr ⋅−=

kjn

k

nkj UCQ nf

,,, *,2 + → ][ ,,,2,2 nkjnfnf Qkr ⋅−=

�

�
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III.7�Desativação�catalítica�espontânea�

�

kd

CDC ndk

n → ,* ]*[,, nndnd Ckr ⋅−=

III.8�Terminação�

� Terminação�com�o�monômero�

�

�

kj

k

nkj UCDMP ntm

,1,,
,1,1 + →+ ][][ 1,,,1,1,1,1 MPkr nkjntmntm ⋅⋅−=

kj

k

nkj UCDMP ntm

,2,,
,2,1 + →+ ][][ 2,,,2,1,2,1 MPkr nkjntmntm ⋅⋅−=
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kj

k

nkj UCDMQ ntm

,1,,
,1,2 + →+ ][][ 1,,,1,2,1,2 MQkr nkjntmntm ⋅⋅−=

kj

k

nkj UCDMQ ntm

,2,,
,2,2 + →+ ][][ 2,,,2,2,2,2 MQkr nkjntmntm ⋅⋅−=

�

�

� Terminação�com�hidrogênio�

kj

k

nkj UCDHP nth

,2,,
,1 +→+ 1

2,,,1,1 ][][ oth

nkjnthnth HPkr ⋅⋅−=

kj

k

nkj UCDHQ nth

,2,,
,2 + →+ 2

2,,,2,2 ][][ oth

nkjnthnth HQkr ⋅⋅−=

1oth 2oth

� Terminação�com�o�organometálico�(alquil0alumínio)�

kj

k

nkj UCDCCP ntCC

,,,
,1 + →+ 1

,,,1,1 ][][ otCC

nkjntCCntCC CCPkr ⋅⋅−=
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kj

k

nkj UCDCCQ ntCC

,,,
,2 + →+ 2

,,,2,2 ][][ otCC

nkjntCCntCC CCQkr ⋅⋅−=

1otCC 2otCC

� Terminação�espontânea�

�

kj

k

nkj UCDP nt

,,,
,1 +→ ][ ,,,1,1 nkjntnt Pkr ⋅−=

kj

k

nkj UCDQ nt

,,,
,2 +→ ][ ,,,2,2 nkjntnt Qkr ⋅−=

III.9�Conclusão�
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Capítulo�IV�Descrição�e�modelos�do�sistema�reacional�

IV.1�Introdução�

�

IV.2�Descrição�e�modelo�físico�do�sistema�de�reação�do�processo�

�
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�

�

�

�

�

�

� �

PFR�(#3)�

PFRtri

CSTR�(#1)�

CAT� CO CAT�

CAT� CO CAT�

H2�

Produto

Monômero�

Co monômero�

H2�

Solvente�

Figura�IV.1
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IV.3�Modelo�do�CSTR�

�

→
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1

2,1,,

0 0

��������������������������

��������������������������

�����������

������������������������

������������������������

������

.,

+⋅+⋅

+⋅+⋅+

+⋅+⋅+⋅⋅

+⋅+⋅

+⋅+⋅+

+⋅+⋅+⋅⋅

==⋅⋅

∑

∑∑

=

∞

=

∞

=

�

�

λ
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IV.6.9�Polímero�vivo�

�

P p=1,�q=0

P p q p,q≠1,0

[ ] [ ] [ ](
[ ]
[ ] [ ] [ ]) )ntntmntm

oth

nth

ofCC

nfCC

nfnfmnfm

ofh

nfh

kMkMkHk

CCk

kMkMkHkr Pn

,12,2,11,1,1

1

2,1

1

,1

,12,2,11,1,1

1

2,1

�����������

�����������

��,

+⋅+⋅+⋅

+⋅

++⋅+⋅+⋅=
λ

[ ] [ ] [ ](
[ ]
[ ] [ ] [ ] )ntntmntm

oth

nth

ofCC

nfCC

nfnfmnfm

ofh

nfh

kMkMkHk

CCk

kMkMkHkr Qn

,21,1,22,2,2

2

2,2

2

,2

,21,1,22,2,2

2

2,2

�����������

�����������

,

+⋅+⋅+⋅

+⋅

++⋅+⋅+⋅=
λ

( )∑
=

⋅+⋅=
�SIT

n

nmlnml QnPn
nm

rQrPr
1

,,,, ,,
. λλλ ��

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

[ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ] [ ]
[ ] [ ] [ ] [ ] [ ] [ ]
[ ]⋅⋅

−⋅⋅−⋅⋅−⋅⋅

−⋅⋅−⋅−⋅⋅

−⋅







⋅+⋅⋅

−⋅







⋅+⋅⋅

−⋅⋅−⋅⋅−⋅⋅=

∑∑

∑∑
∞

=

∞

=

∞

=

∞

=

nnt

nntmnntm

oth

nnth

ofCC

nnfCCnnfnnfm

p q

nqpnfmnnfm

p q

nqpnfm

ofh

nnfh

nnpnnpnniP

Pk

MPkMPkHPk

CCPkPkMPk

MQkMPk

MPkHPk

MPkMPkMCkr
n

,0,1,1

2,0,1,2,11,0,1,1,1

1

2,0,1,1

1

,0,1,1,0,1,12,0,1,2,1

1

0 0

,,,1,21,0,1,1,1

1

0 0

,,,1,1

1

2,0,1,1

2,0,1,2,11,0,1,1,11

*

,1

����������

����������

����������

����������

����������

.0,1
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p

δ

1,0

[ ] [ ] [ ] [ ]
[ ] [ ] [ ] [ ]
[ ] [ ] [ ] [ ] [ ] [ ]
[ ] [ ] [ ] [ ] [ ]
[ ] [ ] [ ] [ ] [ ]nqpntnqpntmnqpntm

oth

nqpnth

ofCC

nqpnfCCnqpnf

nqpnfmnqpnfm

ofh

nqpnfh

nqpnpnqpnp

nqpnpnqpnpP

PkMPkMPk

HPkCCPkPk

MPkMPkHPk

MQkMPk

MPkMPkr
nqp

,,,12,,,2,11,,,1,1

1

2,,,1

1

,,,1,,,1

2,,,2,11,,,1,1

1

2,,,1

1,,1,1,21,,1,1,1

2,,,2,11,,,1,1.,

⋅−⋅⋅−⋅⋅−

−⋅⋅−⋅⋅−⋅−

−⋅⋅−⋅⋅−⋅⋅−

−⋅⋅+⋅⋅+

+⋅⋅−⋅⋅−=

−−

[ ] [ ] [ ] [ ]
[ ] [ ] ( ) [ ] [ ]

( ) [ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ] [ ]
[ ] [ ] [ ] [ ] [ ],

1

1

,,,12,,,2,11,,,1,1

1

2,,,1

1

,0,,1,,,1

2,,,2,11

0 0

,,,1,2),)(0,1(

1,,,1,11

0 0

,,,1,1),)(0,1(

1

2,,,11,,1,1,2),)(0,1(

1,,1,1,1),)(0,1(2,,,2,1

1,,,1,11

*

,1),)(0,1(.,

nqpntnqpntmnqpntm

oth

nqpnth

ofCC

nqpnfCCnqpnf

nqpnfm

p q

nqpnfmqp

nqpnfm

p q

nqpnfmqp

ofh

nqpnfhnqpnpqp

nqpnpqpnqpnp

nqpnpnniqpP

PkMPkMPk

HPkCCPkPk

MPkMQk

MPkMPk

HPkMQk

MPkMPk

MPkMCkr
nqp

⋅−⋅⋅−⋅⋅−

−⋅⋅−⋅⋅−⋅−

−⋅⋅−⋅







⋅⋅+

+⋅⋅−⋅







⋅⋅+

+⋅⋅−⋅⋅⋅−+

+⋅⋅⋅−+⋅⋅−

−⋅⋅−⋅⋅⋅=

∑∑

∑∑
∞

=

∞

=

∞

=

∞

=

−

−

δ

δ

δ

δ

δ

[ ] [ ] [ ] [ ]

( ) [ ] [ ]

( ) [ ] [ ]

[ ] [ ] [ ]
[ ] [ ]
[ ] [ ] [ ]
[ ] ,

1

1

.,,12.,,2,1

1.,,1,1

1

2.,,1

1

.,,1

.,,12.,,2,11,0,0,1,2

1.,,1,11.0,0,1,1

1

2.,,1

0 0

1,,,1,2

0 0

1,,,1,1

2.,,2,11.,,1,11

*

,1

.,

nmlntnmlntm

nmlntm

oth

nmlnth

ofCC

nmlnfCC

nmlnfnmlnfmnnfm

nmlnfmnnfm

ofH

nmlnfh

p q

nqpnp

ml

p q

nqpnp

ml

nmlnpnmlnpnni

P

PkMPk

MPkHPkCCPk

PkMPkMQk

MPkMPkHPk

MQkqp

MPkqp

MPkMPkMCk

r
nml

��

���

���

���

��

�

⋅−⋅⋅−

−⋅⋅−⋅⋅−⋅⋅−

−⋅−⋅⋅−⋅⋅+

+⋅⋅−⋅⋅+⋅⋅−

−⋅⋅⋅⋅++

+⋅⋅⋅⋅++

+⋅⋅−⋅⋅−⋅⋅

=

∑∑

∑∑
∞

=

∞

=

∞

=

∞

=
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Q p=0 q=1

Q p q p,q≠0,1

q

[ ] [ ] [ ] [ ]
[ ] [ ] [ ] [ ](
[ ] [ ] [ ]
[ ] [ ] )

( ) [ ] [ ]

( ) [ ] [ ]⋅⋅⋅⋅⋅++

+⋅⋅⋅⋅++

+⋅+⋅+⋅+

+⋅+⋅++⋅+

+⋅+⋅+⋅+⋅−

−⋅⋅+⋅⋅+⋅⋅=

∑∑

∑∑
∞

=

∞

=

∞

=

∞

=

0 0

1,,,1,2

0 0

1,,,1,1

.,,12,2,11,1,1

1

2,1

1

,1,12,2,1

1,1,1

1

2,12,2,11,1,1

1,0,0,1,21.0,0,1,11

*

,1

1

1

����

����

.,

p q

nqpnp

ml

p q

nqpnp

ml

nmlntntmntm

oth

nth

ofCC

nfCCnfnfm

nfm

ofh

nfhnpnp

nnfmnnfmnniP

MQkqp

MPkqp

PkMkMk

HkCCkkMk

MkHkMkMk

MQkMPkMCkr
nml

�

���

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

[ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ] [ ]
[ ] [ ] [ ] [ ] [ ] [ ]
[ ]⋅⋅−

−⋅⋅−⋅⋅−⋅⋅−

−⋅⋅−⋅−⋅⋅−

−⋅







⋅+⋅⋅−

−⋅







⋅+⋅⋅−

−⋅⋅−⋅⋅−⋅⋅=

∑∑

∑∑
∞

=

∞

=

∞

=

∞

=

nnt

nntmnntm

oth

nnth

ofCC

nnfCCnnfnnfm

p q

nqpnfmnnfm

p q

nqpnfm

ofh

nnfh

nnpnnpnniQ

Qk

MQkMQkHQk

CCQkQkMQk

MPkMQk

MQkHQk

MQkMQkMCkr
n

,1,0,2

2,1,0,2,21,1,0,1,2

2

2,1,0,2

2

,1,0,2,1,0,21,0,1,1,2

2

0 0

,,,2,12,1,0,2,2

2

0 0

,,,2,2

2

2,1,0,2

2,1,0,2,21,1,0,1,22

*

,2.1,0

[ ] [ ] [ ] [ ]
[ ] [ ] [ ] [ ]
[ ] [ ] [ ] [ ] [ ] [ ]
[ ] [ ] [ ] [ ] [ ]
[ ] [ ] [ ] [ ] [ ]nqpntnqpntmnqpntm

oth

nqpnth

ofCC

nqpnfCCnqpnf

nqpnfmnqpnfm

ofh

nqpnfh

nqpnpnqpnp

nqpnpnqpnpQ

QkMQkMQk

HQkCCQkQk

MQkMQkHQk

MPkMQk

MQkMQkr
nqp

,,,21,,,1,22,,,2,2

2

2,,,2

2

,,,2,,,2

1,,,1,22,,,2,2

2

2,,,2

2,1,,2,12,1,,2,2

2,,,2,21,,,1,2.,

⋅−⋅⋅−⋅⋅−

−⋅⋅−⋅⋅−⋅−

−⋅⋅−⋅⋅−⋅⋅−

−⋅⋅+⋅⋅+

+⋅⋅−⋅⋅−=

−−
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[ ] [ ] [ ] [ ]
[ ] [ ] ( ) [ ] [ ]

( ) [ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ] [ ]
[ ] [ ] [ ] [ ] [ ]⋅⋅−⋅⋅−⋅⋅−

−⋅⋅−⋅⋅−⋅−

−⋅⋅−⋅







⋅⋅+

+⋅⋅−⋅







⋅⋅+

+⋅⋅−⋅⋅⋅−+

+⋅⋅⋅−+⋅⋅−

−⋅⋅−⋅⋅⋅=

∑∑

∑∑
∞

=

∞

=

∞

=

∞

=

−

−

nqpntnqpntmnqpntm

oth

nqpnth

ofCC

nqpnfCCnqpnf

nqpnfm

p q

nqpnfmqp

nqpnfm

p q

nqpnfmqp

ofh

nqpnfhnqpnpqp

nqpnpqpnqpnp

nqpnpnniqpQ

QkMQkMQk

HQkCCQkQk

MQkMPk

MQkMQk

HQkMPk

MQkMQk

MQkMCkr
nqp

,,,21,,,1,22,,,2,2

2

2,,,2

2

,,,2,,,2

1,,,1,21

0 0

,,,2,1),)(1,0(

2,,,2,22

0 0

,,,2,2),)(1,0(

2

2,,,22,1,,2,1),)(1,0(

2,1,,2,2),)(1,0(1,,,1,2

2,,,2,22

*

,2),)(1,0(

1

1

.,

δ

δ

δ

δ

δ

[ ] [ ] [ ] [ ]

( ) [ ] [ ]

( ) [ ] [ ]

[ ] [ ] [ ]
[ ] [ ]
[ ] [ ] [ ]
[ ] ,

1

1

,,,21,,,1,2

2,,,2,2

2

2,,,2

2

,,,2

,,,21,,,1,22,0,0,2,1

2,,,2,22,0,0,2,2

2

2,,,2

0 0

2,,,2,1

0 0

2,,,2,2

1,,,1,22,,,2,22

*

,2

.,

nmlntnmlntm

nmlntm

oth

nmlnth

ofCC

nmlnfCC

nmlnfnmlnfmnnfm

nmlnfmnnfm

ofh

nmlnfh

p q

nqp

ml

np

p q

nqp

ml

np

nmlnpnmlnpnni

Q

QkMQk

MQkHQkCCQk

QkMQkMQk

MQkMQkHQk

MPqpk

MQqpk

MQkMQkMCk

r
nml
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���
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���

��

�

⋅−⋅⋅−

−⋅⋅−⋅⋅−⋅⋅−

−⋅−⋅⋅−⋅⋅+

+⋅⋅−⋅⋅+⋅⋅−

−⋅⋅+⋅⋅+

+⋅⋅+⋅⋅+

+⋅⋅−⋅⋅−⋅⋅=

=

∑∑
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∞

=

∞

=

∞

=

∞

=
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IV.6.10�Momentos�

�

0,0P� 0,0Q� 0,1P� 1,0Q� 1,0P� 0,1Q� 0,2P� 2,0Q�

2,0P� 0,2Q� 1,1P� 1,1Q�

Momento�de�ordem�zero�

�

P M1

[ ] [ ] [ ] [ ]
[ ] [ ]( [ ] [ ]
[ ] [ ] [ ]
[ ] [ ] )

( ) [ ] [ ]

( ) [ ] [ ]∑∑

∑∑
∞

=

∞

=

∞

=

∞

=

⋅⋅+⋅⋅+

+⋅⋅+⋅⋅+

−⋅+⋅+

+⋅+⋅++⋅+

+⋅+⋅+⋅+⋅−

−⋅⋅+⋅⋅+⋅⋅=

=

0 0

2,,,2,1

0 0

2,,,2,2

,21,1,22,2,2

2

2,2

2

,2,21,1,2

2,2,2

2

2,21,1,22,2,2

2,0,0,2,12,0,0,2,22

*

,2

1����

1����

��������

��������

���

.,

p q

nqp

ml

np

p q

nqp

ml

np

ntntmntm

oth

nth

ofCC

nfCCnfnfm

nfm

ofh

nfhnpnp

nnfmnnfmnni

Q

MPqpk

MQqpk

kMkMk

HkCCkkMk

MkHkMkMk

MPkMQkMCk

r
nml

��
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Quasi�Steady�State�Assumption

P Q

[ ]1,1,1 Mk np ⋅

[ ] [ ] [ ] [ ]
[ ] [ ] [ ]( [ ]
[ ] [ ] [ ]
[ ] [ ] )
[ ] [ ] nmnpnmnp

nmntntmntm

oth

nth

ofCC

nfCCnfnfm

nfm

ofh

nfhnpnp

nnfmnnfmnniP

QMkPMk

PkMkMk

HkCCkkMk

MkHkMkMk

MQkMPkMCkr
nm

.,01,1,2.,01,1,1

.,0,12,2,11,1,1

1

2,1

1

,1,12,2,1

1,1,1

1

2,12,2,11,1,1

1,0,0,1,21.0,0,1,11

*

,1.,0

��

�

���

⋅⋅+⋅⋅+

+⋅+⋅+⋅+

⋅++⋅++⋅+

⋅+⋅+⋅+⋅−

⋅⋅+⋅⋅+⋅⋅=

0
,,0
=

nmPr�

[ ] [ ] [ ] [ ]( [ ]
[ ] [ ] [ ]

[ ] ) [ ] [ ]
[ ] [ ] [ ] [ ] ⋅⋅⋅+⋅⋅+⋅⋅=

=⋅−⋅⋅−⋅+⋅+

+⋅+⋅+⋅++

+⋅+⋅+⋅+⋅+⋅

nmnpnnfmnni

npnnfmnmntntm

ntm

otH

nth

ofCC

nfCCnf

nfmnfm

ofh

nfhnpnp

QMkQMkMCk

MkPMkPkMk

MkHkCCkk

MkMkHkMkMk

.,01,1,2.0,01,1,21

*

,1

1,1,1.0,01,1,1.,0,12,2,1

1,1,1

1

2,1

1

,1,1

2,2,11,1,1

1

2,12,2,11,1,1

���

���

��

��

[ ] [ ] [ ](
[ ] [ ] [ ]
[ ] [ ] ) [ ]

[ ] [ ] [ ] [ ] ⋅⋅⋅+⋅⋅+⋅⋅=

=⋅⋅−⋅+⋅+⋅+

+⋅+⋅++⋅+

+⋅+⋅+⋅

nmnpnnfmnni

nnfmnmntntmntm

otH

nth

ofCC

nfCCnfnfm

nfm

ofh

nfhnp

QMkQMkMCk

PMkPkMkMk

HkCCkkMk

MkHkMk

.,01,1,2.0,01,1,21

*

,1

.0,01,1,1.,0,12,2,11,1,1

1

2,1

1

,1,12,2,1

1,1,1

1

2,12,2,1

���

���

��

��
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nmP ,,0�

Q M1

[ ] [ ] [ ] [ ]
[ ] [ ] [ ] [ ] ,����������� ,12,2,11,1,1

1

2,1

1

,1

,12,2,11,1,1

1

2,12,2,1,

ntntmntm

oth

nth

ofCC

nfCC

nfnfmnfm

ofh

nfhnpncP

kMkMkHkCCk

kMkMkHkMkf

+⋅+⋅+⋅+⋅

++⋅+⋅+⋅+⋅=

[ ]1,1,1,1,1 Mkf nfmnm ⋅=

[ ]1,1,2,1,2 Mkf nfmnm ⋅=

[ ]1,1,2,1,2 Mkf npnp ⋅=

npnmn fff ,1,2,1,2,1,2 +=

[ ] [ ] ,.,0,1,2.0,0,1,21

*

,1

.0,0,1,1.,0,

nmnpnnmnni

nnmnmncP

QfQfMCk

PfPf

��

��

⋅+⋅+⋅⋅=

=⋅−⋅

[ ] [ ]
ncP

nnmnmnpnnmnni

nm
f

PfQfQfMCk
P

,

.0,0,1,1.,0,1,2.0,0,1,21

*

,1

.,0

���
�

⋅+⋅+⋅+⋅⋅
=
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nlPr
,0,�

[ ]2,2,2 Mk np ⋅

P

[ ] [ ] [ ] [ ]
[ ] [ ]( [ ] [ ]
[ ] [ ] [ ]
[ ] [ ] )

[ ] [ ].�

�

�

2,0,,2,12,0,,2,2

,0,,21,1,22,2,2

2

2,2

2

,2,21,1,2

2,2,2

2

2,21,1,22,2,2

2,0,0,2,12,0,0,2,22

*

,2.0,

MPkMQk

QkMkMk

HkCCkkMk

MkHkMkMk

MPkMQkMCkr

nlnpnlnp

nlntntmntm

oth

nth

ofCC

nfCCnfnfm

nfm

ofh

nfhnpnp

nnfmnnfmnniQ nl

⋅⋅+⋅⋅+

⋅−⋅+⋅+

⋅+⋅++⋅+

⋅+⋅+⋅+⋅−

⋅⋅+⋅⋅+⋅⋅=

��

�

���

0
,0,
=

nlQr�

[ ] [ ]( [ ] [ ]
[ ] [ ] [ ]
[ ] [ ] ) [ ]

[ ]
[ ] [ ] [ ] [ ].2,0,,2,12,0,0,2,12

*

,2

2,0,0,2,2

2,0,,2,2,0,,21,1,22,2,2

2

2,2

2

,2,21,1,2

2,2,2

2

2,21,1,22,2,2

MPkMPkMCk

MQk

MQkQkMkMk

HkCCkkMk

MkHkMkMk

nlnpnnfmnni

nnfm

nlnpnlntntmntm

oth

nth

ofCC

nfCCnfnfm

nfm

ofh

nfhnpnp

⋅⋅+⋅⋅+⋅⋅=

=⋅⋅−

⋅⋅−⋅−⋅+⋅+

⋅+⋅++⋅+

⋅+⋅+⋅+⋅

��

�

��

[ ]( [ ] [ ]
[ ] [ ] [ ]
[ ] [ ] ) [ ]

[ ] [ ] [ ] [ ]2,0,,2,12,0,0,2,12

*

,2

2,0,0,2,2,0,,21,1,22,2,2

2

2,2

2

,2,21,1,2

2,2,2

2

2,21,1,2

��

��

MPkMPkMCk

MQkQkMkMk

HkCCkkMk

MkHkMk

nlnpnnfmnni

nnfmnlntntmntm

oth

nth

ofCC

nfCCnfnfm

nfm

ofh

nfhnp

⋅⋅+⋅⋅+⋅⋅=

=⋅⋅−⋅−⋅+⋅+

+⋅+⋅++⋅+

+⋅+⋅+⋅

��

��
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nlQ .0,�

0,0 P

[ ] [ ] [ ] [ ]
[ ] [ ] [ ] [ ] ntntmntm

oth

nth

ofCC

nfCC

nfnfmnfm

ofh

nfhnpncQ

kMkMkHkCCk

kMkMkHkMkf

,21,1,22,2,2

2

2,2

2

,2

,21,1,22,2,2

2

2,21,1,2,

����������� +⋅+⋅+⋅+⋅

++⋅+⋅+⋅+⋅=

[ ]2,2,2,2,2 Mkf nfmnm ⋅=
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CAPÍTULO�V�–�Estimação�de�parâmetros�
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V.1�Introdução�
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V.2�Propriedades�Físicas�
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Figura�V.3:
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V.5�Parâmetros�Estimados�
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Tabela�V.2
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V.8�Valores�para�os�parâmetros�estimados�

Tabela�V.4.
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CAPÍTULO�VI�–�Validação�do�Modelo�

VI.1�Introdução�

VI.2�Validação�

Tabela�VI.1:�Legendas�para�os�gráficos�das�Figuras�Vi.1�a�VI.16�
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Figura�VI.�1:�Temperatura�da�base�do�CSTR�

Figura�VI.�2:�Temperatura�de�topo�do�CSTR�
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Figura�VI.�3:�Temperatura�de�saída�do�CSTR�

Figura�VI.�4:�Conversão�no�final�do�reator�tubular�posterior�
�
�
�
�
�
�

Tempo�(s)

T
e

m
p

e
ra

tu
ra

�d
e

�s
a

íd
a

�(
ad

m
.)

d
e

sv
io

�re
la

tiv
o

�(%
)

Tempo�(s)

T
e

m
p

e
ra

tu
ra

�d
e

�s
a

íd
a

�(
ad

m
.)

d
e

sv
io

�re
la

tiv
o

�(%
)

Tempo�(s)

C
o

n
v

er
s

ã
o

�(
a

d
m

.)

d
e

sv
io

�re
la

tiv
o

�(%
)

Tempo�(s)

C
o

n
v

er
s

ã
o

�(
a

d
m

.)

d
e

sv
io

�re
la

tiv
o

�(%
)



� 94�

Figura�VI.�5:�Taxa�de�Produção�no�final�do�reator�tubular�posterior�
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Figura�VI.�6:�MI�

Figura�VI.�7:�SE�
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Figura�VI.�8:�Densidade�

Figura�VI.�9:�Temperatura�da�base�do�CSTR.�
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Figura�VI.�10:�Temperatura�de�topo�do�CSTR�
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Figura�VI.�11:�Temperatura�da�saída�do�CSTR�
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Figura�VI.�12:�Conversão�no�final�do�reator�tubular�posterior�

Figura�VI.�13:�Taxa�de�Produção�no�final�do�reator�tubular�posterior�
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