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A P P E N D IX  A

T H E  K I N E T I C  P A R A M E T E R S  O F  R A T E  C O N S T A N T S

The k inetic  data o f  dehydrogenation  o f  e thy lbenzene to styrene by A bdalla  et 
a l,  (1993 , 1994 and 1994a) are used in the m odels. T hey  observed  this reaction  in 
conven tional packed-bed  reactor experim ents w ith  a com m ercial cata lyst com posed 
by F e 2 Û 3 doped  w ith  K 2 O. The properties o f  com m ercial catalyst are show n in Table 
A - l .

T a b le  A - l  P roperties o f  com m ercial catalyst.
P roperties Value D im ension
P elle t size 0.2 M m
P acked-bed  vo id  fraction 0.5 -
P elle t density 1500 kgcat/m-3

The six reactions taken  into consideration  are listed  as follow :

c 6h  5 c h 2c h 3 .  r l C 6H 5C H C H 2 + H 2 (A-1)พ

c 6h 5c h 2c h 3 r2 C 6H 6 + C 2H 4 (A-2)

c 6h 5c h 2c h 3 + h 2 r3 c 6h 5c h 3 +  c h 4 (A-3)

2 H 20  +  C ,H  4 rA 2CO  + 4 H , (A-4)

h 2o + c h 4 r5 CO + 3H , (A-5)พ

h 2o + c o r6 —> C O , + H , (A-6)



The rate equations are given by:

R , = k( (peb "P sP h /R -eb) (A-7)

r 2 k2PEB (A-8)

R 3 kjPnBPH (A-9)

R 4 k4PHOpH (A -10)

R 5 = ksPnoPMET (A -11)

R< k 6(PT/ T 3k o P c o (A -12)

The ra te  constants o f  these reactions are given by:

k , exp(a , - (Ej /  R T) (A -13)
and

g* II exp(ว ¥0 / r t ) (A -14)
w here;

A F0 a + bT + cT2

a 122725.157 kJ/km ol

b -126.27 kJ/km ol K

c  = -2 .1 9 4  1 o”3 kJ / m o IK 2
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The kinetic param eters o f  rate constan ts for the six reactions obtained are 
given in Table A-2

T a b le  A-2 K inetic param eters

R eaction  No. C om m ercial catalyst
A, E,

1 0.851 90891
2 14.00 207989
3 0.56 91515
4 0.12 103996
5 -3.21 65723
6 21.24 73628

T h e  k in e tic  w ith  su rfa c e  o x id a tio n  o f h y d ro g e n

The rate expression for the surface ox idation  o f  hydrogen through the 
m em brane as follow ; (Itoh et al., 1997)

roxidation =  0.00418 - e x p ( -  9580 i t )- p 02 Ph 2 1 sep [m ol/m 2s] (A -15)



A P P E N D IX  B

C H A R A C T E R IS T IC S

O F  T H E  C O M P O S IT E  P A L L A D I U M  M E M B R A N E

The characteristics o f  the m em brane em ployed  in th is thesis w ork  is taken 
from  form  A bdalla  et a l,  (1994). The m em brane is a ceram ic-based  m em brane w ith  
separative layer o f  pallad ium  coated at the outer part o f  the m em brane. T he 
characteristics o f  m em brane have been show n in Table B - l .

T a b le  B -1 C haracteris tics o f  com posite  pallad ium  m em brane 
Inner d iam eter o f  ceram ic support 0.025 [m]
outer d iam eter o f  ceram ic support 0 .029 [m]
P allad ium  layer th ickness 0.00001 [m]
T otal length  o f  m em brane 0.15 [m]

P e rm e a tio n  ra te

The perm eation  rate o f  hydrogen through the com posite  pallad ium  m em brane 
w as found to obey the h a lf  pressure  law  by Sieverts. C onsequently , the perm eation  
rate o f  hydrogen  read:

w ith  the perm eab ility  coeffic ien t o f  hydrogen  through the com posite  pallad ium  
m em brane,(Xh , re la ted  to the d iffusiv ity  o f  hydrogen, D h , and the concen tra tion  o f  
d isso lved  hydrogen, Co, in the palladium . It holds:

(B - l)

(B -2)

w here D h and Co for the pure  pallad ium  are determ ined as a function  o f  tem peratu re  
accord ing  to:
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D h = 2 .3 0 x  10~7
f

•  e x p
V

-2 1 7 0 0 "  
R T  , (B -3)

c 0 = 3.03 x i o 2 • T~''0358 (B -4)



A P P E N D IX  c

C O N V E N T IO N A L  P A C K E D - B E D  R E A C T O R  M O D E L

A  schem atic  representation  o f  the conventional packed-bed  reacto r used in the 
developm ent o f  the m athem atical m odels is g iven in F igures C -l and C-2. Two 
conven tional packed-bed  reactor m odels w ere considered  nam ely  m odels w ith  and 
w ithou t radial effect. D etails are d iscussed as follow s.

A. P lug flow  m odel

m i

F ig u re  C - l  Schem atic  d iagram  o f  m ass balance o f  p lug  flow  m odel for conventional 
packed-bed  reactor

M odel equations o f  the conventional packed-bed  reacto r are g iven  by  the m ole 
and  heat balance equations o f  the com ponent i betw een  z and z +  Az are expressed as 
follow :
M ass balance

M,. M  ■1 +
7  4 -  / I t

A c A z p {c r i = 0 (C - l)
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E nergy balance

Z l X ^ i ï l l ,  - r | z+42] + Im -^A zU SS(T SS + A c A z p c Z { r t X 4//*,,.) = 0 (C-2)
then;

^  = p c V i  (C-3)

z f a i C p i  ) ^  = y Ss 2«n ( rss - r )  + A - v 4 i  X /W 8i, ) (C-4)

D im ension less form:
Eq. C-3 to C-4 can be converted to a d im ension less form  by basing  m olar flow  

rate  o f  species i and bed length w ith initial m olar flow  rate  o f  e thy lbenzene, to tal bed 
length  and initial feed tem perature, respectively .

น M 1c p 11) —  =  c2 ( f s s - f )  +  c3£ ( r i x A H R i i )

(C-5)

(C-6)

The dim ensionless and constant term s are below .

c  _  P c  A h  
= M t,0

c2 — บss27rr̂  /0
c3 =  IQ p c

T T  M 1M , = ไ
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B. R adial flow  m odel

F ig u re  C -2 Schem atic  diagram  o f  m ass balance o f  radial d iffusion  m odel

M ole balance
M ole balance on com ponent i in the conventional packed-bed  reacto r segm ent 

be tw een  z and Z + ÀZ and r and r + Ar w ith  rate o f  form ation , r 1, 
then  partia l d ifferen tial equation w ill be obtained;

ร ุ£ 1  =  X j _  + , a 2c , .  _  J _ d M 1
Ft r  F r F r e a_2 7̂ ^  Qz + Pcri (C-7)dt r  dr ' dr " Qz 

In th is case, the d iffusion  in z-direction  and convection  in r-d irection  ignored, then
a general partial d ifferential equation  at steady state cond ition  is;

1 dMj 
Ac dz Der( 1 dCj dZC 1

r  dr + -
dP ) + Pcri (C-8)

For fixed -bed  reacto r Ac = nr y and c,. = - ^ 7 = M . 1
M j RT
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A  general partial d ifferent equation  (PD E), Eq. C-8, and substitu te  C jis  used to 
apply  on conventional packed-bed reactor system , PD E  and its boundary  condition  
are;

d M i

d z
n  P T  1.!  d  1 Mi d 2 1 Mi 1 , _ — DerAc [ —— ( ~ )  + “  y  ( y ) ]  Pc-Ap'i

B oundary  conditions: 
at : Z =  0 ;

r = 0 ; 

r  =  r i  -,

R  r  d r  M f T  M j T

c 1 = c  110 for ail r

d C ;

d r

dCi
d r

= 0  for all Z
r=0

- - 0  for all Z

(C-9)

H eat balance
A ccord ing  to m ole balance, partial d ifferen tial equation  and boundary 

cond ition  for heat balance in the conventional packed-bed  reactor is;
c n Q T  1 Q T

A r  d z  r  d r
^ r )  + P c U n x A H x j)

B oundary  conditions:
at : z =  0 ;

dT ,

T  =  T  1 1 () for all r

r  =  0 ; =  0 for all z
r=()

(C -10)

r  = r / A . d T ‘°er d r r = r 1
U s s V s s - T )  for all z
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D im en sio n less  fo rm
T he set o f  partial d ifferential equations in Eq. C -10 and Eq. 

converted  to d im ensionless form.
M ole balance:

B oundary  conditions:

a t : L  =  0  ; ระ
: II ระ "o ( 0 < Æ < 1  )

i? =  0  ;
5

~dr #
ะ= 0

r  =  0

( 0 < Z < 1  )

J ? = l  ; d

d r
=  0

/•=/1
(  0 <  z, < 1  )

2 M . 
R  ÔR  ' M j T '  d R 2
1 5 ( M i } I 5 + c5ท

E nergy balance:

az = c6 1 d T  d z T  
R  ÔR Q R 2

+ c7l { r i xAHR 11)

B oundary  conditions: 
A t : L  =  0 ;

R  =  0 ;

r  = 1 ( 0 < i? < 1 )

É . - 0
d R  

d TR =  1 ; -  27iLAer ~  = 2nrxL U s s {TR=\ - T  55)
d R

The d im ension less and constant term  in Eq. C-12 and Eq. C-13 are ;

T  = l M ;  * •T7 _ M ,M i = — 7
M r ,  0

-  T  
T  =  —  ะTก

c4 = DerAJgPr
Ft, <7<A2

T  l1 ท *ภ

<5 =

c _ A'erh____A- .
6 Z(Cp,,M,) c 7 =  p ç

T, 0
/0
7*0 Z ( C „ , M ( )

-11 w ere

( C - l l )

(C -12)



A P P E N D IX  D

M E M B R A N E  R E A C T O R  M O D E L

A  schem atic  representation  o f  the m em brane reac to r used  in the  developm ent 
o f  the m athem atica l m odels is given in Figures D -l and D-2. T w o m em brane reactor 
m odels w ere  considered  nam ely m odels w ith  and w ithou t rad ial effect. D etails arc 
d iscussed  as follow s.

A . P lu g  flow  m o d e l

T

m .

7

m , Z-4

m .

m .iZ  1 Z+A Z

F ig u re  D - l  schem atic  d iagram  o f  m ass balance o f  p lug  flow  m odel

M odel equations o f  the m em brane reacto r are g iven  by the m ole  and heat 
balance equa tions o f  the com ponent i betw een z and z + Az are expressed  as follow : 
Shell side:

M,z Z + zlZ
+ AçAzpcR1 - {Az)Oh = 0 (D -l)
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Z  ( M f c l ) [ r g - T \
ร
Z + AZ

then;

] + 2 n r , A z U j T ss -  Tzๆ  + 2nrxA z U H{ T  -  T s) 
+  ( A z ) H I Q h  +  A ] A z p c Z ( R i  X A H R11)

d M ]  
d z

=  P c y 4 c i î ( —  < 2 /y

^(m ;s'c 1, ̂  = บs1.2^3 ( r 5S - r s ) + c/m 2;zr, ( r 7' -  r s )
+ H smQ H + P c A sc l ( R l x A H Rii)

(D-2)

(D-3)

(D-4)

T u b e  sid e  ะ

Sim ilarly , the follow ing equation  for the  tube side could  be obtained:
d M ]

d z =  Q h (D-5)

4 M ‘ C  1,,, ) A ]  = - u ,  2 ®■ 1 ( r r - r s ) + / / f  e„  (D-6)

when Ac =  H n  - r ] )
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B. R a d ia l  flow  m o d el

F ig u re  D -2  Schem atic  diagram  o f  m ass balance o f  radial d iffu sion  m odel

The sam e balance is sim ilar in fixed-bed reactor and included  perm eation  term .

Shell side:
M ass balance

ÔM1 
d z

c - p  1 0  M s d 2 M s
-  -  D ' A  ( A r r )  +  ~ ( A r r ) ]  +  p A - R ,R  r  d r  M ST S d r 2 M ST S

B oundary  conditions:
at : z =  0 :

r  =  r .2 ’

r  =  r .3 ’

M f  =  M l ,

d r  M ST

for all r 

for all z (D -7)

for all z



82

H eat balance

■ ร -  > * ™ - . . »

B oundary  conditions:

at : z  = 0 T s =  T r: for all r

r  =  r.2 ’

r  =  r , ;

-  โ ๆ - ^ - H l Q „  fo r all z  (D -8)
o r  l n r 2

d T s
=  U J T S, - T s ) for all z

Tube side:

M ole balance

dJt  -  D - 'A ^ ^ h —R  L r  d r  vM T1 T 7 ^ + d r 2

at : z =  0 ; M f = M f,

r  =  r 1 ;

r  =  0 ;

P r  à  (  K  ไ =D ' \fTrpT 1R  d r  M t T t  D Ter 2 twx
Qr

M t
(7 7 fe r )  = °

_a
d r  '  M  ' T

for all r  

for all z

for all z

(D -9)
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H eat balance:

B oundary  conditions:

at : z =  0 T Y = J T for all r

'■  =  '■1; -  - C  =  - U . ( X T - T s )  +  ~-HlQ„for all z (D-10)

r  = 0: a r
r)r = 0 for all z

D im en sio n less  fo rm :

The set o f  m ass and heat equation  for fixed-bed  and m em brane reacto r can be 
converted  to a d im ension less .
P lug flow  m odel 

Shell side ;

d M ,  D _  n
^  ~  a! •̂ / + a 2Q h CD-11)

=  a 3 (Tss - ) + «4 ( f  -  r s ) + a 5z ( R 1 X A H R11)+ *6//* (D-12)
Tube side;

d M โI  = (D-13)

) ^ r  =  - “ , ( J T - T S)  +  a , H TmQ „ (D-14)
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R a d ia l  flow  m o d e l 
Shell side:

d M Si
ÔL =  a ร,1 Rs + R2 dR

d  ( M i  . d 2 , M s, ไ
ร—- ร - ร  ' + xnS2 ร—--s —s ) R M t T  0 / c A / f t rM t T

+ aร,2 Ri

B oundary  conditions:

a t L =  0 ; M ) = M if l (0 < /r  <1)

/ r  = 0 ; -  D1.ร' ^ 5 , M, l,
ริ"^—ร-ริ"'  ~cr RT0S dR M rT 2 7tr2l {

0 Qh (0 < / „ < ! ) CD-15)

1 ^ r ( ^ L - )  = o (0</o< l)

E nergy balance:

ÔT
~dL =  a ร,3 1 dTS d2T S 

Rs + R2 dRs + dRs2 + aS,M Ri XAHR,,)

B oundary  conditions:

oII T  = 1

Rs = 0 ; d f s
ÔRS = as,1บ .<JT - T s) + a,

i?5 =  1 ; dTS
dRs ~ a  ร ,5 บ ร ร  (7* ร.

ร,52nr2l0T0

(0<R*<  1)

■ Qh ( 0 < / o<1) (D -16)

(0 < /o<1)
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T u b e  side :

d M ,
~ d L = aT,\

R 1 d R 1 m ‘t t ‘

B oundary  conditions: 

at ; L  =  0  : M i  =  M  1, c (0 < R '  <1)

R t  =  1 =  <0 < /» < ! )  (D -16)
R T '! ' d R '1 M t T 27U-J 0

R ‘ =  0 ; *  ( J £ _ )  = 0
พ ่'  M r T r

(0 < /o<l)

E nergy  balance:

a r7
”aT = Û7,2

1 a r 7 a2r 7
i?7' a;?7' + a^7'2

B oundary  conditions:

A t : L  = 0 ; t ‘  =  1

^ = ,  ; - g .
d R r

(0<R ' < 1)

= - T s )  +  a T 3 - - — — 7- Q H (0 <  l o < \ )2 ̂ •1/0̂
(D -17)

i?r =0 ; dT
d R '

= 0 (0 < l o < \ )
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The d im ension less and constan t term s are below .

77s -  M ‘ M i =
K o

m ] = M i
M t,0

T =
jpS T
rpS 5 i 0

IT ss .1 SS —  7T ?T si o

-T  T ‘T = K  
Tns

a\ = Pf-̂ cA)
K 7

a2 =
K o

Cl2 = บss 2w,l0 ; a A =  บ  m 2 n r J  0

_ AclQpc . a _ h
T1 ท a7 =

M r
-T az = บท,2ท’Jo >',0

a9 =
Tr

The d im ension less and constan t term  in radial flow  m odel are ;

—sT  =

R s =

‘ร, 1

^ ( r32 - ' ' 22 ) ; A [.  = TZ?-,2 — s M s
; = . J  ; 

K , 0

V
 ^

|ÿ

jnS  
jnS  ?

—r T t T =  —
T :

-  Tๅท __  SS .’ 1 ss ~  j S  9 z  = i - :

r 1 R r _ r \ r 2 D
t f K )  ; r ÿ 2 ๙ - ^ )

?

D l r x n l 0p s
P c  ( เ ^ )  ; 7 พ t

T s ïî lS J? ? ̂0 ^ T 'qK
a  ร ,2 ~ "  I ( ^ , c  )

‘‘ร'' " p’ ~ r f ร ิ( Ï ร ิ;C V ) ; ■*5,5 - £
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a T,\ =
D  X n l QP T

T t F . r  R1o 1 โ, 0A
ijjp L

■‘ โ ,  3
4

A[rn



A P P E N D IX  E

P H Y S IC A L  P R O P E R T IE S  D A T A

Physical and therm odynam ic property  data  for organic and inorganic 
chem icals are o f  special value to engineers in the  p rocessing  and  petro leum  refin ing 
industries. T he engineering design o f  process equ ipm ent often requires know ledge o f  
such properties as viscosity , heat capacity , enthalpy, therm al conductiv ity , diffusion 
coefficien t, and others.

V iscosity  o f  gas
The correlation  for gas v iscosity  as a function  o f  tem perature  is given by the 

equation  show n below
A  =  น + B :T  +  C , T 2 ) x 1 0 - 7 (E - l)

T a b le  E - l  V iscosity  o f  gas
Species A B c

E thylbenzene -4.267 2.4735E-1 -5.4264E-5
Styrene -10.035 2 .5191E - 1 -3.7932E-5
B enzene -0.151 2.5706E-1 -8 .9797E-6
T oluene 1.787 2.3566E-1 -9 .3508E-6
M ethane 3.844 4 .0 1 12E-1 -1 .4303E -4
E thylene -3.985 3.8726E-1 -1 .1227E-4
C arbon dioxide 11.336 4 .9 9 1 8E-1 -1 .0876E-4
C arbon m onoxide 35.086 5.0651E-1 -1 .3314E -4
W ater -36.826 4.29E-1 -1 .62E-4
H ydrogen 27.758 2.12E-1 -3.28E-5
O xygen 44.224 5.62E-1 -1 .13E-4
N itrogen 42.606 4.75E-1 -9.88E-5
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V iscosity  for m ulticom ponen t gas m ixture are provided by B ird  e t  a l . ,  (1960)

in w hich

Amur ~ I X j M i

I  *,<*>„

1 . M i  ,  H i / 2 M j  ริ'4 ,
<*>,= 4 f ( i+ ” L) [ i + (7 7 ) ] 2J ■ ร!ริ M j  M j  M i

(E-2)

(E-3)

D iffu sio n  coeffic ien ts

F u ller-scherttle r-g ridd ings present correlation  o f  b inary d iffusion  coefficients:

D i j (E-4)

T a b le  E -2  D iffusion  coefficient

Species I V , Species I V ,
E thylbenzene 132 C arbon dioxide 26.9
Styrene 127.38 C arbon m onoxide 18
B enzene 90.96 w ater 13.1
T oluene 111.14 H ydrogen 6.12
M ethane 24.42 O xygen 16.6
E thy lene 40.92 N itrogen 18.5

A  b inary  d iffusion  coefficien t is the usual starting  po in t fo r the  calcu lation  o f  
o rd inary  d iffu sio n  in m ulticom ponen t gas m ixture.

i - X j _
D, 111 j=2D„i,m J ij

(E-5)
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The effective radial d iffusion coefficien t can be described  in the follow ing 
co rre la tion  (Itoh  e t  a l . , 1994).

1/Pe, =  0.4/(R e/,S c)0 .8+ 0 .009 /{ l+ 10 /(R e/7Sc)} (E-6)
for 0.4 < Rep < 500, 0.77 < Sc < 1.2

w here
D i m =  d iffusion  coefficient o f  gas m ixture, m 2/s 
D er =  effective radial d iffusion coefficient, m 2/s
y  1, y  1 = m ole fraction o f  com ponents i and j 
Pe,. = Peclet num ber, u d p /D er

Sc = Schm idt num ber, / /  / ( p D 1 m )

น = ve locity  o f  gas, m /s 
d p  =  particle  diam eter, m
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T h e rm a l c o n d u c tiv ity  
P u re  c o m p o n e n t

The correla tion  for therm al conductiv ity  o f  pure gas com ponen t and solid  
ca ta ly st are g iven  by Carl L. Y aw s (1999).

A, =  A , +  B ,T  +  C ,T 2 (E-7)

T a b le  E -3  T herm al conductiv ity

Species A B c
E thylbenzene -0.00979 4.0572E -5 6.7289E -8
Styrene -0.00712 4.5538E -5 3.9529E -8
B enzene -0.00565 3.44E-5 6.9298E -8
T oluene -0.00776 4.4905E -5 6.4514E -8
M ethane -0.00935 1.4028E-4 3.318E-8
E thylene -0.00123 3.6219E-5 1.2459E-7
C arbon dioxide -0.012 1.0208E-4 -2.2403E-8
C arbon m onoxide 0.00158 8.251 IE -5 -1.9081 E-8
W ater 0.00053 4.7093E -5 4.9551E -8
H ydrogen 0.03951 4.5918E -4 -6 .4933E-8
O xygen 0.00121 8.6157E-5 -1.3346E-8
N itrogen 0.00309 4.75E-1 -1.1014E-8

G as m ix tu re  a n d  effective  ra d ia l  th e rm a l c o n d u c tiv ity

(E-8)

7=1
A m = therm al conductiv ity  o f  the gas m ix ture , พ / (m  K)
A xc = therm al conductiv ity  o f  solid  catalyst, assum e equal to M gO , พ / (m  K) 
A er = effective radial therm al conductiv ity , พ / (m  K ) 
y 1, y J =  m ole fraction  o f  com ponents i and j



92

, = [i + k M 0f k / ^ ) l/4F
“  = [8(l + A/ , / พ , ) f

w here '11. is m onatom ic value o f  the therm al conductiv ity .
Ay e x p (0 .0 4 6 4 r„ ) -  e x p ( -  0.2412 T r1) ]

A,. e x p ( 0 .0 4 6 4 r j -  e x p ( -  0 .2 4 1 2 7 ; )j
and A is defined  by the follow ing equation.

(E-9)

(E-10)

( E - l l )

T he effective radial therm al conductiv ity  is considered  to consist o f  tw o 
contribu tions, the  first static and the second dynam ic (i.e., dependen t on the flow  
conditions), so tha t (From ent, G. F. and B ischoff, K. B. (1990))

A .  (E-12)
a . . d ,

«  = 0.227- ร,.
2 - ร ..

+ £-

T

100

2VT^
2.m J + B K

J K

-e (E-13)

(E-14)

w here s r  is the em issiv ity  o f  the solid and a rs is rad iation  coeffic ien t for the solid.

(E-15)

1 + f  a „ d p ไ
V J

พ

B

In
(  a r d  ไ 

1 +  r s p

K

1 +
K เ ท  /

เป้^

12 m
B ^ l L

{  ^  )

B - 1

1 + a dป ี1 - B 2„
B  +  \  
2 B

y K

- * )

b  =  1.25 for spheres
Kr = รpCpDer

(E-16)

(E-17)



Table E-4 The property data o f  gases by Robert c. Reid, John M. Prausnitz and Bruce E. Poling (1988).
No. Species M

g/m ole
T h

(K) 2
P cx  1 O'2 

K Pa
Vcx  1 o6 
m 3/m ol

A centric
factor

D ipm x 1 o3 
D ebye

1 Ethylbenzene 106.17 409.4 617.2 36.1 374 0.304 0.59
2 Styrene 104.15 418.3 648.2 40.0 352 0.261 0.13
oว B enzene 78.11 353.2 562.2 48.9 259 0.211 0.00
4 Toluene 92.14 383.8 591.8 41.1 316 0.264 0.36
5 M ethane 16.043 111.7 190.6 46.0 99 0.011 0.00
6 Ethylene 28.054 169.5 282.4 50.3 129 0.085 0.00
7 C arbon dioxide 44.010 194.7 304.2 73.8 94 0.228 0.00
8 C arbon m onoxide 28.010 81.7 132.9 34.9 93 0.066 0.11
9 W ater 18.051 373.2 647.1 220.6 56 0.345 1.85
10 H ydrogen 2.016 20.39 33.2 13.1 64.2 -0.220 0.00
11 O xygen 31.999 90.2 154.6 50.4 73.4 0.022 0.00
12 N itrogen 28.013 77.35 126.1 33.9 90.1 0.040 0.00
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E n th a lp y  o f fo rm a tio n

The correlation for enthalpy o f  fo rm ation  o f  the ideal gas is a  series expansion 
in tem perature:

A H  11, =  ( 4  + B , T  + C , T 2 )  X 1 0 2 (E-18)

T a b le  E -5  E nthalpy o f  form ation

Species A B C

E thylbenzene 58.099 -1 .1 129E-1 5.3183E-5
Styrene 167.879 -8 .0354E-2 3.7418E-5
Benzene 101.403 -7 .2136E-2 3.2877E-5
Toluene 74.320 -9 .5998E-2 4 .7 0 1 1E-5
M ethane -63.425 -4.3355E-2 1.722E-5
Ethylene 63.053 -4 .1076E-2 1.6598E-5
C arbon dioxide -393.422 1.5913E-2 -1 .3945E-6
C arbon m onoxide -112.19 8 .1 182E-2 -8 .0425E-6
W ater - - -
H ydrogen - - -
O xygen - - -
N itrogen - - -
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H e a t c a p a c ity

T he correla tion  for heat capacity

c p, = A , + B , T  +  C , T 2

T a b le  E -6  T herm al conductiv ity

Species A B c
E thylbenzene -20.527 5.9578E-1 -3 .0849E -4
S tyrene 71.201 5.4767E-2 6.4793E -4
B enzene -31.368 4.746E-1 -3 .1 137E-4
T oluene -24.097 5 .2187E-1 -2 .9827E -4
M ethane 34.942 -3.9957E-2 1.9184E-4
E thylene 32.083 -1.4831E-2 2.4774E -4
C arbon dioxide 27.427 4.2315E-2 -1.9555E-5
C arbon m onoxide 29.556 -6.5807E-3 2.013E -5
W ater 33.933 -8.4186E-3 2.9906E -5
H ydrogen 25.399 2.0178E -2 -3 .8549E-5
O xygen 29.526 -8.899E-3 3.8083E -5
N itrogen 29.342 -3.5395E-3 1.0076E-5

(E-19)
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