


B . P r o d u c t  A n a l y s i s  Data

Component

Cx

Ca

Ca

iC4

nC4

iCfe

nC©

2-MP

3-MP 

nCs 

HCP

Cyc lohexane  

Cyc.lohexene 

B enzene

Peak Area 

0.000  

0.000  

0 .0 5 6  

0 .0 3 4  

0 .1 0 8  

0 .0 6 4  

0 .1 3 6  

0 .0 9 3  

0 .0 2 8  

0 .0 3 9  

8 .8 6 0  

7 .8 0 0  

0.000  

0.000



M a te r ia l B a lan ce  C a lc u la t io n s

B a s is :  60 m in u te  b a la n c e  p e r io d

W eigh t o f  cyc lo h ex an e  (CH) fe d  = (4 0 .9 0 8  c c ) (0 .7 7 9  gm/.cc) = 

3 1 .8 6 7  gm

Gram m oles o f  CH fe d  = 3 1 .8 6 7 /8 4 .1 6  = 0 .37865  . . '

Gram m oles o f  c a rb o n  i n  CH fe e d  = (0 .3 7 8 6 5 )(7 2  gm C /m ol CH) = 

2 7 .2 8 5 6  gm

Gram m oles o f  Hb in  CH fe e d  = (0 .3 7 8 6 5 ) (12.0,96 gm Hjg/mol CH) 

4 .5 8 1 6 9  gm •

L iq u id  h o u r ly  sp a c e  v e l o c i t y  = (4 0 .9 0 8  c c ) / ( 1 5 .0  c c )  =

2 .7 3  c c / h r / c c

W eig h t h o u r ly  sp a c e  v e l o c i t y  = (3 1 .8 6 7  g m )/(7 .8 1 5 4  gm) =

4 .0 8  gm /hr/gm

Volume o f  Hb g as  in  a t  s ta n d a rd  c o n d i t io n s  = (3 .2 2  f t 3  / h r )  

(4 9 2 /5 4 2 )  (2 9 . 92 -  1 .0 9 /2 9 .9 2 )  = 2 . 811 f t 3 / h r

Gram m oles o f  Hs g as  in  = (2 .8 1 1  f t 3  / h r )  (1 .2 6  gm m o le s / f t 3 ) = 

3 .5 4 1 3  gm-m oles

P a r t i a l  p r e s s u r e  o f  CH = (465 p s i a ) (0 .3 7 8 7 ) / ( 0 . 3786 +  3 .5 4 1 3 ) 

45 p s ia

Hydorgen/CH m ole r a t i o  = 3 .5 4 1 3 /0 .3 7 8 7  = 9 .3 5

Assume c a rb o n  m oles in  g as  o u t  = ca rb o n  m oles in  CH fe e d  = 

2 7 .2 8 5 6 3

Gram m oles o f  h y d ro g en  in  gas o u t = 4 .5 8 1 7  +  2 (3 .5 4 1 3 )  =

1 1 .7 2 1 0  m oles



M o lar w e ig h t in g  f a c to r s  f o r  h y d ro c a rb o n s  i n  g a s  o u t ;

p l ( 0 .0 0 ) ( 3 .7 7 ) ss 0 . 0 0 0 0

Ca ( 0 .0 0 ) ( 2 .5 0 ) s 0 . 0 0 0 0

Cs ( 0 .0 5 6 ) (2 .0 1 ) = 0 .1 1 2 6

iC* ( 0 .0 3 4 ) (1 .7 1 )  ‘ ss 0 .0 5 8 1

nC4 (0 .1 0 8 )  (1 .6 9 ) ss
| .

0 .1 8 2 5
1

iCfe (0 .0 6 4 ) (1 .5 8 0 ) ss 0 . 1 0 1 1

11C5 ( 0 .1 3 6 ) (1 .4 9 5 ) ~ < 0 .2 0 3 3

2 -HP (0 .0 9 3 ) (1 .3 3 2 ) = 0 .1 2 3 9

3-MP (0 .0 2 8 ) (1 .3 3 7 ) ss 0 .0 3 7 4

nC6 (0 .0 3 9 )  (1 .2 7 8 ) = 0 .0 4 9 8

MCP (8 .8 6 0 )  (1 .4 1 1 ) S3 12.5015

CH (7 .8 0 )  (1 .4 7 1 ) = 11 .4738

C lf (0 .0 0 )  (1 .4 9 1 ) S3 0 . 0 0 0 0

B enzene (0 .0 0 ) ( 1 .5 8 2 ) = 0 . 0 0 0 0

2 4 .8 4 4 0



Ha -  f r e e  m ole f r a c t i o n s  o f  h y d ro c a rb o n s  in  gas o u t  = m o la r 

w e ig h t in g  f a c t o r / 2  m o lar w e ig h t in g  f a c t o r s :

C3  ( 0 .1 1 2 6 ) / ( 2 4 .8 4 4 )  = 0 .004532

iC4  ( 0 .0 5 8 1 ) / ( 2 4 .8 4 4 )  = 0 .002339

nC4  ( 0 .1 8 2 5 ) / ( 2 4 . 844) = 0 .007346

iCb (0 .1 0 1 1 ) / ( 2 4 .8 4 4 )  = 0 .004069

nCg ( 0 .2 0 3 3 ) / ( 2 4 . 844) = 0 .008183

2-MP (0 .1 2 3 9 ) / ( 2 4 .8 4 4 )  = , 0 .004987

3-MP (0 .0 3 7 4 ) / ( 2 4 .8 4 4 )  = 0 .001505

nCg (0 .0 4 9 8 ) / ( 2 4 .8 4 4 )  = 0 .002004

MCP (1 2 .5 0 1 5 ) / ( 2 4 . 844) = 0 .503197

CH (1 1 .4 7 3 8 ) / ( 2 4 . 844) = 0 .461833

Gram m oles o f  ca rb o n  p e r  gram  m ole o f  h y d ro c a rb o n  gas o u t = 

(H2  -  f r e e  m ole f r a c t i o n )  (gram  m oles c a rb o n  in  h y d ro c a rb o n )  

C3  (3 6 .0 3 ) (0 .0 0 4 5 3 2 )  = 0 .1 6 2 9

iC4  (4 8 .0 4 )  (0 .0 0 2 3 3 9 ) = 0 .1122

nC* (4 8 .0 4 ) (0 .0 0 7 3 4 6 )  ' 0 .3 5 1 9

iCfe (6 0 .0 5 ) (0 .0 0 4 0 6 9 )  = 0 .2 4 4 4

nCfe (6 0 .0 5 ) (0 .0 0 8 1 8 3 )  = 0 .4 9 1 4

2-MP (7 2 .0 6 ) (0 .0 0 4 9 8 7 )  = 0 .3 5 2 8

3-MP (7 2 .0 6 ) (0 .0 0 1 5 0 5 )  = 0 .1 0 7 0

nCs (7 2 .0 6 ) (0 .0 0 2 0 0 4 )  = ‘ 0 .1 4 1 7

MCP (7 2 .0 6 ) (0 .5 0 3 1 9 7 )  = 3 6 .2 6 0 4

CH (7 2 .0 6 ) (0 .4 6 1 8 3 3 )  = 3 3 .2797

7 1 .5 0 6 9



Gram m oles o f  h y d ro c a rb o n  com ponents in  gas o u t = (gram  m oles o f  

c a rb o n  p e r  gram  m ole o f  h y d ro c a rb o n  g as  o u t)  x  (gram s o f  c a rb o n  in  

CH i n ) / ( t o t a l  gram  m oles o f  c a rb o n  p e r  gram m ole o f  h y d ro c a rb o n  

gas o u t)

Cs (0 .0 0 4 5 3 2 ) (2 7 .2 8 5 6 ) /(7 1 .5 0 6 9 )

= (0 .0 0 4 5 3 2 )(0 .3 8 1 5 4 )  « 0 .00173

iC* (0 .0 0 2 3 3 9 )(0 .3 8 1 5 4 )  » - 0 .00089

nC* (0 .0 0 7 3 4 6 ) (0 .3 8 1 5 4 ) , =  0 .00280

iC% (0 .0 0 4 0 6 9 ) (0 .3 8 1 5 4 )  » 0 .00155

nCb (0 .0 0 8 1 8 3 )(0 .3 8 1 5 4 )  = 0 .00312

2-MP (0 .0 0 4 9 8 7 ) (0 .3 8 1 5 4 )  = 0 .00187

3-MP (0 .0 0 1 5 0 5 ) (0 .3 8 1 5 4 )  = 0 .00057

nCe (0 .0 0 2 0 0 4 ) (0 .3 8 1 5 4 )  = 0 .00077

MCP (0 .5 0 3 1 9 7 )(0 .3 8 1 5 4 )  » 0 .1 9 2 0 1

CH . (0 .4 6 1 8 3 3 )(0 .3 8 1 5 4 )  = 0 .17623

0 .3 8 1 5 4



Gram m oles o f  h y d ro c a rb o n  com ponents in  gas o u t p e r  100 m oles

o f  CH fe d :

C3 ( 0 .1 7 3 ) / ( 0 .37865) 0 .4 6

iC4 ( 0 .0 8 9 ) / ( 0 .37865) = 0 .2 4

nC4 ( 0 . 2 8 0 ) / ( 0 .37865)' = 0 .7 4

iCB ( 0 .1 5 5 ) / ( 0 . 37865) = 0 .4 1

nCB ( 0 .3 1 2 ) / ( 0 .37865) = 0 .8 2

2-MP ( 0 .1 8 7 ) / ( 0 .37865) i 0 .4 9

3-MP ( 0 .0 5 7 ) / ( 0 . 37865) .a 0 .1 5

nCe (0 .0 7 7 ) / (0 .3 7 8 6 5 ) = 0 . 2 0

MCP ( 1 9 .2 0 1 ) / ( 0 .37865) a 5 0 .7 1

CH (1 7 .6 2 3 )7 (0 .3 7 8 6 5 ) ' a 4 6 .5 4

100.76

Gram m oles o f  Hg in  h y d ro c a rb o n  g as  o u t  = (m oles o f  h y d ro c a rb o n s )  

(m o les o f  Hg p e r  m ole o f  h y d ro c a rb o n )

C3 (0 .0 0 1 7 3 ) (8 .0 6 4 ) a 0 .0 1 3 9 1

iC4 (0 .0 0 0 8 9 ) (1 0 .0 8 0 ) a 0 .00899

nC4 (0 .0 0 2 8 0 )(1 0 .0 8 0 ) = 0 ,02817

iCB (0 .0 0 1 5 5 )(1 2 .0 9 6 ) ' a' ■ 0 .0 1 8 7 9

nCB (0 .0 0 3 1 2 )(1 2 .0 9 6 ) = 0 .0 3 7 7 9

2-MP (0 .0 0 1 8 7 )(1 4 .1 1 2 ) a 0 .02636

3-MP (0 .0 0 0 5 7 )(1 4 .1 1 2 ) a  . • 0 .0 0 8 0 0

nCe (0 .0 0 0 7 7 )(1 4 .1 1 2 ) a 0 .0 1 0 8 0

MCP (0 .1 9 2 0 1 ) (1 2 .0 9 6 ) = 2 .3 2 3 2 9

CH (0 .1 7 6 2 3 )(1 2 .0 9 6 ) 2 .13232

4 .60842



* •

R e a c tio n  r a t e  c o n s ta n t  =» k = '

- [ (g m  m oles o f  Ha/gm m oles o f  h y d ro c a rb o n ) +  l ]  x  (m ol 

f r a c t i o n  o f  MCP in  t o t a l  of. MCP +  CH a t  e q u i l ib r iu m )  x  

(w e ig h t h o u r ly  sp a c e  v e lo c i ty ) ( h r / 3 6 0 0  s e c )  x  [ In  (1  - 

m ol f r a c t i o n  o f  MCP in  t o t a l  MCP +CH/mol f r a c t i o n  o f  MCP 

in  t o t a l  MCP +  CH a t  e q u i l ib r iu m ) ] / ( m o l  w t o f  CH) (gm m oles 

o f  g a s /c c )  =

- [  (3 .5 4 1 3 /0 .3 7 8 6 5 )  +  l ]  x  (0 .7 4 9 5 6 ) ( 4 . 08t) (1 /3 6 0 0 ) x  

[ i n  (1  -  0 .5 2 1 4 3 /0 .7 4 9 5 6 )}  ( 8 4 .1 6 ) ( 1 /2 2 ,4 1 0 ) ( 4 6 5 /1 4 .7 )

. (4 9 2 /9 5 9 ) = 0 .1715



APPENDIX E 

NOMENCLATURE

A -  C r o s s - s e c t i o n a l  a r e a  o f  em pty r e a c t o r

(p ag e  52) ‘

A -  R e p r e s e n ta t io n  o f  r e a c t a n t  (c y c lo h e x a n e )

A -  P r o p o r t i o n a l i t y  f a c t o r  in  A rrh e n iu s

E q u a tio n  (p ag e  73)

Bj -  P r o p o r t i o n a l i t y  f a c t o r  in  te m p e ra tu re

r e l a t i o n  w i th  a c t i v a t e d  a d s o r p t io n  

Ca ~ C o n c e n tr a t io n  o f  a d so rb e d  cy c lo h e x a n e

Ch'  -  C o n c e n tr a t io n  o f  a d so rb e d  m e th y lc y c lo -

p e n ta n e

Cj -  C o n c e n tr a t io n  o f  v a c a n t  a c t i v e  s i t e s

CB -  C o n c e n tr a t io n  o f  m e th y lc y c lo p e n ta n e

C* -  C o n c e n tr a t io n  o f  c y c lo h e x a n e

CR -  C o n c e n tr a t io n  o f  a d so rb e d  m e th y lc y c lo 

p e n ta n e

CyCg -  A b b r e v ia t io n  o f  c y c lo h e x a n e

dp -  C a t a l y s t  p a r t i c l e  d ia m e te r

E -  M ola1 e n e rg y  o f  a c t i v a t i o n

F -  M ass flow  r a t e  o f  h y d ro c a rb o n s

A'Hh -  E f f e c t i v e  e n th a lp y  change i n a c t i v a t e d

a d s o r p t io n  o f  h y d ro g en



u

AHt " E f f e c t iv e  en th a lp y  change in  a c t iv a te d

a d so r p tio n

AH0 -  E f f e c t iv e  e n th a lp y  change in  a c t iv a te d

a d so r p tio n  o f  hydrocarbons
t .

Ah0 “ E n th alp y  change in  form ing an a c t iv a te d

com plex [

k F ir s t - o r d e r  r a te  co n sta n t fo r  forward

r e a c t io n  t

k ; -  F ir s t - o r d e r  r a te  c o n sta n t fo r  r e v e r se

r e a c t io n

ko -  F ir s t - o r d e r  forward r a te  c o n sta n t fo r

a d so r p tio n  model

K -  Thermodynamic e q u ilib r iu m  c o n s ta n t fo r

o v e r - a l l  r e a c t io n

K i , Ks'» K3 , K4  ” E q u ilib r iu m  c o n s ta n ts  fo r  s in g le  s te p

i n .o v e r - a l l  r e a c t io n  d e fin e d  in  

T ab le  XXXV

Ka “ A d so rp tio n  c o n s ta n t  fo r  r e a c ta n t

(cy c lo h ex a n e )

Kh “ A d so rp tio n  c o n s ta n t fo r  hydrogen

Kj ■ A d so rp tio n  c o n s ta n t fo r  component i

K0 -  A d so rp tio n  c o n s ta n t f o t  cy c loh exan e  and

m eth y lcy c lo p en ta n e

Kr " A d so rp tio n  c o n s ta n t fo r  product

(m eth y lcy c lo p en ta n e)

1 " R e p r e se n ta tio n  o f  an a c t iv e  s i t e



T o t a l  num ber o f  a c t i v e  s i t e s  d e f in e d  in  

T a b le  XXXV 

Leng th>‘o f^ c a  ti^l'ys t^bed,*' in r r e a c to r  

(p ag e  52)

M o lecu la r  w e ig h t o f  cycloh exan e  

M o lecu la r  w e ig h t o f  pentane  

A b b re v ia tio n  fo r  m eth y lcyc lop en tan e  

An in t e g e r  c o n sta n t  

T o ta l  m olar flo w  r a te  o f  gas  

M olar flow  r a te  o f  m eth y lcyc lop en tan e  

P a r t i a l  p ressu re  o f  r e a c ta n t  (c y c lo 

hexane)

P a r t i a l  p ressu re  o f  hydrogen  

P a r t i a l  p ressu re  o f  cycloh exan e  +  

m eth y lcy c lo p en ta n e  

P a r t i a l  p r e ssu r e  o f  product (m ethyl

cy c lo p en ta n e )

P e c l e t  number 

O v e r - a l l  r e a c t io n  r a te  

R e p r e se n ta tio n  o f  a produ ct (m ethyl

cy c lo p en ta n e )

Gas c o n s ta n t

p a r t i c l e  R eynolds number

M olar hydrogen to  hydrocarbon r a t io

Time

S u p e r f ic ia l  h o ld in g  tim e d e fin ed  on



A b so lu te  tem perature t ....

' ■* I , '  Jt<■ » . * • * • >^ V olu m etr ic—flow  /r a te ^ o ftg a s e s  a t  J ''  

r e a c to r  c o n d it io n s  

T o ta l volum e o f  c a t a ly s t  bed

T o t a l  m ass flo w  r a t e  (page  52)
!

C yclohexane mass feed  r a te  p er  u n it  

w e ig h t o f  c a t a ly s t  

W eight o f  c a t a ly s t  in  r e a c to r  

P entane mass feed  r a te  per u n i t  w e ig h t  

o f  c a t a ly s t  (page 86)

M ole f r a c t io n

M ole f r a c t io n  o f  cycloh exan e  

M ole f r a c t io n  o f  m eth y lcy c lo p en ta n e  

H y d rogen -free  m ole f r a c t io n  

H yd rogen -free  e q u ilib r iu m  mole fr a c t io n  

o f  m eth y lcy c lo p en ta n e  

H yd rogen -free  m ole f r a c t io n  iso p e n ta n e  

in  produ ct (page 86)

H yd rogen -free  e q u ilib r iu m  m ole f r a c t io n  

o f  iso p en ta n e  (page 86)

H y d rogen -free  m ole f r a c t io n  o f  m eth y l

cy c lo p en ta n e  

H yd rogen -free  m ole f r a c t io n  o f  c y c lo 

hexane  

V oid f r a c t io n  

V is c o s i t y  

T o ta l p re ssu re



. f i u l k .d e n s i ty  o f . c a t a l y s t  

M o la r d e n s i ty  o f  gas s tr e a m
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