


B. Product Analysis Data

. Component ' ' o . Peak Area

Cy | o | o 0.000
« R | . 0.000
Ca ' - | 0.056
iCa : o 0,034
nC, ' -  0.108
1Cs | - : | 0. 064
nCs: | . o | 0.136
2:MP - ) 0.093
3-MP - | ~ 0.028
 nCs _ ‘ 0.039
MCP o . - 8.860
Cyclohexane o . | | 7.800
- Cyclohexene : , 0,000
_Benzene ) B - 6.600




C. Material Bélgncé Calculations

‘ Basiéﬁ' 6Q minute~ba1ance period | »
Weiéht of cyciohexahel(cn) fed = (40.908 cc)(0.779 gm[cé) =
31,867 gm |
Gram moles of CH fed = 31,867/84.16 = 0.37865
Gram moles of carbon in CH feed = (0;37865)(72 gm C/mol CH) =
27.2856 gm | '
Gram moles of Hy in CH feed = (0.37865)(12.096 gm Hp/mol CH) =

4,58169 gm

Liquid hourly space velocity = (40.908 cc)/(15.0 cc) =

2.73 ce/hr/ce

‘Weight hourly space velocity = (31.867 gm)/(7.8154 gm) =
4,08 gm/hr/gm . o

Volume of Hp gas in at standard conditions = (3.é2 £2 /hr)
(492/542)(29.92 - 1.09/29,92) = 2.811 £6 /hr |

Gram molles of Hy gas in = (2.811 fta‘/hr)(‘l'.ZG gm moies/fts) =
3.5413 gm-moles_ , |

?afﬁial‘préssure of CH = (465 psia)(0.3787)/(0.3786 + 3.5413) =

45 ﬁsia | o | '
3.5413/0.3787 = 9.35

Hydorgen/CH mole ratio
‘ Assumé cérbon moles in gas out = carbon moies'in[CH feed =
. 27.28563

Gram moles of hydrogen in gas out = 4.5817 + 2(3.5413) =

11,7210 moles
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Molar weighting factors fofhydrocarbons- in gas out:

G (0.00) (3.77)" e 0.0000
G (0.00)(2.50) = 0.0000
Ca a ©(0.056) (2.01) = £ 0.1126
1C, 0,034 (1.71) - = '4.0581
nCs (0.108) (1.69) - 4;1825
iG (0.064) (1.580) = 0.1011
T (0.136) (1.495) =, 0.2033
RV (0.093)(1.332) = 0.1239
3w (0.028)(1.337) = 0.0374
nte (0.039) (1.278) = 10,0498
" MCP (8.860) (1.411) = 12.5015
cE . (7.80)(L.4TL) - 11.4738
o (0,00)(1.491) | - 0.0000
‘Benzene ' (0.00) (1.582) - 0.0000

.o o 24,8440




R 'free“mole'ffa'cfi‘on»s:: "?f_i'h')"dfocafbons iri gas out = molar

weighting factor/T molar weighting factors:

Ca - (0,1126)/(24;844)_ ) - , 0.004532
R .’(0.0581)/(24.844) o 0.002339
nC, \ '(0.1825)/(24;844) = © 0.007346

| i (0.1011)/ (24 844) . 0.004069
nG (0.2033)/(24.844) | - 0.008183
2-MP (0.1239) / (24. 844) = . 0.004987
3-MP (0.0374)/(54.844) 2 0.001505
nCs ©(0.0498)/(24.844) - 0.002004
e (12.5015) /(24 844y = 0.503167
o (1L.4738)/(26.868) - =  0.461833

Gram moles of carbon per gram mole of 'hydrocérbon gas out =

(Hp - free mole fraétion)_(gram moles carbon in'hydrocarbbn)

Cs (36.03) (0.004532) = ~ 0.1629
e, (48.04) (0.002339) - 0.1122
nCy (48.04) (0.007346) = 0.3519
1Cs (60.651(0.004069) = ' ”0{2444
WG (60.05)‘(0‘.0(")8183). = 0.4914
2ap (72.06)(0.004987) = = - 0.3528
sam . (72;06)(6{601505) = 0.1070
nGe ‘_;;«(72,q§)(o.092004) - omy
Cowe gnoe@soeny s 36260

e (72.06)(0.461833)

:,:71’.506_.9 . : .




Gram moles of hydrocarbon components in gas out = (gram moles of
éarbon'per gram mole of hydrocarbon gas out) x (grams of carbon in

CH in)/(total gram moles of carbon per gram mole of hydrocarbon

gas out)
G (0.004532)(27.2856)/(71.5069)
= (0.004532) (0.38154) - 0.00173
1Cy (0.002339) (0,38154) = . 0.00089
nCs (0.007346) (0.38154) .= 0.00280
1Cs (0.004069) (0,38154) = 0.00155
nG (0.008183) (0,38154) =  0.00312
2-MP © (0.004987) (0,38154) = 0.00187
3-MP (0.001505) (0.38154) = 0.00057
nCs (0.002004) (0, 38154) : - 0.00077
MCP (0.503197) (0.38154) = 0.19201

. cu (0.461833) (0.38154) = 0.17623
o 0.38154




Gram moles of hydrocarbon components in gas out per 100 moles

{
i

of cH fed: ' o : ;v~‘
G (0.173)/(0.37865) = 0.46
iCy | (6.089)/(0.37865) = -_;;0_24'
nC, (0.280) /(0.37865)" = | é 0.7%
 1Cg (0.155)/(0.37865) - 0.41
nCs (0.312;/(6.37865) = 1 0.82
2-MP (0.187)/(0.57865) =, ©0.49
3-MP 0.057)/(0.37865) o= . 0.15
nCs (0.077)/(0.37865) - 0.0
MCP  (19.201)/(0.37865) - 50.71
cH (17.623)/(0.37865) = 46,54
| 100.76 |

Gram moles of Hz in hydrocarbon gas out = (moles of hydrocarbons)

(moles of Hp per'moie of hydroéarbon)

Cs ‘ (0.00173) (8.064) = © 0.01391.
1C4 (0.00089)(10.080): . = '0.00899

nC, - (0.00280)(10.080) = : 0.02817
16 (0.00155) (12.096) - ©.01879

nCs  (0.00312)(12.096) = 0.03779

2-MP (0.00187) (14.112) = j‘6;02636‘j,“"

Y : (0.00657)(14;112) = ?,d;oosoo"

““ncg_: - ‘“(O;00077)(14,112) = ,;o;oibso‘7‘
'aiMCP~ - ) (b.i9201)(12;096),1‘.f.  ;”'; ' »2§52329
'”:r"'cukf‘ i‘ftf'~(o;17625)(12.096)'11,-.'=’:} <',2,13232‘

460842




,-4.
£,

Reaction rate constant =k =’ L
-[(gm moles of Hz/gm moles of hydrocarbon) + 1] x (mol
fraction of MCP in total of MCP + CH at equllibrium) P
(weight hourly space velécity)(hr/SﬁOO‘sec) x[1n (1 -
mol:fraction of MCP 1in total-MCP +CH/mo1 fraction of MCP
in total MCP + CH at equilibrium)]/(mol‘wt of CH)(gm moles
of gas/cc) = , | |
-[(3.5413/0.37865) + 1] x (0.74956) (4. 08)(1/3600) x
[1n (1 - 0.52143/0. 74956)1 (84. 16)(1/22 410)(465/14 7

(492/959) 0. 1715
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APPENDIX E

NOMENCIATURE

Cross-sectional area of empty reactor

(page 52)

~ Representation of reactant (cyclohexane)

- Proportionality factor in Arrhenius

Equation

(page 73)

 Proportionality factor in temperature

relation with activated,adsorption

Concentration

" Concentration

pentané
Concentration
Concentration
‘ Cbncentrétion
ﬁCoﬁcentration

. "pentane

of adsorbed cyclohexane

of adsorbed methylcyclo-

of vacant active sites

of’methylcyclopentane -

of cyclohexane

of adsorbed methylcyclo- ﬂ

~'ABbreviati6n of cyclohexane

Catalyst partiélg diameter .

';Moial energy of activétién-f

f,fgnaéé'floﬁ :ate_of hydrocafbohs

"'EffeﬁﬁiVeﬂéntﬁalpyféhange in activated

adsorption of hydrogen



- AHy ' - Effective enthalpy change in activated .
- adsorption.
AH, ' - Effective enthalpy change in activated

adsorption of hydrocarbons

Ah, - - Y Eﬁthalpy change in forming an activated
complex |

k - First-order réteiéohstant for forward
reaction .

k' ‘ .. - First-order rate constant for revérse
‘reaction

ko . - | First-order forward rate éonstant for

adsqrptiqn mddel

K . - Therﬁodynémic equilibrium constant for
over-all reaétion

K;, Kz, Kg, Kg - Equilibrium»consfaqts for single step

' in pver-a11 reaction defined in

Table XXXV

,KA S - - :Adsofption conétaﬂt for réaétant

. (éyclohexane)
Ky . ’_ . f - -,‘ 'AdSOfftion constant for'hydfogen'
K;l R - - 2  Adsofption.constant for ééﬁponent i
Ko kivv lé‘ﬂf ‘ Adéorptioﬁ constant'fot-c§c10hexane and

B methy1cyclopeﬁtane - ‘
‘Kg‘ : S e :“ ;Adsorption.qoﬁstan; for pfoduct )

 . ;,QﬁgﬁhYIcycléﬁénﬁéﬁe).

1 Lo ’ ”nff'ff,“ . ‘Representation of an active site



PA

PH

Po

PR

'Rep,

<

- Totai number of active sites defined in
D Table XXXV ‘n &3
M o B e @r‘;';“.""- i
sy m Ay Lengt "of catdlyst«be in:: :reactor: - I ‘
(page 52) Ty
-’,'4 Molécular wéighf ofdcycldhexané S |
- ddddMolecular weight oflbehtane~
- i ' “Abbreviation_for meﬁhylcydibpenténev
- "" Aﬁ‘iﬁtegér constant B
- B Tdtai ﬁolar'flow ratéfof gas
R ﬁbldr}fidw,fdtg 6f methyléyclopéntang
- ’ParéiélypréSéure of reactant~(cyclo?"'
| E ﬁexane)_ -
-‘: i Pafﬁial'préésure df.ﬁydrogen ‘
- © ‘Partial éressufe of cydlohexane +

. methylcyclopentane

‘, ;*:d i Partial pressure of product (methyl-
"cyclopentane) -

':-. ‘ ‘féclétﬂnumbef

15;'}_ : dovéf-dllrreadtibnlrate_

- ._v: ?geprésedfatidn“df‘adproduéf‘(@ethylf

| | | cyclopentane) - -
";§~; L dGas’constant |
jldrduldii'ipart1c1e Reynolds numbér’
553, ~_vMolar hydrogen to hydrocarbon ratlo
| CTe mﬁbTime h Sl

D i‘ Superficial holdlng time defined on

page 62

.



Absolute temperature Ce e

*@§£? 4 i PR AN Wy

IR S
umetric-flgw rateWof aEeS»at'“
7 l \’\n'\v !

‘“ Vnﬂ et R ' }’\...,. K

reactor conditions

u

» Total volume of catalysthod
w i ‘;“E o ‘tTotal mass flow rate (pagé 52)
w . | Cyolohexano‘mass feéd rat% per unit
‘weight of catnlyét ' N
'fw;'f'o‘_r | - -Weighf of'cataiysg.in reactor
’ﬁﬁ’-vf”'. ' | - ‘ Eontane mass feed rate per unit weight
| of catalyst (page 86)
 ?,} . V‘”'- - - Mole‘fraotion
i,'-t:.ni‘j o  -73- - ‘ﬂolg»ffaotion of cyclohexane
.ny;i Hf“L ; ‘ e "Moie fraction of ﬁeﬁhyléiciopentané
-Y‘il f: 1  | - , deroéen-free mole fraction
:YE»  I - 1Hydfogen-free equilibfium mole fraction
_ _of-methy1oyc1opentnne ,
Yixﬁf' : 'i‘ fk'. ‘: - Hydrogon-free’mole fraction isopentane’
in producﬁ (page 86)
ufifvjif-‘ ‘:"  i‘f?gvf‘.' 'vﬁydrogen-free equiiibrium moie*fraction
| of isopentane (page 86)
  "f;Y;.;’~  _3 o , ‘v;},i"f kHydrogen-free mole fraction of methy1~‘
‘ - o H cyclopentane -
'}fj;nn{fj;'l[:ni%1;;kzgi-A“_‘”;yﬂnydrogen-free mole fraction of cyc10~'

~ hexane '“L_.3"*-'.r BRI

°"«{gj"¢;n,_' {ﬂfnh:'htj;_figf : Véid‘fracpion< .



P

(-]

g fﬁulk.depsigy of catalyst

Molar density of gas stream
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