APPENDIX L

STEEPEST DESCENT METHOD IN EQUILIBRIUM COMPUTATION
AND
RESULTS OF THERMODYNAMIC SIMULATIONS



The Steepest Descent Method Far Equilibrium In Chemically

Reacting System

The method described here in determining the mixture
composition corresponding to the minimum total Gibbs free
energy of a reacting system was first developed by Hhité,
Johnson and Dantzig [ 133, and was later extended by
Balzhiser, Samuels and Eliassen [13]. The underiined

assumptions were:

1) A1l reacting components were present in gaseous
phase.

2z} The law of ideal gas-phase solution was applicable
at the reacting conditions.

3) The details of mechanical transformation between
reactant and product species on the catalyst

surface were not considered.

The total Gibbs free energy of a reacting system of C

compounds containing n; moles of component . is written as

c n.
6 = I n 63+ RMinl55)} {(L.1)

i=1

where gi js standard-state Gibbs free energy of component Ay
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n is total number of moles,
R is ideal gas constant,

and T is temperature.

Rearranging Eqn. (L.1) yields

o _i n;
= iﬁ fﬁf + ln(jr)} (L.2)

G
®T 1“4:

The problem is reduced to finding the component amounts,

n;» which correspond to the minimum in G/RT, subject to the

conservation relations of atomic species:

iflaiégi = bj for 1<4<M (L.3)

where @z are the number of gram-atom of atomic element j

in a mole of molecule s
b . is the total number of gram-atoms of element j in
the reacting mixture,
and M is the number of ejements present in the reacting

mixture.
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@ }
Let n.ik) ’ ug‘,’), v nc(:k‘) be the mole numbers of some
approximate solution after k iterations, which satisfies the
L conservation-of-atom equations of Eqns. {L.3). The total
Gibbs-free-energy function G{k]/RTs expressed as
®
cl® (e (k) ng ‘
e F = z n; {—+ 1n[—‘-k-)]} (L.4)

=1t

Expanding F in a Taylor's series around "_{kl > néh’, cea 3

néh) :

(k)
H'.
1
c C
£=1 £=1

£k}
,!Lkl}—— + higher-order terms {L.5)
on - an£
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Perform differentiation to obtain,

(k) 6° ",
- R LI (L.6)
L
il =L _1 (L.7)
2 n, n -
an; A
£
- )
e
The approximation for F“Hl] becomes
(k)
c G° n.
(k1) _ (&) = gl (R+1) ()
LA RS A ML DAL
£=1 np
(41} (k) (k+1) {k}
R 1 M S "2
241 £ gik} n(k’

(L.9)
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M c
Let olB1) 2 p(B*) o 5 oo a.zn(.hﬂl +b ]
1 B L 3
{L.10)
where = . are the Lagrangian muitipliers. Minimizing
¢{h+1)requ'ires
(R+1)
—a-irgl—l—= 0 for l 34‘._<_C (L'Il)
1T
AL
Differentiating ¢(b'+1] gives
o (k) (R+1) {R*+1)
{R+1} G° n: n. n
aQ =[——'L-+1r‘r""]+["'
anfEll KT L) LRl k)
M
- .a.. = 0 L.1
_;51“5 aﬂ' (L.12)

This is a system of C+M+l dimension and has

{R+1)

M values of 1rJ., and »n as unknowns.

C values of n‘(ib‘ﬂl s



O

)

glimination simplifies and reduces the system to M + 1

unknowns (M's of LS and one n(k+1]):

M (kl
(k}
E ﬂz p = {—— + 1n[ )]} and (L.13)
£=1 1
M o {k+1)
(k) n
LT, La.a,.n.  +b !
g1t A j[ n(®!
(k)
= g a. n(h]{—— + 1n[ 1} for 1,2
=1 J& i _TE_ F1.2,...,M
(L.14)
o (Rrl)
let u = -:(-E)— (L.lS)
The 1inear system is solved for M's of “j and u.
-  (k+1) {R)
Let A, En; - n (L.16)

be the direction numbers which indicate the best direction of
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travel. The method restricts the distance traveled to some
fraction A of the calculated travel. The value of X will be

chosen as the largest value that satisfies two conditions:
(1) n£h+1) are positive, and (2) the derivative d(G/RT)/dr

does not become positive. When the solution is near, A will

approach to unity.
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Table L.1. Component Molar Rates in Thermodynamic Simulation I

()

)

)

{om-mo1/hr).
In Product
Component In Feed Initial gquilibrium
Guess

H, 5.17x1072 | 8.82x1073 | 1.75x1078

co 2.86x107% | 2.33x102 | 1.96x1073

co, 5.36x1072 | 1.48x102 | 7.42¢1072

CH, 2.83x102 | 6.63x10™> | 7.58x1072

CoH, 2.43x1072 | 9.08x103 |  3.00610™

C,Hg 0.0 1.08x107 | 7.47x107°
Cetg 0.0 1.40x10°% | .0
Mo 0.0 a.30x108 | 0.0
Cofl1g 0.0 5.10x10°° | 0.0
Catiag 0.0 5.70x10° | 0.0
C1oMaz 0.0 5.70x10° | 0.0
Cy1Hog 0.0 2.60x10°% | 0.0
Cyotog 0.0 3.50x10° | 0.0
C13tyg 0.0 2.60x10°% | 0.0
C1ata0 0.0 1.90x10% | 0.0
Crshao 0.0 1.20x10°% | 0.0
CyeMay 0.0 7.00x10~" | o.0
Cy7Mag 0.0 a.00x20”7 | 0.0




)

Component

C18M3s
HoCHC(CH, ) CoH, o
HaCHC(CH,)CH, o
HyCHC(CH ) CoH, o
HyCHC(CH, ) CgH.
HyCHC(CH,)CgH. o
HCHC{CH3)Cy oy
HaCHC(CH,)C

HCHC{CHZ)C, oy g

11723

H3CHC(CH3)C13H27

HaCHC(CH,)C, o Hyg

HoCHC(CHL ), My
Ciabap

€13t

Table L.1.

In Feed

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
g.0
0.0
0.0
0.0
0.0 —

(Continued.)

In

Initial

Guess

2.00x10"
1.90x107
2.90x10™

3.00x10°°

7
6
6

2.30x10™8

2.10x10"
1.20x10°

6
6

1.10x107°

9.00x10
5.00x10"
3.00x10"
2.00x10°
4.00x10”
5.00x10”

-7

7
7
7
7
7

Product

Equilibrium

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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Table L.2.

Component Molar Rates in Thermodynamic Simulation II

{gm-mol/hr).

Component

co
co
CH

CH

CoHe
c

24
H

614

C10M22
C11H24
Ciatag

€ 3%

Ci4f3g

c

15132

C1sM3a

c

17136

C1at3s

C19Mag

CooMaz

C

H

2144

In Feed

7.56x10"%

2.59x107}
1

1

1.41x10°
1.58x10°
2.85x10"1
0.0
0.0
0.0
0.0
0.0

0.0

0.0

0.0
0.0

0.0

0.0
0.0
0.0
0.0

In Product
Initial Equilibrium
Guess

5.98x107F  1.74x1076
2.77x100  6.74x1072
1.56x10"  2.37x1071
1.55x10°0  8.11x1071
2.i6x1071  1.s8x107°
3.61x10%  6.52x107°
1.90x10°  2.80x1077
8.40x10°% 0.0
3.06x10™° 0.0
4.51x107° 0.0
3.44x107° 0.0
2.31x10™ 0.0
1.50x107> 0.0
9.30x10"® 0.0
5.70x10° 0.0
3.70x10"® 0.0
2.50x10° 0.0
1.70x10°® 0.0
1.20x10°% 0.0
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Component

Caatlag

Co3fsg
C2aM50
Costs2
CogMsg
CorMse
Coalisg
€314
C32Mge
C33%s

34 "0
H CHC(CH3)C7H15
HBCHC(CH )Cl0 51
3CHC(CH3)C11 23
H3CHC{CH3)C12 25
CHC(CH3)C13 27
H CHC(CH )C14 29

H3CHC(CH3)815 31

Table L.2. (Continued.)

In

In Feed Initial
Guess

0.0 8.00x10~7
0.0 6.00x1077
0.0 4.00x10”7
0.0 3.00x10”7
0.0 . 2.00x10~7
0.0 2.00x1077
0.0 2.00x1077
0.0 3.00x10™7
0.0 3.00x10~7
0.0 3.00x10~7
0.0 3.00x10~7
0.0 7.00x10~7
0.0 6.70x107°
0.0 5.40x10”°
0.0 3.90x10°°
0.0 2.50x10™°
0.0 1.70x10~8
0.0 1.20x1070

Product

Equilibrium

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0~
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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T

H3CHC(CH )C
3CHC(CH )C
H3CHC[CH )C

H CHC(CH3)C

Component

WCGH)%633

HaCHC(CH )Cl7 35

CHC(CH )C18 37

CHC(CH3)C19 39
CHC(CH )C
CHC(CH Jc

CHC(CH )

20 41
21 43
22 45
CHC(CH )623 17
24129
25ts51
25 53
CHC(CH )C27 55

28 57

C10M20

11 Haz

Ci2taa

C13%26
C14M28
c

1530

Table L.2.

In Feed

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
6.0
0.0
0.0
0.0
0.0
6.0
0.0
0.0
0.0
0.0
0.0

{Continued.

Initial

Guess

9.00x10”
7.00x10°
5.00x10
5.00x10"
4.00x10
4.00x10"
3.00x10°
3.00x10°
2.00x107
3.00x10°
3.00x10°
2.00x107
2.00x10"
1.00x107
4.70x107
1.35x10°

7.30x10°°
-6
6

5.20x10

3.60x10°

)

In

7
7
7
7
7
7
7
7
7
7
7
7
7
6
6
5

Product

Equilibrium

0.0
c.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
c.0
0.0
0.0
0.0
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Component

C1H32
C1734
C1eM3s
C1ofiag
€200
Ca1ta0
Coolaa
Ca3Mae
CoaHag
CosMs0
Coslls2

Table L.2.

In Feed

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

(Continued.)

In

Initial
Guess
2.30x10°
1.50x10"
1.00x10°
7.00x10°
5.00x10"
4.00x107
3.00x10°
3.00x10°
2.00x10°
2.00x10"

2.00x10™

6
6

6
7
7
7
7
7
7

7
7

Product

Equilibrium

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
6.0
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Table [.3. Component Molar Rates in Thermodynamic Simulation Ii]

(gm-mo1/hr) .
In Product
Component In Feed Initial Equilibrium
Guess

H 2.65x1071  2.15x1070  2.60x1077
co 2.50x107}  2.49x107!  2.41x107!
co, 1.41x1070  1.47x1071  1.50x107%
cH, 1.58x1071  1.55x1071  3.91x1071
CoH, 1.42x1077  1.37x107!  3.pax107*
CHe 0.0 9.24x10°  1.93x107%
CoHyg 0.0 3.30x10°°  1.15x107%
C,Hye 0.0 5.00x10”  4.g7x10~%
Cabig 0.0 3.10x10°®  2.00x107*
Cotag 0.0 1.83x107°  1.01x107%
C1oMan 0.0 4.82x10°  3.30x107°
CypMog 0.0 5.99x10™  1:58x107°
C1oHog 0.0 4.87x107°  8.35x1076
Cyafog 0.0 3.20x10™°  3.29x107°
C1aMag 0.0 2.03x10™°  1.30x107°
Cy5han 0.0 1.26x10™°  6.40x107/
Cygtag 0.0 7.90x107°  1.90x1077
Cy7Ha 0.0 4.80x10°  1.00x1077
C1ghsa 0.0 3.00x10°°  6.00x107%
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Table L.3. (Continued.)

In Product
Component In Feed - Injtial Equilibrium
Guess
L 0.0 2.00x10°  2.00x10°8
CooMan 0.0 1.80x10%  1.00x107®
Cprfag 0.0 1.00x10% 0.0
CooMye 0.0 1.00x10° 0.0
Coatag 0.0 8.00x10~7 0.0
Conbisg 0.9 7.00x10”7 0.0
CosHsy 0.0 6.00x10~7 0.0
Coghsg 0.0 5.00x10~ 0.0
Corhg 0.0 a.00x10” 0.0
Coghsg 0.0 4.00x1077 0.0
CogMep 0.0 3.00x10~7 0.0
HCHC(CH)CgHyy 0.0 a.00x10~7  5.89x107%
HoCHC(CH)CGHy 3  0-0 3.40x10°  2.6ax10”%
HiCHC(CH,)C g 0-0 1.31x10°°  1.08x107%
HiCHC(CH)CHy, 0.0 2.30x10°  5.84x107°
HCHC(CHg)CoH1g 0.0 1.02x1075  3.14x107°
HaCHC(CHy)C Hpq 0.0 7.80x10°°  1.07x107°
HoCHC(CH)C My 0.0 5.50x1078  4.17x107°
6 6

H3CHC(CH3)612H25 c.0 _ 3.30x10 1.68x10
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Table L.3. (Continued.)

In Product
Component In Feed Initial Equitibrium
Guess
HaCHC(CH,)Co Hyo 0.0 2.20x10°  7.40x1077
HyCHC(CH )C, Hyg 0.0 1.50x10%  3.00x10"7
HCHC(CH)C,Hyy 0.0 1.00x10°®  1.20x1077
HyCHC(CH)CpHoy 0.0 7.00x10~7  5.00x1078
HyCHC(CHy)Cy oy 0.0 5.00x10”7  2.00x1078
HaCHC(CH)C gHay 0.0 4.00x10~7  1.00x1078
HaCHC(CH)C gy 0.0 3.00x10”7 0.0
Cyotg 6.0 1.16x107>  3.97x10°°
€13t 0.0 8.00x107° 1.50x1078
C1aMog 0.0 a.90x10°%  5.s0x2077
€150 0.0 3.00x10"%  3.30x2077
C1gHan 0.0 1.90x10°%  1.60x1077
CyqMag 0.0 1.30x10°®  5_00x1078
C1gHag 0.0 8.00x10~7  3.00x10°8
€ gtiag 0.0 6.00x10~  1.00x10°8
Caotag 0.0 4.00x10~7 0.0
Cptyn 0.0 3.00<07 0.0
Cootag 0.0 2.00x10”7 0.0
C.H 0.0 2.00x10~7 0.0
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Table L.3. (Cpntinued.)

In Product
Component In Feed Initial Equilibrium
Guess
1-CH,0H 0.0 4.00x10"7 0.0
H.0 0.0 3.90x10°° 0.0

2
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Table L.4. Component Molar Rates in Thermodynamic Simulation IV

{gm-mol/hr).

In Product
Component In Feed Initial Equilibrium
Guess

Hy 2.65x107F  2.15x1071  2.70x1077
co 2.59x1070  2.49x107%  2.44x1071
co, 1.41x107F  1.47x107}  1.49x107)
CH, 1.58x1071  1.55x1071  3.93x107!
CoH, l.a2x10™r  1.37x1001  3.02x07%
Cobe 0.0 9.25x10™3  1.90x1072
CeHyg 0.0 1.70x10°  1.06x1073
CoHy 0.0 2.00x107  4.a3x107%
Cafyg 0.0 2.9cx10°  1.80x107%
CoMg 0.0 1.22x107°  9.16x107°
Cyotap 0.0 2.64x10°  3.00x10™°
S 0.0 3.37x10™°  1.42x1070
Cyotog 0.0 3.22x107°  7.38x10°°
C13Hag 0.0 2.58x107°  2.8ex107°
€14H50 0.0 1.79x107°  1.14x107°
C15Ha0 0.0 1.21x107°  5.90x107/
Cretza 0.0 8.20x10°°  1.s0x1077
Cyzhsg 0.0 5.50x10°°  9.00x1078
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Table L.4. ({Continued.)

In Product
Component In Feed Initial Equilibrium
' GQuess
Cyafsg 0.0 3.80x10%  5.00x1078
C1gMa0 0.0 2.80x1078  1.00x107°
Cooaz 0.0 2.00x10°6  1.00x107°
Cofs 0.0 1.40x10°% 0.0
Coofas 0.0 1.00x10°% 0.0
Cpatiag 0.0 6.00x10~7 0.0
CoqPsg 0.0 4.00x107 0.0
T 0.0 3.00x10~7 0.0
Cog'sa 0.0 2.0007 0.0
Cortisg 0.0 2.00x10~ 0.0
Coghen 0.0 2.00x10~7 0.0
Cagtls2 0.0 a.0m10”) 0.0
Ca1Hgs 0.0 3.00x107 0.0
CaoMee 0.0 3.00x10”7 0.0
C33Heq 0.0 3.00x10”7 0.0
Caating 0.0 3.00x1077 0.0
Caghyn 0.0 4.00x107 0.0

-7
C36H74 0.0 5.00x10 0.0



Component

CHC(CH YC_H
CHC(CH3)C
cuc(cn JCH

5711
613
7715
919
10 21

CHC(CH, ) CoH
CHC(CH,)C

CHC(CH )cll 53

CHC(CH,)Cy o g

CHC(CH,)Cp M,y
CHC(CH,)C
CHC{CHZ)C, M

CHC(CHB)C

14"29

3
Hs
Hs
3
Hs
3
3
3
3
3 1531
Hs 16733

CHC(CH3)C17 35

HCHC(CH,)C, oo

HscHC{CH3)C
H CHC(CH )c

19°39
20 4]
21 43
22Mas

H CHC(CH )C
CHC(CH jc

H cnc(ca )c23 27

CHC(CH )Cz4 a9

Table L.4.

In Feed

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
c.0
0.0
0.0
0.0
0.0

(Continued.}

In
Initial

Guess

6.00x10~/
2.80x107¢
8.70x107°
5.70x1070
5.00x10~°
4.00x1076
2.90x107°
1.90x107°
1.30x10°°
1.00x1070
8.00x10~7
6.00x10"7
5.00x10"7
4.00x1077
a.0ox10™’
4.00x1077
3.00x107
3.00x10~7

7

2.00x10"

Product

Equilibrium

5.31x10

2.36x10
9.73x10”
2.92x10°
9.96x10"
3.80x10°

4
5
5
6
6
1.58x107°
-7
7
7
8
8
8

6.40x10

2.70x10°
1.10x10
5.00x10°
2.00x10"
1.00x10"

0.0
0.0
0.0
0.0
0.0
0.0

-4
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Table L.4. (Continued.)

In Product
Component In Feed Initial Equilibrium
Guess
HyCHC(CH, )Cpghy; 0.0 3.00x10~7 0.0
HoCHC(CH3)CpgHgy  0-0 3.00¢1077 0.0
H,CHC(CH;)CppHee 0.0 2.00x10”7 0.0
C1yf0 " 0.0 L.27x10”°  7.31x107°
Cyafag 0.0 6.50x10°  3.60x107°
Cigfpg 00 5.20x1078  1.31x107°
C1atog 0.0 3.60x10®  5.00x1077
C15ta0 0.0 2.50x10"  2.80x107
Cy6Hap 0.0 1.70x10°%  1.g0x1077
C17%30 0.0 1.20x10°¢  4.00x1078
C1gMsg 0.0 9.00x10~7  2.00x10°8
CigMg 0.0 6.00x10~7  1.00x107%
Contag 0.0 5.00x1077 0.0
CpyHa 0.0 4.00x10~ 0.0
Cooflag 0.0 3.00x19"7 0.0
Coatyg 0.0 3.00x10~7 0.0
Cogtlag 0.0 2.00x10”7 0.0

-7
Cosheg 0.0 2.00x10 0.9
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Table L.4. (Continued.)

In Product
Component In Feed Initial Equilibrium
Guess
C...H 6.0 2.00x107 0.0
26"52 - - -
1-CH,0H 0.0 4.00x10”7 0.0
H.0 0.0 3.90x10° 0.0

2
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Table L.5. Component Molar Rates in Thermodynamic Simulation V¥

{gm-mo1/hr).
. In Product
Component In Feed Initial Equilibrium
Guess

H, 5.17x102  8.10x107°  6.00x107°
co 4.86x107°  2.21x107%  8.03x1073
cc, 5.36x102  1.37x102  7.38x107°
CH, 2.83x10%  7.56x10">  5.27x107C
CoHy 2.43x107%  1.07x107%  9.81x107°
CoHg 0.0 1.06x107  4.13x1073
Cefa 0.0 7.59x107°  8.07x107%
Cobog 0.0 8.78x10">  5.06x107%
Cablyg 0.0 8.65x10" 3.08x107%
Cathng 0.0 9.33x107°  1.84x107%
Cyattao 0.0 8.82x10>  1.11x107%
C11%2a 0.0 6.61x10™°  6.69x10™°
Crotog 0.0 4.89x107°  3.99x107°
€13M0g 0.0 3.61x10"°  2.42x107°
€443 0.0 2.47x107°  1.46x107°
C My 0.0 1.58x107°  8.74x107°
CygHan 0.0 9.20x10°%  s5.28x107°
C,H 0.0 5.50x10°%  3.15x107°

17736



Component

Ciatag

C1gM10

Ca0Hs2
Co1Has

2246
HyCHC (CH, ) CH

C

51 11

H CHC(CH3)C6 13

H CHC(CH )C7H

H3CHC(CH )C8 17

H CHC(CH )C
H CHC(CH 3

1021

11 23
HacHC(CHB)C

H CHC(CH )C

12725

H CHC(CH )<
CHC(CH )C

14 29

15 31
H CHC(CH )

CHC(CH )C
H3CHC(CH3)C

16 33
17 35
18737

13 27

Table L.5.

In Feed

0.0
0.0
D.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
C.0
0.0
0.0
0.0
0.0
0.0

. 3.00x10

(Continued.)

In
Initial

Guess

2.60x1075
1.10x107°

6.00x10"7
-7

-7

3.00x10

3.23x107°

4.47x1073
4.06x107°
3.33x10"
2.34x10°
1.71x10
1.30x10°
9.50x10
6.00x10"
4.00x10

2.50x10"

-5
-5
=5
-5
-6
-6
-6

6
1.30x1075
7.00x10™7

7

4.00x10"

Product

Equilibrium

1.90x1076
1.13x107°
6.80x1077
4.20x10”7
2.50x10°7
6.60x10™%
4.85x107%
3.08x10”%
1.95x10™%
1.20x107%

7.63x10">

4.82x10™>

2.98x107°
1.88x107°
1.19x10"°
7.54x1070
4.66x1078
2.94x107%
-6

1.85x10
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Table L.5. (Continued.)

In Product
tomponent In Feed Initial Equilibrium
Guess
H,CHC(CH., ) C, oH 0.0 2.00x10”7  1.16x107°
3 3/C10Mag
O 0.0 2.00x10°  2.25x107°
Cyatg 0.0 1.90x10%  1.36x107°
Ciatog - 0.0 1.40x10%  g.10x1077
€153 0.0 9.00x10~7  4.90x107



Table L.6. Companent Molar Rates in Thermodynamic Simulation VI
{gm-mol/hr).
In Product
Component In Feed -
IEL:;:] Equilibrium
H, C1.28x107t | e.ssx102 | 1.60x1077
co 1.31x1071 | 9.60x107% | 4.15x1072
co, 6.91x107% | 5.42x20% | 1.14x107
CH, 6.50x10"% | 5.19x1072 | 1.28x107%
CH, 8.07x107% | 3.37x107% | 7.22x107%
CoHe 0.0 1.02x1071 | 1.06x1072
Cetyg 0.0 8.71x10"> | 2.31x103
CHy e 0.0 1.35x107% | 1.65x1073
Cahig 0.0 1.25x107% | 1.08x1073
Cato 0.0 1.5ax107% | 6.60x107
€10tz 0.0 1.63x10°% | a.18x107%
C11Hog 0.0 1.22x107* | 2.e8x107*
C1otos 0.0 8.30x107° | 1.e5x107%
C1atog 0.0 5.64x10™ | 1.08x107%
C1attsg 0.0 3.95x107° | 6.68x107°
C15Hap 0.0 2.77x10™° | 4.18x107%
I 0.0 1.93x107° | 2.65x107°
C Mg 0.0 1.13x105 | 1.66x107°
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Table L.6. (Continued.)
In Product
Component In Feed
IEEEZ? Equilibrium

C1gMam 0.0 6.40x10°% | 1.08x107°
C1oMa0 0.0 3.70x10°% | 6.57x10°0
Cogbaz 0.0 2.10x10°% | 4.15x107®
CoyMag 0.0 1.20x10°6 | 2.52x107¢
Cortisg 0.0 7.00x10™7 | 1.65x107°
Cy3Mag 0.0 5.00x10~7 | 1.04x10°°
Coqsg 0.0 7.00x20~7 | 6.60x107"
Cochep 0.0 8.00x10~7 | 4.20x1077
HACHC(CH,)CHy g 0.0 6.01x107> | 2.19x1073
HyCHE (CHy )CH, 5 0.0 6.35x107° | 1.70x1073
HoCHC(CH, )CpHy 6 0.0 8.26x10° | 1.1ax1073
HaCHC(CH)CgHy5 0.0 7.07x10° | 7.61x107"
HaCHC(CH3)Cgh, o 0.0 5.28x10™° | 4.87x107%
HyCHC(CHy)C gHpy | 0.0 a.07x10°% | 3.26x107
HyCHC(CHZ)C qHpg | 0.0 3.13x107° | 2. 17x1u‘f
HaCHC(CHg)CypHpg | 0-0 2.47x107° | 1.40x10 ﬁ
HyCHC(CHG)C)Hyy | 020 1.83x10> | o.28x1078
HyCHC(CH;)C gHpg | ©-0 1110 | 6.21x10™°
HyCHC(CHy)Cy gy | 00 6.70x10°% | 4.12x107°
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Table L.6. (Continued.)
In Product
Component In Feed —
fitial ) Equilibrium

HaCHC(CH,)C, cHay | 0.0 3.20x10° | 2.66x1075
HyCHO(CH)C o | 0.0 2.90x10"% | 1.76x10°
HaCHC(CH)C gHe | 0.0 1.90x10°% | 1.16x1073
HiCHC(CH)C, Hyg | 0.0 1.20x10°8 | 7.67x1078
HyCHC(CH)Coly | 0.0 8.00x10~7 | 5.06x10"5
HyCHC(CH, )Cp By | 0.0 5.00x1077 | 3.33x1076
Crgh3s 0.0 7.00x10~7 | 1.62x107®
Cyghsg 0.0 1.40x107% | 1.01x1076
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Table L.7. Component Mclar Rates in Thermodynamic Simulation Vil

{gm-moi/nr) .
In Product
Component: In Feed .
Initial ey ey x
Guess Equilibrium
H, 1.06 9.22x10">  4.76x107°
co 1.04 1.06 1.10
co, 5.69x10°}  5.85x10>  5.38x107%
CH, é.79x10"r  7.00x1071  1.76
CH, 5.60x10°!  4.13x10"!  3.20x107°
CoHg 0.0 9.25x10"2  1.31x10°2
-5 -6
Cgyn 0.0 3.95x10 5 2.31x10 ;
Cellya 0.0 5.67x10 1.30x10
CHy 0.0 1.14x10°%  1.o0x10°®
)
Caflrg 0.0 1.55x10—4 0.0
CoHag 0.0 1.33x10 ) 0.0
C1oMo2 0.0 8.92x10 0.0
-5
C11H0a 0.0 8.29x10 5 0.0
€106 0.0 9.83x10 5 0.0
C,3H0g 0.0 7.60x10 5 0.0
Crafag 0.0 4.24x10 5 0.0
CycM3n 0.0 2.17x10 0.0
-5
C1eM3q 0.0 1.13x10 0.0
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Component

Ci7H36

C18t38

C16Ma0

H3CHC(CH, ) C 1

CHC(CH )C5 11

3
Hs
H4CHC(CH,)C H, 5
HaCHC(CHZ)CH,
H,CHC(CH4) CgHy 7
HaCHC(CH,)CeH, o
HaCHC(CH,)C, oHy
HqCHC(CH,)C, Ky
HaCHC(CH,)C
H CHC(CH 3)C;3ty7
HaCHC{CH3)C, 4Hog
HaCHC(CH3)C, gHay
HaCHC(CH3)C, (Han
C,H5OH

1- C3H7OH

1-94H90H

HZO

12725°

Table L.7.

In Feed

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

{Continued.)

In Product
Initial Equilibrijum
Guess

5.50x10°° 0.0
2.70x10°% 0.0
1.80x10°° 0.0
4.93x10">  1.00x10°8
5.96x10™° 0.0
5.85x10°° 0.0
3.73x10™° 0.0
3.19x10° 0.0
4.23x107° 0.0
4.70x10° 0.0
3.06x107° 0.0
1.63x10™° 0.0
8.60x10% 0.0
4.70x10°% 0.0
2.00x10°% 0.0
1.20x10°%  o.0
2.69x107° 0.0
a.58x10°% 0.0
1.99x107° 0.0
2.69x10™° 0.0
4.51x10"  4.40x10”7
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])

oy

{gm-mo1/hr)

Component

co
€0
CH

CZH4

CoMg

CoHia

T

CgHig

Cotag
C10M22
C1aM2a
C2M26
C13tog
C1at39
C15M32
C16M34
c

17%36

6.91x10

In Feed

1.28x10°t

1.31x1071

2

6.50x107
8.07x1072
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

Table L.8. Componont Molar Rates in Thermodynamic Simulation VIII

In Product
Initial Equitlibrium
Guess

3.85x107%  6.57x107°
6.66x10%  1.62x207%
4.50x1072  5.37x1072
4.64x107%  2.07x107%
1.38x107%  6.30x107°
1.41x107F  1.77x1073
3.78x10%  2.00x1072
3.05x10% 0.0
a.a8x107% 0.0
2.57x10™% 0.0
3.98x10™% 0.0
2.72x107% 0.0
1.90x107% 0.0
1.33x107% 0.0
9.28x10™° 0.0
6.37x10> 0.0
4.48x10™° 0.0
2.44x10™° 0.0
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Component

C1gt3s

€190

CooMaz

Coqtag

Co2Mas

Co3fag

Caaflsg

Cashsz
HoCHC (CHy ) C4H
HyCHC(CH,)CgHy |
HyCHC(CHg ) Ceh 5
HyCHC(CH)CH,
HoCHC(CH) CHy 5
HoCHC(CH3)CHy g
HaCHC(CH3)Cy gy
HyCHC(CH4)C
H,CHC(CH, )Gy oMo
3

H CHC(CHa)C13H27

1123

Table L.B.

In Feed

0.0
0.0

0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
.0
0.0
0.0
0.0
0.0
0.0

0.0

0.0

{Continued.)

In
Initial

Guess

1.24x107°
7.00x10"8
4.30x107°

2.50x10~°

1.60x10°0

2.10x107°

1.40x10™8

1.70x10°°

2.42x107%

3.35x10°%

5.49x10~%

2.79x10~%

-4
4

2.08x10
1.35x10°
1.07x10~
9.08x10™°
7.04x107°
4.51x107°

Product

Equilibrium -

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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Component

HyCHC(CH3)Cy 4Hag
HyCHC(CH3)CgHgy
HaCHC(CH3)C) gHag
HoCHC(CH,)CyoHae
HoCHC(CH 3)C1aM37
HyCHC(CH,)Cy gHag
H4CHC(CHa ) Cotiyy

C1o¥2g
C13t26
Ci6fs2
C,H,OH
1-CH,OH
2-CH.0H
~C4HgOH
H,0

Table L.8.

In Feed

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

(Continued.

)

In

Initial

Guess

2.51x107°

1.62x10

9.90x10"

6.00x10

2.50x10°

1.57x10
1.27x10
3.20x10°
6.12x10"
1.08x10

6.34x10
1.06x10

-5

&
-6

€
-6
-6
-5
-5
-6
-5
-3
-5
-5
-2

Product

Equilibrium

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
a.0
0.0
0.0
0.0
0.0

5.00x10~°
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Table L.49.

{gm-mo1/hr).

Component

€0
co
CH

CoHg

4

Cet1a
AT
Cet1s
Cofag

C10H22

C11t24
C1ate
C,.H

13728

C1aH30

Ci5M32

C16M34

73

In Feed

1.28x1071

1.31x1071

6.91x10~2

2
2

6.50x10"
8.07x10"
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Component Molar Rates in Thermodynamic Simulation IX

In Product
Initial Equilibrium
Guess

8.62x1072  2.16x1070
1.28x1071  1.62x1071
7.26x107%  5.33x1072
7.75x10°%  2.08x107!
2.15x1072  4.70x107°
2.70x107%  1.13x1073
1.07x107% 0.0
1.64x10™% 0.0
2.2ax107% 0.0
2.33x10™% 0.0
2.24x10°% 0.0
1.74x10°%* 0.0
1.31x107%  q.0
9.77x107° 0.0
6.71x107° 0.0
4.59x107° 0.0
3.31x10™° 0.0
2.14x107° 0.0
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Table L.9. (Continued.)

In Product
Component In Feed Initial Equilibrium
Guess
C1gM38 0.0 1.37x107° 0.0
¢19Ma0 0.0 - 9.00x107 0.0
Cogtaz 0.0 5.00x10° 0.0
Co1Mag 0.0 4.00x10°% 0.0 -
CooMag 0.0 3.00x10°° 0.0
CoiMag 0.0 2.50x10°° 0.0
Coafsp 0.0 2.50x10° 0.0
CosHso 0.0 2.20x10° 0.0
Cogfss 0.0 2.00x10°° 0.0
CorHes 0.0 1.60x107° 0.0
CogMsg 0.0 1.10x10° 0.0
Cogfen 0.0 7.00x107 0.0
Cao¥s2 0.0 “4.00x10”7 0.0
C3.Heq 0.0 5.00x10~7 0.0
CaoMes 0.0 3.00x1077 0.0
H,CHC(CH,)C Mg 0.0 1.15x10% 0.0
HaCHC(CH,)CgHy 0.0 1.4x107% 0.0
HaCHE(CHZ) CEH, 5 0.0 1.70x10:j 0.0

H3CHC(CH3)C7H15 9.0 1.67x10 0.0



Component

HSCHC(CH3)C8H17

19
1021

HCHC(CH;)CH
HyCHC(CH3)C
H,CHC(CH,)C
HCHC(CH3)C
HyCHC(CH,)C

11H23
12825
13M27

H CHC(CH3}C14H29

H CHC(CH3)C

151131
16"33
1735
1837
19'39
3)C20%
37C21Hs3

H CHC(CH3}C
H CHC(CH3)C
H CHC(CHa)C
3CHC(CH3)C
H3CHC(CH
H.CHC{CH

3
3
3
3
3
3
3
H

3
HgCHC(CH;)C, o H,
HaCHC(CH3)Co0H, 5
HaCHC(CH3)Co pH, g
3

H3CHC(CH)CpgHe )

Table L.S.

In Feed

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.a
0.0
0.0
0.0
0.0
0.0
0.0
0.0
C.0
0.0

{Continued.)

In Product
Initial  Equilibrium
Guess

1.47x10°% 0.0
1.22x107% 0.0
9.88x10™° 0.0
7.28x107° 0.0
5.35x10™° 0.0
3.68x107° 0.0
2.41x10™° 0.0
1.71x20° 0.0
1.11x10"° 0.0
6.00x10°% 0.0
4.40x10"° 0.0
3.20x10% 0.0
2.50x10° 0.0
2.10x10° 0.0
2.00x10° 0.0
1.90x10"® 0.0
1.80x10% 0.0
2.40x10° 0.0
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Table L.9. {Continued.)

In Product
Component In Feed Initial Equilibrium
Guess
HyCHC(CHy)Coghlsg  O-0 1.80x10°% 0.0
HyCHC{CHg)Cogtiss  0-0 1.20x10°% 0.0
HyCHO(CHy)Cpgtlsy 040 g.00x10~ 0.0
Cyotag 0.0 9.00x10~7 0.0
CooMao 0.0 2.70x10°% 0.0
Cpitaz 0.0 2.10010° 0.0
Contaa 0.0 1.70x10° 0.0
Coatlag 0.0 1.60x107%° 0.0
Coafag 0.0 1.40x10°% 0.0
Costisg 0.0 1.50x10°% 0.0
Coghsn 0.0 1.40x10°% 0.0
Corles 0.0 1.10x107% . 0.0
C,Hg0H 0.0 5.08x10°> 0.0
1-CH,OH 0.0 8.97x10~% 0.0
2-C 1, 0H 0.0 3.00x10> 0.0
1-C,HgOH 0.0 5.27x10" 0.0

5
H,0 0.0 8.84x10™3 2.30x10"



16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.

35.

- 2-methyl

List of Components in Thermodynamic Simulations

Hydrogen

Carbon monoxide
Carbon dioxide
Methane
Ethylene

Ethane

Propane

Butane

Pentane

Hexane

Heptane

Octane

Nonane

Decane

Undecane
Dodecane
Tridecane
Tetradecane
Pentadecane
Hexadecane
2-methyl propane
2-methyl bhutane
3-methy! pentane
pentane
hexane
hexane

2-methyl
2-methyl
3-methyl heptane
2-methyl heptane

2 ,4-dimethyl hexane
2,2,4-trimethyl pentane
3-methyl octane
2-methyl octane
2,6-dimethyl octane
3-methyl nonane
2-methy] nonane

36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48,
49,
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.

437
3-methyl decane
3-methyl
3-methyl

3-methyl

undecane
dodecane
tridecane
3-emthyl tetradecane
3-methyl pentadecane
2,2-dimethyl
2,2-dimethyl
2,2-dimethyl
2,3-dimethyl nonane
2,3~dimethyl undecane
Methyl cyclohexane
Ethyl cyclchexane
Trans-3-hexene
Cis-3-heptene

Octene

Nonene

Decene

nonane
decane
undecane

Undecene

Dodecene

Tridecene

Benzene

Toluene

O-xylene

M-xylene

P-xylene

llmethy1 3-methyl benzene
1,2,3-trimethyl benzene
1,2,4-trimethyl benzene
1,3,5-trimethyl benzene
Ethanol

1-propancl

2~propanol

2-butanal

Water
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