Chemical and Process Engineering Research Www.liste.org
ISSN 2224-7467 (Paper) ISSN 2225-0913 (Online) JLLNY|

Vol.28. 2014 ISTE

Computer-Aided Design of a Non-Isothermal Plug Flow Reactor
for Non-Catalytic Partial Oxidation of Methane to Synthesis Gas

Dagde, Kenneth, K.! Akpa, Jackson G*
Department of Chemical/Petrochemical Engineering,Rivers State University of Science and Technology
Port-Harcourt, Rivers State, Nigeria
Email:kenneth dagde@yahoo.com; jacksonakpa@yahoo.com*

Abstract

A computer aided adiabatic, non-isothermal plug flow reactor was designed for the Non-Catalytic Partial
Oxidation of methane to Synthesis gas. Design equations for determining the functional dimensions and
parameters of the reactor were developed and used to develop the design package for the reactor. The design
equations were solved using MathLab and simulated with SimuLink 7.5 to determine optimum values/range of
the functional parameters. The optimum values obtained were used to run the design program for a hypothetical
reactor processing 600mmscf per day of natural gas. Simulation results showed that the functional parameters:
space time and yield of products increases with increase in methane fractional conversion, while space velocity
and selectivity decreases. Operating at high pressure (60 -70)bar, increases the selectivity of partial methane
oxidation reaction, molar flow rate of synthesis gas (desired product) and space velocity, but decreases space
time and reactor length required for high methane fractional conversion (0.95 - 0.99). For optimal functional
parameters: feed inlet temperature of 1473K (1200°C), reactor diameter of 0.2m, total pressure of 60bar and
methane fractional conversion of 0.95; the design program gave the reactor functional dimensions and
parameters as:: Reactor volume = 0.1308m’, Reactor length = 9.7734m, Space time = 2.89E-07hr, Space
Velocity = 0.2667hr”", Yield of synthesis gas = 0.8578, Yield of carbon dioxide = 0.0922, Outlet Temperature =
1762.828 K.
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1.Introduction

Methane, the predominant component of natural gas, has been forecasted to outlast oil by about 70 years (De
Smet, 2000). Most studies on the utilization of natural gas concentrate almost exclusively on methane chemical
conversion into high-added-value liquid products. These liquid products are obtained through the conversion
(oxidation) of methane to synthesis gas: (CO + H,) and carbon dioxide (CO,) as an intermediate since direct
conversion of methane to hydrocarbon chains with economical selectivity is not yet possible (Enger, et al., 2008).
The products particularly synthesis gas is then used in the production of the desired chemical such as methanol,
oxo — synthesis and Fischer-Tropsch synthesis (De Groote and Froment, 1996), after removal of carbon
monoxide (CO), the hydrogen left is used for ammonia synthesis and hydrogenation (Zhu, 2001). To be effective
as a raw material/feed for these processes the composition of the oxidation products, particularly that of syngas:
the Hy/CO ratio (mole/mole) required for these processes is critical and very different (Enger, et al., 2008); in the
synthesis of methanol: CO, and CO are both reactants; the required composition of reactants: (H,-
CO,)/(CO+CO,) should be close to 2.0; for Fischer Tropsch synthesis Gas to Liquid (GTL) applications: CO, is
not a reactant, the required synthesis gas compositions: H,/CO ratio is 2.0; for aldehydes productions via olefins
hydroformylation: the H,/CO ratio is 1.0.

Synthesis gas can be produced from methane (Al-Sayari, 2013) via steam reforming: an endothermic
reaction in which methane is contacted with steam over a catalyst at high temperature and pressure (Collodi and
Wheeler, 2010; Rostrup-Nielsen, et al., 2002); dry or CO, reforming: combination of methane and CO at high
temperatures (Naeem, et al., 2013) and partial oxidation: catalytic: methane is reacted with oxygen or air over a
catalyst bed to yield syngas (Kolios, et al., 2000; Biesheuvel and Kramer, 2003; Mitri, et al., 2004; Lyubovsky,
et al. 2005; Neumann and Vaser, 2005) or Non catalytic: reaction of methane and oxygen at high temperature
and pressure to yield syngas (Pena, et al., 1996; Zhou, et al., 2010; Han, et al., 2010).

The CO content of the synthesis gas produced by steam reforming has been reported by De Groote and
Froment, (1996) to be low for methanol synthesis; however, partial oxidation; via a catalytic or non catalytic
process (Lyubovsky, et al., 2005) of methane produces synthesis gas with a ratio approximately 2:1 with respect
to H,/CO as required by the Fischer-Tropsch process (Wender, 1996). Thus, Non-Catalytic Partial Oxidation is a
better alternative to steam or dry (carbon dioxide) reforming. Extensive research works have been carried out on
the production of synthesis gas via non-catalytic partial oxidation of methane which includes: the experimental
analysis of non-catalytic partial oxidation of methane over wide temperature range by Zhu et al. (2001), Others
are Kinetic modeling of non-catalytic partial oxidation of methane using experimental data (Zhu et al., 2001),
and several detailed methane partial oxidation reaction mechanisms and performance models (Tsang and
Hampson, 1986; Konnov, et al., 2004; Han, et al., 2010; Enger, et al., 2008).
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Although, the production of synthesis gas has attracted enormous attention by researchers over the past decades,
no work seems to have been done on the development of the design equations of the plug-flow reactor used for
the commercial production of Synthesis gas via Non-Catalytic Partial Oxidation of methane for Gas-To-Liquid
processing. Thus, the design equations of an adiabatic non-isothermal plug-flow reactor would be developed and
used for design and simulation study of the reactor.

2.DESIGN MODEL

2.1Kinetic Model

Synthesis gas production via the non-catalytic partial oxidation of methane occurs competitively with total
methane oxidation as side reaction (York, et al., 2003). The reactions equation and rate expressions for both
reactions as given by Tsang and Hampson, (1986) were adapted as follows:

Reaction 1: Partial Oxidation of Methane to form synthesis gas:

K
CH4 + 050, = CO +2 H, O
15
= Kl(CCH4) Coz 2)
K1 = 44x10zexp( il )+ 3. 2x103exp( 10000) + 2. 8x103exp( 8480) 3)

Reaction 2: Total Ox1dat10n of Methane a competitive secondary reaction results from excess supply of oxygen
to form unwanted products:

K:

CH, + 20, = CO, + 2 H,0 4)

TAZ = KZCCH4 (5)

K, = 4.0x1086xp(_28640) (6)
where K, and K, are the rate constants for partial and total methane oxidation respectively, Ccyq and Co, are

the concentrations of methane and oxygen respectively, ra; and 1y, are the rate of reaction for partial and total

methane oxidation respectively, T is reaction temperature, let CHy=A, 0,=B, CO=C, H,=D, CO,=E

H,O0=F

Overall Rate Expression: The net rate of reaction for methane oxidation reactions is the sum of the rate of

reactions for partial and total methane oxidation:

Ty = rAl + T'AZ (7)

2.2Reactor Model
The design models for the non-isothermal adiabatic plug flow reactor for the production of Synthesis gas
(Syngas), via Non-Catalytic Partial Oxidation of methane with pure oxygen were developed with the
following assumptions:
Assumptions:
The reactor operates adiabatically, non-isothermally and at steady state. The reaction takes place in the gaseous
phase with constant density. Pressure drop along the reactor is negligible (the vessel is empty and refractory
lined), The reaction mixture is composed of 1.0 mole of methane and 0.5 mole of pure oxygen, and the products
are carbon monoxide (CO), Hydrogen (H,) as desired products, carbon dioxide (CO,) and Steam (H,O) as by-
product resulting from the side reactions (total oxidation of methane).

With these assumptions, the molar flow rates of the various components and the reactions temperature
as a function of the reactor length were obtained by applying the laws of conservation of mass and energy over a
differential volume of the reactor as:

e - ()] () e+ e[ (o) e ®
G = —05K; [(gF)]S[GF) 2|+ 2k () | ©)
- s el izl
= )] (G a
2o sl
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—AHg, T)|K ( 0 >—° < 0 )—0 +(-aHg, T)|K (L)—O
ar _( w7t SicaF) T I\SaF) T (ot T) K ZizaFi) T 1| np2 (14)
dLp - Zf:AFiCPi 4

where F; are molar flow rates of component i, i = A,B,C,D,E,F, D, is reactor diameter, C,, and Cg, are initial
concentration methane and oxygen respectively, Cp; is specific heat capacity of component i, T, feed inlet
temperature, AHgya1(T) and AHgao(T) are heat of reaction at temperature T for partial and total methane
oxidation respectively.

2.3Determination of Reactor Functional Parameters
Reactor Volume (V,): The material balance on a differential element of the reactor was rearranged to give an
expression for the volume of the reactor:

XA aXa
Ve = F 15
R 4o fo Cap,(1-x)T0\ °((CB,=CapXa)To Cap(1-X4)To (15)
1( (1+€AXA)T ) (1+€AXA)T 2( (1+€AXA)T >

Reactor Length (L,): The reactor volume (eqn. 15) expressed in terms of cross sectional area and length was
rearranged to obtain:

4Fpn rXa dXa
Lg = 0 16
R nDZ fo Cap(1-X4)To 8 (cBp=CapXa)To Cap(1-X4)To (16)
K1< (1+e4X4)T ) (1+e4X4)T +K2< (1+e4X4)T )

Space — Time (St): This is the time necessary to process one reactor volume of fluid is estimated using the
reactor volume expression as:

Fa (X dx,
0 Cap(1-X4)To e (cBp=CapXa)To Cap(1-X4)To
K +K
1 (1+£AXA)T (1+€AXA)T 2 (1+€AXA)T
57 = - (7)

Space — Velocity (S,): This is the number of reactor volumes of feed treated in a unit time and is obtained as the
inverse of the space time (eqn. 17) as:

Vv
S = —, — 18)
00 Cap(1-X4)To e (cBp=CagXa)To Cap(1-X4)To
us! (1+€AXA)T (1+£AXA)T K2 (1+£AXA)T

where X, is the fractional conversion of methane, V, is the initial volumetric flow rate, and [1, is
the voidage.
Selectivity
The selectivity parameter enables the prediction of the product produced from the reaction and was introduced in
other to determine reaction conditions that minimize the unwanted products (CO, and H,O) from the complete
oxidation reaction. The selectivity of thereaction product was obtained using the expression given by Fogler,
(1999); Coulson & Richardson, (1991):

Mles of Met hane Trans formed toCO and Hy _ T4

SCO = Ml esof Met hane Trans forned toCO, and H,0 o (19)
2 2 A
Substituting the rate expressions (ra;) and (ray), expressed by equation (1) and (3) respectively, yields:
_ Ki (Cap(=X2)T0\"® ((CBo=CagXa)To
Sco = K> ( (1+&4X )T ) (1+e4X )T (20)
Yield (Y)

The product distribution as reaction proceeds in each reaction was obtained using the expression for relative or
instantaneous yield (Coulson & Richardson, 1991; Fogler, 1999):

Y. = Mlesof reactanttrans forned toproduct

S ™ Totalmoles of react antwhi ch have reacted

The yield of each reaction path was obtained by substituting the appropriate terms into this equation to give:
1.5

K1<CAO(1_XA)TO> ((CBO‘CAOXA)TO>

21)

A (1+€AXA)T (1+€AXA)T
5, = 1= s (22)
2 A01-X4)To Bp~CapXa)To 401-X4)To
TA Can( ) *((cpy-C ) Can( )
K (1+EAXA)T (1+EAXA)T + (K2 (1+EAXA)T
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Z(CAo(l_XA)T0>

K (1+£AXA)T

K1<CA0(1—XA)T0)1'S<(CBO _CAOXA)TO)

(1+EAXA)T (1+EAXA)T

TAz _

Sy — T4, -

(23)

. [K2<CAO(1_XA)TO)

(1+EAXA)T

2.40perating Parameter and Constants Estimation

The flow rates of the reactants and the feed concentrations were calculated using physical and thermodynamic
parameters obtained from Perry et al. (1999) and Smith et al. (2001) and are presented in Table 1. The feed
concentrations were calculated using the ideal gas law and Dalton’s law at feed inlet temperature of 1474K,
pressure range of 12 to 70 Bar. The deviation from ideality by the reacting gaseous mixture as a result of high
pressure was accounted for by the introduction of compressibility factor (Z) into the calculations of operating
design parameters. The reactor was designed to process 600 million Standard Cubic Feet (mmscf) of methane
per day (196.53m’/s or 140.91kg/s).

Table 1: Flow Rates of Reactants

Volumetric Flow Rate of Methane (CHy) : V,o 196.53 m’/sec
Volumetric Flow Rate of Oxygen (O,) : Vg, 98.34 m’/sec
Molar Flow Rate of Methane (CHy) : F,, 8783.82 mol/sec
Molar Flow Rate of Oxygen (O, ) : Fg, 4391.73 mol/sec
Total Pressure 12 -70 bar
Partial Pressure 6 — 25 bar

Feed Inlet Temperature 1473 K
Reactor Diameter 0.2m

Calculating Feed Concentration from Partial Pressures of Reactants
The feed concentration of methane and oxygen were calculated from the partial pressures of reactants using
equations obtained from Smith et al. (2001).

P,: = ZiCioRTO (23)
Pi

Ci, = P (24)

Total Reaction Pressure (Pr): The total pressure was obtained using Dalton’s law:

PT = PA + PB (25)

The compressibility factors were calculated using equations and data obtained from Perry et al., (1999) is given
as:

Z =1+ %(B;’ + w;BY) (26)
BY = 0.083 - "Tﬁ—zf (27)
B! =0.139— "T"ff (28)
P= 2 (29)
T, = o (30)

where w; is Acentric Factor of Component i, Pr; is the Reduced Pressure of Component i, Tr;is the Reduced
temperature of Component i, Pc; is the Critical Pressure of Component i, T¢; is the Critical Temperature of
Component i, P; is Partial Pressure of Component i. These expressions were used to compute the feed inlet
concentrations

Heat of Reaction (AHgy)
The heats of reactions were calculated using the expressions obtained from (Smith et al., 2001) given as:

AHg, T = AHQ, +R [AAl(T — DT, + =2 (2 = DTF + 5 (% = DT + %(;1)] (1)
AHp,, T = AHS,, +R[AA2(r = DT, + 22 (1% - DT + 22 (23 - DTF + 22 ()] (32)

where 1= %r’ AH 4 and AHZQ is the Standard heat of reaction for partial and total methane oxidation

at a reference temperature (Tr), A, B, C & D are constant and can be found in Table 2.

12
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Table 2: Required Constants (Smith ez al., 2001).

Chemical and Process Engineering Research

0 -36 KJ/mol
Standard Heat of Reaction for Partial Methane Oxidation (AH Al)

0 -802.625 KJ/mol
Standard Heat of Reaction for Partial Methane Oxidation (AH AZ)
Universal Gas Constant (R) 8.314 J mol™ k!
Pi () 3.142
Reference Temperature (Tr) 298.15 K

The specific heat capacities of the various components of each reaction were obtained using the expressions
below and constants given in Table 3.

Cp, = R(A+ BT + CT*+ DT™?) (33)
AA1 = A3 + 2(A4) — [A1 + 0.5(42)] AA2 = A5 + 2(A6) — [A1 + 2(A2)]

AB1 = B3 + 2(B4) — [B1 + 0.5(B2)] AB2 = B5 + 2(B6) — [B1 + 2(B2)]

AC1 =C3+2(C4) — [C1+0.5(C2)] AC2 = C5+ 2(C6) — [C1 + 2(C2)]

AD1 = D3 + 2(D4) — [D1 + 0.5(D2)] AD2 = D5 + 2(D6) — [D1 + 2(D2)]

Table 3: Heat Capacity Constants (Smith ef al., 2001).

S/NO Species A Bx 10° Cx 10° D x10”
1 CH, 1.702 9.081 -2.164 0

2. 0, 3.639 0.506 0 -0.227
3 CO 3.376 0.557 0 -0.031
4 H, 3.249 0.422 0 0.083

5 CO, 5.457 1.045 0 -1.157
6 H,0 3.470 1.450 0 0.121

2.6Solution Techniques

The model equations were used to develop a design algorithm which was followed to develop the design
program that determines the functional parameters of the reactor. Various methods and simulation
packages/software were used in solving the specific design equations viz: the temperature dependence of the
reaction rate constants was simulated using Simulink, the differential model equations for the reactants and
products flow rate and temperature progression along the reactor were solved using ode 4.5 of MathLab 7.5, the
reactor volume, reactor length, space time and space velocity model equations were integrated numerically using
Simpson’s function in MathLab 7.5; while the selectivity and yield parameters were simulated using Simulink.

3.DISCUSSION OF RESULTS

3.1Determination of Optimum Temperature Range

From the expressions of selectivity derived (eqns 19 and 20), the reaction path (between partial or complete
oxidation) which is favored/product formed is dependent on the rate constant of the two reaction paths.
Therefore the effective reaction rate constant defined as K = K1 — K2 and the individual rate constant
expressions for both partial and total oxidation were simulated at temperatures (0 — 2000)K as shown in Figure 1
and 2 to determine the optimum operating temperature range to operate the reactor.

D
o

=—&—Methane Partial Oxidation Effective Rate Constant(K=K1-K2)

B
o

N
o o

400 600 800 1000 1200 1400 16 2000

Rate constants (K;-K,)
N
o

-80
£100 .
8170 Methane Most Effective Rate Constant (k)
§140 and Temperature Range
£160

Temperature (T) in Kelvin

Figure 1: Profile of the Variation in Effective Rate constant (k) With Temperature.
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Rate Cons

400 600 800 1000 1200 1400
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Figure 2: Profile of the Variation in Rate Constants (K; and K,) With Temperature.

Figure 1 shows that an optimum effective rate constant occurs at a temperature range between 1550 — 1750 K;
above this range, the effective reaction rate begins to drop. Figure 2 shows that the rates of reaction increase for
both reaction paths with temperature, the partial oxidation path had higher rates at operating temperatures of
1200 — 1800K; the total oxidation path had higher rates above this temperature range. Comparing Figures 1 and
2, the optimum temperature for selectivity of partial oxidation path leading to the formation of desired products
is 1550 — 1750K. This temperature range is in agreement with the temperature range of Shell Gasification
process as reported by Wender, (1996); above this range, Figure 2 predicts a sharp increase in K2 (complete
oxidation) leading to the formation of unwanted products compared to K1 (partial oxidation) which leads to the
formation of desired products.

3.2Flow Rates of Reactants, Products and Temperature Progression across Reactor Length
The molar flow rates of the reactants, products, and temperature progression along the reactor length at various
operating pressures 12bar: Figures 3 and 4; 30bar: Figures 5 and 6.

=4¢—=CH4 =l=02 =A=CO =¥=H20 e==¢=H2 =0-C02
14000

12000

10000

4000 " e
2000 ,'

0 5 10 15 20 25 30 35 40 45
Reactor Length Lr (M)

Molar Flow Rates (moles/sec)

Figure 3: Profile of Molar Flow Rates of Reactants and Products across Reactor Length.
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Figure 4: Profile of Temperature Variation across Reactor length.

=¢—=CH4 =l=02 =Ah=CO ==¢=H2 =¥=C02 =0-H20

Molar Flow Rates

2000 5 10 15 20 25 30 35 40 45
Reactor Length (Lr) in Meters

Figure 5: Profile of Molar Flow Rates of Reactants and Products across Reactor Length.
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Figure 6: Profile of Temperature Variation across Reactor length.

Figures 3 and 5 shows an increase in flow rates of the desired products (CO and H,) (more of the
desired products are produced) and a decrease in that of the unwanted products along the reactor length at each
pressure value; Also, an increase in pressure results in an increase in flow rate of the desired product and a sharp
decrease in that of the unwanted products. That is, increase in pressure favors the partial oxidation reaction
leading to the production of more synthesis gas (desired product).

The temperature profiles along the reactor length: figures 4 and 6 show increase in temperature along
the reactor length at both operating pressures, however, operating at 30 bar results in the reaction temperature
rising (1850K and above) above the optimum temperature range (1550 — 1750) from a reactor length of 37meters.
This rise in temperature above the optimum range favors the total oxidation reaction path leading to the
production of unwanted products as predicted by Figure 2. This was evident in the sharp reduction in the flow
rate of the reactant oxygen in Figure 5 as more of this reactant is used up for the production of the unwanted
products (CO, and H,0)..

3.3Dependence of Fractional Conversion (X,) on Reactor Length (Lr)
Figure 7 is a plot of fractional conversion (X,) along the reactor length at various operating pressures: 12, 30,
60bar and feed inlet temperature of 1473 K (1200°C).

=@=12 bar =ll=30 bar 60 bar

To=1473KDr=0.2m
1.2

- 0.95

%
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>

o
N
NN NN NN~~~
A daa

Fractional Conversion (Xa)
o
(o)}

o

o

50 100 150 200 250 300
Reactor Length, Lr (m)

Figure 7: Profile Showing Methane Fractional Conversion versus Reactor Length.
Figure 7 shows that fractional conversion (X,) increases with reactor length at all pressures. Fractional

conversion also increases with increase in pressure. Increasing pressure also results in reduced length of reactor
for a particular fixed fractional conversion.
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3.4Reactor Space Time (St)
The dependence of space time on fractional conversion (X,) is depicted by Figure 8.

=@§=12 bar =ll=30 bar 60 bar To= 1473 K
0.000008 Dr=0.2m

0.000007
0.000006
0.000005
0.000004
0.000003
0.000002
0.000001

Space Time (S7), hrs

0 "V - - - - - - - - r N ra ro ro o - an an ¢
0 0.2 0.4 0.6 0.8 1
Methane Fractional Conversion (X,)

Figure 8: Profile Showing Space Time versus Methane Fractional Conversion.

Space time of a reactor is the time necessary to process one reactor volume of fluid based on entrance conditions
(holding time or mean residence time). This should increase with fractional conversion. The profile in Figure 8
shows that space time (St) increases approximately directly proportional to fractional conversion between X, =
0and X, =0.65. Above this range (X4 = 0.65 to 0.99), space time (St) increases sharply with small increment
in fractional conversion. This plot, also reveals that increase in reactor pressure (12, 30 and 60) bar, greatly
decreases the space time (St) of the reactor especially at high fractional conversions.

3.5Reactor Space Velocity (S,)
The relationship between the reactor volumes of feed (space velocity) with fractional conversion is shown in
Figure 9. The space velocity of a reactor is the number of reactor volumes of feed that is treated in a unit time.

This is supposed to decrease with fractional conversion.

=@—12 bar =ll=30 bar 60 bar
. 350
= To=1473K
2 300
& Dr=0.2m
z 250
(8]
S 200
S .
o 50
§- -
& 100
=
S 50
= > ah= P
w0 e T Ty
8 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Methane Fractional Conversion (X,)

Figure 9: Profile Showing Space Velocity versus Methane Fractional Conversion.

Figure 9 depicts that space velocity decreases with fractional conversion; decreasing with a steep gradient at low
fractional conversions (X, = 0.05 to 0.25) and with a mild gradient above X, = 0.25. Figure 6 also shows that
increase in operating pressures increases the reactor space velocity (Sy) especially at low fractional conversion.

3.6 Selectivity ( Sco ) and Fractional Conversional (X,)

The relationship between selectivity of partial oxidation reaction leading to the production of the desired product
and fractional conversion is shown in Figure 10. Figure 10 shows that selectivity increases with increase in
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ressure, indicating that high pressure favors the partial oxidation path.
30000 ~

a =@=12 bar == 20 bar =30 bar =3é= 40 bar

25000

20000

15000

10000

Selectivity, (Sco)

5000

0 0.1 0.2 0.3 0.5 0.6 0.7 0.8 0.9 1
Methane Fractional Conversion (Xa)

Figure 10: Effect of Fractional Conversion and Pressure on Synthesis Gas Selectivity.
It also shows that selectivity decreases with fractional conversion of methane at all pressures.

3.7Yeild Analysis of Synthesis Gas (Y;) and Carbon Dioxide (Yco)
The yields of synthesis gas (Ys) from partial methane oxidation reaction and yield of carbon dioxide, (Yco,)
from total methane oxidation reaction with fractional conversion of methane (Xa) are shown in Figure 11.

=0—Yield of Synthesis Gas (Ys)

1
0.9
0.8
0.7

0.6 Partial Methange
0.5 Oxidation

P =60 bar
To=1473K

Yield (Y)

0.4
0.3
0.2
0.1

0

Total Methane
Oxidqﬁion

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Methane Fractional Conversion (X,)

Figure 11: Profile of Products Yield versus Methane Fractional Conversion

Figure 11 shows that the yields of partial and total methane oxidation are proportional to fractional conversion.
The yields both increase with increase in methane fractional conversion, however the yields of partial oxidation
increased much higher with a steeper gradient than that of total oxidation.

4.Conclusion

A computer aided hypothetical plug-flow reactor was designed for the non-catalytic partial oxidation of methane
to synthesis gas. The reactor was designed to process 600mmscf of natural gas per day (196.53 m’/s), operates
adiabatically at a feed (gas) inlet temperature of 1473 K (1200°C) and a pressure of 60 bar. After the simulation
of the various operating parameters, an optimum set of Design operating parameters were obtained for the plug
flow reactor. The optimal values of the functional parameters of the reactor such as reactor length, space time,
space velocity, selectivity and yield were also obtained. These optimum operating conditions and parameters
were used to design the hypothetical reactor.
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NOMENCLATURE
Symbol Meaning Unit
B/ First Virial Coefficient of Component i Dimensionless
B/ Second Virial Coefficient of Component i Dimensionless
Cio Initial Concentration of Component i mole/m’
G Final Concentration of Component i mole/m’
Cpi Specific Heat Capacity of Specie i J/mole K
D, Reactor Diameter m
Fi Initial Molar Flow Rate of Component i mole/sec
F; Final Molar Flow Rate of Component i mole/sec
1 Species (A, B,C,D,E,F) Dimensionless
K, Rate Constant of Partial Methane Oxidation mole ' m*3sec’!
K, Rate Constant of Total Methane Oxidation sec’!
k Optimum Effective Rate Constant -
Lr Reactor Length m
P; Partial Pressure of Component i bar
Pr Total Pressure bar
Pr; Reduced Pressure of Component i Dimensionless
Pc; Critical Pressure of Component i bar
R Universal Gas Constant Jmol'K!
Tal Rate of Partial Methane Oxidation Reaction mole-msec’
T'ao Rate of Total Methane Oxidation Reaction mole-m™sec™!
ra Overall Rate of Reaction mole-msec’
St Space Time hr
Sv Space Velocity hr!
Sco Selectivity of Partial Methane Oxidation Reaction Dimensionless
T Outlet or Final Temperature Kelvin (K)
T, Reference Temperature Kelvin (K)
Tr; Reduced Temperature of Component i Dimensionless
Tc; Critical Temperature of Component i Kelvin (K)
V, Feed Gas Volumetric Flow Rate m’/sec
Vio Volumetric Flow Rate of Component i m*/sec
Vr Reactor Volume m’
Xa Methane Fractional Conversion Dimensionless
Y Yield Dimensionless
Y, Yield of Synthesis Gas Dimensionless
Ycon Yield of Carbon Monoxide Dimensionless
Z; Compressibility Factor of Component i Dimensionless
€ Viodage Dimensionless
AH®,, Standard Heat of Partial Methane Oxidation Reaction J/mole
AH® 5 Standard Heat of Total Methane Oxidation Reaction J/mole
AHgxa1(T) Heat of Partial Methane Oxidation Reaction at Temperature T J/mole
AHgxa2(T) Heat of Total Methane Oxidation Reaction at Temperature T J/mole
Greek Letters
T Ratio of Temperature(T) and Reference Temperature (T,) Dimensionless
™ Acentric Factor of Methane Dimensionless
op Acentric Factor of Oxygen Dimensionless
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