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ABSTRACT

The world is facing declining liquid fuel reserves at a time when energy demand is exploding. Alternative fuel is
currently an important issue all over the world due to efforts on reducing the global warming which is contributed
by the combustion of petroleum or petrol diesel. In order to achieve a secure and stable energy supply that does
not cause environmental damage, renewable energy sources must be explored and promising technologies must be
developed. In this study one of the renewable energy technology known and Fischer-Tropsch Synthesis is
considered and a design methodology for the Fischer-Tropsch Reactor for the production of Green Diesel from
Coal Syngasis presented.
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INTRODUCTION

Biodiesel has become an important source of renlewetiergy because of its availability, no bad imtpam the

environment and it can be produced by a varietyoofrces like from Coal Gas, vegetable oil and aJgheCoal is

a best candidate for replacing the oil as an ensugply. It is source of energy rich and easily banconverted
into liquids fuels by converting into syngas andrthinto biodiesel [2]. Although biodiesel is a fagterging as the
oil of future Biodiesel is able to decrease such gmission which can cause the global warming lseraf its

several factors like production methods, typeseefdfstocks etc. Another environmental effect oftttoeliesel is

that biodegradation rate of biodiesel is 5 timetdathan petroleum diesel over a period of 28 days

Biodiesel is a widely used as a diesel componemtdmade as well as in Thailand. Even a lot of resbapapers
are studied about Biodiesel. The aim of this stigdyo provide a design methodology for the Fischepsch
Reactor for the production of Green Diesel from IC®mgas [3].

Fischer-Tropsch Synthesis is a set of chemicalti@as that can be used to produce the green daegkh variety
of chemicals from synthesis gas (a mixture of carfmmnoxide and hydrogen). Synthesis gas can bénebitérom
the coal or natural gas usually. This process @nded to produce approximately carbon free anit@ment
friendly fuels [4].

Reaction Kinetics

The major overall reactions involved in the Fisehespsch Synthesis are as follows.
1. Paraffin  (2+1)H2 +nCO—/ CnH2n+02 +nH20
2. Olefins  2H2 +nCO—/ CnH2n + nH20
3. Water Gas Shift Reaction CO + H2Q1 CO2 + H2

Side reaction involves in this process are
1. Alcohols 2H2 +nCO—CnH2n0+20 + @n-1)4H20
2. Boudouard Reaction 2CGQC + CO2

Catalyst Modification will takes place in followingactions
1. Catalyst Oxidation/Reduction X@y + yH2—/1 yH20 +xM
MOy + yCO—/1 yCO2 +xM
1. Bulk Carbide Formation yC +xM—MxCy
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Previous kinetics study on the Fisc-Tropsch Synthesis based on iron catalyst is shovilrable-1. In general for
iron catalysts thé&T reaction rate increases with H2 partial pressume decreases with partial pressure of wi
[5] Previous research show a reversible decreatigeafatalyst activity by addition of 12 and 27 #balvater to the
feed gas. However, after addition of mol% water the catalyst did not regain its ini@aiivity. Previous stud
shows a number of rate expression: Iron based catalyst as follows [5-8electivity control in Fisch-Tropsch
synthesis by process conditions and Catalyst mzaditins is sown in Table-2 [9].

Table-1 Table-2
Sr. No. Rate Expressions
1 KPH2 Parameter 1 2 3 4 5 6
2 KPHZPCO
3 kPy,Pco Temperature A A A
4 kP?y Pco Pressure A S
Pco Py, + aPy,o

5 kPZH2 PCO HZ/CO l T l l l T

1 P.oP?
6 -ll-chCIgco Hz Conversion ol A A N

Peo + aPeo,
7 kazpCO Space Velocity *oxroor o * ]
o Pco + aPIjZO +/bP602 Alkali Contentinlron Cataly 1 | 1 1 1 |

kPlZCOPIZHZ
Where
% % )2
(1+aP”%¢o 'll'/ bP*y2) 1 Increasing | Decreasing * Complex Relati
9 kPcoP”y, 1. Chain Length
% N2 2. Chain Branching
(1+aPco +bP%y,) 3.  Olefin Selection

10 kPco Py, 4.  Alcohol Selection

(1+ bP;p)? 5. Carbon Deposition

6. Methane Selection

Design Calculations

Fischer-Tropsch Reactor is muitibular fixed bed reactor. It is used to converitbgsis gas to hydrocarbons
specified conditions.

Temperature = 25C= 523K Pressur = 25bar = 2.5MPa, Overall Conversion = 60%

Steam

1 Boiler feedwater

Gas product
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=
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Syngas feed (CO,H.)
Fig. 1
Volume of Catalyst
We know that [10]
Yoo (2)

Fao -TA
Where V= Volume of Catalyst,\j/= Molar FeecRate and = Rate of Reaction
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For Fisher Tropsch reaction, at our desired opggatonditions and catalyst rate of reaction candbeulated from
this relation [8].

_ kPf,Pco
T 1+aPeoPf,

)

_rA

Where [11],

K= Rate Constant = 0.0339mol/kg.s.MPa,#Partial Pressure of Hydrogen

Pco= Partial Pressure of Carbon Mono Oxide, a= AdsonpParameter = 1.185MPa

Rate constant k and a can be calculated at anyetatype by using following empirical relation [8].

E
K =827 x IOSexp(_ﬁ) 3)
At 250°C the activation energy for Fischer-Tropsch Reacial 04KJ/mol.

As we know that [12]
AH

a= amexp(_ﬁ) (4)
For partial pressure

Pi = Xi X PT (5)
Where
P;= Total Pressure, XMole Fraction, = Partial Pressure
From material balance partial pressure of respemetponents can be calculated as follows,
Xco= Mole Fraction of CO = 0.271,.%= Mole Fraction of H= 0.581, R= Total Pressure = 25bar = 2.5MPa

So, by Dalton Law,
Pco=0.271x2.5 = 0.6775MPa  andj,” 0.581x2.5 = 1.452MPa
by putting all the calculated values in the abaxgression (2) we have,

0.0339 x (1.45)2 x (0.6775) . Kmole
= =175%x107°
1+ (1.185) x (0.6775) x (1.45)2 Kg.sec.

For the conversion of units, density of catalystif) will be multiplied with rate of reaction.

_rA

Density of Iron catalyst [13} 7840kg/m

by multiplying density of feed with Rate, we have
-1, =1.75 x 107> x 7840 = 0.136

For 60% conversion now put the values in relatibnwe get
_ (1.38) x (0.60 — 0)
a (0.136)

Kmole

sec.m3

= 6.06m3

Volume of Reactor

As we know that [10]
Volume of Vessel — Volume of Catalyst = Porosity of Catalyst Bed X Volume of Vessel

Average Porosity of Catalyst Bed [14] = 0.64

Or

Volume of Catalyst 6.06

1 — Porosity of Catalyst Bed 1 — 0.64

Volume of Reactor = = 16.84m3

Dimension of Tubes[15]
D= Inner Diameter of Tube = 34.8mmy,PDOuter Diameter of Tube = 38mm and L= Length ob@u 4.88m
Number of Tubes

nd?;  3.14 x (34.8 x 107%)?

- —4,.2
7 2 9.5x10™*m

Inner Cross Sectioal Area of One Tube =

Inner Volume of One Tube = Area of One Tube X Length of Tube = 9.5 X 107* x 4.88 = 4.63 x 1073m3
Volume of Reactor 16.84

"~ Volum of One Tube T 463%x10°3

= 3637
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Surface Area Available for One Tube
Surface area available for one tube can be caémikd follows
A=mnd,L = (3.14 x (38 X 1073) x 4.88) = 0.4822m?
Length of Shell
Let 10% additional length is given at top and 1% attom.
Total Additional Length = 0.2 X Length of Tube = 0.2 X 0.4822 = 0.976m
And
Lenth of Shell = Length of Tube + Additional Length = 4.88 + 0.976 = 5.856m

Diameter and Area of Shell [15]
Bundle diameter of tubes can be calculated as

()
Dy =d, (32)" (6)
Where
Outer Diameter of Tube 5,& 38mm, Number of Tubes =N 3637,

Constant = n = 2.207 and Constant =K0.215

Put the values in above equation we get
1

Dy =, (1) < 56 x 1075

1
36371 (z207) i1y
K ) —3.12m

0.215
For Fixed Tube
Shell Diameter + Bundle Diameter = Clearence = 0.097m
Shell Diameter + 3.12 = 0.097m
Shell Inner Diameter = 3.21m
As we know that

2, (3.21)2
Area of Shell = = 3.14 X 2 = 8.21m?

N;D,? 38x 1073
= 314X 3637 x ———= 4.12m?

Since, area of shell is greater than area of t(lhgsA\t) so design is satisfactory.

Outer Area of Tubes =1

Pressure Drop [10, 16]
Pressure drop can be determined by the Ergun equei follows.

2
T=rrx 1070 (7)
_175x10%° 1-¢
T 144g X @3 (8)
150 _ D61
f=1+m><r Xl—(p (9)

Where
AP = Pressure Drop, L = Length = 4.88m, G = Massvfkaite = 19.5 Kg/sep = Porosity of Catalyst Bed = 0.64,
D, = Diameter of Catalyst Particles = 0.66mun¥ Viscosity of Feed Gas = 0.000018 Kg/m.sec.

G 195 Kg
Gruve = A, “212 "7 mosec.
Put the values in (9) we get
fo1+ 150 ( 1.92 x 1073 x 3658.3)_1> (1-062) = 1.02
1.75 445x 1073 ' '

Put this value in (8) we get

1.75 x 10! 1-0.64
T 144 x (4.17 x 108) ( 0.643
Now put all of these values in (7) we get.
AP 1.02 X 0.45 x 3658.32

-10 —
L = 04ax192x103 <1077 =072
AP =0.72 X L =0.72 x 15.616 = 11.35 psi
AP = 0.78 bar
Pressure drop is less than 3 bar so it is reasemavice design is satisfactory.

) =045
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RESULTS

In this research we present a basic design methggdbr the Fischer-Tropsch Reactor as follows.

Fischer-Tropsch Reactor
Type Multi-Tubular Fixed Bed Volume of Catalyst 6.06
Reactor
Feed Syngas Number of Tubes 3637
Flow Rate 5000kgmole/hr. Outer Diameter of Tube 38mm
Temperature 250-276C Inner Diameter of Tube 34.8mm
Pressure 25bar Length of Tubes 4.88m
Catalyst Iron Diameter of Shell 3.21m
100Fe
Composition of_ Catalyst 5Cu Length of Shell 5.85m
(wt. basis) 5K;0
5Si0,
Volume of Reactor 16.84nt Pressure Drop 0.78 bar

CONCLUSIONS

In this research we design a reactor for 60% caiwerof Synthesis Gas in to the Green Diesel withdptimized
reactor size of 16.84hin the presence of Iron based catalyst (100Fe, 50, 5SiQ) supported catalyst in a
Fischer-Tropsch Reactor (Multi-Tubular Fixed BedaBer). Our reactor design is satisfactory becanfsés
pressure drop is less than 3bar which is 0.78bar.
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