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Lecture 20

Practice examples (Pyrolysis, Gasification)

Good morning everyone.

Welcome to this third lecture of module 4. In this lecture, we will practice few examples
on thermochemical conversion processes. In that, first we will discuss one example on
pyrolysis process that is mainly on heat and mass balance in the pyrolysis process. And
then after, we will try to solve one more example that is on heat and mass balance in the
gasification process followed by that we will discuss one example on the equivalence
ratio. Equivalence ratio is one of the important concepts in combustion and the
gasification process. So, here we will try to practice one example on the equivalence ratio
as well. And at the end, we will practice one example on Fischer-Tropsch synthesis
process. Let us begin with the first example, that is heat and mass balance in the pyrolysis
process.
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Heat & Mass Balance in Pyrolysis

Example 1. A pyrolysis reactor is designed to process wood chips at a rate of 1000 kg/day During rolysis reaction,
the feedstock is heated from an initial temperature o(Z""C)f 500 °C |Calculate the amount heat requiredto raise the
=

temperature of the@vood chips_to the desired pyrolysis temperature Assume a density 200 kg/m? and specific heat

capacity ot 1 5 ki/kg-Kt for theswood Chlp} The reactor is a rotary kiln heated with fuel gas, gross calorlflc value 33 5
MJ/mé3. Estimate the quantlty of fuel gas required, taking the overall efficiency of the furnace aé 70% Determine the
necessary/\/olume of the pyrolysis reactorzto handle the daily throughput, if the residence time required for the pyrolysis

process is 5 hr.
—~
Solution:
Given data: Mass of wood chips (m): 1000 kg/day
Initial temperature (T;,.)): 25°C
Final temperature (T.,): 500°C

Specific heat capacity of wood chips (Cp): 1.5 ki/kg-K
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Here in this example, a pyrolysis reactor is designed to process wood chips at a rate of
1000 kg per day. And during this pyrolysis reaction, the feedstock is heated from initial
temperature of 25 °C to 500 °C. And we need to calculate the amount of heat required to
raise the temperature of the wood chips to the desired pyrolysis temperature that is up to
500 °C. Assume density of around 200 kg per meter cube and the specific heat of 1.5
kilojoule per kg degree Kelvin for the wood chips. The reactor is a rotary kiln heated with
fuel gas and the gross calorific value is given as 33.5 megajoule per meter cube. And we
need to estimate the quantity of fuel gas which is required and taking the overall
efficiency of the furnace as 70 percent. And also, we need to determine the necessary
volume of the pyrolysis reactor to handle the daily throughput, if the residence time
required for the pyrolysis process is 5 hours. So, with this given data, we need to estimate
the quantity of fuel gas which is required. Then again, we need to determine the
necessary volume of the pyrolysis reactor to handle this daily throughput. And also, we
need to calculate the amount of heat which is required to raise the temperature of the
given feed material to the desired pyrolysis temperature. So, let us begin with the
solution of this example. So here, if you see the given data is mass of wood chips 1000 kg
per day. Initial temperature is given as 25 °C and the final temperature of the desired
pyrolysis process is 500 °C. And the specific heat of wood chips is 1.5 kilojoule per kg

degree Kelvin.
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To estimate the amount of heat required to raise the temperature of the wood gllj,os o 500 °C ;
dep B ] acibolind AL E L R )

iQ=m*Cp*AT§/

where: Q isthe amount of heat transferred (ini(J’),

We can use the equation for heat transfer:

m is the mass of th%wood chipjﬁin kg),

Cp is the specific heat capacity of the wood chips (in kJ/kg-K),@is the change in temperature (in °C)
— =

Let’s put the values and calculate:
v A

v

KAT = Téinal — Tinigal = 500°C - 25°C =475°C

e A A " T——
Laj 1000/ kg/day * 1.$/kJ/kg~K *‘6799 = 712,500 kI 77122/I‘J/da
So, the amount of heat required to raise the temperature of the wood chips to 500 °C |s
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So, first we need to estimate the amount of heat which is required to raise the temperature
of the wood chips to 500 °C. To do that, we can make use of this equation of heat transfer

and this is very well-known equation, that is Q is equal to m Cp delta T,

Q=m*Cp*AT
where Q is nothing but the amount of heat transfer in kilojoule and m is the mass of the
feed. So, here the feed is the wood chips and Cp is the specific heat capacity of the given
fuel material as here it is wood chips. So, the specific heat capacity of the wood chips is
already given and delta T is the change in temperature in °C. And as we know the
temperature of the wood chips need to be raised to around 500 °C whereas the initial
temperature of the wood chips is also given. So, with the help of that we can estimate this
value of delta T that is also termed as a temperature difference. So, let us put the value in

this equation here.

AT = Tfinal - Tinitial =500 OC -25 OC =475 OC
Q =1000 kg/day * 1.5 kl/kg-K * 475 °C =712,500 kJ = 712.5 MJ/day



So, this is change in temperature, the final temperature minus the initial temperature.
Final temperature we know that is 500 °C minus the initial temperature that is 25 °C. If
you take the difference of this, so this gives the delta T, that is difference in the
temperature that is 475 °C. So, now once we substitute this given value in this above
equation, then you can calculate the heat transfer. So, here the m is given as 1000 kg per
day, specific heat is given as 1.5 and this is the value which we have just obtained from
this equation. And if you just do this simple multiplication here, we will get the value in
the form of 712.5 mega joule per day. And this is the amount of heat which is required to
raise the temperature of the wood chips to 500 °C, and that is 712.5 mega joule per day.
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To estimate the quantity of fgel gas required:

e ¢
The reactor is §\rotary kilrgheated withz,fuel gas{gross calorific value 33.5 Mj/gi
- . P———

The overall efficiency of the furnace as 70%.

~———

. @at in@
The fuel gas required =

" Calorific value x Efficiency

c o
The fuel e . TS MRy B, iy )
e fuel gas reqmg{ 633-5 M) /m? X 0.7 1 4m3/ ay/‘

P i : ™ 5 e

( \
Thug30.4 m?3/day jof fuel gas required to raise the temperature of wood chips to desired py_rolysis temperature.

—_—
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Next is we need to estimate the quantity of fuel gas which is required during this process.
So, here as we know the reactor is of rotary kiln type and it is heated with this fuel gas
and which has a gross calorific value of 33.5 mega joule per meter cube. And the overall
efficiency of this reactor or we can term it as a furnace also is around 70 percent. So, the

fuel gas required is heat input by its calorific value into the efficiency here.

Heat input

The fuel ired =
© el gas require Calorific value X Efficiency



The fuel ired = oMY o o
e fuel gas required = —=— Mm% 07~ m3 /day

And as we know the heat input just we have estimated it is around 712.5 mega joule per
day. And the calorific value is also given here and efficiency of the furnace is 70 percent.
So, with the help of this given data, we can estimate the fuel gas which is required and it
comes out to be around 30.4 meter cube per day. So, this much amount of the fuel gas is
required per day to carry out this pyrolysis process. So, this indicate 30.4 meter cube per
day of fuel gas is required to raise the temperature of the wood chips to desired pyrolysis

temperature. And the desired pyrolysis temperature in this example is given as 500 °C.
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To determ\i;\e the necessary volume of the pyrolysis react&r to handle the dgilﬁyﬁthr_oigihgg:

A

A daily throughput of wood chips is 1000 kg/day.
y ghpu ips is 1000 kg/day
e
The residence time required for thc% pyrolysis process is 5 hrs.}

Density of feedstock is 200 kg/m3.
~—

_— x A

™\ Daily Throughput * Residence Time
Reactor Volume =

7 Densig

kg _ 1day = %
100052 X 53-) %X 5h 5
Reacrer ( day ~ 24h ) * 3 )
wolume = - = 1.04 mi@/; 1m?
ZOOW i S
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We need to determine the necessary volume of the pyrolysis reactor to handle the daily
throughput. So, in this case, a daily throughput of wood chips is around 1000 kg per day.
And the residence time which is required for this pyrolysis process is of 5 hours. And the
density of the feedstock is given as 200 kg per meter cube. Now, we can estimate the

necessary volume of the reactor which is required to handle this daily throughput.

Daily Throughput * Residence Time
Density

Reactor Volume =



kg _ 1day
(1000day 24h>X5h
= =1m

2005 kg

3

So, daily throughput as we know it is 1000 kg per day and its residence time is also
known to us that is 5 hours and the density of the feedstock is also known. So, once we
substitute this value here that is 1000 kg per day into we have just done this conversion
here in terms of hour. Because the residence time which is required for this process is 5
hour and the density is 200 kg per meter cube. So, once you substitute this value here and
do this simple multiplication and the division, we will get the final answer in the form of
1.04 meter cube and that is close to equal to 1 meter cube. So, that means the reactor
volume that means the necessary volume of the reactor required to handle the daily
throughput is 1 meter cube. And this is all about the heat and mass balance in the
pyrolysis process. And with the help of that even we could able to estimate the necessary
volume of the pyrolysis reactor which is required to handle the daily throughput of 1000
kg per day.
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Heat & Mass Balance in Gasmcatlon
— pe 5 =
Example 2. To perform the water -gas gasification reaction in an‘;pdraft gasifierj the required heat is provided by the
combustion reaction bv(regulatmg the supply of oxygen and carbon{ Calculate the amount of steam and oxygen
—
requwed per kg o{grbon to fulfil the needs of thls gasaflcatlon process%sume thaaddmonal heat is required for
i

drying (inclusive of other losses).
—t

—
Solution:
Water-gas gasification reaction used for gasification of carbon¥, C+H,0-> CO . Hz - 131 kJ/mol ........... (1)

This endothermic reactlon uses steafm where 131k of heat is required for gasmcatlon of e@ch mole of carbon.
X

In oxygen-deficient gasms ation conditions, partial combustlon reactlon (Eq. 2)i is more Ilkely to take place than the
complete combustion reaction (Eq. 3) C+% O2 —) Co + 111 kJ/moI ........... (2) —
—
C+0,->CO,+39%kJ/mol ... (3)
o — v
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Let us move on to the next example, that is on the concept of heat and mass balance in

the gasification process. So, in this example, water gas gasification reaction is performed



in the updraft gasifier and the heat required for this reaction is provided by the
combustion reaction by regulating the supply of oxygen and carbon. And we need to
calculate the amount of steam and oxygen required per kg of carbon to fulfill the needs of
this gasification process. And here we need to make some assumptions that is 40%
additional heat is required for drying operation and that is inclusive of other losses. So,
with the help of this given information and the data given here we need to calculate the
amount of steam as well as the oxygen required per kg of carbon to fulfill the needs of

this gasification process. So, let us begin with the solution of this example.

C+HO0— CO+H2-131kJ/mol ........... (1)
C+%0;,—CO+111kl/mol  .......... (2)
C+0,—CO2+39%4 kJ/mol ... 3)

So, if you see here the water gas gasification reaction used for the gasification of carbon
is given as like C plus H20 and it will produce carbon monoxide along with the hydrogen
as a gas. And if you see this particular term here, which indicates that this is the
endothermic reaction. And it uses steam where 131 kilojoules of the heat are required for
gasification of each mole of carbon. That means, this much amount of the heat needs to
be supplied for the gasification of each mole of carbon. And since we know the concept
of the gasification, the gasification is carried out in oxygen deficient environment. And
the partial combustion reaction is more likely to take place than the complete combustion
reaction in the gasifier. So, this particular equation that is 2, it represents the partial
combustion reaction in the gasifier, where the carbon is partially combusted in oxygen
deficient environment to form carbon monoxide. And along with this it releases this
much amount of the energy. Because if you remember the combustion is an exothermic
reaction and even the partial combustion is also exothermic process, it will release this
much amount of energy. Similarly, when the carbon is completely combusted then it
produces the stable product in the form of CO; along with that it releases this much

amount of energy.
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We can adjust the feedstock such that:
—

o

N\

(i) Every mole ofcarbon)s gasified using stea/rggs per the Eq(1): C+H, O CO/ 131 kJ/moI ‘ .............. (1)

Y

.

ii) To fulfil heat requirement for Eq. (1) and drying, extr: xmolesm will be partiall o;(ldlzed usn'x 2 mol of
(ii) quirement for Eq ( )/_frw?g ?/\,.,wa— partially oxic i g\‘//

oxygenraos per the Eq. (2) :
C+%0,5.C0 {111 K/mol) 2)

Thus the Eq. (2) become, xCH4 @oz > xCQ ¢ 111 x kJ/mol | E— 4)

(iii) the heat (e@vsed by the combustion reaction will exactly balance the heat needed by the whole gasifi@igfnjprocess.

Heat balance: Heat required for endothermic water-gas gasification reaction per mol of C i131 ki/mol ) -

Heat required for drying (inclusive of other losses) = 40% of gasification = 0.4 x 131 )52,4 kJ/mol [
SN >~ - 9 e S Asii (o =

= ———
Total heat required = 131 + 52.4 € 183.4 kJ/mol i (which is fulfilled by Eq. 4)
o — e R
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Now we can just adjust the feedstock in such a way that this every mole of carbon is
gasified using steam and that is as per the equation 1 here. That is carbon is oxidized in
presence of steam to produce carbon monoxide and hydrogen while this process requires
this much amount of the energy. And to fulfill this heat requirement of equation 1,
because as I mentioned this particular process, it may require this much amount of the
energy. So, to fulfill this energy requirement of equation 1 and even the drying as
mentioned in the example, so extra x moles of carbon will be partially oxidized using x
by 2 moles of oxygen as per the equation 2, that we have just discussed in the previous
slide. So, this is the equation number 2, if you remember that is partial combustion of
carbon to produce carbon monoxide. And during this reaction it will release this much
amount of energy. Now if you just represent this equation as per these extra moles of

carbon, so you can simply write down the equation in this form.

xC+x20; »xCO+111x kl/mol .............. (4)
That is x mole of carbon will be partially oxidized using x by 2 moles of oxygen here to
produce x mole of CO plus this much amount of energy into moles of carbon. And even
as we know, the heat released by the combustion reaction will exactly balance the heat

needed by the whole gasification process. So, if you just try to do this heat balance here,



the heat which is required for endothermic water gas gasification reaction per mole of
carbon is equal to 131 kilojoule per mole. Similarly, the heat which is required for drying,
which is inclusive of the other losses is equal to 40% of the gasification. So, that is 40
percent of this value here, that is 0.4 into 131. And it comes out to be around 52.4
kilojoule per mole. So, the total heat required is summation of these two terms that is 131
plus 52.4. And it comes out to be around 183.4 kilojoule per mole. So, this requirement

of the heat here is fulfilled by equation 4.

Refer slide time: 17:20

Total heat required =MM

This total heat reqmrement is exactly balanced by heat re‘easez,'\@y the combustion reactroD(Eq 4).
e

~— — ‘

Therefore, (111 xe 1834 = x=1.65
PYc ' /—9
Then, Eq. (4) becomes: 1 65C +0.8250, -» 1.6! 65CO + 183 4 kJ/moI .................... (5)

Adding Eq. (1) and Eq. (5):
lc+H0 > lCO+HZ\- 131 kJ/m

+ 1.65C + 0.8250, > 1.65CO \+ 183.4 kJ/moI

= 2.65C + H,0 + 0. 82502 -> 2. GSCO + H2 52.4 kJ/moI .................... (6)
—f =
Eq. (6) represents the whole gasification process.

This is extra 40%/heat
It used for dry[n7g, etc.
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The total heat required as we have calculated it is around 183 .4 kilojoule. And this total
heat requirement is exactly balanced by heat released during the combustion reaction that
is equation 4. So, as we know, this is the amount of energy which is released during this
reaction as per the equation 4. And this is the amount of heat which is required for the
process. So, if we equate these two terms here we can get the value of x. And once you
substitute this value of x in equation 4 so the equation 4 modified in this form.
1.65C +0.8250;, — 1.65CO + 1834 kl/mol  ................... (5)
C +H20 — CO + Hz - 131 kJ/mol
+ 1.65C +0.8250; — 1.65CO + 183.4 kJ/mol
= 2.65C + H20 +0.82502,— 2.65CO + Ho+ 524 kJ/mol  ........... (6)



That is 1.65 moles of carbon plus x by 2 that is 0.825 moles of oxygen produce 1.65
moles of carbon monoxide with this much amount of heat. Now, once we add the
equation 1 and the equation 5, so equation 1 if you remember, that is water gas
gasification reaction. C plus H>O it produces CO plus H20, and it required this much
amount of energy plus the equation number 5. So, after just adding these two equations
so here we will have 1 mole of carbon plus 1.65. That will be equal to 2.65 moles of
carbon H>0 plus 0.825 mole of oxygen. And it gives around again here 1 mole of carbon
monoxide. So that will be 2.65 moles of carbon monoxide plus hydrogen. And once you
do this calculation, it will be around plus 52.4 kilojoule per mole and this is what is the
extra 40 percent heat used for drying. And this equation 6 it represents the whole

gasification process.
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Whole gasification process: 2.65C + H,0 40.8250, 3 2.65C0 + H, + 524 K/MOl v 6)
—_— ¥
From Eq.(6), > Carbon gasified > =2.65 mol x 12 g/mol é\31.8 gofC '5/V
X )’ Gues i = e ——T

/

Steam required =1 mol x 18 g/molk‘j= 18 g of s.team{7 i

e F . T
Oxygen required = 0.825 mol x 32 g/mol ¢ 26.4 g of oxygen\)a

Thus, to calculate the amount o(if@anrequired peﬂg of cargc%n:

Steam required =18 g of steam / 31.8 g of C £ 0.57 gs,eam/gcarbor;": 0.57 kgyteam/KBcarbon
b= = — — et - *rf\h—\q

B

Oxygen required = 26.4 g of Oxygen / 31.8 g of C £ 0.83 g, zen/Bcarbon & 0-83 KBoxygen/ KBcarbon
§ -
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The whole gasification process is represented in this form here. So, from this equation 6
now we can calculate the amount of carbon which is gasified as we know 2.65 mole of
carbon is taking part in the whole gasification process. and we know its molar mass that
is 12 gram per mole. So, once you do this simple multiplication here it comes out to be
around 31.8 gram of carbon. Similarly, we can calculate the steam required here that is 1

mole and this is the molar mass. So, once you do this multiplication it comes out to be



around 18 gram of steam is required. And the oxygen which is required during this
gasification process is around 0.825 into 32 that comes out to be around 26.4 gram of
oxygen. So, since it has been asked to calculate the amount of steam and the oxygen
which is required per kilogram of carbon during this gasification process. So, we can
simply use this concept here and based on that we can estimate the steam required as well
as the oxygen required per kg of carbon. Because we know the quantity of respective
terms here which are taking part into this reaction. So, with the help of this given
information we can estimate the amount of steam and the oxygen required per kg of

carbon. So, first let us try to estimate steam required.

Steam required = 18 g of steam / 31.8 g of C = 0.57 gsteam/gcCarbon = 0.57 kgsteam/kgcarbon
OXygen required =264 g of OXygen/3 1.8 g of C=10.83 goxygen/gcarbon
=0.83 kgoxygen/ kgCarbon

So, as we know it is 18 gram of steam which is required per gram of carbon, but here the
carbon is around 31.8 gram. So, if you can simply divide this here, so it will be around
0.57 gram of steam is required per gram of carbon. And similarly, it is in the form of
kilogram and the oxygen required will be around. Because we know this much amount of
oxygen is required during this process and again the carbon amount is also we know. So,
once you just take the division of these two it comes out to be around 0.83 gram of
oxygen per gram of carbon and this is the respective amount in the kilogram. So, I hope
now it is clear how to estimate the amount of heat which is required for the gasification
process with the help of heat balance. And similarly, we can also estimate the amount of
steam or the oxygen which is required for per kg of carbon during this gasification

process.
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Example 3. 50 kg of fuel (represented by Can) is gasified W|th 40 kg of oxygen\Fmd the equivalence ratio.
Wediee 4 ol

Solution:

, e
The oxidation of char can be presented as: J CyoH,, ¥ 15 5 O2 » 10 CO2 +11H, 0

—~T o~

We know, n =@/M, where n is number of moles, m is mass of given compound, and M is its molar mass.
=

Mass ratios can bg written as:> 02 J702)7 02 EN Gl; Myyerf | (nozxMoz)
N o Mfuel | n[uel X M fyel j (Mfuet X Mfyet)

Stoichiometric oxygen required: @lm;) Miger X(N02XMo)/(NeyerX Miye)

= 50 ng(ISSXSZ)/(lmeJ 174.65 kg Co Hzz

12Zx0 +22
— 12042T%

Actual oxygen supplled (moz)m =40 kg = 142
’/\,
Equwalence ratlo (ER) is defined as: ( (lm‘”)‘"' 40k/ :’ 0.23
(mg)stoic 174.65 kg’ \

- e W s A
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Now, let us move on to the next example, that is on equivalence ratio and this is one of
the important concepts in the combustion as well as in the gasification process. So, here it
is 50 kg of fuel which is represented by decane here. This is the fuel and it is gasified
with 40 kg of oxygen. So, we need to find out the equivalence ratio for this particular
feed and the amount of oxygen which is given here for this specific process. As we know,
the fuel is decane, so we can just simply write down the oxidation of this particular

reaction.

CioH22+ 15502, —10CO;2 + 11 H,O

So, once you oxidize this particular fuel, it may produce 10 mole of carbon dioxide along
with 11 moles of H2O. And it may require around 15.5 mole of oxygen to achieve this

conversion to produce 10 moles of CO: plus 11 moles of H20.

Moz _  MNp2XMo2 R (np2XxXMop2)
Meyel Nryel XM fyel e e (nfuelXMfuel)

l

And we know this n is equal to m this is mass of the given fuel or you can say the
feedstock. And this capital M is the molar mass. So, this mass ratio can be written in this

particular form here, that is mass of oxygen by mass of fuel. And we know how to



represent this mass of oxygen that is number of moles of oxygen into its molar mass.
Similarly, this represent the number of moles of fuel into its molar mass. And if you have
to just represent in this particular form that is mass of oxygen. Then you can just simply
do this small rearrangement that is mass of fuel into this specific ratio here, so it gives us
the mass of oxygen. Now, we can estimate this stoichiometric oxygen which is required

from this particular mass ratio equation.

(M0o2)stoic = Miuel X(N02XMo02)/(NfuelX Miuel)

=50 kg x (15.5 x 32)/(1 x 142) = 174.65 kg

That is mass of oxygen that is stoichiometric requirement of oxygen equal to the mass of
fuel. So, mass of fuel is given as 50 kilograms into moles of oxygen that is 15.5 into is
molar mass that is 32. And the mass of fuel here is 1 mole into its molar mass that is
C1oH22 that is 12 into10 plus 22. So, the final answer would be around 120 plus 22 which
is equal to 142. So, this is the molar mass of decane and once you do this and once you
do this simple calculation so the stoichiometric amount of oxygen required is around this
much. But, since it is given that the actual oxygen supplied during this process is around
40 kilograms only. So, that is the actual oxygen which is supplied during this process.

So, with the help of this given information of stoichiometric amount of oxygen, which is
required, and also the actual amount which is required for the gasification of this fuel. So,
with the help of these two data we can calculate the equivalence ratio. And that is defined
as the mass of actual oxygen which is required for the gasification process to the mass of

oxygen is to be used in the stoichiometric equation.

mp,)act 40k
_ (mp3) _ 9 — 023

4 = (moy)stoic  174.65kg

And we know both these values. So, once you substitute these values here in this
equation, so we can get the equivalence ratio as 0.23. Because as you know this is a
gasification operation and it is carried out in the oxygen deficient environment.

Therefore, the oxygen which is required at actual rate in the gasification process is only



40 kg. Whereas the stoichiometric oxygen which you have calculated for this given fuel
is around 174.65 kg. But then once we use this stoichiometric amount of oxygen then it
will be converted into a combustion process rather than the gasification. Because the
gasification required oxygen deficient atmosphere to achieve the desired product. So,
based on that this term here it indicates the actual oxygen which is required for the
gasification process to that of the stoichiometric amount of the oxygen. Once you
substitute these values here we will get the equivalence ratio for the specific fuel. And

such kind of equivalence ratio can be calculated for various other fuels.
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Fischer-Tropsch synthesis

/
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Example 4. For 1 kg of CO, calculate the hydrogen [equt;red to produce methane, butanol, and butane, respectively using

Fischer=Tropsch synthesis. Also calculate the mass of th?ae’sired products)

Solution: 3 =
G % — \
Molar masses: Mo = 28.01 g/mol; M,,, = 2.016 g/mol; [ Mcuq =16.042 g/mol;)
Bsiistes ik —H2 : el < L

M_anoon = 74.12 g/mol; Mcanio = 58.12 g/mol

(a) Methane synthesis ©CO + 3H, - CH, + H,0
S A o JUELE,

From the stoichiometry of the reaction,

S -
( Wip/= Weo x(NyXM,a)/(ncox Mco) = 1 kg (3 mol x 2.016 g/mol)/(1 mol x 28.01 g/mol) = 0.2159 kg
e — R 1 bt~ oo e

(" WeE Weo X(Nena*Mera)/(NcoX Mco) = 1 kg X(1 mol x 16.042 g/mol)/(1 mol x 28.01 g/molf=05727kg )

| ‘x sreefry v wrear wparer#t
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Let us move on to the next example, which is on the concept of Fischer-Tropsch
synthesis process. So, here we need to calculate the mass of the desired products. Here in
this example for 1 kg of carbon monoxide we need to calculate the hydrogen required to
produce methane, butanol, and butane, using Fischer-Tropsch synthesis concept. And
also, we need to calculate the mass of the desired products. So, let us begin with the
solution of this example. Because the molar mass of carbon monoxide is this much.
Similarly, the molar mass of hydrogen molar mass of butanol and molar mass of butane,

the molar mass of methane is this much. So, let us first discuss about the methane



synthesis where 1 mole of carbon monoxide reacts with 3 moles of hydrogen to produce

1 mole of methane and 1 mole of water.

CO + 3H; — CH4 + H20O

So, from the stoichiometry of this particular reaction we can calculate the mass ratio here,
that is the mass of hydrogen by the mass of carbon monoxide equal to the moles of
hydrogen into the molar mass of hydrogen divided by the moles of carbon monoxide into

the molar mass of carbon monoxide.

W2 = Wco X(nH2XMmz2)/(ncox Mco)
whH2 =1 kg %(3 mol x 2.016 g/mol)/(1 mol x 28.01 g/mol) =0.2159 kg
wcns = 1 kg %(1 mol x 16.042 g/mol)/(1 mol x 28.01 g/mol) =0.5727 kg

And here, if you see the mass of carbon monoxide is around 1 kg, that is on the mass
basis, if you see here. And number of moles of hydrogen are around 3 and the molar mass
of hydrogen is around 2.06 gram per mole. Number of moles of carbon monoxide is
around 1 mole here and its molar mass is 28.1. So, with the help of this given data if you
just do this simple multiplication and division we will get the respective amount of
hydrogen. Similarly, once you try to calculate it for the methane so we can just simply
calculate for the methane also here in this particular way. That is again 1 kg of CO is
given here in the example. And just replacing the respective values from the given
equation here, as well as from the molar mass values here, we will get the final answer in
the form of 0.5727 kilogram. So, it indicates this much amount of hydrogen is required to

produce this much amount of methane.



Refer slide time: 32:06

(b) Butanol synthesis :

nCO +2nH, = C,H,,,,OH + (n-1) H,0 = 4C0 + 8H, > C;Hy0H + 3 H,0

.
- e W

Wiz = Weo X(NXMy,)/(neoX Mo) 7 1 kg X(8 mol x 2.016 g/mol)/(4 mol x 28.01 g/mol) = 0.144 kg _

¥

] Weanoon = Weer o XMcanson)/(NcoX Mco) = 1 kg x(1 mol x 74.12 g/mol)/(4 mol x 28.01 g/mol)’= 0.662 kg, -

(c) Butane synthesis :

-

(nCO H(2n+1) Hy 5 CHyp ¥ H,0) = 4C0 49H, 5 C;Hyo + 4H,0

Wiz = Weo X(MipXMyo)/ (X Mo) = 1 kg X(9 mol x 2.016 g/mol)/(4 mol x 28.01 g/mol) £0.162 kg .’

Weanio = Weo X(Nean10 XMeanno)/(NcoX Mco) = 1 kg (1 mol x 58.12 g/mol)/(4 mol x 28.01 g/mol) = 0.519 kg )
[ -~ /

S
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Similarly, for butanol synthesis we can represent the reaction in the generic form like
this.
4CO + 8H; — C4H9OH + 3 H,0O

Where it is n mole of CO plus 2n moles of hydrogen once it reacts to form CnH2,+10H
plus n minus 1 H2O. So, now once we replace this n here, in the form of required moles
to balance this reaction, so 4 moles of carbon monoxide once it reacts with 8 moles of
H2, it forms butanol plus 3 moles of water. So, now for this stoichiometric reaction again,
if you can write down the mass ratio for hydrogen and butanol then with the help of this
above equation we will come to know the amount of hydrogen which is required to

produce butanol.

wh2 = 1 kg X(8 mol x 2.016 g/mol)/(4 mol x 28.01 g/mol) = 0.144 kg
weanoon = 1 kg x(1 mol x 74.12 g/mol)/(4 mol x 28.01 g/mol) = 0.662 kg

So, here this is the amount of butanol which is getting produced for that we know 1
kilogram of carbon monoxide this is the given value and this indicates the moles of

butanol. That is 1 mole into its molar mass divided by 4 moles of carbon monoxide into



its molar mass. So, once you do this simple calculation it comes out to be 0.662. So, this
indicates the amount of butanol which is getting produced and for which it required this
much amount of hydrogen.

And in the similar line we can estimate for the butane synthesis as well. So, the general
equation is represented in this form here it shows carbon monoxide once it reacts with the

hydrogen it produces butane and water.

4CO + 9H; — C4Hio + 4H20

So, if you can just balance this reaction again 4 moles of carbon monoxide react with
now 9 moles of hydrogen to produce butane and 4 moles of water.
Again, from this stoichiometric equation and with the help of the mass ratio equation, we

can calculate the amount of hydrogen which is required to produce 1 mole of butane.

wh2 = 1 kg X(9 mol x 2.016 g/mol)/(4 mol x 28.01 g/mol) = 0.162 kg
weanio = 1 kg x(1 mol x 58.12 g/mol)/(4 mol x 28.01 g/mol) =0.519 kg

And similarly, we can calculate it for the butane as well and it comes out to be 0.519. So,
it indicates that 0.162 kg of hydrogen is required to produce 0.519 kg of butane. I hope
this is clear to all of you now how to do the mass balance in the pyrolysis process as well
as in the gasification process as well as how to estimate the equivalence ratio required for
the gasification operation. Similarly, we have also done the calculation for the specific
product which is getting produced during the Fischer-Tropsch synthesis process. And the
amount of hydrogen which is required to produce the specific product. And the example
of similar type would be given in the assignment. Apart from that we can also practice
some example just by changing the fuel. So, instead of decane now just go for the butane,
propane, methane. And try to find out the equivalence ratio also for the specific fuel, if
you are using in the gasification operation. As well as also try to find out the amount of
hydrogen which is required to produce various other product using the Fischer-Tropsch

synthesis concept.



So, with this we will stop here. And in the next lecture, which will be the first lecture of
module 5, we will discuss about the biochemical conversion processes. In that we will
discuss about the anaerobic digestion in landfills, landfill gas and biogas, bioconversion
into biogas, single or two-stage anaerobic digestion process, wet and dry fermentation

and integrated centralize co-digestion plant concept.

Thank you.



