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Gaseous fuel is produced by gasifying coal or coke in a reactor called gas producer. Gaseous
fuels have several advantages like

e ltiseasy to handle.
o Combustion is rapid in comparison to coal or fuel oil.
e Less excess air for combustion is required than for combustion of fuel oil and coke.

Thermodynamics of Gasification:

Thermodynamics deals with the conversion of carbon of fuel to gaseous product at equilibrium,
which means thermodynamics deals with initial and final states.

Consider gasification of 1 mole of carbon with air. Stoichiometrically ¥ mole of oxygen is
required to produce 1 mole of CO. One mole of oxygen is obtained from 4.76 moles of air,

which means that every mole of oxygen carries 3.76 moles of N2 with it. Thus if the initial state

of reactants is % 92 and and final state is ““ and N the following gasification reaction can be

written:
C o+ %02 + 376 N) = CO + 188N,

(1) =&Hep m 29,6 x10° Keal/Hgmol

Gaseous fuel produced by gasification of carbon consists of CO and Rz jn which

000 m 3479 and Yo N, m 68,39
Volumne of gaseouafusl m 5,38 m® Kgmoleof carbon {at 273K and 1 atm)

One can also use a mixture of air + steam to gasify the fuel. Now suppose we gasify carbon with

a mixture of air + steam. Note that reaction 1 generates ™ 296 x 10°/12 m 2467 Kcal of heat
per Kg of carbon. This excessive amount of heat can generate a very high temperature in the
gasifier, if the excessive amount of heat is not properly managed. In large sized gas producers
heat losses are very small and there occurs substantial rise in temperature. Steam is utilized to
use the heat produced by reaction 1. Steam usage brings the following advantages:

o Decomposition of steam produces hydrogen and thereby producer gas is enriched in
calorific value.



Gaseous fuel is enriched per unit volume since volume of Ha #% ¥elume ¢ IN;
Excessive heat in the producer is utilized since decomposition of steam is endothermic.
Consider the following gasification reaction

Heat of reaction 4H g m (=29.6x 102 + E7.6 »10%) m 282 » 102 Heal

In the gasification of coal or coke with a mixture of air and steam, it is important to
know how much amount of steam can be fed without supplying any heat from outside.
Heat balance can yield the amount of steam which can be fed.

Consider gasification of 1 Kg mole of C with a mixture air and steam under adiabatic
conditions:

Let X Kg mole of C reacts with air. Assuming that all steam decomposes to H, and
carbon forms CO.

Q-+ X200 + 376 N;) m XCO + LBBK N, (2)
(1-K)C+ (1-K)H 0 = (1-X)C0 + {(1-K)} H (3)

Heat produced by eq. 2 = Heat consumed by eq. 3

296 x 108K m (1=3)x 108 x 262K = 0,488 Kg mols
Therefore final equations for gasification becomes

¢ +ZZE(0, + BT6Ny) + QE12H0 m CO + 0917 Ny + 0512 H, @

Fugl gaz analyale o OO m 41,1%, Ny m 37.8% and = 21.1%

demount of el gas w (1 4+ 0017 + 0.312) = 22.4/12 m 438 m® /Kg Carbon (et 278 K and 1 st

Amount of steam is 0.768 Kg/kg of carbon

Alternatively a mixture of oxygen and steam can also be used for gasification.Consider
the gasification of a mole of carbon by a mixture of pure oxygen +steam

Hg

Assuming that all steam decomposes to **¢ and carbon forms CO.



RC -+ 520+ m XCD (5)
(l=K)C -+ (1=RH0 m{(1=X) 00 + {1=X) Hg (6)
Heat produced by eq. 5 = Heat consumed by eq. 6

296 % 1PKE wm (1-=3X) x 108 x 262

& owm 048F Kguiols

Therefore final equations for gasification becomes

o OEE2 02 + QELIH D w OO 4 OELI H; )
Pugl gag analyole o OO w GG 149G, and H; = 33,86%
Amountof fuslgas m 2,82 m* Ky Carbon Cat 273 Kand 1 atm)

Amount of steam is 0.768 Kg/kg of carbon
Consider the following gasification reaction

Heat of reaction 4H g m (=29.6x 102 + E7.6 »10%) m 282 » 102 Heal

In the gasification of coal or coke with a mixture of air and steam, it is important to
know how much amount of steam can be fed without supplying any heat from outside.
Heat balance can yield the amount of steam which can be fed.

Consider gasification of 1 Kg mole of C with a mixture air and steam under adiabatic
conditions:

Let X Kg mole of C reacts with air. Assuming that all steam decomposes to H, and
carbon forms CO.

EC+ X/20(0; + 376 N;) m X CO + 1BEKN; (2)
l=XKC+ (1=K H0 = (1=X)1C0 + (1=X) Hy (3)

Heat produced by eq. 2 = Heat consumed by eq. 3

296 ¥ 10K = {1-X)}x 107 x 262X = 0.486 Kg mole

Therefore final equations for gasification becomes



¢ +${cg + 3I6K,) + 0512H,0 = CO + 0917 N, + 0.512H, @

Fug gag anaiyala 1o Q0 = 41,1%, N; = S78% and = 21.1%
famount of fucl gae w (14 0017 + 0.312) % 22,412 m 438 mf /Kg Carbon (at 278 K and 1 atm)

Amount of steam is 0.768 Kg/kg of carbon

Alternatively a mixture of oxygen and steam can also be used for gasification.Consider
the gasification of a mole of carbon by a mixture of pure oxygen +steam

Assuming that all steam decomposes to Hz and carbon forms CO.
RO K20z + m X CD (5)
f(l=RIC+ (1= H Q0 = (1=%) CO + (1=X%) H; (6)

Heat produced by eq. 5 = Heat consumed by eq. 6
296 x 18K = (1=%) » 10° x 262

G = 088 Kgmols

Therefore final equations for gasification becomes

C+ Q486202 + QEL2H 0 wm OO + 0,512 H; )
Fuel gag anaiyala 1o OO = G145 and My = 35.60%
dmountof fuel gaz = 2,62 m®/Hg Carbon (at 2735 Kand 1 atm)

Amount of steam is 0.768 Kg/kg of carbon

Calorific Value

Calorific vale is the potential enrgy contained in the fuel. The calculation of calorific value is
illustrated in the following on the basis of gasification of 1 kg of carbon. The calorific value of

gaseous fuel when air is used for gasification is

56583 keal

Calorific Value of € = §100 Heal caloulated by Dulong'z fornmla uslng pure ©

Theratora % CVollRg o ¢ available

in producer gas is 62:2%



That means @3 % of calorific value of C represents sensible heat and heat losses.

Calorific value of producer gas when produced by gasifying carbon with a mixture of air+steam
IS

w B077 keal when standard state of the product is gas.

Calorific value of producer gas as expressed in % of calorific value of LhgofCm BEE%

We observe that the gasification of C with a mixture of air and steam increases the calorific
value of producer gas which is mainly due to addition of hydrogen.

The calorific value of producer gas obtained by a mixture of oxygen and steam is almost similar
to that of air + steam. But the volume of producer gas is only 62% that of air + steam and 48%
that of air only. Benefit of using steam is self evident.

Is it possible to decompose all steam to hydrogen and C to CO?

Typically, gas producer, operates in a counter-current mode i.e. coal is charged from top and a
mixture of air and steam is blown through the coal bed simultaneously and continuously from the

bottom. The flow rates of air and steam are adjusted so that the heat evolution in the reaction of
with C of coke/coal balances the heat absorption due to endothermic reaction of decomposition
of steam. Thus

o Not all steam decomposes to Hz j.e. some amount of steam remains undecomposed and

e Notall C is converted to CO.

The extent of decomposition of steam to hydrogen and conversion of C to CO depends on
temperature, residence time of the reactants in the reactor, reactivity of carbon of coal, reaction
surface area and etc. The gaseous fuel produced after gasification with a moisture of air +s team
and carbon will always contain undecomposed steam and carbon dioxide besides other
components.
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