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Lecture 03
Characterization of Coal
Hi, friends now we will discuss on the topic characterization of coal. In introductory module we
have discussed about the different properties of coal and we have seen that some of the
properties are very important to fix its price. And as we are interested to use coal as an energy
source so heating value is very, very important. And this heating value is dependent on carbon,

hydrogen, oxygen, present in it and it also depends upon the ash content, moisture content etc.

So, in this class we will see what are the different methods that can be used to measure the
properties of coal like say what is the moisture content what is the fixed carbon? What is the
volatile matter content? And what is the carbon hydrogen nitrogen sulphur oxygen present in
coal? And ultimately we will see how the heating value is determined.
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So, the content of this class is the approximate analysis, ultimate analysis and heating value

determination. Now we will see what is proximate analysis? This is a standard method which



gives us the procedure through which we can analyze the moisture content of coal, ash content of
coal, volatile matter content and fixed carbon.

(Refer Slide Time: 02:09)
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Proximate analysis

» Moisture: Loss in weight of sample due to drying at 105°C for 24h

# Volatile matter: Loss in weight of moisture free sample ignite m muffle furnace at 950 °C
for 7 minutes n the absence of oxygen i an close crucible

# Ash: weight of residue left after combustion of dry sample in muffle furnace at 750 °C for
half an hour in the presence of oxygen in an open crucible

# Fixed carbon: Obtained by subtracting moisture, volatile matter and ash percent from 100

Volatiles (%) | Fixed Carbon (%) | Ash (%)
1.5 78

Peat 57.6 330

Lignite 76 368 477 79
Sub-Bitummous 1.4 R3 524 77
Bituminous 0.1 344 553 10.2
Anthracite 02 2.7 88.6 85

. intoontt R Ref: Craig ). Donahue and Elizabeth A. Rais, 2009

So, these 4 properties moisture, volatile matter, ash and fixed carbon are determined by
proximate analysis. So, how it is possible? We have to take small amount of sample and then we
will heat it under certain condition that is prescribed in the method, that is 105 degree centigrade

for 24 hour, then the mass loss is equivalent to moisture content.

And after the loss of moisture the dry material if we put it in a crucible and cover it with the lead
and then put it inside a furnace at high temperature for small period of time then the volatile
present in the coal sample goes off and the difference between the initial mass and remaining
mass will give us the measure of volatile matter present in the sample. In this case the condition
is given as 950 °C for 7 minutes in absence of oxygen that is why we have given the lead on it.

Then we will take this material and heat in presence of oxygen so that the carbon, hydrogen
present in it will be converted to CO2 and H20 so that carbon and hydrogen basically is from the
volatile matters. During this process in presence of oxygen if we heat for a longer period at
moderately lower temperature maybe that it is given here 750 °C and half an hour duration so
that all this carbon and hydrogen will be converted to CO, and H>O and the remaining part

which we will get that is nothing but ash content.



So, after that we can determine the fixed carbon by the difference that is 100% minus the
percentage of ash minus percentage of volatile matter and minus percentage of moisture. Now
we will see the volatiles fixed carbon as a moisture content of some materials like peat, lignite
sub-bituminous, bituminous and anthracite. So, from this table we see the volatile matters is

decreasing gradually with the increase of rank.

Fixed carbon is increasing gradually but for moisture and ash there is no such specific trend
because as you know that volatiles and fixed carbon these are the inherent properties, these are
present in the plant biomass and it is converted to coal through coalification process. So, with the
stage of maturity these two are changing, volatiles is reducing and the fixed carbon is increasing
as discussed in the introductory module.

But moisture and ash these two are not the inherent property every time. So, it also depends upon
the exterior external factors like say how we are handling the coal, how we are storing it so all
those things and where from we are getting it so all those factors, that is why there is no specific
trained on it. Now we will see how to determine the elemental composition of coal that is called
ultimate analysis, sometimes it is also called CHNS analysis, C for carbon H is for hydrogen N

for nitrogen S for sulphur.

So what is the mechanism for this analysis? What do you do in this case? The full sample is
combusted at higher temperature, the specific temperature is given here that is 990 °C
temperature, when we heat it the carbon is converted to CO2, H is converted to H2O, N is
converted to NOx, S is converted to SOx. So, now we are getting a mixture of gas components.
(Refer Slide Time: 06:59)
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Ultimate analysis 0
Ultimate analysis or elemental analysis (CHNS) is determined by the CHNS analyzer

~The principle of CHNS analyzer depends on the tendency that all atoms prefer to
be in their oxidation states. In presence of pure oxygen and high temperatures of

_990°C, all carbon easily burn to become carbon dioxide, all hydrogen burn to
become water and all nitrogen become N, gas/various mitric oxides.

~For analysis product gas mixture flows through a silica tube packed with copper
granules. This zone held at about 500°C remaining oxygen is bound and
nitric/mitrous oxides are reduced. The leaving gas stream includes the analytically
important species CO,, H,0 and N,. Eventually SO, 1s absorbed at appropriate

traps
Combustion & Reduction g Mixing

Sample —
carrier gas—
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So, if we put the material in small container and then we apply oxygen and heat it here, then the

gas will be available in this container. So, now we need one carrier gas so this carrier gas will
carry the gas and it will mix well the components and then we will use the methodology for the
separation and identification of these gas molecules which is possible by using a gas
chromatography.

But in this case we see we have carbon dioxide H20, N2 and SO so if | want to separate we need
the variation in the retention period of the different gas molecules in the GC column that means
the interaction of these gas molecules with the stationary phase of GC column should be
different that is why NOX is reduced to nitrogen prior to its entry into the GC column. So, one

silica tube packed with copper granules is used in the path of this gas.

So, carrier gas along with the components passes through this and NOx is converted to nitrogen
by reduction then the mixed gas is going through this separation stage in the GC and detection
stage. So, you see here, sample carrier gas, combustion, then reduction for NOx reductions and
then mixing, then separation and detection. So, these are the different steps and mechanism for
the analysis of carbon, hydrogen, nitrogen, oxygen and Sulphur.

(Refer Slide Time: 08:45)



Ultimate analysis

~High purity helium is used as carrier gas. Finally the gas mixture is brought to a
defined pressure/volume state and 1s passed to a gas chromatographic system
Separation of the species 1s done by so called zone chromatography. In this

technique a staircase type signal 1s found. Step height is proportional to the
substance amount n the mixture

Type C | H | 0| N/ s [ah|[NCOHOSO,
Pal [ 2 | 20 [ 59|15 |05 6 | ! |
Lignite Y] 7 43 1 1 6 £ } \ ;l
| Sub-Bituminous 59 6 |205| 1 [05] 4 l\' \‘ \ l“\
Bitumimous 77 5 5 15 [ 05 | 11 \‘ ‘\] “‘ ‘\
Anthragite 86.5 | 25 3 05 | 05 7 ‘!,\ "L .'\ \\

. wrooun | (1 MmOMM Ref: Speight, J. G. Handbook of Coal Analysis, 2005

Now you see this figure is giving us different peak for nitrogen, CO2, H.O and SO: because of
the variation of the interaction of these gas molecules with the stationary phase of the GC
column. So, retention period is different as nitrogen is inert so its retention time is less then

carbon dioxide, then H20, then SO». So, these peaks area gives us the relative concentration of
these different gas components.

So, we calculate how much carbon, hydrogen, nitrogen, Sulphur is present in the original sample.
Now we will see some example of the ultimate analysis of different types of material including
peat, lignite, sub-bituminous, bituminous and anthracite. Here also the hydrogen content is
decreasing gradually, oxygen content is decreasing gradually, and carbon content is increasing

gradually. But for nitrogen, sulphur there is very less changes, 0.5 to 1.5 so these small changes
may be because of the limit of analysis or the instrument error limit.

Here we see ash content also does not have any specific trend because it also depends upon the
external factors and the handling of the material. Now we are coming to heating value so what is
the heating value? That is most desirable parameter of the sample, we need higher heating value

so that we can get more heat. So, if we take a coal sample and then combust it in presence of
sufficient amount of oxygen then it will release Heat, C+0O;, CO,,



And if hydrogen is available H + O2 is H>O so these are the basic reactions which generates heat
and that heat we are interested to get in useable form. So, heating value is obviously the amount
of heat energy released per unit amount of sample due to the combustion. Then here we can get
two types of heating value as we have discussed in our introductory module also, one is your
higher heating value or gross heating value and another is your lower heating value or net

heating.

So, what these two are? After combustion we are getting flue gas and during the machine heat is
released so flue gas is having high temperature it may be more than 600, 500 like this degree
centigrade. That high temperature of flue gas is used to produce steam from the water and then
the steam will be available in different temperature as per the need of the application in
downstream. So, one possibility is that the steam is condensed, now the flue gas which is

produced to the combustion that is cooled down to atmospheric temperature.

So the heat recovered from this flue gas will be the maximum that is called high heating value
and low heating value is the difference of the heat required to vaporize the water available in the
flue gas.

(Refer Slide Time: 12:48)
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Heating value determination

+ Heating value (or calorific value) of a substance, is the amount of heat released
during the combustion of a specified amount of it. It is measured in units
of energy per unit of the substance, wusually mass, such as:
ki/kg, kl/mol, keal/kg, Btu/Ib.

* Heating value unit conversions:
keal/kg = MJ/kg x 238.846

* Higher heating value(HHV) or Gross calorific value (GCV): is determined by

%ﬁnging all the products of combustion back to the original pre-combustion

temperature, and in particular condensing any vapor produced. Such
measurements often use a standard temperature of 15 °C (59 °F; 288 K) .
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So, low heating high heating value and lower heating value the difference is;
(Refer Slide Time: 12:56)
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Lower heating value (LHV or LCV) or Net calorific value (NCV): is determined by
subtracting the heat of vaporization of the water vapor from the higher heating
value. This treats any H,0 formed as a vapor. The energy required to vaporize the
water therefore is not released as heat.

A common method of relating HHV to Where

LHVs: H, = Heat of vaporization of water

Maoout = Moles of water vaporised
n, fuel = number of moles of fuel
combusted

HHV = LHV + Hy(ny;,0, 0ut/ n, fuel)
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We have to subtract the energy required to vaporize the water, now how this heating value can be

expressed what is the unit of it? Unit may kilo Joule per kg, kilo Joule per mole or kilocalorie
per kg, BTU per pound and there are some conversion factors kilocalorie per kg 2 mega Joule
per kg if we want to convert this relationship we can use. So, people have tried to find out the
relationship between high heating value and lower heating value and it is found that HHV high

heating value is equal to low heating value plus H v into number of H>O out by number of fuel.

This number of means number of moles of water produced during the combustion and number of
moles of fuels so this divided by this n H.O per mole of fuel that will be the mole of water
produced and if we multiply it with the heat of vaporization of water. So, this amount of heat if
we add with the lower heating value then that will give us higher heating value. Now let us see
how you can determine it.

(Refer Slide Time: 14:38)



Determination of heating value of solid and liquid fuel

Principle:

Known amount of solid fuel is
burnt in a bomb. The generated
heat is used to raise the
temperature of certain volume
of water kept in a bucket. Heat
accepted by the water is
equivalent to the heat released
by the fuel.

Container Lid

For the determination of higher heating value we use bomb calorimeter and bomb calorimeter
has been shown, in this figure you see this is the calorimeter and inside this calorimeter we have
water bucket and then in the water bucket we put bomb inside the bomb we put the material in
this crucible and then fix it and then with the electric devices we ignite this one, the coal sample,

and it combust inside it in presence of excess amount of oxygen.

Then it releases heat during the combustion and that heat is taken up by the water put in this
water bucket as well as this bomb of the calorimeter. Now what is the principle? The amount of
heat released due to the combustion of the material inside the bomb is taken up by the bomb
material as well as the water kept inside the water bucket. So, this is the principle for the

determination of heating value in the bomb calorimeter.

Now what type of heating value this is? High heating value or low heating value? Obviously it is
high heating value, why? Because inside this bomb we are putting the material and we are
putting oxygen inside it in sufficient amount at higher pressure. So, we are assuming that
complete combustion is taking place and when the combustion will take place the local heat will
be very high. But that heat is being released through this material of the bomb wall the heat will

also come to the water inside the water bucket.



And there is some starring arrangement so there is some change in the water temperature. Now if
the sample is very small so this variation in temperature may not be very high, it will vary within
small range. So, what is happening during combustion? Moisture is formed and again it is cooled
down to atmospheric temperature. So, that is why we are able to get complete heat released by
the material that is why it is high heating value. So, from bomb calorimeter we can determine
high heating value.

(Refer Slide Time: 17:13)
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Operating procedure of calorimeter

» The sample of weight 1-1.5g 1s charged in bomb and it 1s pressurized with excess
pure oxygen it 1s submerged under a known volume of water (2 Kg) before the

charge 15 electrically igmted

r The weighed reactant put mside the steel contamer 1s then ignited  Energy 15
released by the combustion and heat flow released from this, crosses the stamless
steel wall, thus raising the temperature of the steel bomb, its contents, and the
surrounding water jacket The temperature change in the water 1s then accurately

measured with a thermometer
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Now | will explain the steps. What we will do at first? We will take 1 to 1.5 gram of material in

the crucible and then we will be using some thread or wire to ignite it and after ignition we will
be getting the temperature change. How the temperature is changing and what is the equilibrium
temperature what is the difference between equilibrium temperature and initial temperature.

Then we will do the energy balance. So, how do we do the energy balance?

Here we have heat released by this equal to say we have taken M amount of material. so M into
HHV heating value, that amount of heat is released and that is taken up by the calorimeter, that is
equal to mass of calorimeter say M bomb mass, MB into CP or bomb MCPAT, this is the heat
taken up by the bomb and the heat taken up by the water that is W x CP x w x AT. so this is the
total heat taken up by the system.



And this is the total heat released by the material. So, if we ignore any other type of corrections
then this is the basic formula. Now MbCp and this from this relationship we can get Mb Cpb + w
x C pw x AT this whole term is replaced by w that is water equivalent of the calorimeter and this
is the property of this material whatever material it is taking and in short the properties of the
calorimeter. So, we are getting w into AT this is the heat gained by the calorimeter bomb as well

as the water body.

So this is the basic principle and on basis of which we determine the HHV value excluding the
correction factors. But here when you are using the coal and we are using some wire for the
ignition, then that will also release some amount of heat so that correction is required. And if the
coal contains some sulphur and nitrogen then that SO> will be formed and then a SO, will be
converted to Hz, SO4 or NO> can be converted to HNOa.

So these acid converts and they will also contribute some amount of heat in this process so that
has to be excluded to determine the HHV of this sample. Now | will show you a video which is
self explanatory.

(Video Start: 20:54)

Which explain us how the bomb calorimeter is used to determine the heating value of coal or any
other solid sample. So, now you see the crucible part is getting ready, the wire connection is
being made. Now the sample is pulled into the crucible and the sample is put inside the bomb
and it is present with the lead. Then we will put oxygen inside it the bomb is connected with the

oxygen supply line from the oxygen cylinder.

Now oxygen will go, it is started to go and set the bomb and pressure will increase, pressure is
increased. So, this high pressure is basically needed to ensure that all the samples will be
combusted. Now the bomb will be put inside a bucket and water will be filled in the bucket. This
video is made for demonstration purposes only, the water has to fill so that the bomb will be

completely immersed in the water.

And then electricity connection is provided and the calorimeter is covered. The temperature

measurement device is inserted and studying arrangement is made. Now we have to provide



electricity inside it and this is the device which provides electricity and also measures the
differential temperature. The temperature difference now | have to put auto zero so difference

has to be made zero first, now you see 0, gradually it will reach the equilibrium point.

The temperature difference will be fixed, you see here 0.683°C, this is the equilibrium
temperature difference that t; - t> the initial and final temperature difference we are getting point
683 it is now constant it will not change. So, that way we can get the At value. Now we are
taking the recording, recorded, we are recording the value.

(Video Ends: 28:17)

So, this is the video for demonstration for the measurement of heating value using bomb
calorimeter. So, from this video it is clear to asses, after the process we will be having some
parameters or some values.

(Refer Slide Time: 28:37)
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Calculating the heat of combustion

The following data should be available at the completion of a test in an adiabatic
calorimeter:

* T, =temperature at time of firing, corrected for thermometer scale error
* T, =final maximum temperature, corrected for thermometer scale error
* C,= millilitres of standard alkali solution used in acid titration

* C,= percentage of sulfur in sample

* C, = centimetres of fused wire consumed in firing

* M= mass of sample in grams

NPIEL OMuNE
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Like say temperature at the temperature at time of firing and final maximum temperature. See in
our case we do not have two different but we have A so you are already getting the difference in
the temperature during the process. And then C1 we get milliliter of standard alkali solution used
in acid titration. So, what will be happening after the reaction? After the completion of this will
release the oxygen from the bomb and will take the sample out, there will be no sample

theoretically.



But in some cases some soots may be available, in that case this run is discarded, not considered.
Then it is washed, the wall is washed with water and that is titrated with alkali solution to get the
acid deposited on the wall of it and how much acid is formed. That way we get how much how
many milliliters of alkali solution is required that we can measure, and then we can get
percentage of sulphur in the sample that we should have some idea about the elemental analysis

of the sample.

And then what is the length of the wire which was fused during this process that we have to
determine initially we take 10 centimeter then after this process how much is left that we
measure, the balance is used we assume. So that this value we get and mass of sample how much
sample you have taken that also it is known to us. Now, on the basis of this information we can
proceed further to determine the heating value of it.

And as | discussed that without incorporation of any error the energy balance formula we have
discussed but now there will be some error.
(Refer Slide Time: 30:35)
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Temperature rise, compute the net corrected temperature t, by substituting in
the following equation:

A T=T,-T,
Since the released heat raises the temperature of the water as well as the wall of

the calorimeter; to calculate the energy release; energy equivalent of calorimeter
(W) is considered

W =energy equivalent of calorimeter in calories per degree Celsius (centigrade)

To get accurate result the following corrections are also considered:

Héat of formation of HNO; (E,)
Heat of formation of H,S0, (E,)
Heat of combustion of fuse wire(E,)

NPTEC ONNE
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So, heat of formation of nitric acid heat of formation of sulphuric acid and heat of combustion of

fuses so these three correction factors we have to consider and this H2SOg this is basically we
measure from the presence of sulphur in the sample and HNO3 heat how much can be released

that is measured on the basis of acid titration value the titration value how much milliliter NaOH



KOH or Na2COg3 is used. Heat of combustion of fuse wire also is determined. And the supplier of
this manufacturer of this instrument they provide the Es value or corresponding how to calculate
Es value.

(Refer Slide Time: 31:25)
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Thermochemical corrections :

E,= correction in calories for heat of formation of nitric acid (HNO,)
= C1 calories, if 0.0709N Sodium carbonate was used for the acid titration

E,= correction in calories for heat of formation of sulfuric acid
=(13.7)(C,)(M) calories

E4= correction in calories for heat of combustion of fuse wire
=(2.3)(C,) when using Parr 45C10 nickel-chromium fuse wire, or
=(2.7)(C;) when using 34 B. & S. gage iron fuse wire

=0 when using 34 ga or finer platinum wire W can be determined by

standardizing the calorimeter
Gross heat of Combustion. HggT—'VLiA';Ei using a compound whose heat of
combustion is known

NPIECOMUNE
. it ROCREN CUMICATION COURSE

So how can we calculate E1, E> and E3? E; it is nothing but dependent on the C: value, what is

C1? That is the milliliter of alkali solution used to get that titrate value of the wall wash of the
bomb and then E; we can calculate by this formula 13.7 x C2 x M so C; is the percentage
concentration of sulphur in the sample and M is the amount of sample | have taken in gram. And
Ez is measured through different equations for different types of fuse wire used. So, nickel

chromium if you use then this formula 2.3 x C 3.

If we use iron 34 B and ash gauge iron then 2.7 x Cz or if we use 34 gauge platinum wire then is
equal to 0. So, these are provided by the manufacturer of the bomb calorimeter. Then how we
will get the gross heating value? gross heating value into mass of the material that will be the
heat released and that is equal to AT into W that is equal to water equivalent into the temperature
difference minus the amount of energy is released due to the formation of nitric acid that is E;.
Due to the formation of sulphuric acid E> and due to the heat released by the combustion of the
fused wire. So, this is the formula through which we can calculate the gross heating value. Then

this w value that is the water equivalent value of the bomb calorimeter that is the property of a



calorimeter so we need to determine it. So, the same process is followed but in this case we use a
known sample the heating value of the sample is known to us.

(Refer Slide Time: 33:41)
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Standardization procedure

* The procedure for the standardization test is exactly the same as for testing a
fuel sample. A pellet of benzoic acid weighing not less than 0.9 nor more than
1.25 grams is added. The energy equivalent of the calorimeter is determined by:

HeM+ Ey+ By
T
T
W = energy equivalent of the calorimeterin calories per degree celsius

H = heat of combustion of the standard benzoic acid sample in calories per gram
M = mass of the standard benzoic acid sample in grams

T = netcorrected temperature rise in degree C

E, = correction for heat of formation of nitric acid in calories

E; = correction for heat of combustion of the firing wire in calories

NPIEL ONUNE
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So one such example is benzoic acid, so benzoic acid does not have any sulphur so G>
component will be 0 so E> will also be 0 so in that case we will be getting W x T that is equal to
HxM+E1+E3, E2is 0 see if we use this formula so now H is known heating value of the
benzoic acid is known, how much benzoic acid you have taken that is known, E1 we can

calculate from the titer value.

And Ez we can calculate on the basis of the length of wire fuse wire used during the combustion
in centimeter unit and we can calculate the W value. Then this way we can calculate gross
heating value or high heating value then how can we calculate the net heating value?. So, some
formula is given H in negative value is equal to 1.8 x Hg that is high heating value and gross

heating value minus 91.23 x H where H is the percentage of hydrogen.

So, this formula is in this unit BTU per pound but if we want to get it in kilocalorie per kg we
have to convert it and this relationship we can use for the conversion of for the determination of
net calorific value. Then people try it to find out some relationship of these two high heating
value and low heating value with the amount of hydrogen, oxygen and moisture present in it. So,

this is one empirical relationship which is provided.



So, what we have come to know on the basis of this discussion that to measure the heating value
we need to perform it limit. So, it requires time and investment of manpower and money also.
So, for general purpose for the comparison of different types of coals we may use some
empirical relationships which have been reported by different researchers.

(Refer Slide Time: 35:53)
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Empirical relations for heating value calculation based on proximate and ultimate analysis data

Name of the author | Correlation (HHV, MJ/kg)

Where,

Jimennez and Gonzalez | HHV=-10.81408+ 0.3133 (VM+FC) VM - Volatile matter
| ; PP FC - Fixed carbon
} Demirbas , ‘ HHV=0.196 FC+ 14.119 C-Carbon

Demirbas HHV=0.312 FC +0.1708 VM 0 - Oxygen
f t N - Nitrogen
' Cordero et"ai‘l, ' HHV=0.3543 FC+ 0.1708 | s Sulfur

Tillman | HHV= 0.4373 C-1.6701

Boie HHV=0.35C + 1.16H - 0.110 + 0.06N + 0.15

Demirbas | HHV=0.33C + 1.42H - 0.15 0 - 0.14N

Jenkins HHV=-0.76+0.30C+ 0.525H + 0.6 O
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And provided in this table different researchers they have provided different empirical
relationship for different types of coal and some are based on approximate analysis some are
based on ultimate analysis basis. So, these will not be used to determine the actual calorific value
of whole sample and to fix its price but it will be useful they will be useful to screen coal

samples when it is needed.

If we have number of coal samples we can screen it that can be a suitable one by these applying
this formula.
(Refer Slide Time: 36:39)
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Example 1

A coal sample with 1.0 % S is combusted in a Bomb calorimeter. The temperature of
the bucket water increases form 25°C to 28 °C. The water equivalent of the
calorimeter is 2402 cal/°C. One gm sample is used for the test and Parr 45C10 wire is
used for ignition. Out of the 10 cm wire 2.6 ¢cm is unused. To titrate the calorimeter
washing 24.2 ml of 0.0709N sodium carbonate is required. Calculate the Gross
heating value of the waste. Consider the thermometers are working perfectly.

H - T-W-EM-E -E,
Solution:: _ (3)(2402)-242-13.7-17.0 _
T2 259C; T, = 28°C, T=28-25=3°C Hg = 1 = 7150 Cal/g

C;=24.2 ml, Thus E, = 24.2 cal

C,=1.0%S, Thus E,=(13.7)(1.00)(1)= 13.7 cal

Cy=7.4 cm per Parr 45C10 wire, Thus E; = (2.3)(7.4)=17.0 cal
W = 2402 cal/°C; M=1g

NPIEL ONUNE
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Then | will give you some example so a coal sample with 1% sulphur is combusted in a bomb
calorimeter. The temperature of the bucket water increases from 25 to 28 °C. The water
equivalent of the calorimeter is 2402 calorie per °C, 1 gram sample is used for the test and power
45 CT no wire is used for ignition. Out of the 10 centimeter wire 2.6 centimeters are unused. To
titrate the calorimeter washing 24.2 ml of 0.0709N sodium carbonate is required this is
equivalent to N by 10 NOH.

So, calculate the gross heating value of the waste consider the thermometers are working
perfectly. So, here there is no correction for thermocouple or thermometer is required. So, if we
want to calculate the gross heating value obviously we will use the formula just we have
discussed. So this is the formula Hg equal to (T x W — E1 — E> — E3)/ M. Now we will see how

can you get the value of E1, E>and Ez in this case.

And what is the M, T and W value. So, here we have W value is given, M value is given that is 1
gram and temperature difference Ta and T it is also given so difference temperature we are
getting now T is 3°C, W is equal to 2402 calorie/°C, E1 how can you calculate? The value of E;,
E: is dependent of Cy, so Cs is given how much it is given 24.2 ml.

So, this will be E1 will be 24.2 calorie then what is E>? E> dependent sulphur content so we have

1% sulphur so we will use the formula E>, 13.7 x 1 into how much sample you have taken 1 gram



so 13.7 calorie is our E> value and Ez value is dependent on the wire which we have used that 7.4
centimeter power 45C10 wire so Esz will be 2.3 x 7.4 = 17.0 calorie so we have to subtract this
with the TW.

S,0Hgis T x 2402 — 24.2 - 13.7 — 17, so we are getting 7150 calorie per gram. So, this way we
can measure the heating value. So, in this module we have discussed how to determine the
approximate and ultimate analysis. How to determine the concentration of moisture, volatile
matter, fixed carbon and ash and also how to measure the heating value of the coal sample, so

thank you very much for your patience.



