0.25 ¢ of a sample of coal was analyzed by combustion method. The Jncrcsmc-fn weighty o
CaQy, tube and the Pm-n‘ch bulbs at the end of the opemtion was found to be 0.15 gand (),

B ‘SSpectively, Calcolnie che percentige of carbon and hydrogen in the coal.
sollll:ion

35

\v‘:j’ghr of H O (increase in weight of CaCl, tubes) = 0.15 g.

~*0, » co
2 44 "
s

12 x weight of carbondioxide
peme“ tage of carbon 5

= x100
44 x weight of coal sample taken

_12 055
44 0.25

x100 =60%
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Solution

‘ welghi of ado) ‘ w3 x|
l‘»m\'\'m.\}lv ol .\ul}\l\\u - B b Y olatalned 32w 1 04
DA welghe ot conl il g

08N Vw100
AR

L OIN/)
Perventage ot sulphur < 1L0vR 7 1)

0.3 g afvoal sample on Kjehldahl’s analysis gave amimona 1o Junt nentralize 30l of 0,1 N
HNO - Calenlate the percentage of nioogen I the conl sample,

Soludon

Weight of coal sample = 0.3 »

Volume ot H SO used = 30 ml ’
Narmality ot HSO - <« 01N
- volume of HLSO, used o noemalliy x 1,4
Percentage ot Nitrogen =~ L0 . ~
welght of conl sample wken
» _doxoaxta | ‘
= - 1496 P'evcentage of nlrropen = 14%

0.3



/'lll' ‘¢ f
(/Il Finge [
! [ /’/"”I [
I’) /UIHINHI '”JI/I H'l/ ' /
i / /;/; /u”IHHl
ll“ IHl ’)'

|
' 1.5
. "‘ Hf W 0
e
Mple wiy 1,
M‘I"'“h“’/,ttd ind NI '1 (a5 thuy evolyed was absurbed in
%5 ml of 0,1 BB

OINWHg
H SO ARt by,
PO, the mxees, (residual) acid required 6
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CEnegy
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culige the P'j“flflll:l[gc of nitrogen in the coul ,ﬂllll[‘)lc:

Soluu"n
Wei >
ghe of coql
"L il '
mple taken - 1,56 "
25 ml
of 0LIN NaOH Is used for neurralizition, henee excess ieid

Since, 6,

= (.25 m| of 0.1 NI §O
9%,

TI ' \ j

lQr(.r()H-. VOIUIHL' of I-II.‘;Q’t used 1o neurralize NH} cvolved
" 50 mlof 0.1N - 6,25 ml of 0,1 N H,SO,
= (50-6.25)x 0.1 N H 50O,

=43.75mlof 0.1 N H,SO,
Volume of H,SO; used » normaliry of H,SO, =1 4 —3.926%
1.56

Percentage of nitrogen =

43. % 1.4
3.75x0.1x1.4 —3.926
1.56

Percentage of nitrogen = 3.926%

Practice problems
0.26 g of a sample of coal analyzed by combustion gave 0.039 g of watcr and 0.245 g of
' f carbon and hydrogen in the coal.

L.
carbon dioxide. Calculate the percentage o
(Ans % of carbon = 25.69%: % hydrogen = 1.66%)

2. 0.1 g ofa sample of coal was used in 2 bomb calorimeter for the determination of calorific
value. The ash formed was extracred with acid and the acid extract was heated with BaCl.
solution and a precipitate of BaSO, was obrained. The precipitate was filtered, dried anél

weighed. The weight of precipitate was found to be 0.01 g. Calculare the percentage of

sulphur in the coal sample. (Ans % sulphur = 1.3734%)

3.12 g of the coal sample was Kjehldahlized and NH, gas was absorbed in 50 ml of. 0.IN

H,SO,. After absorption, the excess (residual) acid required 12.5 ml 0f 0.1 N NaOH for exact

neutralization. Determine the percentage of nitrogen in the coal sample.
(Ans % nitrogen = 1.683%)

4. 3.0 g of the coal sample was Kjehldahlized and NH, gas was absorbed in 45 ml of 0.1N
H,SO,. After absorption, the excess (residual) acid required 8.5 ml of 0.1 N NaOH for exact

neutralization. Determine the percentage of nitrogen in the coal sample.
(Ans % nitrogen = 1.7033%)

-4
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Cakwlation o wie coguived B the combuntion ol solid and Hgubd tuels

™ Shmenn generally present i the el are varbon, Iy open s ovypen W, )
Daring comburivn of thve Tl dhase elermen s combine with oxypen e peeceg,o ™ iy

i

A
W @ &“““\ m“m“““‘ ‘.\“l\\\m m‘“’m‘ P cor s tion van TR ali \lldh o ' \ "!“I\

¥
. ¢ ' ‘\
akulerion of ai ix samimarized below "Wy
W \Y?‘Mt o eah oS Ient Present poy Kthogram of the tuel s caliulaved fran ),
. "
compavitien of the fwel. Let the welght of cathon, hadiopen, PNYREN, Wil "N\,,
o dhe faal e C Kt MR O g and S kg respectively "y .\:‘

W) mm(‘ﬂ,\‘ ot axagen reguired tor the combustion of ¢ ko cinbon, ' ‘\}l f
N ~ (‘
SR o sulphur van be cakaulared with the help of (he equations RIven holay h)\l"h
Compwaion of cerdon

C e Q = QO
Wy Wi

12 R of carbon requires 32 kg of oxygen.
C kg ot carbon roquires § N Chgor 267 C kg of oxypen,
Combration of hydvagen
H.e 20, = HO

Mg 18

2 &g of hydrogen requires 16 kg of oxygen.

H kg of hydrogen requires 6.3% x H kg or 8H kg of oxygen
Combnassion of swlpinr
$+0, - S0,
32 kg of sulphur requires 32 kg of oxygen,

S kg of sulphur requires -:32 xS kg or 1 S kg of oxygen.

m*mm in fuel do not require oxygen.
Thus, total Quantity of oxygen required for the combustion of 1 kg of fuel will be

(267C+8H +9) kg,



wovaygen s already present in the fuel, the quantity of oxygen to be supplied from air

(Toral oxygen required-O, present in fuel)

(267C + 8 H « $-0) kg

So, minimum quantity of O, or the theoretical amount of O required for the complete

combustion of | kg of a fuel

=(267C+8H+5-0) kg

As air contains 23% oxygen by weight; hence, minimum weight of air required for combustion

=(267C+8H4+s-0) 190 1
23
Calculation of volume of oxygen or air required

At certain temperature and pressure, the mass of any gas can be converted into its volume and vice
versa by using the gas equation. The volume of oxygen or air required for the combustion of fuel

is calculated -

Pv-Y L RT
M

Where,

P = pressure of gas in atmosphere; V= Volume of gas

R = gas constant; T = temperature in K

W = mass of gas; M = Molecular mass of the gas.

Alternarively the weight of oxygen required can be converted into its volame at normal temperature
and pressure. 22.4 litres of any gas at NTP has a mass equal to its gram molecular weight and air
contains 21 % oxygen by volume. Hence, the volume of air required can also be calculared.

Calcaulation of quantity of flue gases

The gases coming out after combustion CO, SO,, CO, O,, N, are called flue gases. The warer
vapours formed condense as the gases cool down while the ash is excluded as it does not take part
in combustion. Therefore, warer vapours and ash are not included while calcularting the percentage

of dry combustion products. -
Calculation of the flue gases when minimum amount of air is supplied

All the O, of air will be used in combustion of carbon and sulphur while N in air remains unreacted.
Let 1 kg of fuel contain C kg of cagbon and S kg of sulphur. The weight of CO, and SO, thus

sombustion of fuel is calculated as follows




Problems Based on Weight Calculations

Solved Examples

1.  Calculate the weight and volume of air required for the combustion of 3 Kg of carbon.

Solution

Combustion reaction

e O, = CO.

12g 32g

Weight of oxygen required to burn 12 kg C=32kg
7
Weight of oxygen required to burn 3 kg C-= ]3—; x3=8kg

As, air contains 23 % oxygen by weight

100
23

-

Therefore, weight of air required = § x =34.783 kg = 34783 ¢
Volume of air required

as, 1 mole of any gas at NTP occupies 22.4 L

Therefore, volume occupied by 1 mole air = 28.94 gair=2241

(molecular weight of air = 28.94 g

224
Volume occupied by 34783 g of air = 8.4 34783

=2692x 10° L = 2692 m*
(Since 1L = 10* mY)

Calculate the mass of air needed for the complete combustion of 5 Kg of coal containing
C = 80%; H = 15%, O = rest

Weight of O, required

0.80 x i’% 2133 kg
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=

. Towal O, required = O3 11 fisel
mmmwﬁmmdm*n.ﬂ-).m Kg - -
ﬁ:rwmhumnnafl Kg of fucl = 3283 % 53" 14.27 Kg
W#”rwﬂm ul’rdfmmmhmﬂnnofﬁ H.guffucl - 14.27 x 5 = 71.369 ky
Therefore. Weight of air req - |

ition by weight
found to have the following compos )
3. Asample of coal was

750 He=52%: O=12.1% N = 3.29 and ash = 4.5%
{:' ' - H

" for cﬂﬂ'Ip]ctl: Lnlﬂhll.'qtlnn of 1 ke
Calculate minimum amount of O, and air necessary o
coal; (ii) n&lr of air required if 40% cxcess air is supplicd.

Solution
Constituent | kg of the coal | Combustion reaction Weight of O, required
qll ———
C 0.75 kg C+0,~C0, 075x 2= = 2kg
12
H 1
0.052kg H+> 0, HO ﬂ.ﬂilu}; = 0.416 kg

Toul O, required - 2416 kg




Furls ® :'i

O, required from air = Total O, requited - O_in fuel

= 2416 kg - 0.121 kg - 2 295 kg

100 =
33 =99 B kg

Minimum weighr of aiy required = 2.295 ,

Weight of exc = =
eight of excess air 9.978 = 1o = 39912 kg

Toal air supplied ~ 9.978 + 3.9912 - 13.969 kg,
Ani = 13969 I"ZE',

4. A fuel is found o conmin C=90%: H=6.0%;S =25%: O=1.0% and ash - 0.5 o
(?-I-IFHI:-II-E the amount of air required for complete combustion of 1 kg of fuel. If 25% cxcess
air is used for combustion, calculate the percentage composition of the dry producs of

combustion.
Solution
Coastituent | Amount per | Combustion w of O Weight of dry flue
ared cight of O, required cight of dry flue gas
coal sample
C 0.90 kg C+0,-CO, b =
ﬂ.‘?[lr::—f-—-ljkg 090 — .33k
H 0.06 kg H.O doss not constitute
H,+= 0, HO u,us-!zf-n.ﬁkg Syt
S 0.025kg |S+0, - S0,
32 64
0.025 x == =0.025 0.025 x — = 0,05 k
32 . 32 ;
0 001kg |- — -
Ash 0.005kg |- - E
- Toral O, required = 2.4 »
0.48 + 0.025 kg = 2.905 kg
O, required from air = Total O, required - O, in fuel
= 2.905-0.01 = 2.895 Kg
ke weight of ik roquiied fioe combustion _zm-!g-lmh
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Excess air » 12.58 100
Total air supplied = 12.587 Kg + 3.147 kg
- 15.734 kg

: : in the flue gases -
(i) Calculation of dry products i - om excess air and N, from the toral air supplied

The flue gases contains CO,, SO, 0,
Weight of CO, = 3.3 kg

Weight of SO, = 0.05 kg

23
Weight of O, = 3.147 x 750= 0724 ke

77
= = 12.115
Weight of N, = 15.734 x 100 kg

Total weight of flue gases = 3.3+0.05+0.724+12.1 15 = 16.18%g

Percentage composition of dry flue gases

33
% CO, = T—ox 100 - 20.38 %

0.05
%50, = ~—oox 100 = 0.309%

0.724
% O, = TR 100 = 4.47 %

%N, = -‘-“% « 100 = 74,835 %

Practice problems
J :hﬁulisfbundmmnmin \ F-W%;H =3.5%; S5 =0.5%; H,0 = 1.0 %; N = 0.5 % and
= rest. Calculate the minimum amount of air required for complete combustion of 1 K

of fuel.
[Ans = 11.6739K¢

A sample of coal is found to contain : C = 819%
3 R ;HHS.U%;S=l%;OIS.ﬂ%'Nﬂ%m
.. fp;uunt u_ria:mquimd for complete combustion of 1 l(g,uf fuel. Als
) osition by weight of the dry products of combustion. Oxyge

C Comp




3. A sample of coal was found o contain: C « 80%; H « 5.0 %; N« 2%; O « 1.0 % and
remaining ash,

Lo Calculate the amount of air Icqllirni for uunp‘rlr combustion of | Kg of coal sample

i 1E45 % excess air is supplied, estimate the percentage composition of the dry produces
ol combustion,

[Ans  Air = 10,9708 kg % CC ), = 17.976%; N = 75 067%: OO, « 6,956
Problems based on volume calculations

Solved Problems

I. A gas used in internal combustion engine had the fnllnwing composition by volume : H
45%;{.:H' = 36%; CO = 15%; N_ = 49. Find the volume of air rt'quur-! tor the combustion
of 1 m’ of the gas.

Solution

Constituent | Amount in 1m’ of the | Combustion reaction Volume of O, required(m’)
fuel
H, 045 m' 1 45 0.5 =0.225
H+-0—HO
15 ) R iy
CH, 0.36 m’ CH+ 20, CO+ 2HO 0.36 x 2 = 0.72
co 0.15 m’ Co+ L 0-co, 0.15 x 0.5 = 0.075
- ;
N, 0.04 m*
Total = 1.020
Therefore volume of air required per m* of the gas = 1.020 m* x T " 4.857m’

2. A given sample of petrol contains H = 15.4% and C = 84.6%. Calculate the minimum
volume of O, required for the combustion of this sample.

Solution

Constituent Amount in 1 kg of petrol | Combustion reaction | Weight of O, required(kg)
H 0.154 kg

0.154 1;.- 1.232 kg

C 0.846 kg C+0,-CO,

ﬂ.“‘ﬁ"! % = 125’6 kB

Towl O, reqd = 3.488 kg
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(Since 1000L = Im") CH, =20 8p: CO = 100
3. A gascous fuel has the following composition by Mu“;dlu‘dw colume of it upplieg
. N L by
CO, = 5%; O, = 2%; CH,= 5%%; ﬂ,H. o B%, rest 1%

m‘ﬁi’ud;nd':hc%umnpaiwﬂdfdﬁﬂ"l""
-’ Volume of dn

Constituents  Veolume in w."‘" iif-'—‘"‘__-—-—'-‘-j I ~

1 m' of go =~~~ —_rr CO,= 0.20«1 = 0 ey

- - = " (0] ﬂ__:ﬂ-._iﬂ- L —— ._‘__E'
C.H‘ ﬂ.lﬂ-m" L—"'-I‘i' ﬁ.ﬂj -"‘Lﬂ: II-[-! {_-U“ 0D10=1=0 10 T —
! 010 - =005 = "
co olom |00+ 0 e
LA CO. = 005 m’

CO, nosm' |- _____,_._...——-——-:.-———-""""” =ay ————
(8] mﬂ‘ ﬁ;ﬁ{“l} _1Eg . 3 I.q_-'__'--.
4. - 005 3=013m 10, =000« 2 =010y

CH 0.05 m’ C;H-'_JEL_‘:_ME—- ; EE‘TIJ 08 « 1__';‘5'-
. 'mll"Hﬂ nl".i'nwﬂ e ﬂ-"ﬂ:

T e O X = —1]

N, 0.50 e B N, = 0.50 - 2

100
467 =4.19m’
Toul O, regd = 1.0’ ~a
Q0 mﬁ.&-n.nzﬂm’
Hﬂﬂt#-ﬂ_ﬂm'

i 1 100 & -
VM&&MH&MHIEJH-GN* Ty =467 m
Caleulation of dry flue gases
CO, = WIMM.IM] m® = 0.69 m’

N; . N; M "’N' ‘hdﬂ = 4-.19!’

Total volume of dry produces = 0.69 +4.19 = 4.88 m’

x 100 =14.139%

0.69
% CO, = Ty

4.19 :
%N, = e 100 85,861 %
. A gascous fuel has the following compos
gaseous s the following composition by volume - CH, = 4.0 %; CO = 26%;

m,-lmﬂlnlmn n‘m i
wwaum@d@mﬂ'”“‘“m*ﬂmﬁ

| . 4



Solution

Comtments | Valume in Combuntlon Reas thon - O, voquived (ln m") | Volume of  dry  flue
I m' nfw pases(m’)
(\"“ 0.04 ! Cl |.o 20). = Ci( Do AHLO L0048 2« 008 m" [ CO, w004 x|« 0,04 m
o 0260 m' | | CO w020 % | = 0,26 m'
COW - O, » L0, (.26 « Oy m
) )
l{3 Ol” |\\\ l '
H,+ = O, - H0 000w =~ «0.05 m'
2 ‘ ;
O, 010 m?! ' ( ()1-(),|Um'
N, 0.50 ! 050 m" v N, in toral alr
wpplied
Valume of O, Fotal €O, i Aue g
required « 0.200 m" | 0.40 m’

; [ 00
Minimum volume of anr required « 0,200 x )| [.238 m)

a

]

Excess air = 1.238 x — « 0.2476 m"
“ 100 -
Total air supplied = 1,238 m* + 0.2476 m" = 1.4856 m"
Caleulation of volume of dry flue gases
The flue gas contains CO,, O, from excess air and N, of fuel + N, of total air supplied,

CO, = 0,40 m*

7
0O, = 0.2476 x . = 0,052 m'
) 100

N, = 0.50 m* (of fuel gas)+1.4856 x % (from total air supplied)
N, =0.50 + 1,1174 = 1.674 m"

Toral volume of dry flue gases = (0.40 + 0,052 + 1.674)m" = 2.126 m"

0.40
»%Coa'_ ' 19¢

x 100 = 18.81 %
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Practice problems pr—— 2 rcqujrcd for the complet,
(volum€ o of oxyge" I oF

f air (volt
[Ans = 2.38] )

1. Calculare the volume 0%
scion of one 1L of CO- 3
srion of 1 m of gaseous fuel

combu
bu
- . d for the complete com p oF piece
- Calculate the volum‘c Ofagorb?%f%). CH‘ = IO%; Hz = 40%; Csz = 2.0(%), N‘, =1.09% and
having the composition = '
remaining being CcO, B~ 3.238n]j]
CH = 6 CyO; CO = 220/0'

3. A gaseous fuel has the following composition by volume - y
O. - 4%; CO, = 4% H, = 20%; N,= 44%. 207 .
actually suppliéd per m’ of this gas- Molecular weight of air = 25-

[Ans = 2143.107g)

sirion by volume : I‘I2 s 15 %0; (:l—-Il = 30%: C H
O = 6.0%; CO, = 8%:; O, = 2% and N, = 12‘0/06

4. A gaseous fuel has the following compo
ducts of combustion if 4(o,

= 11%; CH, = 4.5%; C,Hy = 2.5%; C
Calculate the air fuel ratio and volumetric analysis of dry pro

excess air IS used.
(Ans (i) 9.366:1 (ii) CO, = 8.415%; N, = 77.166%:; O, =14.418



