Uka Tarsadia University (Diwaliba Polytechnic)

Diploma in Chemical Engineering

Assignment ( Industrial Stoichiometry)

Unit-1 Unit Systems & Basic Chemical Calculations

Answer the following in brief

1)

2)

3)

4)

5)

6)

7)

8)

9

10)

11)

12)

13)

14)

15)

Define pressure and convert 1400 mmHg to atm.

£llQLe{l cautuul AU A 1¥00 mmHg o atm Hi 3Rl

What is the difference between Normality and Molarity?

AULHLRLAL A NAUREL AR dstelct Al

How many grams of carbon are present in 264 g of CO,?

RSY¥ UM CO, Hi d2cl UM stoldd Sla.

Define : 1) Base units, 2) Derived units

cAuARA 5. 1) Yo AsH, ) AR A AsH.

What is Equivalent weight and calculate the equivalent weights of H3PO, .
dRIGUR A2A Y? H3sPO, oll delellR 2Ll

The concentration of an aqueous solution of acetic acid is specified as 30% on weight basis.
Find the molality of the solution.

AARs ARl w(AA staRHl RARSs AR S| aet 25t 30 % B, Al alaile(l

HA@2l aua.

Write the units of Molarity and Molality.

NARE U NA@Z] olt A5 cAvl.

Write down the definition of gram atom and gram mole.
UM URHIR] et oM HlAo(l cautvaul el

What is normality? Write down its unit.

AYHLRLAL A2A 92 AYHIGLcALell AsH AN,
Write down the unit of length & Mass in MKS

MKS Ug(Qul dolles ol scaHiotatl As AWl
Define: 1) Mole Percentage, 2) Atomic Weight
cyluRdl AUUL: 1) M 25l ) URQIGUR.

Write down unit of 1) Density, 2) Force.

A sHL AW, Q) Yotcll, ) WAL

Write down the unit of Time & Temperature in CGS.
CGS UGAHT UH Aol dlUMlototl A5 cAvll,
Define: 1) Work, 2) Heat.

clluAL AL AL 1) 5121, ?) GBHL.

Convert a pressure of 2 atm to mmHg.

2 atm ol mmHg Hi %2l




1)

2)
3)

4)

5)
6)
7)
8)

9

10)

11)

12)

13)

Unit-2 Ideal Gas Law

The gas mixture having the mass fraction of HCI, N, and O, as 0.391, 0.481 and 0.127 respectively.
Calculate the partial pressure of HCI at 405.3 kPa and 303 K.

aly) (BRI HCI, N, A O, ail scatvial BofsN 0.3¢1, 0.¥¢, WA 0.129 B, cll ¥OU.3 kPa

EWIBL WA 303 K dAlUHLa HCI o Ai(As eouil 2L
What is ideal gas law?

UEN Yol (A Al

What is STP?

STP A2A ¢?

A cylinder contains 15 kg of liquid propane. What volume in m® will propane occupy if it is released
and brought to NTP conditions?

As RS vieR WU kg Yalldl WAet B, 212 Yotal 1S cltMi A & Wal NTP ol

URRA ML claalHi AA B R 32d 5€ (M®) AUsLL 52

What is vapour pressure?

GUSUEGLRL AR2A 9j?

Write the unit of R (universal gas constant) mentioning cubic meter, Pascal and Kelvin.
tlot (2R, WRsA el 3(cAat Ui 2laldl ALBAs clg) UUANTS (R ) oll AsH A,
Write the formula to find the density of gas mixture.

cl?] (1ol Yottt el Hidaj Yo Al

Write down Raoult’s Law.

AGaA R Al

The feed to ammonia synthesis reactor contains 25 mole % nitrogen and 75 mole % hydrogen. Find
average molecular weight of feed.

AU As2RHL EMHA AAl YAEHL U HIA % olles2osol WA U % sLBSL% el B, Al ELWA

AUl AL Ylloll URRAA AURJEUR L.

Write down Amagat’s Law.

ALl [ vl

Derive the relation between partial pressure, mole fraction of component gas to total pressure i.e. P,
= XaP

cltell Mt 249l WiRS ulgl wal 2zt extgl eallctd Yot P, = xaP Aol 53A.

An aqueous solution contains 20% ammonia, 60% ammonium nitrate and 5% urea (NH,CONHy,) by
weight. Find the available nitrogen content of urea.

cogotoll 2slelldlotl 2B A s Sl aleltHi 20 % AR S0 % WAHUARUH ollsee AR U%

YR2UL (NH,CONH,) 8. JRAML 612 1¥A lles ol U of YHIRL 20 L.

A gas mixture has following composition by volume:
0, = 15.1 %, CO, = 3.7%, N, = 75% and H,0 = 6.2%. Find composition by weight.

seoll 2slcll3lotl DA cllf AsieHl R’ Usle] Ymal «1A YyHdl 8.
0, = AU.9%, CO, = 3.9%, N, = 9U% ol H,0 = 5.2%, cll eeslo{l aoet 2stalldl 0.




14)

15)

Write down full form of 1) NTP, 2) STP.
YRL ot Aull. 1) NTP, R) STP.

Write down Dalton’s law.

slceatoll (A vl

Answer the following.

1)

2)

3)

4)

5)

6)

7)

8)

9

10)

11)

Calculate the moles of 20 kg of CI,?
20 kg Cl, otl {lcte{l o1t 53U

15 kg of carbon dioxide is compressed at a temperature of 303 K (30°C) to a volume of 0.5 m*and
having 0.341 kmol of CO,. Calculate the pressure required for given duty. Assume ideal gas law is
applicable. (Given: R=8.31451 m®.kPa/(kmol.K))

303 K (30°C) clluMlal AU kg Slofol SIRASUES U EGLRL A2, WSl 0.U m® B2 S€ $cUML

WA Y. CO, oll A 0.3 ¥4 B, Al CO, ol ectlglofl oLt 5. WA ¥ 4l cl wedl ciy 8.

(R=8.31451 m® kPa/(kmol.K))
Calculate the volume occupied by 20 kg of chlorine gas at a pressure of 100 kPa and 298 K (25°C).

100 kPa E0ULAL Aol R¢¢ K (25°C) cdlUMLal R0 kg SAURaio] 5€ 3ed] U2

Calculate the volume occupied by 10 kg of chlorine gas at a pressure of 50 kPa and 298 K (25°C).
U0 kPa EGULAL Aol R¢¢ K (25°C) cdllUMLal 10 kg 5ARato] 5€ 32¢f &2

What is Henry’s law?

dofloll (AauH vl

What is specific gravity of a gas? Write down formula of specific gravity.

ayell AR5 A8l ANeA 92 VR(%s A(lElo] Yot cvll.

Calculate the density of air containing 21% O,, 79% N, by volume at 503 K (230°C) and 1519.875
kPa.

QUALE.CIU kPa. oll £0ULBL ol UO3 K (230°C) otl cllUHLal scllell U slofl Uil €l

2stall3letl LB 9% O, 9€ % N, B Al scllo{l Lottt 2L

A gaseous mixture has the following composition by volume:
CO, = 8%, CO =14, O, = 6%, H,0 = 5%, CH; = 1% and N, = 66% . Calculate (i) Average
molecular weight of gas mixture and (ii) Density of gas mixture at 303 K and 101.325 kPa.

aly] Ml éc ueslell seoll esialil : Co, = 8%, CO = 14% , O, = 6%, H;0 = 5%, CH, =
1% ol N, =66% 8. 2L (1) cll2] (ARl ARAA WRIEUR, () 303 K cllUH(a ual

109.3 U kPa £ cl?) Aswatell Ustdl.

A mixture of nitrogen and carbon dioxide at 298 K (25°C) and 101.325 kPa has an average molecular
weight of 31. What is the partial pressure of nitrogen?

L2\ el Wal slolet SIASUSSatl (ABLRLe] AlUMLet ¢ ¢ K (RUCC) , E6ILRL 101.3 U kPa Aol
URRALA AURJAUR 3 B, Al olles\sote] WilRls ol AL
Show that pressure % = mole % = volume %.

UAA 5A ¥ £0llll % = WA % = 5E %

A solution containing 55% benzene, 28% toluene and 17% xylene by weight is in contact with its
vapour at 373 K. Calculate the total pressure and molar composition of the liquid and vapour.




12)

13)

14)

15)

aogatofl 2stclld] oll RO As alalll 393 K cllUHIA UL % AlsBel , ¢ % A eytet Wal 19 %
BRAAlA YUAA D B 393 K cdAlUHla Aoll clRLNetl AUSHL 2UA B, Yl A cdRlnetl el

t@Slo] UHIBL AHes 2lac eaal el

The analysis of the gas sample is given below (on volume basis): CH, = 66%, CO, = 30%, NH; =
4%. Find average molecular weight of gas. (Assume ideal gas).

) of [A3AMEL 51l U slell sEa WU 251l CH,y = $5%, CO, = 30%, NH; =¥% B, dll

cllfoll ARAA UREUR L. (U cllyoll LI 5).

The Orsat (dry) analysis of a flue gas from a boiler house is as given below:

CO, =10 %, O,=7.96 %, N, = 82%, SO, = 0.04 % by volume. The flue gas pressure is 100 kPa (750
torr) and temperature is 463 K (190°C). SO, is undesirable for the point of view of occupational
hazards. Express the concentration of SO, in ppm and mg/m”.

ASARMI 5Nl £sotallj2lle] glat [A3AMA s€0{l esialdle] NRQL (A YyHId ],
CO, =10 %, O,= 7.96 %, N, = 82%, SO,= 0.04 %. €£&atcll2jallo] €GBl 100 kPa (750 torr) Al
dlUHlel 463 K (190°C) B. cacll@s sluHell aRA SO, wl096{la B Al SO, ofl Uisicll ppm

U mg/m® HL L.

A gaseous mixture has the following composition by volume:
CO, = 8%, CO =14, O, = 6%, H,0 = 5%, CH, = 1% and N, = 66% . Calculate (i) Average
molecular weight of gas mixture and (ii) Density of gas mixture at 303 K and 101.325 kPa.

al] Ml éc deslell seoll estalil : Co, = 8%, CO = 14% , O, = 6%, H,0 = 5%, CH, =
1% and N, = 66% 8. 303 K cllUHlal AUa 101.3 U kPa £6LE), 2N (1) <] MA1gLell AR

URIAUR, () a3 BIswae(l eotcll

A natural gas has the following composition by volume:
CH, = 82%, C,Hs = 12% and N, = 6%. Calculate the density of gas at 288 K (15°C) and 101.325
kPa.

seo{l 2slcllIloll RO AURA AU YUSlof YHIRL oA Yyud B.
CHas = €%, CoHg = 1% ol N, = $%, cll ¢ ¢ K (AU °C) cllUHlal el 101.325 kPa €GOl
alyoll edotcll 0.

Unit 3 Material Balance in Processes Without Chemical Reactions

Answer the following.

1) What is material Balance?
HRuA AQU AN2A 92
2) Write the overall material balance for the Distillation process.
(Aie ot ugldoj AyEl HERUA AQ AW
3) What is accumulation?
AU AeA 9?
4) What is Bypass Operation?
GlLRAULRY AUR At AH2A 9?




5)

6)

7)

8)

9)

What is filtration?

ounRL A=A 9?

What is Crystallization?

R0 AeA 92

Write the material balance of inert gas for the Absorption process with block diagram.
w0 HEL ugld 12 AP catyeti HAlZlad AQU Uldct 6cAls sl 1R
What is law of conservation of mass?

g AL oll (A AVl

Which operation is carried out in the chemical industry for the removal of a residual moisture
with the help of hot air? And How material and energy balance help to solve any problem?

3R sc 8osEl oMl o1RM sclloll 6los3l gLl U sHi B AAAL A £ sl HIR 53
A UR2et UM AUA B? U SEURL UHRUL £2 5cll HIZ HARUAA AQU U Wotos]
A 58 A HEEIU AWAD. ?

10) Explain the block diagram of Extraction process.

(sl ugldell oclls stauaH €1,

Answer the following in detail.

1)

2)

3)

A single effect evaporator is fed with 10,000 kg/h of weak liquor containing 15% caustic (NaOH)
by weight and is concentrated to get thick liquor containing 40% by weight caustic (NaOH).
Calculate (a) kg/h of water evaporated and (b) kg/h of thick liquor obtained

(ol yaudlui sIERs (NaOH) AU % cosotall €2 ¥ B Ul Yaldla Rdid 8%se
gAWR2HL 10000 kg/h otl Yellsll A sl AUA B, L sAWR2/HU [Asndl Uis
Y8l ¥0% ol cogototl €3 51R2S (NaOH) 23 B, dl 2Rl 53 : 1) d2cl kg/h Wgllef

alsdletclot &2j? wal ?) Becl kg/h Ais (dg) Yallel Heej?

An evaporator is fed with 15,000 kg/h of a solution containing 10% NaCl, 15% NaOH and rest
water. In the operation, water is evaporated and NaCl is precipitated as crystals. The thick liquor
leaving the evaporator contains 45% NaOH, 2% NaCl and rest water. Calculate (a) kg/h water
evaporated, (b) kg/h salt precipitated, (c) kg/h thick liquor.

gAUWR2UL U000 kg/h oll Yellsll E1HA AUl SLaRIHE 10% NaCl, 1U% NaOH sl ol $loj
uiell 8. ylsa eRi2utet wiille] oirsdletciot gl & >4 NaCl 2@ Hal 13U HA .
gAUR2HI sl Uis (tg) YUlSlHl ¥U% NaOH, 2% NaCl ol eliSle] wigll &.
aleld3l 52, 1) 32l kg/h uelle] cirslletclet &2j? ?) 2cl kg/h Alceq] s(2(5520L &j? 3)

$2Cl kg/h Uik (Ug) Yclldl HuR)?

A sample of coal is found to contain 63% carbon and 24% ash on weight basis. The analysis of
refuse after combustion shows 7% carbon and rest ash. Calculate the percentage of the original
carbon unburnt in the refuse.




4)

5)

6)

7)

8)

Sl oot cesatoll estelllotl tRAL 53 % slolot A Y % AW HA B, esotylbaul
Ugl B (R 52405 HuRA AL sL0lote] YMIRL 9% W oltslell AW B, Al [R5 3HI ol (At

WRYAA sleloto{l estadl 2l

It is desired to make up 1000 kg of a solution containing 35% by weight of a substance ‘A’. Two
solutions are available, one containing 10 weight percent ‘A’ and other containing 50 weight
percent of ‘A’. How many kilograms of each solution will be required?

oL alalBl WAL B USCEL sladRHE “A’ Ueso{l aoset 2slalldl 10% el oflost slaRiHl <A’
u2soll cegotoll 251l U0% 8. &A L 4lallll 4lRL 1000 kg of old alelll tlotlald & BHi
‘A’ Uesoll el 25lalll 3U % el AU D Al €35 alalletl Fectl (BAatHell 232 us?

Soyabean seeds are extracted using hexane in batch extractors. The flaked seeds are found to
contain 18.6% oil, 69% solid and 12.4% moisture (by weight). At the end of the extraction
process, cake (meal) is separated from hexane-oil mixture. The cake is analysed to contain 0.8%
oil, 87.7% solids and 11.5% moisture (by weight). Find the percentage recovery of oil.

AU As2 52U 359t glRL AAL{lotatl €10l [ArsEl scUHT A B. dRH ELQUML HA AL
U2SIHL 1¢.5 % WBA, §¢% tot UELL WA 12.% % A (c%otoll 2stald]) B. lrsu
Ylbaulatl vl 5Bt — WSl AsQHiel 35 98l Ulsail UA B, Fs0] (ASANMEL 5l
0.¢ % WS, €9.9 % ot UELA] Bl 12.U% A% (closato{l 25Lalll) ofl slos] astatent Holl.

WBctoll Rsadl estett Ml 0.

The dilute acid containing 25% H,SQ, is concentrated by commercial grade sulphuric acid
containing 98% H,SO, to obtain desired acid containing 65% H,SO,. Find the quantities of the
acids required to make 1000 kg of desired acid.

SU% H,S0, of slalll Adelal M2 U% [loln H,50, ol vlER Uis ¢¢ % H,.S0, GRRCUHI

WA Y, Al 1000 kg o SU% H,S0, Ranclell 12 32l AR S 2l 83?

A sample of coal from the colliery in West Bengal, is found to contain 67.2% carbon and 22.3%
ash (both by weight). The refuse obtained at the end of combustion is analysed to contain 7.1%
by weight carbon and 92.9% ash (by weight). Calculate the percent of original carbon remaining
unburnt in refuse.

U@l clounetl SUARI Higll As0cll SlAetl ool $9.2% Slolat W RR.3 % AW
(cosatoll 2slalld]) 612 B. €60t YlBalatl vid HAdl R%JPAHL 9.1% Sl6let U ¢R.¢ % AN

HAL (a%etoll 2stalld]) B. R53Hl ot ddicd WRYatct stolotell esialdl 2Nl

1000 kg/h of a mixture containing equal parts by mass of benzene and toluene is distilled to get
overhead product containing 95% benzene (weight basis). The flow rate of bottom stream being
512 kg/h. Calculate the percentage of toluene in the bottom product (weight basis).

UMLol s Hlol YRl cll Aol Bl Aeysel ol (ABLRLell Yclls 1000 kg/h . ul Yallsal
(A2iE ot SLAHML ELUA SRAUMLAUA B. B 35 d3E HAdl UlsseHl AleHatoll clogot
sl U % B. eladReall et ewdtiell (sl el Yalts U kg/h 8, Al @At
eHidl Asadl Msseui eysetoll coset 2stall 2l




9) The dilute acid containing 20% H,SO, is concentrated by commercial grade sulphuric acid
containing 98% H,SO, to obtain desired acid containing 67% H,SO,. Find the quantities of the
acids required to make 1000 kg of desired acid.

S % H,S0, of slalRl Raetell Hi2 20 % [olo H,S50, ofl vieR s ¢¢ % H,S0, GRRHI

WA D, Al 1000 kg o) 59 % H,S0, Raclall Hi2 32l AR w2l \el?

10) 1500 kg/h of a mixture containing equal parts by mass of benzene and toluene is distilled to get
overhead product containing 94% benzene (weight basis). The flow rate of bottom stream being
510 kg/h. Calculate the percentage of toluene in the bottom product (weight basis).

UMt geAMlol YRl AlDet Ul Acfeet oli (BB Yclle TU00 kg/h B. L Yallgal
(ARRUE ot SIAHHL EMMA Sl AUA B. AR 85 A3 Hadl WsseHi AleDetoll cioset
2slaldl ¢¥ % B. 2laRetl et crdHiedll (sl BMell yalts U0 kg/h B, Al Al
eloHiel Rsndl Wsseui lessetoll ceet 2siatdl 2l

Unit 4: Material Balance in Processes Involving Chemical Reactions

Answer the following in brief.

1)

2)

3)

4)

5)

6)

7)

8)

Explain the term ‘stoichiometry’.

cdeclNM (A o€ YHCA.

Define Limiting Reactant.

HalRd ulsas catva@d s,

If A and B reacts to form product C. B is the excess reactant. Write the percent excess for B.
Ao B UL UB 53l C Wsse oolld 8. B WBase(l Hiol ctll? B. B HIS URAeY

A SAY AUl

The carbon monoxide is reacted with hydrogen to produce methanol. Calculate the stoichiometric
ratio of H, to CO.

AAAA Geuzt sl HIR Slolot HlollsUesoll slesgloset U AAAQS UlsU sACAUHL WA D,

H, 3ol CO el clect2019L 2J00ttR 20 el.

What do you mean by ‘per pass conversion’?

“YR UL S0clIbel” [AA A 9 130 12

Write an example to show excess reactant and limiting reactant.
AsAU RAseoe WA [AR(B21 BAs2oe tlclelcdl GELsRWL AL
Balance the following reactions :

@) CH;+0; — (Formaldehyde produced)
(b) CH4 + 20, — (Carbon dioxide produced)

(1Al 25 Y5212 AHAA 53,

() CH, + 0, — (SHIESleL8Ss Geus Al B)
(b) CH, + 20, — (sl0lat sLASAEBS Geur Al B)

Explain stoichiometric ratio and stoichiometric proportion.




DL OJRNTR Al ceclALOL YHIQL AUH L,
9) Define yield.

2les (Guoy) cautvuRd 53
10) Define selectivity.

RAsQZ cauvau@d s
11) Explain the term conversion.

SoclOBot AGE UMl

12) Consider the following reactions and write the stoichiometry to find the mole% of Ca3(PO,), and
Can.
Ca3(PO4)2 + 6 HC1 — 2H3PO, + 3CacCl,
CaF, + 2HCI1—2HF + CaCl,

o{1Aell Y52 Lot Al Cas(PO,), U CaF, oll WA % 2utclloll dect2latM(d cvl.

Ca3(PO4)2 + 6 HC1 — 2H3PO, + 3CacCl,
CaF, + 2HCI—2HF + CacCl,

13) A gas containing entirely of CH, and C,Hs is burnt with air giving flue gas. The Orsat analysis of
flue gas gives 9.5% CO,, 3% O,, 2% CO and rest N,. Calculate percent excess air.

UM REAL CH, AR CoHg A ectloll sles LMl ol 4UA B, Gl UAC $6f AUHL €U %
CO,, 3% 05, 2% CO W tlLSlall N, ® (ARAR (A3AMERL YHIAY). WA WsAYU sclloll atald?l
83l

14) Write down the percentage of component in Air.
SAHL A Ysloll estaul cul,
15) Explain the term ‘extent of reaction’.

AU s Ylsau AL Aoz Bl B S20t) AGE UM

Answer the following

1) Ammonia is produced by the following reaction:
N, + 3H, — 2NH;
Calculate the molal flow rate of hydrogen corresponding to nitrogen feed rate of 25 kmol/h if they
are fed in the stoichiometric proportion.

(LAl ylBaul g2t A AU Geurt AL B.
N, + 3H, — 2NH;
AL 2% atoll §lS 22 U kmol/h B. allesgloselal A oD sleQosetatl TAHA sAlReo{l aald3l 53

(Jallgall U Slal dectALoL YHIRHL ELHA s aAH WA B.)

2) In production of sulphur trioxide, 100 kmol of SO, and 200 kmol of O, are fed to a reactor. The
product stream is found to contain 80 kmol SOs. Find the percent conversion of SO,.

UCHR SLRASAUSSAl Geuleat HI2 I s2HL 100 kmol SO, el 200 kmol O, ELHE SULHL

LA . Ulsseoll R HUL O kmol SO; HAL B. SO, of URAce% SoclBet 2.

3) A feed containing 60 mole% A, 30 mole% B and 10 mole% inerts enters a reactor. 80 percent of
original A reacts according to the following reaction:
2A+B—>C
Find the compostion of the product stream on mole basis based on the given compostion.




4)

5)

6)

7)

8)

9

10)

RAseHL el AAl EHHL SO0 A % A, 30 HIA % B Aol 10 HlA % B2 uesl B. oA

galacll eu2l@s Ylsau YA ¢o % AUl A cURAU U B,
2A+B—>C
VAL YHIQRA AU A A3 UR Ulsse Mot ©eslell oLl s2A.

In production of sulphur trioxide, 100 kmol of SO, and 100 kmol of O, are fed to a reactor. If the
percent conversion of SO, is 80, calculate the composition of the SO; in the product stream on mole
basis.

ACE SLRASAUBSAl Geulgal HIZ A2l 100 kmol SO, el 100 kmol O, ELHEL S UM
ULA B. SO, of URARY Soctdbot O AUl Ulsse WHHI SO; oll $1UB2etell 2113 A
A3 U $3.

In the oxidation of SO, to SOs, the conversion is 75% by using 70% excess air. Calculate the
composition of N, gas leaving the reactor (on mole basis).

S0, o AUEA32et UL SOz UA B, IAMS2UL V0 % AR S AL OU % of Soclodat Aol

WA B, AAseHil wslR [Asndi N, clg] L3l A A3 UR 53

Calculate the composition of O, gas obtained by burning pure FeS, with 60% excess air. Assume that
reaction proceeds in the following manner and goes to completion.
4 FeS, + 110, — 2Fe, 05 + 8S0,

S0 % AUlR &cll AWURA FeS, ol sl Ml ALA B, dl O, ol YHIRL{l o1atcd?] 50 wRlA ¥ o1

YH{l ua@s ylsa ata ®

4 FeS, + 110, — 2Fe, 05 + 8S0,

The ultimate analysis of a coal sample is given below: Carbon=61.5%, Hydrogen=3.5%,
Sulphur=0.4%, Ash=14.2%, Nitrogen= 1.8% and the rest oxygen. Calculate the theoretical oxygen
requirement per unit weight of coal.

SlcAlotl ol¥oile] W Ne Al QR (1A YyHId 8.
slolot = S U %, SLBotl = 3 U %, UCH = 0.¥ %, AV = V8.2 %, olleig\%el = 1.¢ % Aol

olLSloll UBU%A B, SleAdletl AsH et €ls (AR (2 se AWUSuesatoll 3321 0.

In manufacture of sulphur trioxide, feed to a reactor consists of 50 kmol SO, and 150 kmol air.
Calculate the % excess air is used.

UCHR 2LRASUBSoll BeulEot HIE ASs2Ro{l BLER U0 kmol SO, Al TUO kmol &cll ELHEA

scllHL AA B, Al % AsAU scltoll o1l 5.

In manufacture of sulphur trioxide, feed to a reactor consists of 40 kmol SO, and 100 kmol air.
Calculate the % excess air is used.

UCHR 2LRASUBSoll GeulEot HIE AseRe{l BLER ¥0 kmol SO, Al 100 kmol scll ELHEA

salHL AUA B. ULl % AsAU sclloll dRLdl 5.

The ultimate analysis of a coal sample is given below: Carbon=61%, Hydrogen=4 %, Sulphur=1.4%,
Ash=13.2%, Nitrogen= 1.8% and the rest oxygen. Calculate the theoretical oxygen requirement per
unit weight of coal.

Sleloll ot¥silo] WeElne A QAR (1A yHd B.




slolol = 5 %, SLBSol = ¥ %, UCE = 1.¥ %, AVl = 13.2 %, olle2\%el = 1.¢ % A WlSloll
WBUYA B, SlcAdlatl AsH cxat €l (A2 (3 set AU Suotoll ¥3(32Ud 23N

Unit 5 Energy Balance

Answer the following in brief.
1) Explain Latent heat of sublimation?

G Ulclot 9t GuL (A UMt
2)  Write the forms of energy related to the system.
yeulal vel? Gosletl 23Ul cul.
3) What is Adiabatic Process?
W ylBau Aed 9j?
4)  What is heat of combustion (AHc) ?
£&ol Gu A2A 92
5) What is standard heat of formation (AH¢°) ?
YHUOlc UASAGSHL ANeA 9?
6) What is heat of reaction (AHR) ?
ylsal G ANeA 9j?
7) What do you mean by heat capacity ?
Gt cll [AA N 9 AR 6.
8) What do you understand by the term ‘sensible heat’?
AAUA &l2 ([AA AR gAML &L,
9) Distinguish between kinetic energy and potential energy.
oUAGT A RAA Gosl ctRAA cAsteld AWl
10) Distinguish between open system and closed system.
vl youdl wal ol youell aAsll dstald cdul.
11) What is latent heat of fusion?
OlAet At GwHL A2A g?
12) What is latent heat of vaporisation?
o etclol it Gl AeA 9?
13) Give the difference between extensive and intensive property.
HEoULH S LRI A (AR 2Ll A dglelct Avl.
14) Explain the term ‘Internal Energy’.
UARs Gl 2loe caAlvARA 5.
15) Distinguish between System and surroundings.
Yol A URUR R dslald Aull.
16) Write the formulaes for Kinetic energy and potential energy.

ol Gosl e RA(AGST ML2otl YA AWl

17) Explain the term ‘Enthalpy’ and write the formula for it.




Aol Ul catvaul@d 531 Aof Yot AWl

18) Discuss steady state and unsteady state.

il e ua el Sl e (A yues A

19) Explain the term ‘Isobaric and Isochoric’ process.

Areloll uBal ua uusel ulsal (A yuesal.

20) Write the energy balance equation for the closed system.

ol yeuell 12 Gost A Alcteto] wHls0L Aul.

Answer the following

1)

2)

3)

A stream of nitrogen flowing at a rate of 100 kmol/h is heated from 303 K (30°C) to 373 K (100°C).
Calculate the heat that must be transferred.
°,=29.5909-5.141 x 10° T + 11.1829 x 10° T° - 4.968 x 10° T°.

100 kmol/h il Yellsll utaldl sitef2losetoll €M 303 K (30°C) &l 373 K (100 °C) clUHlal

ORH $RAHL WA B, Al YRR WHAL GuHtefl ottt 53U

°p=29.5909-5.141 x 10 T + 11.1829 x 10° T* — 4.968 x 10° T°,
Pure ethylene is heated from 303 K (30°C) to 523 K (250°C) at atmospheric pressure. Calculate the
heat added per kmol ethylene using the heat capacity data given below:

°p=4.1261 + 155.0213 x 10° T — 81.5455 x 10° T* + 16.9755x 10° T°.

alciaRelA £xldl 9g 8@(AAx 303 K (30°C) clluHIatell U3 K (U0 °C) cdluHlet 9Rl o1rM
$RAHL WA B, ol WAL E3HL&H Aletl 32t YHIAL kmol 8E@At €ls GRR el Al

ST SEREIERE
C%=4.1261 + 155.0213 x 10° T — 81.5455 x 10° T? + 16.9755x 10° T3,

A stream flowing at a rate of 15,000 mol/h containing 25 mole% N, and 75 mole% H, is to be heated
from 298 K (25°C) to 473 K (200°C). Calculate the heat that must be transferred using C,° data
given below:

C,°=a+bT +cT?+dT°, (kJ/kmol.K)

Gas

a

b x 10°

c x 10°

dx 10°

N,

29.5909

-5.41

13.1829

-4.968

1.0194

-0.1476

H, 28.6105 0.769

W BIH W U000 mol/hr oll €2 cAdl 28l B FHL 25 mol % N, Aal 9UY% mol Hyoll B Bal 298 K

(25°C) &l 473 K (200°C) Yl 2RH sRclHi AA B. C, %0l HURA cltula glortsR el éle .
°=a+bT +cT?+dT? (ki/kmol.K)

Gas |a b x 10° cx10° d x 10°
N, 29.5909 -5.41 13.1829 -4.968
H, 28.6105 1.0194 -0.1476 0.769
4) Calculate the heat that must be removed in cooling 32 kg of oxygen from 488 K (215°C) to 313 K

(40°C) using C,° data:
C,°=a+bT + cT?+dT°, (kI/kmol.K)




Gas |a b x 10° cx 10° dx 10°
0, 26.0257 11.7551 -2.3426 -0.5623

3Q kg sAogotal 2R 488 K (215°C) Al 313 K (40°C) Yell 65 ULscllHl 41 U detiHidll

Ysct Al Gul C,° ofl Huldc(lell 20t

C,°=a+ bT + cT? + dT°, (kJ/kmol.K)

Gas | A b x 10° cx 10° d x 10°
0, | 26.0257 11.7551 -2.3426 -0.5623

5) Calculate the heat needed to raise the temperature of 1 kmol of ammonia from 311 K (38°C) to 422
K (149°C) using the mean molal heat capacity.
Data: C°y, for NH; between 311 K and 298 K = 35.8641 kJ/(kmol.K)
C°pm for NH; between 422 K and 298 K = 37.7063 kJ/(kmol.K)

4 kmol Axo{lalat 311 K (38°C) Al 422 K (149°C) clluHlol Yl JRH scllHi wA B, il
A Sl lee] yHiel W Aal W2 Hlot NAA &le @iHctlell GuAloL 53U
(el : NH; M2 C°p 311 K ol 298 K clUMol clRA = 35.8641 k/(kmol.K)
NH; HI& C°%n, 422 3ol 298 K cllUlet cl = 37.7063 kJ/(kmol.K)
6) The gas having the following compostion by volume is at temperature of 773 K (500°C). SO, =

7.09%, O, = 10.55%, SOz = 0.45% and N, = 81.91%. Calculate the heat content of 1 kmol gas
mixture over 298 K (25°C) using the mean molal  heat capacity data given below:

Gas | C°m between 773 K - 298 K, kJ/(kmol.K)
SO, 46.8921

0, 31.4554

SO3 66.2812

N, 29.9272

A UM 773 K (500°C) clluH ol AlefHotl YHIRML o{lA Yool t2 sl AUAL B.
SO, = 7.09%, O, = 10.55%, SO; = 0.45% and N, = 81.91%
4 kmol detl (M81Le{l 298 K (25°C) ctunial 2”¥cl 8lesll atatd3l 5A ua Aol 12 ol Ao{l

HAA 8l aHclell Gualoal 3.

Gas | co ., 773 K - 298 K clUHLA,
kJ/(kmol.K)
SO, 46.8921
0 31.4554
SO; 66.2812
N 29.9272

7) Calculate the heat of formation of gaseous n-heptane at 298.15 K (25°C) using the following data:
Data:
Standard heat of formation of CO; (g) = -393.51 kJ/mol
Standard heat of formation of H,O (I) = -285.83 kJ/mol
Heat of combustion of C;Hy¢ (g) at 298.15 K (25°C) = -4853.43 kJ/mol




n-&Retoll cllz] 1AFUML A%t GBI 298.15 K (25°C) cAluH(al ofl Ao{l 13l a1’ 20
@l :

CO; (g)oll UHIQct Ut G = -393.51 ki/mol

H,0 (1) o{l YHU(Qlct st GWHL = -285.83 ki/mol

C-Hys (g)oll £&etofl GBI 298.15 K (25°C) cllUMLal = -4853.43 ki/mol

8) Calculate the standard heat of reaction at 298 K (25°C) of the following reaction:
Na,CO; (S) + Fe,03 (S) — Na,0.Fe,04 (S) + CO, (g)

Data:
Component AHf° kJ/mol at 298 K(25°C)
Na,CO; (s) -1130.68
Fe,0s (S) -817.3
Na,O.Fe,05 (S) -1412.2
CO2(9) -393.51

YHIRL A ylsal GwiL 298 K (25°C) cdturial ol Ae{l ylsauell Heeell 0.
Na,CO; (s) + Fe,03 (s) — Na,0.Fe,03 (s) + CO, (9)

Al :
au2sl AHf, kJ/mol 298 K(25°C) cllUlal
Na,CO;s (5) -1130.68
Fe,0s (S) -817.3
Nazo.FGQO3 (S) -1412.2
CO, (9) -393.51

9) Calculate the heat of formation of liquid 1-3 butadiene at 298.15 K (25°C) using the following data:
Data:
Standard heat of formation of CO; (g) = -393.51 kJ/mol
Standard heat of formation of H,O (I) = -285.83 kJ/mol
Heat of combustion of C4Hg (1) at 298.15 K (25°C) =-2520.11 kJ/mol

YLl 1-3 of2Lsieetell Aot GuHL 298.15 K (25°C) clluHlal ofl Aoll 1l a3 20l
l{l@fﬂ :

CO, (g)oll UHUQ Ut GuL =-393.51 ki/mol

H,0 (1) o{l Yyr(Qlct U%et GWL = -285.83 ki/mol

CsHs (1) oll €80t GBI 298.15 K (25°C) cllUHlal = -2UR0.1 ki/mol

10) 100 kg/h of methanol liquid at a temperature of 303 K (30°C) is obtained by removing heat from
saturated methanol vapour. Find out the amount of heat to be removed in this case.
Data: Boiling point of methanol = 337.8 K (64.8°C)
Latent heat of condensation of methanol = 1101.7 ki/kg
Specific heat of methanol = 2.7235 kJ/(kg.K)




303 K (30°C) cluMlal it A Asllctell Auniell 8le Aya sl 100 kg/hrej Yclldl RAsla
HA D). Yt Ul BLall aeello] YHIEL 2N,

el

MAActe] Gescot (g =337.8 K (64.8°C)

Al Aol $03et2let Ot 2RH| = 1101.7 ki/kg

M2l (AR GwL = 2.7235 ki/(kg.K)

Unit 6 Combustion

Answer the following

1)

2)

3)

4)

5)

6)

7)

8)

The gross heating value (GHV) of gaseous propane at 298 K (25°C) is 2219.71 kJ/mol. Calculate its
net heating value (NHV).

REC K (RU °C) cdluMial Yet cltyyell oA 8lRoL Acd) (GHV) 221¢.99 ki/mol B, Al Asll A2
elRoL Acyell a1t sA.

Explain the term ‘calorific value of fuel’ and ‘Gross Calorific Value (GCV)’?
dndlell 3ctR(Es Ay wal AU 3cdR(5s A (GCV) AHAAL

Discuss importance of Theoretical Oxygen.

(QARRsAH W (5ASot of Heccl AL,

The gross calorific value of liquid acetone at 298 K (25°C) is 1791.21kJ/mol. Find its net calorific
value using latent heat of water at 298 K (25°C). (Latent heat of water vapour at 298 K (25°C)=
131.90 kJ).

R¢C K (U °C) dtuial yatdl AR sto{l AU 3cdR(35 Ac| (GHV) 19¢1.24 kiimol 8. ¢
K (U °C) cturtal wiRlefl opt Gwil GuAdL s31a deofl e 3cdR(3s Acy) L. R¢¢ K (RU°C)

dtuHial Wllell el oL@ = 131.¢0 kI

Write the chemical reaction for partial combustion of propane and give the importance of
combustion reactions.

W ototi i@ls €50t HIZoll A2AMQS UlBaL AWl WA 50t YSle] Mol UHNICA.
Discuss the difference between proximate and ultimate analysis.

UlslAe AAQARY 1ol uElNe AU (@R A dsteld AW

A sample of fuel oil has C/H ratio 9.33 (by weight) and contains 1.3% sulphur (weight basis). The
net calorific value of the fuel oil is 39685 kJ/kg at 298 K (25°C). Calculate its gross calorific value
using latent heat of water at 298 K (25°C).

HAARL ACtetl sliollH C/H IJRITR €33 (cl¥otofl 25lallI]) ol 1.3% UCKR (A%t WIUR)
8. ¢¢ K (RU °C) cdluMlal tndll Actsll a2 3dR(%s Ayl 3¢scu kilkg B. 2¢¢ K (RU °C)
dturtal wiRlefl optd Gl GuDoL s3lat dell AU 3cAR(%s Ay K.

Write the formula for actual air supply and explain in detail.
WRYAUA AR LA U] Yol AVl WA UAAR AHAAL




9) The ultimate analysis of a residual fuel oil (RFO) sample is as given below:
C: 88.4%, H: 9.4% and S: 2.2% (by weight).

It is used as a fuel in a power generating boiler with 25% excess air. Calculate the composition of
flue gases.

RRSYUA Rt U Scotl AUA] Wedl N2 Aet@R oA Yyl &.
C: CC.¥ %, H: ¢.¥ % ual S: 2.2 % (cxaioll 2sialll).
ULalR Gauzt 5cll leeML gyctoll A U % aAttlRAo(l el GUAHI AUA ® A E&at

clglletl usle] YHL AL,

10) Calculate the gross and net calorific values [i.e. GCV and NCV] of the natural gas at 298 K (25°C)
having the following molar composition:
CH4 . 894%, C2H5: 5%, C3H3: 19%, n'C4H10: 1%, COZ: 0.7% and N,: 2%

R¢C K (RU °C) cdluMlal AuRA clloll N 3AR(s Ac) wal A2 3cR(ss Acy Al Aue
Adell AR S (Bt (U5lof YHIRL HAH AUHUR) ol A YHIA B.
CH4 AR %, C2H5: Y %, CgHg: Q.¢ %, n'C4H10: Q %, COz: 0.9 % and Nz: 2 %

11) Calculate the net calorific value (NCV) at 298 K (25°C) at a sample of fuel oil having C/H ratio 9.33
(by weight) and containing sulphur to the extent of 1.3% by weight.

HAARL ACtotl otiotlHi C/H 9JBLTR €.33 (aAxotofl 2sLall3]) U 1.3 % UCE (A%Yolol WULUR)

8. ¢¢ K (RU °C) dluMlal sl Actoll a2 3cdR(%s Ay el
12) A natural gas contains 85% methane and 15% ethane by volume. Calculate the GHV of this fuel in
kJ/kg from the standard heats of combustion of methane and ethane.
CH, (g) + 20, (g) — CO; () + 2H20 (g), AH . = -802.62 kJ/mol
C.Hs (g) + 3.50; (g) — 2CO; (g) + 3H,0 (g), AH . = -1428.64 ki/mol
Latent heat of water vapour at 298 K (25°C)= 2442.5 kJ/Kkg.

AU AUHL SEX VU U % P Aot A AU % 8Aot B, R At WA BAoto{l YHIR\A ESot

GuHloll BUAIL 531al Al fcoll GHV ofl 2Ll 3.

CH, (g) + 20, (g) — CO, () + 2H20 (g), AH . = -802.62 kJ/mol
C.Hs (g) + 3.50; (g) — 2CO; (g) + 3H,0 (g), AH . = -1428.64 ki/mol

e K (RU °C) diurial Wllell clrinoll o LdGwHi = ¥ ¥ .U ki/kg.

13) The GHV (gross heating value) of gaseous n-butane is 2877.40 kJ/mol at 298 K (25°C) . Calculate
its NHV (net heating value) in kJ/mol. Latent heat of water vapour at 298 K (25°C) = 2442.5 kJ/kg.

R¢C K (RU °C) cdluMlal n- sf2el clljell GHV (A 2oL AcR)) ¢99.¥0 ki/mol ®.
dl Qell ale &lRoL A} (NHV) ki/mol Hi 2. 2¢¢ K (RU °C) dluHial utelell aRime{l

ILAGHL = 2¥¥ .U ki/kg.

14) The analysis of a refinery gas by volume is:




H,: 74%, CH,: 13.5%, C,Hg: 7.4%, C3Hg: 3.6%, n-C4H1o: 1.2% and NCsHq,: 0.3%.

Data:
Component 'AH‘S /(rggc:ss), -AH,® (net), kd/mol
CH, 890.65 802.62
C,He 1560.69 1428.64
CsHs 2219.17 2043.11
n-C4Hyo 2877.40 2657.32
NCsH 1, 3535.77 3271.67

AHe of H,0 (g) = -241.82 ki/mol at 298 K (25°C)
AHe of H,0 (1) = -241.82 ki/mol at 298 K (25°C)
Specific volume at 298 K (25°C) and 101.3 kPa = 24.465 m*kmol

Calculate the GCV of the refinery gas in kJ/mol.

(R81Gat3] clylloti v sl ofl seoll 2stall A i [Qsane A yud 8.
H,: 9% %, CH4: 3.4 %, CgHs: 9.¥ %, C3H8: 3.5 %, n-C4H10: 1.2 % and nC5H12: 0.3 %.

Sal:
a2l 'AHiz; /(r%;?ss), “AH,® (net), ka/mol
CH, 890.65 802.62
CoHs 1560.69 1428.64
CaHs 2219.17 2043.11
n-CaFro 2877.40 2657.32
nCoHz 3535.77 3271.67

H,0 () «(l AHP = -241.82 kd/mol at 298 K (25°C)
H,0 (1) o{l AH = -241.82 kd/mol at 298 K (25°C)
REC K (RU °C) dlUHIA A 104.3 kPa el (A2 s€ = 2¥.¥5U m¥kmol

Rs18et3l Aatell GCV oll 21atct 3 ki/mol Hi W30 .
15) The ultimate analysis of a residual fuel oil (RFO) sample is as given below:
C: 88.4%, H: 9.4% and S: 2.2% (by weight).




It is used as a fuel in a power generating boiler with 25% excess air. Calculate the theoretical air
requirement.

RRSYUA Rt USCotl AUA] WA e Aet@R oA Yl &.

C: CC.¥ %, H: ¢.¥ % ol S: 2.2 % (cxaioll 2sialll).
| UlelR Geurt 5cll GABSAIML Sfcoll A U % ctllRe{l salt BUAIHL 4
A QARRsA sctell Fecll 3Rl us?




