Final Exam. : 2017/ 2018 Mansoura University
Engincering Chemistry MTH 021 Faculty of Engincering \
30/11272017 Time: 2 hours BME : Programs

Total Mark: 50 Level: 000
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Answer the following questions: [ Cladeas O Shalall) AT AL CE qal

(N=14, C=11, H=1, =16, Kr=84, 5=31 and ¥n=65 )

Question No. {1} (9Marks)
{a): A gascous mixture of oxygen {O;) and krypton (Kr) has a density of 1.104 g/l a1 §7.995 K pa. and 27°C.

What is the partial pressure of Oy in the mixture?  (4)
(b): Calculate the compressibility factor and Predict the behavior of 110 gm of CO; gas at the
following specificd conditions: (2)
i- Pressure of 760 mmHg. and occupying a volume of 63.550 lit. at o temperature of 37 °C?
ii- Pressure of 202,650 k pa, and occupying a volume of 50 lit. at a temperature of 17 °C?
(c): Caleulat the volume of Nj gas at S.T.P conditions is required to react completely with 24.00
liters of H> at 0,974 atm and 24.5 oC? Rxn: N3+ IH: —— 2N, ()]

Question No, (2);  (10Marks)

(a): One mole of water was vaporized at 100°C and at constant pressure of | atm. Caleulate AE for
the following process: HyO (liquid at 100°C, 1 atm.) — U0 (vapor at 100.°C,1 ato) If
you are given the following data: Enthalpy of vaponization AH,,, of water = 9,72 keal /mole,
Density of water liquid (at 100°C)=1 g'em’ (Assume that the water vapor behaves as ideal gas), (5)
(b):Calculate the standard enthalpy change AHCr, the equilibrium constant (ko) 0t 25°C for the
following reaction: 2INallCOyis) = NayCOuiny + COxgy + HyOig) and explain why (NallCOy)
can be used as a (re extinguisher, if you are gavin the following thermodynamic data at 25°C.7 (5)

Compound State | AG"; Keal/ mol 57 cal/ mol K
NaHCO, s | -202.90 36,90
Wa-C 0,y - I =249 60 12.40
CO- g -94.26 51.06
H,O g -54.63 45.10
Duestion No, {3): (83 arks)

(2): Determine the percent excess air, When 100 gm of a coal containing 72% by weight carbon, 18%
by weight hydrogen, and 10% by weight ash gives a gas containing 68.73 mole of nitrogen plus
CO. COy, Oy and H:0, (3)

(b): Calculate the volume of air required and the volume and compaosition of the flue gases at 8.T.P,,

when | Kg of 01l is burned with 20% excess of that theoretically required. il the oil analysis is 84%

carbon and 16% hydrogen by weight.(5)

Question No. (4): (10 Marks)
{2):What 1s meant by colligative properties of solutions and demonstrate the three applications in our life time

governed by these properties? (4)

{b): Line sulfate, (An500), is 0 weak electrolyte that is the reaction: . ZnS0, p InT + 50,7

Docs not go lo completion. The freexing point of a solution that is made by dissolving 0.5811 gm ZnS0,
in 180 gm of water is -0.053°C. Calculate the apparent pereent dissociation of ZnS0), into Zn”" and
SO47 jons, (for water T =27IK, and All,,. =146 cal'mol ) (6)
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Question No. (5): (%Marks)

(a): Calculate the standand electrode potential, E®, for the half<cell, (Fe™" + 3¢'—Fe) if you are given:
Fe' +2c— Fe  E® =-0.440 volt Fe™" +e—— Fe& Ef = 0.771volt (3

{b): Consider a galvanic cell that uses the the reaction:  Cu i, + 2Fe™ = Zl-r".,q, + Cuﬂ‘..p

Calculate the electrode potential (E) and AG under the condition that, [Fe™'] = 1x10” molar, [Fe?]=0.2

molar and [Cu™] = 0.25 molar and at temperature of 28°C.7 ( F =,96500 coulombs’ mole electron)  (5)
Given, 2Fe”\., +2e= 2Fe,, E°= 0.77volt Cuy #2e=Cuy,  E*= 0.3 volt

Question No, (4]: (10N arks)

(n): Identify the main constituents of Portland cements? and express them in clinker chemistry notation:? (2)

{b): Demonsirate the main features of the kiln used for buming the raw mux to produce Portland cemem?
and Explain the main reactions occurning inside it? (1)

{e):What are the main raw matenal resources for fertilizers industry?  Explain in a flow sheet diagram how
ammonium nitrale fertilizer is produced? (4)

With My Best Regards and Good Luck
Prof. Dr. Ahmed Ahmed Al sarawy
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Duestion No. (1] (8Marks)
(8): A gaseous misture of oxypen (O;) and krypion (Kr) has a density of 1,104 g/l a1 §7.995 K pa. and 27°C,

What s the partlal pressure of O in the muature?  (3)
i il
Density = P M /R T= 1 104=(57995/ 101325 M) (0.082064 300)
M muxture = 47,5 g/mole
Mmixture =(y M) #{y M), = 475 =y O 32 )+ (1-yO;) (R4)y O
Yo. =07 PePrxy, PO0.5724 x0.T= 04007 atm,

{b): Calculate the compressibility factor and Predict the behavior of 110 gm of CO; gas at the
following spevified conditions: (2)
Solution
i- Pressure of 760 mmHg. and occupying a volume of 63.550 lit. at a temperature of 37 °C?
Z=PVInRT= (1) 63.550)(2.5K0.082)310) =1 ideal gas behavior

ii- Pressure of 202.650 k pa. and occupying a volume of 50 liL. at a temperature of 17 °C?
Z= PVInRT= (202650)(0. 05)'(2.5)8.314)(300) = 1.681 Non ideal pas and a positive deviation

(c): Caleulat the volume of N gas ot S.T.P conditions is required to react completely with 24.00
liters of H: 21 0.974 atm and 24.5°C? Rxn: Nz + 3H: P 2NH:  (3)

Solution
M= PV/RT =(24x0.974) / (0.08206x297.5) = 0.958
From bal. eqn. ITmole N:=3moleH:  No.mole of N3 = 0.958x (1/3) = 0.319 mole
Ve at (STP) = (D.3190N0.082060273) /(1) = T7.15 liL.

Question No. (2):  (8Marks)

(): One mole of water was vaporized at 160°C and at constant pressure of | atm. Calculate AE for
the following process: HyO (liquid at 100°C,1 atm.) — ;0 (vapor at 100,°C,1 atm.) If
you are given the following data: Enthalpy of vaporization AH,,. of water = 9.72 kcal /maole.
Density of water liquid (at 100°C)=1 g'cm’ { Assume that the water vapor behaves as ideal gas). (4)

Solution

n=| mole m= 18 gm T=373 K
Qr = AH,,,=9720cal'mole W= -P(AV)
Forliquid : V= (18/1) cm'= 0.018 liter

or vapour: P V=nRT Vi = 30.6084 liter
W= -P(AV) = -] (30.6083 - 0.018) = - 30.6 atm. liter = -738.1057 cal
AE=0Q+ W =9720-738.1057 = BOR].8% cal

(b):Caleulate the standard enthalpy change AlIr, the equilibrium constant (k) at 25°C for the
following reaction: 2NaHCOus) = NayCOus + COuigy + 1300 and explain why (NaHCOy)
can be used as a fire extinguisher, if you are gavin the following thermodynamic data at 25°C.7 (4)

Compound State AGY Keallmol | 8" cal’mol K
NaHCO, s 220290 36,90
mNasC0, 5 =240.60 3240

CcO. 2 9426 51.06
H-O g -54.63 45,10
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Solutinn

For finding AH®, at 25°C;
AG® = Epog AG® = Zrgaa AGT
= [(-249.6) + (-94.26)+(-54.63)] - [2(-202.9)] = 7.31 kcal/ mol |
AS? = Yppg 5% - Yaepe S° |
= [(32.4-51.06+45.1)] - [2(36.9)] = 128.56 -73.8 = 54.76 call K
Applying equation: AG® = AH®-T AS®
~AH® = AG"+ T AS® =7.31 + (298)(0.05476)= 23.628 kcal/ mol

it is interesting 1o nole that this relation has a positive AH® and a positive AS®, so the
decomposition of NaHCO; is non spontaneous at low temperature but become
spontaneous at high temperature, and lhat is why il can be use as fire extinguisher.

InKeq. =T310/(1.98)(298) K eq. =4.164x10°
Question No, (1); (AMarks)

{a}: Determine the percent excess air, When 100 gm of a coal containing 7295 by weight carbon, 18%
by weight hydrogen, and 10% by weight ash gives a gas containing 638.73 mole of nitrogen plus
CO, CO;:, O: and ;0. (3)

Solulion
asiv: 1M eafconl: C+Op—s COmnd  1; +0.50;,— 1,0

o Number of moles of oxygen theorctically necessary from alr =(72)/(12) + (18)/(2)2)=10.5 mole

Considering air as 21 mole %% Op and 79% N;

Moles of air theoretically necessary = (10.5)( 10012 1=50 moles

Total moles of alr actually supplicd = (6R.TINI00){TY) = BT moles

- Percent evcess air =—_fotal alr - theoretically necessary alr y joo= (87-50)(100)(50)=T4%
theoretically necessary air

(b): Calculate the volume of air required and the volume and composition of the flue gases at 5.T.P.,
when 1 Kg. of oil is burmned with 20% excess of that theoretically required, if the oil analysis is 84%
carbon and 16% hydrogen by weight.(5)

Basis: 1 Kg. of gil

From the reaction: C o+ 0 v LY

It can be seen that 12 gm of carbon requires | gm. mole of oxygen

Similarly from: 2H; =+ O;—— 2110

Thercfore, | K gm. of oil required theoretically (8400712 + 160/4) =110 mole oxygen
Number of mole oxygen required actually =110x1.2= 132mole

Number of mele air required actually =132{ 1002 1= 628.57 mole

Volume of air required actually (a1 S.T.1') =628.57 X22 4= 4080 lit.=14.08m"

The Mue gases consist of at (S.T.P):
Ny=132 x (79/21)=496.6mole=496.6x,0224=11,1232 m'
COp= (840/12)0.0224) = 1.568 m'1.0 = (160/2){0,0224) = | 7928 m'
0); unconsumed =(110x0.2) x 0.0224=0.4038my,'
~ Volume of the combustion gases from | K gm. oil = 14.976m" a1 S.T.P.
< Flue gas analysis by volume is  No=T74.274%,
COy=1047%, & IO=119722% O, unconsumed =3.2905% by volume

Duestion No. (4): {12Mnarks)
{a):What is meant by colligntive properties of solutions and demonstrate the throe applications in our life time
poverned by these propenties? (4)

Solutin

aalution
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Dilute solutions have many propenies which depend on the nature of the solvent and on the number of parnticles

of the solute, and not on the nature of the solute. These properties are called the colligative properties of

wolutions, which include:

2- Vapor pressure lowering, which is poverned by Raoult's law and Henry's law.

#Raoult's low may be given in two fomms:

APy I P?y =xq Pun =P%x, Pa =P%xy

# Henry's law may be expressed by the ollowing formula: P= H x|

2- Freezing point lowering, which is given by:ATy = Kip

Where K, may be calculated from the following relationKs = R ( T% )* M~ /(1000)(AH )

3- Boiling point elevation, which is also given asATy = Kep

Where Kb is given by:Ko= R ( T% )*M’ /(1000){AH.z; )

4- Osmotic pressure, which is given by a similar formula as that of the ideal gas equation:x = MRT

Some industrnial and scientific applications of the colligative properties of solutions are presented to include:

(i} Molecular weight determination. (i) Manufacturing of soda bob.

(i) Sea water desalination by reverse oamosis technique.

(ii1) Some componen used as antifreere. It keeps the Auid in the cooling system of a car from freezing by
lowening the freczing point of water.(for ex. Ethylene glyeol )

(b): Ethylene glyeol C:H,0: is used ns anti-coolant in vehicle's engine cooler (<0 A= 5% ), specially in cold
clumates. If the tempemture reached to <10°C, what weight of ethvlene glyeol Cil1LO; must be added to 100
gm of waler o prevent the formation of ice? (4)

Solution
ATy = Ki(p) ATi=T%-Ty =10°C
K = R (T%)2M* /(1000)(AH s ) = 1.86 p=AT /K=10/1.86=5376
p = na/mA ng = 5.376x0.1=05376 my=0.5376x62= 33.33 gm

{c ): What is the density at 17°C of agueous solution containing 0.75 gm ol sucrose, (C;Hy0y,), per 2 liter
of a soletion developed a rise of 26.4 ¢m a1 osmotic equilibrium? {4)

ution
= =ppgh=MRT=nRTV
where: h= 264 ¢cm p=e——pgmiem' g =980.0 cm/sec’
R = 008206 atm. lit' K. mole T=25+273=208 K

= =nRT/V =(2.193x10" ¥0.082)(290)2 = 0.026 atm

latm = 76 1 980 x 136 = 1013250 dyne'em’
s 0026 pm = 26420.05 ||j;|.'nt:.'i:l1'|f n=pgh sp=n‘gh
sop= (26420.03)(26.4)980) = 1,021 gmiem’

Question No. (%): (¥ Marks)

{b): Calculate the standand electrode potential, E®, for the half<cell, (Fe™ + 3¢'—Fe) if you are given:
Fe* +2f—s Fe E% =.0.440 volt Fe™" +e¢—s Fe" E% = 0.771 volt {IMarky)

Solution

Fe© +2¢— Fe AG® = -2FE®; = -2F ( - 0.430 voli)

Fe'* +c—— Fe™  AG®% =-1FE®%=-1F ( 0.771 volt)

Adding Fe™ +3¢'—Fe

AG® = -nFE®, = -3FE® = F(2X0.44- 0.771)=F (0.109)  E® =-0.0363 volt
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(b): Consider a galvanic cell that uses the reaction: Cu o, + 2Fe™ = 2Fe™ L, + Cu™,
Calculate the electrode potential (E) and AG under the condition that, [Fe''] = 1x10™ molar, [Fe™]=0.2
molarand [Cu™] = 0.25 molar and at temperature of 25°C.7 ( F =96500 coulombs’ mole electron) (%)

Given, 1Fe",, +2e= 2Fe",, E®= 0.7Tvoli Cu'py +2e=Cuy,  E* =034 voli
solutio

2F? + 26 = 2F"™ E° = 0.77 v,
CHI!F CU“"'E'E'. E® =-03 v,
Aﬂd]ﬂﬂ Cua g+ IFE".r-“- lFf.:L.“ + C“.lqu. o Eﬂ:." - M\

(b) Applying Nemsl equation in the form :
Ecet = E®con - (RT/nF) In( Q) Where ;
R= 8314 joule / k mole ; n = 2 mole electron
F = 86500 Coulombs/mole electron ; T=25+273 =208 K
E> =043V
Activities for ions wlill be laken as their molar ntrations and for solids as un
= Ecen = 0.43 - [(8.314) (298) / (2){96500)] In (0.2)% (0.25) { 1x10Y? - E.n =0.2526v
AG, =-nFE, =-(2 x 96500 x 0.2526)= - 48. 7518 kj

Question No. (6): {12Marks)
{a): Idemtify the main constituents of Portland cements? and express them in clinker chemistry nolation:? (2)
Solution
(1) Tricalcium silicate. CS  (CaO). 510 (2) Dicalcium silicate, C.S (Ca0).. Si0;
(1) Tricaleium aluminme, TA (Ca0) ALD, (4} Femrite CLAF (Ca0). ALDy FeO,

(5) Gypsium.C5-  (CaS0,)

{b): Demonstraie the main features of the kiln used for burning the raw mix to produce Pontland cemem?
and Explain the main reactions occurring inside it? (4)
Solation
Burning charges of the maw mix chemically into coment clinker by subjecting the maw mix to pyroprocessing in
a rotary inclined Kiln with the following charactenstics:
It is highly refractory-lined cylindrical steel shell (3-8 m diameter, 50-230 m long),
Equipped with on electneal dnve to rotate at 1-3 rpm
It 15 & counter current heating device shightly inclined to the horizontal so that material fed into the upper end
travels slowly by gravity 1o be discharped into the clinker conler at the discharge end.
Raw mix is bumed to partial fusion at 1480°C,  Burmning occurs by coal, oil or gas fuel.
Gnnding the resulting clinker with gypsum in a gninding mill, then it is stored and shipped.
Portland cements are ordinarily manufactured from raw mixes including components such as calcium
carbonate, clay or shale, ond sand. As the temperature of the materinls increases during their passage through
the klin, the following reactions occur.
(1) Evaporation of frec water. {2) Release of combined water from the clay.
(3} Decomposition of magnesium carbonate.  (4) Decomposition of calcium carbonate (calcination)
(5} Combination of the lime and elay oxides.

(c): What are the main raw material resources for fertilizers industry”? Explain in a flow sheet diagram how
ammonium nitrate fertilizer is produced? (4)

Solution
The major raw maternals required for manufactuning fertilizers are:
(1} Hydrogen and nitrogen for ammonia symthesis,
(2} Phosphate rock, and potassium minerals for phosphorus and — potassium
(3) Sulfur, which in addition to being a secondary micronutrient, it is key raw material for the fertilizer
indusiry because of its use in production of sulfunc acid,

Scanned by CamScanner

L




Explain in a MNow sheet diagram how ammonium nitrate fertilizer is produced?

Salution
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Fig.(5.2):Simplified flowchart for ammonlum nitrate manufaciure.

With My Best Regards and Good Luck
Prof. Dr. Ahmed Ahmed Al sarauy
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