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Chemical Engineering Principles Outlines (Syllabus) 

1. Engineering Calculations. 

2. Units. 

3. Dimensions. 

4. Basis. 

5. Temperature and Pressure. 

6. Conversion, Yield, Selectivity. 

7. Percent of Completion in Chemical Reactions. 

9. Material Balance without Chemical Reaction. 

10. Material Balance with Chemical Reaction. 

11. Recycle. 
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Introduction 

Students of chemical engineering soon discover that the data used are expressed in a great variety 

of different units, so that quantities must be converted into a common system before proceeding with 

calculations. Standardization has been largely achieved with the introduction of the System International 

Unites. This system is now in general use in Europe and is rapidly being adopted throughout the rest of 

the world, including the USA where the initial inertia is now being overcome. Most of the physical 

properties determined in the laboratory will originally have been expressed in the (centimeter, gram, 

second "cgs") system. 

The magnitude of any physical quantity is expressed as the product of two quantities; one is the 

magnitude of the unit and the other is the number of those units. Thus the distance between two points 

may be expressed as 1 m or as 100 cm or as 3.28 ft. The meter, centimeter, and foot are respectively the 

size of the units, and 1, 100, and 3,28 are the corresponding numbers of units. Since the physical properties 

of a system are interconnected by a series of mechanical and physical laws, it is convenient to regard 

certain quantities as basic and other quantities as derived.  

 

DIMENSIONS AND UNITS  

A. Dimensions 

The dimensions of a quantity identify the physical character of that quantity, e.g., force (F), mass 

(M), length (L), time (t), temperature (T), electric charge (e), etc. On the other hand, ‘‘units’’ identify the 

reference scale by which the magnitude of the respective physical quantity is measured. Many different 

reference scales (units) can be defined for a given dimension; for example, the dimension of length can 

be measured in units of miles, centimeters, inches, meters, yards, angstroms, furlongs, light years, 

kilometers, etc.  

There are two systems of fundamental dimensions in use (with their associated units), which are 

referred to as scientific and engineering systems. These systems differ basically in the manner in which 

the dimensions of force is defined. In both systems, mass, length, and time are fundamental dimensions. 

Dimensions can be classified as either fundamental or derived. Fundamental dimensions cannot 

be expressed in terms of other dimensions and include length (L), time (t), temperature (T), mass (M), 

and/or force (F) (depending upon the system of dimensions used). Derived dimensions can be expressed 

in terms of fundamental dimensions, for example, 

Area = L2 

Volume = L3 

 

 



 Principles of Chemical Engineering \ First Class                                                                                                              Almuthanna University 

     College of Engineering 

        Prof. Dr. Ahmed Hassan Ali                                                                                                                          Chemical Engineering Department 

 3 

B. Units 

Several different sets of units are used in both scientific and engineering systems of dimensions. 

These can be classified as either metric (SI and cgs) or English (fps). Although the internationally accepted 

standard is the SI scientific system, English engineering units are still very common and will probably 

remain so for the foreseeable future. Therefore, the reader should at least master these two systems and 

become adept at converting between them. These systems are illustrated in Table 1) ). Note that there are 

two different English scientific systems, one in which M, L, and t are fundamental and F is derived, and 

another in which F, L, and t are fundamental and M is derived. In one system, mass (with the unit ‘‘slug’’) 

is fundamental; in the other, force (with the unit ‘‘poundal’’) is fundamental. However, these systems are 

archaic and rarely used in practice.  

 

Table (1) 
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Heat and Temperature 

There are many different forms of energy like heat, light, sound, electrical, kinetic, 

potential. All of these forms of energy have the ability to do work. One form of energy may 

be transformed into another. For example; potential (stored chemical) energy is converted 

to heat energy during combustion. Kinetic energy (as a result of friction) and electrical 

energy may also be converted to heat. 

Heat :- Is a measure of the total kinetic energy of the atoms or molecules in a body. 

Temperature :- Is a measurement of the average kinetic energy of the molecules in an object 

or system and can be measured with a thermometer or a calorimeter. It is a means of 

determining the internal energy contained within the system. The units of heat is measured 

in Joules (J), kilo Joules (kJ), Btu. 

The heat content of a body will depend on its temperature, its mass, and the nature of 

material. Heat energy is always transferred from an object at high temperature to one at 

lower temperature. Temperature is not the same as heat. Temperature measures the degree 

of hotness of a body. It doesn’t depend on the mass or the material of an object. It can be 

thought of as a measure of the average kinetic energy of the atoms or molecules in a body. 

Temperature is measured using a variety of temperature scales. The most commonly used 

are described in the following :-  

1. The Celsius Scale (°C) :- This scale puts the freezing point of water at 0 oC 

and the boiling point of water at 100 oC. The temperatures in between are 

divided up into 100 units (degrees).  

2. The Kelvin Scale (°K) :- This scale has absolute zero as the zero point on it’s 

scale. The size of the degree is the same as a Celsius degree. There are no 

negative temperatures in this scale and absolute zero is 273 degrees below 0 °C.  

3. Fahrenheit scale (°F) :- Is a scale based on 32 for the freezing point of water 

and 212 for the boiling point of water, the interval between the two being 

divided into 180 parts. 

4. Rankine scale (°R) :- Absolute zero, or 0 °R, is the temperature at which 

molecular energy is a minimum, and it corresponds to a temperature of -

459.67°F. 

http://www.encyclopedia.com/doc/1E1-absolutze.html
http://www.encyclopedia.com/doc/1E1-energy.html
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There are many different types of thermometer used for measuring temperature e.g. 

mercury, alcohol, bi-metallic strip, thermocouple, electrical resistance, brightness 

thermometer etc. 

 

Figure 1 :- Temperature Scales 
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Pressure 
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Pressure can be defined as the measure of force per unit area. The standard SI 

unit for pressure measurement is the Pascal (Pa) which is equivalent to one Newton 

per square meter (N/m2) or the Kilo Pascal (kPa) where 1 kPa = 1000 Pa. In the 

English system, pressure is usually expressed in pounds per square inch (psi). 

Pressure can be expressed in many different units including in terms of a height of a 

column of liquid.  

Pressure measurements can be divided into three different categories :- 

1. Absolute pressure :- It is the pressure referred to zero pressure under complete 

vacuum.  

2. Degree vacuum :- It is quantity of pressure below the atmospheric pressure.   

3. Gauge pressure is the measurement of the difference between the absolute 

pressure and the local atmospheric pressure. The U.S. standard atmospheric 

pressure at sea level and 59°F (20°C) is 14.696 pounds per square inchabsolute 

(psia) or 101.325 kPa absolute (abs). 

 

 

Figure 2 : Pressure Terms Relationship   
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Absolute pressure = Gauge pressure + Atmospheric pressure 

Degree Vacuum = Atmospheric pressure – Absolute pressure 

 

Hydrostatic Pressure  

Hydrostatic Pressure :- Is the pressure at the base of fluid column, hydrostatic 

pressure is also called head of fluid it can be calculated as follow :- 

                                     𝑷 =  
𝑭

𝑨
=  

𝒎 𝒈

𝑨
=  

𝝆 𝑽 𝒈

𝑨
=  

𝝆 𝑨 𝒉 𝒈

𝑨
=  𝝆 𝒈 𝒉                                      h 

               A 

 

Pressure Measuring Devices 

Atmospheric pressure is usually measured by a barometer hence this pressure 

called as the barometric pressure, 

 At sea-level standard, with pa = 101,350 Pa and ρ g=133,100 N/m3 , the barometric 

height is h = 101,350/133,100 = 0.761 m or 761 mm.  

Mercury is used because it is the heaviest common liquid. A water barometer would 

be 34 ft high. 

Several devices are used for the measurement of fluid pressure these devices are 

classified into two types :- 

1. Mechanical Gauge :- The most common type of this class is a Bourdon gauge 

which normally measure fluid pressure from nearly perfect vacuum to about 

7000 atm. The pressure sensing device is a thin metal tube. 

 

Figure 3 :- Bourdon gauge 
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2. Manometers :- In general, pressure below 3 atm can be measured by 

manometer. A manometer is a U-shaped tube partially filled with a liquid of 

known density. Manometers are of three types :- 

 Open end manometer which is used to measure the gauge pressure or degree 

vacuum. Mercury (Hg) is commonly used as a manometer fluid due to its 

higher density. The following relation can be used to complete the pressure 

in (mmHg) if other fluid is used:-    

ρm hm = ρHg hHg 

where :- ρm and hm are the density and height of the fluid manometer. 

 

 

 Closed end manometer which is used to measure the absolute pressure. 

  

Closed End 

 

Completely 

Vacuum 

Figure 4  :- Open End Manometer 

Figure 5  :- Closed End Manometer 
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 Differential manometer which is used to 

measure the difference of pressure between two 

points in a process line. The general differential 

manometer equation is :- 

P1 – P2 = (ρm – ρ )g h/gc  

 

Example :- 

The pressure gauge on the steam condenser reads 

26.2 in Hg of vacuum. The barometer reading is 30.4 in 

Hg. Calculate the pressure in the condenser in psig. 

 

Answer :- 

Abs. press. = atm press – degree vacuum  

   = 30.4 – 26.2 = 4.2 in Hg * (14.7 psi / 29.92 in Hg) 

   = 2.06 

 

Example :- 

Convert the pressure of 340 mm Hg to :- 

(a) in H2O. 

(b)  kPa . 

(c) psi. 

 

Answer :- 

(a)  P = 340 mm Hg * (34 ft H2O/760 mm Hg) * (12 in/1 ft) = 182.5 in H2O 

(b)  P = 340 mm Hg * (101.3 kPa / 760 mm Hg) = 45.3 kPa 

(c) P = 340 mm Hg * (14.7 psi / 760 mm Hg) = 6.58 psi  

 

 

 

Figure 5  :- Differential 

Manometer 
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Example :-  

Calculate the pressure drop (P1 – P2) in Pa measured by the differential manometer 

show in figure 6 if the density of manometer fluid is 1100 kg/m3 and h = 22 mm. 

 

Answer :- 

P1 – P2 = [(ρm – ρwater) g h]/gc 

     (9.81 m/sec2)(1100 – 1000 kg/m3)(22 mm)(1m/1000mm) 

= 

    1 (kg . m)/ N. sec2 

=21.6 Pa  

 

Basis of Calculations 

 It is necessary to choice and state a basis of calculations as the starting point of 

solutions of any problem. The following points must be considered in choosing the 

suitable basis :- 

 The basis must be fitted the available data for example if weight fractions 

are known choose a total number of moles. 

 It is usually most convenient to choose the stream that contains most of 

substances involve in the process or the stream about which most 

information are known (i.e composition, flow rates, ….. etc.) 

 The amount of material chosen as the basis must be not very small or very 

large numbers. A convenient basis is often 1 or 100 since the weight or mole 

fraction and percent automatically equal the masses or moles of the 

constituent respectively. 

 A suitable unit time (i.e hr, day, year, ………etc.) must be selected as the 

basis for continues process. 

 The problem of known quantity can be solved with the basis of other suitable 

quantity according to the above considerations and the results of 

Water 

22 mm 

ρm=1100 kg/m3 
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calculations can be converted at the end of solution to the quantity given in 

the problem. 

Example :- 

 A compound with molecular weight Mwt=119 composed of :- 

  70.6 wt% C 

  11.8 wt% N 

  13.4 wt% O 

  4.2 wt%   H 

What is the chemical formula of such compounds ? 

 

Answer :- 

    Basis = 1 gm mole of compound 

 Weight of compound = Number of moles of compound * Mwt of compound 

        = 1 gm mol * 119 gm/gm mol = 119 gm 

 Weight of C = Weight of compound * Weight Fraction 

     = 119 * (0.706) = 84 gm 

 Weight of N = 119 * (0.118) = 14 gm 

 Weight of H = 119 * (0.042) = 5 gm 

 Weight of O = 119 * (0.134) = 16 gm 

  Total weight              = 119 gm 

 

Number of moles of C = Wt/Mwt = 84/12 = 7 gm mol 

Number of moles of N = 14/14 = 1 gm mol 

Number of moles of H = 5/1 = 5 gm mol 

Number of moles of O = 16/16 = 1 gm mol 

Chemical formula C7H5NO 
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Example :- 

 A solution of caustic soda in water contains 20 wt% NaOH with specific gravity 

of 1.196. calculate :- 

1. Molarity. 

2. Normality. 

3. Molality. 

4. Mol%. 

5. Average molecular weight of solution. 

 

Solution :- 

Basis = 100 gm of solution 

Weight of NaOH = 100(20/100)= 20 gm 

Number of moles of NaOH = wt/Mwt = 20/40 = 0.5 gmmol 

Weight of water = 100(80/100) = 80 gm 

Number of moles of water = wt/Mwt = 80/18 = 4.44 gmmol 

ρsolution = spg * ρwater = 1.196 * 1 gm/cm3 = 1.196 gm/cm3 

volume of solution = weight / ρsolution = 100/1.196 = 83.6 cm3 = 0.0836 liter 

1. Molarity = number of moles of NaOH/ volume of solution 

= 0.5 gm mol/ 0.0836 liter = 5.98 M 

2. Normality = Molarity * valency = 5.98 * 1 = 5.98 N 

3. Molality = 0.5 gm mol of NaOH / 0.08 kg water = 6.25 Molal 

4. Total moles = number moles of NaOH + number moles of water 

= 0.5 + 4.44 = 4.94 gm mol 

mol % NaOH = (0.5/4.94)*100 = 10.1 % 

mol % H2O = (4.44/4.94) * 100 = 89.9 % 

5. Mwtmix = (Total weight / Total moles) = 100/4.94 = 20.2 gm/gm mol 

OR Mwtmix = 40(10.1/100) + 18(89.9/100) = 4 + 16.2 = 20.2 gm/gm mol 
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Chemical Equation and Stoichiometry 

Stoichiometry :- Is the subjects deals with the combining quantities of the elements 

or compounds involved in any chemical reaction. Chemical reaction can be generally 

expressed by the chemical equation which must be balanced i.e the number of atoms 

of each element must be the same in the both sides of the equation. Such equation 

provides qualitative and quantitative information essential for stoichiometric 

calculation. 

 

Stoichiometric coefficients are the numbers that precede the compounds in the 

chemical equation such coefficients represent the quantity of any reactant 

theoretically required for complete conversion of other reactants. 

 

Stoichiometric ratio is the ratio between the stoichiometric coefficients in the 

balanced chemical equation. 

 

The reactants involved in industrial processes are rarely input to the reactor in 

stoichiometric ratios due to the economic considerations. The following definition 

must be understood from such point of view. 

 

Limiting reaction :- is the reactant that present in the smallest stoichiometric 

quantity. 

 

Excess reaction :- is the reactant that present in excess amount over the stoichiometric 

requirement equivalent to the limiting reaction. 

 

Percentage excess :- is the true excess expressed as a percentage of the amount 

theoretically required to react completely with the limiting reaction according to the 

chemical equation. 
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% 𝒆𝒙𝒄𝒆𝒔𝒔 =  
𝒆𝒙𝒄𝒆𝒔𝒔 𝒒𝒖𝒂𝒏𝒕𝒊𝒕𝒚

𝒕𝒉𝒆𝒐𝒓𝒆𝒕𝒊𝒄𝒂𝒍 𝒒𝒖𝒂𝒏𝒕𝒊𝒕𝒚 𝒓𝒆𝒒𝒖𝒊𝒓𝒆𝒅
 𝒙 𝟏𝟎𝟎 

=  
𝒊𝒏 𝒑𝒖𝒕 𝒒𝒖𝒂𝒏𝒕𝒊𝒕𝒚 − 𝒕𝒉𝒆𝒐𝒓𝒆𝒕𝒊𝒄𝒂𝒍 𝒒𝒖𝒂𝒏𝒕𝒊𝒕𝒚 𝒓𝒆𝒒𝒖𝒊𝒓𝒆𝒅

𝒕𝒉𝒆𝒐𝒓𝒆𝒕𝒊𝒄𝒂𝒍 𝒒𝒖𝒂𝒏𝒕𝒊𝒕𝒚 𝒓𝒆𝒒𝒖𝒊𝒓𝒆𝒅
 𝒙 𝟏𝟎𝟎 

 

Conversion is the percent or fraction of some reactant materials that is actually 

converted into products. 

 

% 𝒄𝒐𝒏𝒗𝒆𝒓𝒔𝒊𝒐𝒏 =  
𝒒𝒖𝒂𝒏𝒕𝒊𝒕𝒚 𝒐𝒇 𝒕𝒉𝒆 𝒔𝒖𝒃𝒔𝒕𝒂𝒏𝒄𝒆 𝒕𝒉𝒂𝒕 𝒓𝒆𝒂𝒄𝒕𝒔

𝒒𝒖𝒏𝒕𝒊𝒕𝒚 𝒐𝒇 𝒕𝒉𝒆 𝒔𝒖𝒃𝒔𝒕𝒂𝒏𝒄𝒆 𝒊𝒏𝒑𝒖𝒕 𝒕𝒐 𝒕𝒉𝒆 𝒓𝒆𝒂𝒄𝒕𝒐𝒓
 𝒙 𝟏𝟎𝟎 

 

Degree completion of reaction :- is the percentage or fraction of the limiting reactant 

that is actually converted into products. 

 

𝒇𝒓𝒂𝒄𝒕𝒊𝒐𝒏 𝒅𝒆𝒈𝒓𝒆𝒆 𝒐𝒇 𝒄𝒐𝒎𝒑𝒍𝒆𝒕𝒊𝒐𝒏 =  
𝒒𝒖𝒂𝒏𝒕𝒊𝒕𝒚 𝒐𝒇 𝒕𝒉𝒆 𝒍𝒊𝒎𝒊𝒕𝒊𝒏𝒈 𝒓𝒆𝒂𝒄𝒕𝒂𝒏𝒕 𝒕𝒉𝒂𝒕 𝒓𝒆𝒂𝒄𝒕𝒔

𝒒𝒖𝒂𝒏𝒕𝒊𝒕𝒚 𝒐𝒇 𝒕𝒉𝒆 𝒍𝒊𝒎𝒊𝒕𝒊𝒏𝒈 𝒓𝒆𝒂𝒄𝒕𝒂𝒏𝒕 𝒊𝒏𝒑𝒖𝒕 𝒕𝒐 𝒕𝒉𝒆 𝒓𝒆𝒂𝒄𝒕𝒐𝒓
 

 

Selectivity :- is the ratio of the moles of the desired product to the moles of the 

undesired product formed in the same reaction, or it can be expressed as the 

percentage between the quantity of the limiting reactant that is converted to the 

desired product to the total quantity of the limiting reactant that is converted. 

 

% 𝒔𝒆𝒍𝒆𝒄𝒕𝒊𝒗𝒊𝒕𝒚 =  
𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒎𝒐𝒍𝒆𝒔 𝒐𝒇 𝒅𝒆𝒔𝒊𝒓𝒆𝒅 𝒑𝒓𝒐𝒅𝒖𝒄𝒕

𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒎𝒐𝒍𝒆𝒔 𝒐𝒇 𝒖𝒏𝒅𝒆𝒔𝒊𝒓𝒆𝒅 𝒑𝒓𝒐𝒅𝒖𝒄𝒕
 

 

Yield :- is the ratio between the quantity (mass or moles) of a specified final product 

to that specified initial product reactant either fed or consumed. 

 

𝒚𝒊𝒆𝒍𝒅 =
𝒒𝒖𝒂𝒏𝒕𝒊𝒕𝒚 𝒐𝒇 𝒇𝒊𝒏𝒂𝒍 𝒑𝒓𝒐𝒅𝒖𝒄𝒕

𝒒𝒖𝒂𝒏𝒕𝒊𝒕𝒚 𝒐𝒇 𝒊𝒏𝒕𝒊𝒂𝒍 𝒑𝒓𝒐𝒅𝒖𝒄𝒕
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Example :-  

Sodium hypochlorite is manufacture by the following reaction :- 

  Cl2 +     2NaOH   NaCl    + NaOCl   + H2O 

Mwt  71  40    58.5    74.5          18 

710 lb of chlorine gas is bubbled through 2500 lb of sodium hydroxide solution 

(heavier than water) contains 40 wt% NaOH. The reaction goes to 80% completion . 

Calculate :- 

1. The limiting reactant, excess reactant and % excess. 

2. % conversion of the excess reactant. 

 

Solution :- 

1. Number of moles of Cl2 input = 710/71 = 10 lb mole 

Mass of NaOH input = 2500 (40/100) = 1000 lb 

Number of moles of NaOH input = (1000/40) = 25 lb mole 

Cl2 is the limiting reactant  

NaOH is the excess reactant 

% excess = (25 – 20)/20 = 25% 

 

2. % conversion of NaOH = (NaOH reacted / NaOH input) *100 

Degree of completion = Cl2 react / Cl2 input 

80% = Cl2 react / 10 

Cl2 react = 0.8 * 10 = 8 lbmol 

NaOH reacted = 2 *  8 = 16 lb mol 

% conversion of NaOH = (16 / 25) * 100 = 64 % 

 

 

 

 

Example :- 
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Al2O3 + 3H2SO4   Al2(SO4)3 + 3H2O 

Mwt    102        98.1      342      18 

Feed in 1080 lb of bauxite are contains 55.4 wt% Al2O3 and 2510 lb of sulfuric acid 

77.7 wt% H2SO4 product 1798 lb of Al2(SO4)3 

1. Choice a suitable basis of calculations. 

2. Identify the limiting reactant, the excess reactant and % excess. 

3. Fraction degree of completion. 

4. % conversion of the excess reactant. 

5. Yield. 

6. Mass of completion of the reactant and production. 

Solution :-  

1. Basis 1 batch 

2. Mass of Al2O3 input= 1080*(55.4/100) = 598.3 lb 

Number of moles of Al2O3 input = (598.3/102) = 5.87 lb mole 

Mass of H2SO4 input = 2510 *(77.7/100) = 1950.3 lb 

Number of moles of H2SO4 input = 1950.3/98.1 = 19.88 lb mole 

Assume \ Al2O3 is the limiting reactant  

 Theoretical H2SO4 required = 3 * 5.87 = 17.61 lb mole ؞  

  Since H2SO4 input = 19.88 lb mole > theoretical (17.61 lb mol) 

Right assumption ؞ H2SO4 excess reactant 

% 𝒆𝒙𝒄𝒆𝒔𝒔 =  
𝒊𝒏 𝒑𝒖𝒕 𝒒𝒖𝒂𝒏𝒕𝒊𝒕𝒚 − 𝒕𝒉𝒆𝒐𝒓𝒆𝒕𝒊𝒄𝒂𝒍 𝒒𝒖𝒂𝒏𝒕𝒊𝒕𝒚 𝒓𝒆𝒒𝒖𝒊𝒓𝒆𝒅

𝒕𝒉𝒆𝒐𝒓𝒆𝒕𝒊𝒄𝒂𝒍 𝒒𝒖𝒂𝒏𝒕𝒊𝒕𝒚 𝒓𝒆𝒒𝒖𝒊𝒓𝒆𝒅
 𝒙 𝟏𝟎𝟎 

    

=
𝟏𝟗. 𝟖𝟖 − 𝟏𝟕. 𝟔𝟏

𝟏𝟕. 𝟔𝟏
× 𝟏𝟎𝟎 =  𝟏𝟐. 𝟗 % 

3. 𝒇𝒓𝒂𝒄𝒕𝒊𝒐𝒏 𝒅𝒆𝒈𝒓𝒆𝒆 𝒐𝒇 𝒄𝒐𝒎𝒑𝒍𝒆𝒕𝒊𝒐𝒏 =  
𝒒𝒖𝒂𝒏𝒕𝒊𝒕𝒚 𝒐𝒇 𝒕𝒉𝒆 𝒍𝒊𝒎𝒊𝒕𝒊𝒏𝒈 𝒓𝒆𝒂𝒄𝒕𝒂𝒏𝒕 𝒕𝒉𝒂𝒕 𝒓𝒆𝒂𝒄𝒕𝒔

𝒒𝒖𝒂𝒏𝒕𝒊𝒕𝒚 𝒐𝒇 𝒕𝒉𝒆 𝒍𝒊𝒎𝒊𝒕𝒊𝒏𝒈 𝒓𝒆𝒂𝒄𝒕𝒂𝒏𝒕 𝒊𝒏𝒑𝒖𝒕 𝒕𝒐 𝒕𝒉𝒆 𝒓𝒆𝒂𝒄𝒕𝒐𝒓
 

From chemical reaction equation  

Number of moles limiting reactant (Al2O3) = number of moles of Al2(SO4)3 produce  

Number of moles of Al2(SO4)3 produce = 1798 / 342 = 5.26 lb mole 
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Fraction of degree of completion = 5.26 / 5.87 = 0.896 

4. % 𝒄𝒐𝒏𝒗𝒆𝒓𝒔𝒊𝒐𝒏 𝒐𝒇 𝑯𝟐𝑺𝑶𝟒 =  
𝒒𝒖𝒂𝒏𝒕𝒊𝒕𝒚 𝒐𝒇 𝒕𝒉𝒆 𝒔𝒖𝒃𝒔𝒕𝒂𝒏𝒄𝒆 𝒕𝒉𝒂𝒕 𝒓𝒆𝒂𝒄𝒕𝒔

𝒒𝒖𝒏𝒕𝒊𝒕𝒚 𝒐𝒇 𝒕𝒉𝒆 𝒔𝒖𝒃𝒔𝒕𝒂𝒏𝒄𝒆 𝒊𝒏𝒑𝒖𝒕 𝒕𝒐 𝒕𝒉𝒆 𝒓𝒆𝒂𝒄𝒕𝒐𝒓
 𝒙 𝟏𝟎𝟎 

= 
𝟑 ×𝟓.𝟐𝟔

𝟏𝟗.𝟖𝟖
= 𝟕𝟗. 𝟒 % 

 

5.                          𝒚𝒊𝒆𝒍𝒅 =
𝒒𝒖𝒂𝒏𝒕𝒊𝒕𝒚 𝒐𝒇 𝒇𝒊𝒏𝒂𝒍 𝒑𝒓𝒐𝒅𝒖𝒄𝒕 

𝒒𝒖𝒂𝒏𝒕𝒊𝒕𝒚 𝒐𝒇 𝒊𝒏𝒕𝒊𝒂𝒍 𝒑𝒓𝒐𝒅𝒖𝒄𝒕
 

                      =  
𝟏𝟕𝟗𝟖 𝒍𝒃 𝒐𝒇 𝑨𝒍𝟐(𝑺𝑶𝟒)𝟐

𝟏𝟎𝟖𝟎 𝒍𝒃 𝑩𝒆𝒖𝒙𝒊𝒕𝒆
=  

𝟏.𝟔𝟔 𝒍𝒃 𝑨𝒍𝟐(𝑺𝑶𝟒)𝟐 

𝟏 𝒍𝒃 𝑩𝒆𝒖𝒙𝒊𝒕𝒆
   

Mass of input 

Mass of Al2O3 = 1080 lb * (55.4 / 100) = 598.32 lb 

Mass of impurities = 1080 lb * (44.6 / 100) = 481.68 lb 

Mass of H2SO4 = 2510 lb * (77.7 / 100) = 1950.27 lb 

Mass of H2O = 2510 lb * (22.3 / 100) = 559.73 lb 

 

Mass of output 

Mass of Al2(SO4)3 = 1798 lb 

Total mass of water = mass of water produced + mass of water input  

    = 3*5.26 (18.1) + 559.73 = 845.35 lb 

Mass of Al2O3 unreacted= (number of moles input – number of moles reacted)*Mwt 

     = (5.87 – 5.26) * 102 = 62.2 lb 

Mass of H2SO2 unreacted = (19.88 – 15.78) * 98.1 = 402.21 lb 

Mass of impurities = 1080 lb * (44.6 / 100) = 481.68 lb 

Total mass output = 3589.44 lb 

wt% of Al2(SO4)3 = 1798 / 3589.44 )= 50.1 % 

wt% of water = 845.35 / 3589.44 = 23.55 % 

wt% of Al2O3 unreacted = 62.2 / 3589.44 = 1.73 % 

wt% of H2SO2 unreacted = 402.21 / 3589.44 = 11.2 % 

wt% of impurities = 481.68 / 3589.44 = 13.42 % 


