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LECTURE 4  
MATERIAL BALANCE 

FIRST LONG EXAM 
Dec. 12, 2012     Wed.     11:30 – 12:30   C-109 
Coverage:  Intro, Fundamentals (Kinetics, Equilibrium, 
Thermodynamics), Reaction Considerations, Material 
Balance, Energy Balance. 
 
  

MATERIAL BALANCES 

Mass balance calculations serve the following purposes: 
¨  They help us know the amount and composition of each stream in the 

process.  
¨  The calculations obtained in 1 form the basis for energy balances 

through the application of the law of conservation of energy. 
¨  We are able to make technical and economic evaluation of the 

process and process units from the knowledge of material and 
energy consumption and product yield obtained. 

¨  We can quantitatively know the environmental emissions of the 
process. 

 

In mass balance calculations, we begin with two assumptions 
¤  There is no transfer of mass to energy 
¤  Mass is conserved for each element or compound on either molar or weight basis 

 
It is important to note the following: 
¨  Mass and atoms are conserved 
¨  Moles are conserved only when there is no reaction 
¨  Volume is not conserved.  
¨  You may write balances on total mass, total moles, mass of a compound, moles of an 

atomic species, moles of a compound, mass of a species, etc.  
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BATCH PROCESSES 

Batch processes operate to a batch cycle and are 
non-steady state. Materials are added to a vessel 
in one operation and then process is carried out and 
batch cycle repeated. Integral balances are carried 
out on batch processes where balances are carried 
out on the initial and final states of the system. 

BATCH CYCLE 

¨  Sequence of operations/steps repeated according 
to a cycle 

¨  Batch cycle time 
¨  Batch size 
 

SIMPLE BATCH REACTION CYCLE 
3 steps 

Start cycle t=0 t, finish cycle 

Add reactants etc reaction Empty reactor 

Next cycle 

CONTINUOUS PROCESSES 

These processes are continuous in nature and operate 
in steady state and balances are carried out over a 
fixed period of time. Materials enter and leave 
process continuously. 
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MATERIAL BALANCE EQUATIONS 

We might be tempted to think that in a process,  
 INPUT =OUTPUT 

In practice, some material may accumulate in the process or in some particular 
process units. For example, in a batch process, some material may remain 
adhered to the walls of containers. In the dehydrogenation of ethane to 
ethylene, possible chemical reactions are as follows: 

 C2H6 (g)    C2H4(g) 
 C2H6 (g)    2C(s) +3H2(g) 
 C2H4(g)   2C(s) +2H2(g)   

The carbon formed accumulates in the reactor. 
 

MASS BALANCE EQUATION 

Because processes may be batch with no inflow and outflow or 
continuous with inflow and outflow, and that there may be conversion of 
chemical species, a good mass balance equation takes care of all these 
aspects. The following is a general mass balance equation. 

Accumulation within the system = Flow In through 
the system boundaries - Flow Out through the system 
boundaries + generation within the system  - 
Consumption within the system 
 

Simply put: 
Accumulation  = Flow in – Flow out + Production – Consumption 
The system is any process or portion of a process chosen for analysis. A 
system is said to be "open" if material flows across the system 
boundary during the interval of time being studied; "closed" if there 
are no flows in or out.  
Accumulation is usually the rate of change of holdup of material within 
the system. If material is increasing, accumulation is positive; if it is 
decreasing, it is negative. If the system does not change with time, it is 
said to be at steady state, and the net accumulation will be zero. 

MASS BALANCE CALCULATION PROCEDURE 
The general procedure for carrying out mass balance calculations is as follows: 
¨  Make a block diagram (flow sheet) for the process 
¨  Put numbers on all the streams 
¨  List down all the components that participate in the process. 
¨  Find the components that are in each stream and list them adjacent to the 

stream in the block diagram 
¨  Decide on an appropriate basis for the calculations e.g. 100kg raw material A, 

100kg/hr A, 1 ton of product, 100 moles reactant B etc. 
¨  Find out the total number of independent relations. This is equivalent to the 

total number of stream components. 
¨  Put up different relations between stream components and independent 

relations to calculate concentrations 
¨  Tabulate results. 
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MASS BALANCE EXAMPLE 
Three raw materials are mixed in a tank to make a 
final product in the ratio of 1:0.4:1.5 respectively. The 
first raw material contain A and B with 50% A. The 
second raw material contain C while the third raw 
material contain A and C with 75% A. Assuming a 
continuous process at steady state, find the flow and 
composition of the product. 
 

Solution: 
Make a block diagram (flow sheet) over the process 
  
  
  

 

¨  Put all the numbers LIST all components that participate in the process. 
The components are A, B and C. 
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Find the components that are in each stream and list 
them adjacent to the stream in the block diagram.  
Let W represent composition by weight. 
 

Decide on an appropriate basis for the calculations. 
Let us use as basis 100 kg/hr of the first raw material 
 

Find out the total number of independent relations. 
This is equivalent to the total number of stream 
components. 
 

The total number of independent relations= the total 
number of stream components 
Stream components are WA1, WB1, WC2, WA3, WC3, 
WA4, WB4, WC4 =8 
 
Therefore total number of independent relations=8 
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¨  Put up different relations between stream components and independent relations to 
calculate concentrations 

¨  We need at least 8 independent mathematical relations to enable us solve the 
problem. These are: 
¤  Basis: Stream F1 is 100kg 
¤  The ratio of the three raw materials 
¤  WA1 is 50% 
¤  WC2 is 100% 
¤  WC3 is 25% 
¤  Material balance for A 
¤  Material balance for B 
¤  Material balance for C 

 

We have the required number of independent relations and we can 
proceed to do the calculations. 
We start with the general balance equation:  
Accumulation = Flow in – Flow out + Production – Consumption 

For a mixing reaction, production and consumption are zero. Therefore: 
Accumulation   =  (F1 + F2 + F3) – F4 
where the flow rates are in kg per hour.  
 

Because the system is at steady state, accumulation is zero, 
and: 

 F4  =  F1 + F2 + F3 
From the ratio of input flows,  F2 = 0.4X(100/1) = 40kg 

     F3 = 1.5X(100/1) 
=150kg 
Therefore F4  =  100 + 40 + 150 

  =  290kg 
 

¨  The next step is to find the quantities of A, B and C in F4. To do this, 
we shall write the mass balance equation for each of these three 
components assuming no accumulation. For A:  

¨  AccumulationA = Flow inA – Flow outA + ProductionA – ConsumptionA 
¨  AccumulationA =  0   =  (F1 WA1 + F2 WA2 + F3 WA3) 

– F4 WA4 
¨     0  =  100(0.5) + 40(0) + 

150(0.75) – 290WA4 
¨      =  162.5 – 290WA4  
¨     WA4  =  162.5/290 
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¨  Similar balances are done for B and C:  
¨  AccumulationB =  0   =  (F1 WB1 + F2 WB2 + F3 WB3) – F4 WB4 
¨     0  =  100(0.5) + 40(0) + 150(0) – 290WB4 
¨      =  50 – 290WB4  
¨     WB4  =  50/290 
¨      =  0.17 
¨  AccumulationC =  0   =  (F1 WC1 + F2 WC2 + F3 WC3) – F4 WC4 
¨     0  =  100(0) + 40(1) + 150(0.25) – 290WC4 
¨      =  77.5 – 290WC4  
¨     WC4  =  77.5/290 
¨      =  0.27 
 

It is always good to check answers for consistency. We 
do this by summing the weight fractions:  

 WA4 + WB4+ WC4 = 0.56 + 0.17 + 0.27 = 1.0 
This proves that the solution is right. 
 

TABULATE YOUR RESULTS 
Stream Components Kg/hr ΣKg % Σ% 

1 A 

B 

50 

50 

  

100 

50 

50 

  

100 

2 C 40 100 100 100 

3 A 

C 

112.5 

37.5 

  

150 

75 

25 

  

100 

4 A 

B 

C 

162.5 

50 

77.5 

  

  

290 

56 

17 

27 

  

  

100 

SIMPLE EXAMPLE – BATCH MIXING PROCESS 

200 kg of a 40% w/w methanol/water solution is 
mixed with 100 kg of a 70% w/w methanol/water 
solution in a batch mixer unit. 

What is the final quantity and composition? 
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Total initial mass = total final mass = 300 kg 
Initial methanol mass = final methanol mass 
80 + 70 = final methanol mass = 150 kg 
Therefore final composition of batch is (150/300) x 

100 = 50 % by wt. 

SAMPLE PROBLEM 

1000 kg of 8% by wt. sodium hydroxide  (NaOH) 
solution is required. 20% sodium hydroxide solution 
in water and pure water are available. How much 
of each is required? 

SAMPLE PROBLEM - EVAPORATION 
1000 kg of a 10 % by wt. sodium chloride solution is 

concentrated to 50 % in a batch evaporator. 
Calculate the product mass and the mass of water 
evaporated from the evaporator. 

SAMPLE PROBLEM – batch distillation 
1000 kmol of an equimolar mixture of benzene and 

toluene is distilled in a multistage batch distillation 
unit. 90 % of the benzene is in the top product 
(distillate). The top product has a benzene mole 
fraction of 0.95. Calculate the quantities of top and 
bottom products and the composition of the bottom 
product. 
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MASS BALANCE FILTRATION/CENTRIFUGE 

feed suspension 

wash water/solvent 

solid 

waste water 
filtrate 

FILTRATION 

F1 

5000 kg DM water 

Impurity 55 kg 
Water 2600 kg 
API 450 kg 

Water 7300 kg 
Impurity 50 kg 
API 2kg 

Water 300 kg 
API 448 kg 
Impurity 5 kg 

Paul Ashall, 2008 

MASS BALANCE - DRIER 

feed product 

water/evaporated solvent 

MASS BALANCE – EXTRACTION/PHASE SPLIT 

 
 
 
 

A + B 

S 

A + B 

S + B 

A – feed solvent; B – solute; S – extracting solvent 
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SAMPLE PROBLEM 

The ibuprofen from a 195 kg of feed from a reactor is to 
be extracted in a batch extractor. The feed contains 0.11 
kg Ibuprofen per kg water. 596 kg of chloroform will be 
used for the extraction. Partition coefficient between the 
two solvent is based on the equation, y = 1.72x, where  y 
is kg ibuprofen/kg CHCl3 and x is kg ibuprofen/ kg water 
in the raffinate. How many kg of ibuprofen is in the 
extract? 

Example (single stage extraction; immiscible 
solvents) 

E1 

feed 

solvent 

raffinate 

extract 

MASS BALANCE – ABSORPTION UNIT 

feed gas stream 

feed solvent 

waste solvent stream 

exit gas stream 

MASS BALANCE INVOLVING CHEMICAL 
REACTIONS 

GENERAL MASS BALANCE EQUATION: 
 
INPUT + GENERATION – OUTPUT – CONSUMPTION = 
ACCUMULATION 
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DEFINITIONS 
¨  Stoichiometric quantities 
¨  Limiting reactant 
¨  Excess reactant 
¨  Conversion 
¨  Yield 
¨  Selectivity 
¨  Extent of reaction 

STOICHIOMETRY 

Refers to quantities of reactants and products in a 
balanced chemical reaction. 
aA + bB     cC + dD 
i.e. a moles of A react with b moles of B to give c 

moles of C and d moles of D. 
a,b,c,d are stoichiometric quantities   

LIMITING REACTANT/EXCESS REACTANT 

¨  In practice a reactant may be used in excess of the 
stoichiometric quantity for various reasons. In this 
case the other reactant is limiting i.e. it will limit the 
yield of product(s) 

CONTINUED 

A reactant is in excess if it is present in a quantity 
greater than its stoichiometric proportion. 

% excess = [(moles supplied – stoichiometric moles)/
stoichiometric moles] x 100 
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CONVERSION 
¨  Fractional conversion = amount reactant consumed/

amount reactant supplied 
¨  % conversion = fractional conversion x 100 

Note: conversion may apply to single pass reactor 
conversion or overall process conversion 

YIELD 
Yield = (moles product/moles limiting reactant 

supplied) x s.f. x 100 
 
Where s.f. is the stoichiometric factor = stoichiometric 

moles reactant required per mole  product  

SELECTIVITY 
Selectivity = (moles product/moles reactant 

converted) x s.f. x100 
 
OR 
Selectivity = moles desired product/moles byproduct 

SAMPLE PROBLEM 

If 300 kg of air and 24 kg of carbon are fed to a reactor at 
600oC and after complete combustion no material remained in the 
reactor, how many kg of carbon will have been removed? How 
many kg of oxygen? How many kg total? How many moles of 
carbon and oxygen enter? How many leave the reactor? 
How many total moles enter the reactor? How many leave the 
reactor? 
 
Air is 22.0% oxygen by weight. 
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SAMPLE PROBLEM: 

Fuels of motor vehicles other than gasoline are being 
eyed because they generate lower levels of 
pollutants than does gasoline. Compressed propane 
has been suggested as a source of economic  power 
for vehicles. Suppose that in a test, 20 kg of C3H8 is 
burned with 400 kg of air to produce 44 kg of CO2, 
and 12 kg of CO. What was the percent excess air? 

Corrosion of pipes in boilers by oxygen can be alleviated through 
the use of sodium sulfite. Sodium sulfite removes oxygen from 
boiler feed water by the following reaction: 

 2Na2SO3 + O2  → 2Na2SO4 

How many kg of sodium sulfite are theoretically required to 
remove the oxygen from 8,330,000 kg of water containing 10.0 
parts per million (ppm) of dissolved oxygen and the same time 
maintain a 35% excess of sodium sulfite? 

SAMPLE PROBLEM: 

MASS BALANCES – MULTIPLE UNITS 

¨  Overall balance 
¨  Unit balances 
¨  Component balances 

MULTIPLE UNITS 
 
 
 
 
 
 
 
 
 
E – evaporator; C – crystalliser; F – filter unit 
F1 – fresh feed; W2 – evaporated water; P3 – solid product; R4 – recycle of saturated 

solution from filter unit 
 

 
 
 
 
 
 
 

 
 
 
 
 
R4 

E C F F1 

W2 

P3 
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MASS BALANCE CALCULATION PROCEDURE 
The general procedure for carrying out mass balance calculations is as follows: 
¨  Make a block diagram (flow sheet) for the process 
¨  Put numbers on all the streams 
¨  List down all the components that participate in the process. 
¨  Find the components that are in each stream and list them adjacent to the 

stream in the block diagram 
¨  Decide on an appropriate basis for the calculations e.g. 100kg raw material A, 

100kg/hr A, 1 ton of product, 100 moles reactant B etc. 
¨  Find out the total number of independent relations. This is equivalent to the 

total number of stream components. 
¨  Put up different relations between stream components and independent 

relations to calculate concentrations 
¨  Tabulate results. 
 

SAMPLE PROBLEM 
A distillation column separates 10,000 kg/hr of a 50% 
benzene-50% toluene mixture. The product D recovered 
from the condenser at the top of the column contains 95% 
benzene and the bottom W contains 96% toluene. The 
vapor stream V entering the condenser from the top of the 
column is 8000 kg/hr. A portion of the product from the 
condenser is returned to the column as a reflux. Find the 
ratio of the amount refluxed R to the product withdrawn. 
Composition V, D, and R? 

SAMPLE PROBLEM 

The manufacture of products such as penicillin, vitamins, and other 
pharmaceuticals, as well as photographic chemicals, dyes, and 
other fine organic compounds, usually requires separating the 
suspended solids from their mother liquor by centrifuging, and 
then drying the wet cake. A system for centrifuge unloading, 
drying and conveying, and solvent recovery involving equipments 
in a pilot plant is outlined below. What is the kg/hr of the recycle 
stream? 

CENTRIFUGE CONTINOUS 
FILTER 

FEED STREAM 
98 kg/hr 
20% Vitamin 

RECYCLE STREAM 
0.4 kg vitamins/kg H2O 

60% Vitamin 
40% Water Vitamins 

4% Water 
100% Water 
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SAMPLE PROBLEM 

Immobilized glucose isomerase is used as a catalyst in 
producing fructose in a fixed bed reactor (water is the 
solvent). What percent conversion of glucose results on 
one pass through the reactor when the ratio of the exit 
stream to the recycle stream in mass units is equal to 
8.33? FIXED BED 

REACTOR 

RECYCLE 

PRODUCT 

FEED 

4% Glucose 
In Water 

4% Fructose 

SAMPLE PROBLEM 

Refined sugar (sucrose) can be converted to glucose and 
fructose by the inversion process 
   C12H22O11 + H2O          C6H12O6 + C6H12O6 
The combined quantity of glucose + fructose is called inversion 
sugar. If 90% conversion of sucrose occurs on one pass through 
the reactors, what would be the recycle stream flow per 100 
kg fresh feed of sucrose solution entering the process. What is 
the concentration of inversion sugar, I in the recycle stream and 
product stream? 

REACTOR 

SEPARATOR 

Feed 
30% Sucrose 
70% Water 

5% Inversion 
Sugar 

Recycle 
Product 
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TRIP REPORTS: 
 - minimum two pages. A4, single space. Max is 10 
pages. 
 - Focus on only one company or you can also 
compare two companies. 
-  At minimum, focus on either: 
Raw Materials (source, handling, costs, storage, pre-
treatments, alternative sources, etc) 
 

TRIP REPORTS 
 Plant processes (general flow chart, unit operations 
and processes, flow charts, control points, what 
chemical and or physical transformations, etc.) 
Waste Management / Environmental Protection (id all 
solid, liquid, and gaseous wastes, how are they 
generated, how are they treated before they are 
released to the environment) 

FORMAT 
Name, Date of trip, Date report is submitted. 
SUMMARY: 
INTRO. (purpose of trip, company info) 
Main Report. 
CONCLUSION. 
References. 
 


