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Practical No.2: PERCENTAGE OF COPPER IN ORE

Practical Significance

Diploma engineers have to perform extraction/separation processes during their
work in industry, which are related to different applications. They have to do analysis of
ore for their metal compositions which is necessary to find the quality and applications.
The determination of copper content in given ore sample solution using titration can be
used to determine the strength and other used to solve broad based engineering
problems.

Relevant Program Outcomes (POs)

e Basic knowledge: An ability to apply knowledge of basic mathematics, science
and engineering to solve the engineering problems.

e Experiments and practice: An ability to plan and perform experiments and
practices and to use the results to solve engineering problems.

e Individual and team work: Function effectively as an individual, and as a
member or leader in diverse/multidisciplinary teams.

e Life-long learning: Recognize the need for, and have the preparation and ability to
engage in independent and life-long learning in the context of engineering
industries.

Competency and Practical Skills
This practical is expected to develop the following skills for the industry identified
competency ‘Apply principles of advanced physics and chemistry to solve broad based
engineering problems’.
1.  Measurement skill
ii.  Handling of glassware
iii.  Calculation

Relevant Course Outcome(s)
J Select the relevant metallurgical process related to industrial applications.

Practical Outcome
o Determine the percentage of copper in given copper ore.

Relevant Affective domain related Qutcome(s)

o Follow safe practices.
o Demonstrate working as a leader/a team member.
o Practice good housekeeping.

Maharashtra State Board of Technical Education 9
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X1 Resources Used

S. No. | Name of Broad Specifications Quantity | Remark
Resource Make Details s (If any)
1.
2.
3.
4.

XII Procedure Followed:-
Hardness of Water:-
a. Solution in conical flask:
b. Solution in burette:
c. Indicator used:
d. End Point:
XIII Observations and Calculations (use blank sheet provided if space not sufficient)
Colour of water sample changes from wine red to sky blue colour.

Observation table 1: Part A: For total hardness of water

S. No. Burette Reading Constant Burette Reading
(Volume of 0.01M EDTA)
1. ml
. ml X) = ml
3. ml

Observation table 2: Part B: For Permanent hardness of water

S. No. Burette Reading Constant Burette Reading
(Volume of 0.01M EDTA)
1. ml
2. ml X, = ml
3. ml
Calculation
Part A: For total hardness of water:
Step 1:

1000 ml of 1 M EDTA = 100 g of CaCOs
(100 x X; x 0.01)

X; ml of 0.0IMEDTA = g of CaCO;
1000
(100 x ..... x0.01)
= g ofCaCO;
1000
= - (y) g of CaCO;
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XVIII Practical Related Questions

1. Write the safe level turbidity of drinking water.
2. Whatis an N.T.U?

Mention the various units for measurement of turbidity.

Space for Answer
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XIX References / Suggestions for Further Reading

1. Experiments in general chemistry Principles and modern applications, Thomas G.

Greco; Lyman H. Richard;

0131493919

Gerald S. Weiss, Pearson, 2011,ISBN-13:978-

2. Applied Chemistry: Theory and practice, O. P. Vermani, A. K.Narula,New age
International Publication New Delhi 2005 ISBN: 8122408141

3. Web reference :nitttrc.in/Four%20quadrant/eel/Quadrant%?20_%?201/Exp2_pdf.pdf

XX  Suggested Assessment Scheme
Performance Indicators Weightage %

Process related: 15 Marks 60 %

1 Calibration of Nephelometer. 30%

2 Measurement of turbidity of water sample 30%
Product related: 10 Marks 40 %

3 Practical related questions 20%

4 Submitting the journal in time 20%
Total (25 Marks) 100%

Names of Student Team Members

Marks Obtained
Process Product Total
Related (15) | Related (10) (25)

Dated

Signature of

Teache

r
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VI Relevant Affective domain related Outcome(s)
e Follow safe practices.
e Demonstrate working as a leader/a team member.
e Maintain tools and equipment.
e Practice good housekeeping.
e Practice energy conservation.
VII  Minimum Theoretical Background
The moisture in coal is an important property which should be frequently
analyzed and monitored. It can be readily removed by evaporation at room temperature
but moisture held within the coal itself, known as inherent moisture is difficult to
remove. Its level can be analyzed by means of laboratory tests. Moisture can be
determined by heating the coal in electric oven at 105 °C in presence of nitrogen
atmosphere and drying in air at 100 to 105 °C. The ash content in coal is another
important parameter of coal. Ash decreases the calorific value of coal. Burning coal on
a large scale requires knowledge of their ash contents. The ash content is determined by
heating and burning coal sample in the presence of air and determining the weight loss.
VIII Practical set-up / Circuit diagram / Work Situation
IX Resources Required
S. No. | Name of Resource | Suggested Broad Specification Quantity
1 Electronic balance | Range of 0.001g to 500g. pan size 100 One per batch
mm; response time 3-5 sec.; power
requirement 90-250 V, 10 watt.
2 Electric oven Inner size 18”’x18°°x18’’; temperature One per batch
range 100 to 250° C with the capacity
of 40 lit
3 Muffle furnace Temperature up to 900°C,digital One per batch
temperature controller with an
accuracy of +/- 30C
4 Pair of tongs One per group
5 Silica crucible One per group
6 Coal sample As per requirement

Maharashtra State Board of Technical Education
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X Precautions to be Followed
Handle the oven and furnace carefully.
2. Silica crucible is removed from oven and furnace with pair of tongs only.

p—

XI Procedure
Part A: Process for determination of moisture

1. Weigh approximately 1 g of air dried coal sample in a silica crucible.
2. Place the crucible in an electric oven maintained at 105°C for 1 hour.
3. Find the difference between the starting weight and the final weight of coal which
represents the amount of moisture, as the moisture is evaporated during the heating.
Part B: Process for determination of ash.
1.  Weigh exactly moisture free (From part A) coal sample in a silica crucible.
2. Place the crucible in muffle furnace maintained at 750°C for 1 hour.
3. Find the weight of ash formed.

XII Resources Used

S. No. | Name of Broad Specifications Quantity | Remarks
Resource Make Details (If any)
1.
2.
3.
4.

XIII Procedure Followed

1. Determination of moisture content: g of sample heated in
electric oven at OC for hour.

2. Determination of ash content: g of coal sample heated
in muffled furnace at _OC for hour.

XIV Observations and Calculations(use blank sheet provided if space not sufficient)

Observation table I: Part A: Determination of moisture content

S. No. Description Weights in grams

1. Weight of empty silica crucible(W)

Weight of silica crucible and coal sample before

2. heating (W»)

3. Weight of coal taken(Ws= W,-W)

Weight of silica crucible and coal sample after
heating(W.)

5. Weight of moisture removed (Ws =W,-Wy)
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Calculation: Part A: Determination of moisture content
Weight of moisture removed (Ws)
% of moisture content = x 100

Weight of coal taken (W3)

% of moisture content = x 100

% of moisture content= ............. %
Observation table II: Part B: Determination of ash content

S. No. Description Weights in grams

1. Weight of empty silica crucible(W)

Weight of silica crucible and coal sample before

2. burning (W;)

3 Weight of coal taken(Ws= W,-W)

4 Weight of silica crucible and ash (Wy)

5 Weight of ash formed (Ws =W4-W))

Calculation: Part B: Determination of ash content
Weight of ash formed (Ws)
% of ash content = x100
Weight of coal taken (W3)

= x 100
% ofashcontent= ............. %
XV  Results
1. Percentage of moisture contentin coal = ............. %
2. Percentage of ash contentin coal = ............. %

XVI Interpretation of Results (Give meaning of the above obtained results)

Mabharashtra State Board of Technical Education
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XVII Conclusions (Actions/decisions to be taken based on the interpretation of results).

XVIII Practical Related Questions
1. State the temperature for removal of moisture and ash from coal sample.
2. Name the elements that are combustible in fuel.
3. What is the important factor in fuel selection?

Space for Answer

Maharashtra State Board of Technical Education
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References / Suggestions for further reading

1. Applied Chemistry : Theory and practice, O.P.Vermani, A.K.Narula, New age
International Publication New Delhi 2005 ISBN: 8122408141
2. Practical book on Engineering chemistry, Dr.P.K.Khatua, Platinum publishers Kolkata,

ISBN : 0788189872438
3. Web

reference:

shodhganga.inflibnet.ac.in/bitstream/10603/68365/14/14_chapter%205.pdf

XX Suggested Assessment Scheme

The given performance indicators should serve as a guideline for assessment regarding

process and product related marks:

Performance indicators Weightage

Process related:15 Marks 60 %
1. Weight of silica crucible and coal sample after heating 15 %

2. Weight of moisture removed 15 %

3. Weight of silica crucible and ash 15 %
Weight of the ash formed 15 %

Product related: 10 Marks 40 %
4. Percentage of moisture content 10%

5 Percentage of ash content 10%

6. Practical related questions 10 %

7 Submitting the journal in time 10%
Total (25 Marks) 100 %

Names of Student Team Members

|
2,
N
Ao
Marks Obtained
Process Product Total
Related (15) | Related (10) (25)

Dated
Signature of
Teacher

Mabharashtra State Board of Technical Education

44






Applied Science-Chemistry (22202)

vl

Minimum Theoretical Background
Bomb calorimeter is used to measure the calorific value of solid as well as liquid

fuel. A calorimeter contains thick walled cylindrical vessel and it consists of the lid
which supports two electrodes which are in contact with fuse wire and fuel sample of
known weight. The lid also contain oxygen inlet valve through which high-pressure
oxygen gas (at about 25 to 30 atm.) is supplied. Entire lid with fuel sample is now held
in a copper calorimeter containing known weight of water. A mechanical stirrer is
provided to stir well for uniform heating of water. A thermometer is also provided to
measure the change in temperature of water due to combustion of fuel in lid. Water
equivalent of bomb calorimeter can be found out for particular bomb calorimeter by
first by doing an experiment based on known fuel sample whose calorific value is
already known. It depends on the manufacturer of the Bomb calorimeter. A bomb
calorimeter is also used for energy balance study in ecology and study of Nano-
material, ceramics, zeolite. The bomb calorimeter is helpful to study the
thermodynamics of common combustible materials. Unit of Calorific Value: Joule per

kg (J/kg).

VIII Practical set-up / Circuit diagram / Work Situation

IX

[(db,) Oxygen Inlet Valve

o

It l”'l

i

Bomb Caloritneter

Resources Required

S. No. | Name of Resource | Suggested Broad Specification Quantity

Electronic balance | Range of 0.001g to 500g. pan size 100 One per batch
mm; response time 3-5 sec.; power
requirement 90-250 V, 10 watt.

Electric oven Inner size 18”°x18°’x18’’; temperature One per batch
range 100 to 250°C with the capacity
of 40 lit
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3. Bomb calorimeter | Standard One per batch
4, Pair of tongs One per group
3. Silica crucible One per group
6. Coal sample As per
requirement
X Precautions to be Followed
1. Handle the bomb calorimeter carefully.
2. Nickel or steel crucible is removed with pair of tongs only.
3. Never approach the top of the bomb due to danger of explosion.
XI Procedure
1. A known quantity (about 1 g) of air dried coal sample is taken in a nickel or steel
crucible. Introduce it into the bomb.
2. Add known volume of distilled water, start the stirrer and note down the initial
temperature of water.
3. Pass the oxygen gas at about 25 to 30 atm.
4. Start current through the crucible and let the fuel sample to burn in presence of oxygen.
5. Heat released during combustion of fuel is taken by water, due to which temperature of
water increases.
6. Note down the final steady temperature of water.
XII  Resources Used
S. No. | Name of Broad Specifications Quantity | Remarks
Resource Make Details (If any)
1.
2.
3.
4.
XIII Procedure Followed (use blank sheet provided if space not sufficient)
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XIV  Observations and Calculations(use blank sheet provided if space not sufficient)

S. No. Description Weights in grams

1. Water equivalent of Bomb calorimeter(m;)

2. Mass of water in copper calorimeter(m;)

3. Specific heat of water (Cw)

4. Weight of empty silica crucible(W)

5. Weight of silica crucible and solid fuel (coal
sample) before burning (W»)

6. Weight of solid fuel ( coal sample) taken (m¢
= Wy-W))

7. Initial temperature of water (t;)

8. Final temperature of water (t;)

Calculations

Calorific value of fuel is determined by following formula

(m+my) X (t2- t; )x C,,
Calorific value =

mf
(e )X (oo )
Calorific value = --------------- cal/g
Calorific value = --------------- x4.183%10° J/Kg=................ J/Kg
XV  Results
Calorific value of given solid fuel (coal sample)= --------------- J/IKg

Mabharashtra State Board of Technical Education
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XVIII Practical Related Questions
1. State the type of fuel of which calorific value is determined by using Bomb
calorimeter.
2.  “Bomb calorimeter is kept inside the water jacket.” Explain.
3. State the significance of determination of calorific value.

Space for Answer

Maharashtra State Board of Technical Education
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XXIII References / Suggestions for further reading

1. Applied Chemistry : Theory and practice, O.P.Vermani,A.K.Narula, New age
International Publication New Delhi 2005 ISBN: 8122408141

2. Practical book on Engineering chemistry, Dr.P.K.Khatua, Platinum publishers Kolkata,
ISBN : 0788189872438

3. Web reference : www.mechanicalduniya.com/2012/01/bomb-calorimeter-assignment-
content-for.html

4. Web reference:https://www.youtube.com/watch?v=9suiA6EWQ18
https://www.youtube.com/watch?v=NQB3zga2Yb8&

XX Suggested Assessment Scheme

The given performance indicators should serve as a guideline for assessmentregarding
process and product related marks:

Performance indicators Weightage

Process related:15 Marks 60 %

1. Determination of weight of sample fuel 10%

2. Operation of Bomb calorimeter 30 %

3. Measurement of initial and final temperature of water 20 %
Product related: 10 Marks 40 %

4. Formula of calorific value 10%

5 Calculation of calorific value 10%

6. Practical related questions 10 %

7 Submitting the journal in time 10%

Total (25 Marks) 100 %

Names of Student Team Members

Lo

2

B

4.

Marks Obtained Dated
Process Product Total Signature of
Related (15) | Related (10) (25) Teacher
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VI Relevant Affective domain related Outcome(s)
e Follow safe practices.

e Demonstrate working as a leader/a team member.

e Practice good housekeeping.
e Practice energy conservation.

VII  Minimum Theoretical Background

The ultimate analysis is used to determine the carbon, hydrogen, oxygen,
sulphur, nitrogen content in the coal. Sulphur is usually present in coal in three forms -
as sulphates, as iron pyrites (FeS,) and as sulphur in organic compounds. The forms of
sulphur so present are known as ‘sulphate’, ‘pyritic’ and ‘organic’ respectively.
Sulphatesulphur is determined by extracting coal with dilute hydrochloric acid and
determined gravimetrically by precipitation as barium sulphate with barium chloride.
Pyritic sulphur is insoluble in dilute hydrochloric acid, but is quantitatively dissolved by
nitric acid under experimental conditions and converted into sulphate. The sulphates are
separated from nitric acid by evaporating nitric acid. The sulphates are extracted with
hydrochloric acid and determined gravimetrically by precipitation as barium sulphate
with barium chloride. Organic sulphur of coal is not determined by analytical method, it
is calculated by deducting the sum of pyritic and sulphatesulphur from total sulphur.

VIII Practical set-up / Circuit diagram / Work Situation

Precipitate of BaSO4

Beaker

IX Resources Required

S. Name of Resource Suggested Broad Specification Remark

1. Electronic balance Range of 0.001g to 500g. pan size | One per batch
100 mm; response time 3-5 sec.;
power requirement 90-250 V, 10
watt.
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2. Electric oven Inner size 18”°x18°’x18”’; One per batch
temperature range 100 to 250° C
with the capacity of 40 lit
3. | Bomb calorimeter One per batch
4. Pair of tongs One per group
5. Silica crucible One per group
6. Beaker Borosil glass,250ml Two per group
7. Funnel Borosil glass
8. Chemicals Coal sample, HCI, BaCl, As per
requirement
X Precautions to be Followed
1. Handle the bomb calorimeter carefully.
2. Nickel or steel crucible is removed with pair of tongs only.
3. Handle the glassware carefully.
4. Dry and weigh the precipitate accurately.
5. Never approach the top of the bomb due to danger of explosion.
XI Procedure
1. Take 1 g of moisture and volatile matter free coal sample in a nickel or steel crucible.
2. The crucible is placed in a bomb of bomb calorimeter and burn completely in presence
of oxygen.
3. The ash obtained contains sulphur of coal as a sulphate, which is extracted with dil.
HCI.
4. The acid extract is treated with BaCl, solution to precipitate sulphate as BaSO,.
5. The precipitate is filtered, washed and dried and weighed.
XII  Resources Used
S. No. | Name of Broad Specifications Quantity | Remarks
Resource Make Details (If any)
1.
2.
3.
4.
XIII Procedure Followed (use blank sheet provided if space not sufficient)
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XIV  Observations and Calculations(use blank sheet provided if space not sufficient)

S. No. Description Weights in grams
1. Weight of BaSO4 formed (y)
2. Atomic weight of sulphur 32
3. Molecular weight of BaSO4 233
Calculations

Sulphur in coal is determined as,
233 g of BaSOs contains 32 g of sulphur

(32) x(y)
y g of BaSOy contains = g of sulphur
(233)
(32) X (.uunn.... )
i.e. y gof BaSO, contains = g of sulphur
(233)
= i g of sulphur

Hence % of sulphur in coal is = ----------------- x 100 %

XV  Results

The percentage of sulphur content in coal sample =

XVI Interpretation of Results (Give meaning of the above obtained results)

XVIII Practical Related Questions

1. Write the balanced equation of the reaction when, acid extract is treated with BaCl,
solution.

2. “Estimation of sulphur content in coal sample is important”. Explain.

3.

Which form of sulphur is determined in this experiment?
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Space for Answer
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XXIV References / Suggestions for further reading
1. Applied Chemistry : Theory and practice, O.P.Vermani,A.K.Narula, New age
International Publication New Delhi 2005 ISBN: 8122408141

2. Practical book on Engineering chemistry,Dr.P.K.Khatua, Platinum publishers Kolkata,
ISBN : 0788189872438

3. Experiments and calculations in engineering chemistry, Dr. Dara, S. S. S. Chand.
Publication, New Delhi, 2011, ISBN:8121908647

4. Web reference: www.mechanicalduniya.com/2012/01/bomb-calorimeter-assignment-
content-for.html

XX  Suggested Assessment Scheme

Performance indicators Weightage
Process related:15 Marks 60 %
1. Determination of weight of coal sample 10%
2. Preparation of acid extract of coal ash 20 %
3. Filtration ,drying and weighing of BaSO, precipitate 30 %
Product related: 10 Marks 40%
4. Calculation for percentage of Sulphur 20%
3. Practical related questions 10 %
6. Submitting the journal in time 10%
Total (25 Marks) 100 %
Names of Student Team Members
Lo
2
B
4.
Marks Obtained Dated
Process Product Total Signature of
Related (15) | Related (10) (25) Teacher
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