Measuring the energy content of food using the B&alorimeter

Measuring the Energy Content of Food using the
Bomb Calorimeter

Aim: The aim of this laboratory exercise is to apply Hirst Law of Thermodynamics
to determine the energy content (i.e. food enenfgpome simple foods.

Theory:

Calorimetry is the science of measuring quantities of heat, daginct from
“temperature”. The instruments used for such measants are known aslorimeters.
The most common type of calorimeter is the oxygemlp calorimeter.

The Calorific Value of a sample may be broadly defined as the numbéeat units
liberated by a unit mass of a sample when burnéd exygen in an enclosure of constant
volume.

The calorific value as determined in an oxygen baratorimeter is measured by a
substitution procedure in which the heat obtaimedhfthe sample is compared with the
heat obtained from combustion of a similar amouriemzoic acid whose calorific value
is known. These measurements are obtained by lguaniapresentative sample in a high-
pressure oxygen atmosphere within a metal presassel — called a bomb. The energy
released by this combustion is absorbed within thérimeter and the resulting
temperature change within the absorbing mediumoigech The calorific value of the
sample is then calculated by multiplying the terapgre rise in the calorimeter by a
previously determined energy equivalent determirfeamn previous tests with a
standardizing material.
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Apparatus:

Food sample (weighed);
Oxygen bomb calorimeter;
Fuse wire;

Thermometer;

1.2 litres of water;

Supply of oxygen;

Power source;

Stop watch.

Procedure:

The bomb calorimeter is set up as shown in Figdvab

1.

© N

Prepar e the samplein the bomb. The food sample is put in the crucible together
with a piece of cotton wool. A known length of fus#re is passed through the
sample with both ends of the wire being attachetied electrodes of the bomb.
Closing the bomb. Care must be taken not to disturb the sample wheving
the bomb head to the bomb cylinder. Check thersgaiing to be sure that it is in
good condition and moisten it with a bit of watertkat it will slide freely into
the cylinder; then slide the head into the cylinded push it down as far as it
will go. For easy insertion, push the head stragpwn without twisting and
leave the gas release valve open during this dparaet the screw cap on the
cylinder and turn it down firmly by hand to a sostbp. When properly closed,
no threads on the cylinder should be exposed.

Filling the bomb. Connect the oxygen supply to the bomb and clbsegas
release valve. Open the filling connection contralve slowly and watch the
gauge as the bomb pressure rises to the desilied firessure (usually 30 atm.,
but never more than 40 atm.); then close the cbwalge.

Fill the calorimeter bucket. Put the bomb inside the calorimeter bucket by
attaching the lifting handle to the screw cap andering the bomb with its feet
spanning the circular boss in the bottom of thekbudHandle the bomb carefully
during this operation so that the sample will netdisturbed. Remove the lifting
handle and add 1.2 litres of water inside the bucke

Final settings. Connect the power source to the bomb and puthiiienometer
inside the bucket. Set the cover on the jacketssaud the stirrer.

Read and record temperatures. Let the stirrer run for 5 minutes to reach
equilibrium before starting a measured run. Atehe of this period start a timer
and read the temperature. Read and record tempesaitione-minute intervals
for 5 minutes. Then, at the start of the 5th minute

Stand back from the calorimeter and fire the bomb.

Recording change in temperature. The bucket temperature will start to rise
within 30 seconds after firing. This rise will bapid during the first few minutes;
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then it will become slower as the temperature aggres a stable maximum as
shown by the typical temperature rise curve of BigRecord temperatures at one-
minute intervals until the difference between sssog&e readings have been
constant for 3 minutes. Usually the temperaturé n@dch a maximum; then drop
very slowly. But this is not always true since avlstarting temperature may
result in a slow continuous rise without reachingaimum. As stated above, the
difference between successive readings must bel aoig the readings continued
at one-minute intervals until the rate of the temapge change becomes constant
over a period of 3 minutes.

9. Opening the bomb. After the last temperature reading, stop the maial lift the
cover from the calorimeter. Lift the bomb out oktbucket and open the gas
release valve on the bomb head to release thergasupe before attempting to
remove the cap. After all pressure has been redeasscrew the cap and lift the
head out of the cylinder. Examine the interior bé tbomb for soot or other
evidence of incomplete combustion. If such evideisc®und, the test will have
to be discarded.

10.Fuse wire burnt. Remove all unburned pieces of fuse wire from twenb
electrodes; straighten them and measure their gwdblength in centimeters.
Subtract this length from the initial length of éusvire used and enter this
guantity on the data sheet as the net amount eflwirned - L

Calculations:

The raw data should be plotted, as shown below. @igand inspected for anomalies.
There are a few features worth noting. First, taadhould have a very slight positive
slope during the Pre-period (if the initial watemiperature is about 1.5 °C below room
temperature to start). During the Post-period, éhglnould be a very slight negative
slope. Calculations are based on identifying theedrd Post-periods, and on identifying
the time to achieve 60% of the total temperatwge. ri

The following data should be available at the catiph of a test:

a = time of firing

b = time when the temperature reaches 60 percehedbtal rise

c = time at beginning of period in which the ratdemperature change has become
constant

T_= temperature at time of firing

T_= temperature at time c
r = rate (temperature units per time, °C/sec) at whéenperature was rising during

the 5-min. period before firing
r, = rate (temperature units per time, °C/sec) at liie temperature was rising

during the 5-min. period after time c. If the temgiare was falling instead of
rising after time c, 2ris negative and the quantity2 {c-b) becomes positive and

must be added when computing the corrected temperase
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Fig. 2 — Typical Temperature Rise Curve

Lf: centimeters of fuse wire consumadiring

Cth.,, = thermal capacitance of the calorimeter
M_= mass of test sample in grams

Temperature Rise:
Compute the net corrected temperature ri§€, by substituting in the following
equation:

AT = (Tc-Ta) — g(b-a) — p(c-b)

Calibrating the Oxygen Bomb Calorimeter

The constant volume combustion bomb has been a#dithrusing a standard sample of
benzoic acid according to the procedure below. ddibration is based on a simple First
Law analysis of the bomb. Once the bomb has beldraizd, a similar analysis may be
used to obtain the energy value of any test sardase refer to Fig. 1 above.

For the process of igniting the fuse and the tast@e, and the resulting rise in water
st
temperature, the 1Law states that:

E, — B = Energy In — Energy Out
AE = Weiect- Qg



Measuring the energy content of food using the B&alorimeter

Since Energy is extensive, and changes in kineticpatential energy are negligible:

AE =AU = AUs + AUs + AUy + AUpg

Where subscripts:

s = test sample

f = fuse wire
w = water surrounding bomb
B = bomb

A = (final state — initial state)
1 = initial state
2 =final state

t
Substituting folAE, the 1 Law becomes:

AUs + AUs + AUy + AUp = Welect- QB

Combining terms associated with combustion, andarsegly those associated with
resulting temperature rise:

AUy + AUg + Qs = -AUs -AUs + Weject,

Reviewing the equation, term by term:

AUy = energy rise in the water bath #\MCyw (T2 — Ty)
AUg = energy rise in the combustion bomb s &g (T, — Ty)

Qg = heat transfer out of the bombg @ approximately proportional to the

temperature rise, and so the quan(iﬁQB—T)) is approximately constant.
2 1

-AUs = - (Uproducts— U Reactantts = (Ureact.— Uprod)s = total “energy release” from
the test sample = Ms;, where = ¢ “Calorific Value” per unit mass of the test
sample

— L ((UReact._U Prod) f

f Lf
“calorific value” per unit length of the fuse matdy and L is the actual length of
the fuse consumed.

-AUs = (Ureact. LY Prod)f ) = Lfef where, eis the

W, ...~ electrical work necessary to ignite the fuse, angroportional to the

length of fuse consumed E, w,
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Substituting the above back into the energy eqoatio

%/_J
Cequivt

. J

0 = e, +w,]
(Mc,), +(MC )y + 5 [T -T)=Mee L fe
L R
CtFlrcal
The first term on the left, in brackets, is compgbs¥ terms that are approximately
constant and together represent the “thermal cegrexa” of the calorimeter. The term in

brackets on the right represents the “energy etpnvgoer length of fuse material”
(9.627J/cnh

t
The 1S Law can then be written as:

(Cth:al)(AT) = Mses+ I—f eequiy

Solving for the thermal capacitance of the calotarme

M.es+ L.e
AT

equiy

Ctl}:al =

Following replicate calibration tests with a refere benzoic acid test sample, it was
found that:

Cth., =9.159 KJ/°C

This value can now be used in conjunction with tdraperature rise to account for the
energy increase in the water bath and combustiatbbas well as the heat transfer from
the calorimeter when analyzing other test samples.

For other test samples:

_ (Cﬂ‘kal)(AT) - Lf %quiw
5" M




Measuring the energy content of food using the B&alorimeter

Time (seconds)| Temperatuf¥) Comment
0 Start Timer
60 (+60)
120 (+60)
180 (+60)
240 (+60)
300 (+60) & Start Logging Temperature
360 (+60) Pre — Period
420 (+60) Pre — Period
480 (+60) Pre — Period
540 (+60) Pre — Period
600 (Ignite Time) Begin Rise Period
645 (+45)
660 (+15)
675 (+15)
690 (+15)
705 (+15)
765 (+60)
825 (+60)
885 (+60)
945  (+60)
1005 (+60)
1065 (+60)
1125 (+60)
1185 (+60)
1245 (+60)
1305 (+60)
1365 (+60)
1425 (+60)
1485 (+60)
1545 (+60)

Length of fuse wire inserted (cm):
Length of fuse wire left after firing (cm):

Mass of fuel (grams):




