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Abstract. The current study was carried out to measure the heat resulting from the spontaneous
dissociation of some inorganic salts by using sodium chlorate and ammonium perchlorate salts (3gm),
iron filings (22gm) with grain size (350 p), sawdust (7gm) with a size of (200 p), activated carbon
(7gm), and distilled water (8ml), The speed of the reaction was measured and found it was second
degree (n=2). Measurement of the heat of the reaction emitted was also studied in several ways,
including the direct method from the Vant-Hoff equation and the calorimetric method, in addition to
comparing it with the theoretical value of standard heat of formation which showed the dependence
of the reaction temperature on the two salts. Moreover, classical methods were used to determine the
amount of chlorate and perchlorate radicals by depositional gravimetric analysis and volatilization
methods.

Introduction

One of the main challenges at present is the protection of the environment, which is represented by
the decreasing of the exhaustion of energy and natural pure materials and waste materials.
Management of waste and reusing by-products and research on recycling are significant issues
worldwide [1]. Among the waste produced by construction and manufacturing operations are iron
filings and sawdust.

Iron filings are generated as by-products of iron metal cutting, grinding, or milling of finished iron
products [2]. When this waste is not properly recycled, it is discharged in large quantities into the
environment, leading to the pollution of water bodies and blockage of drainage systems [3] Therefore,
reusing this waste will be an alternative way to dispose of waste, while at the same time reducing
problems attributed to pollution and disposal costs [4].

Sawdust is a waste from the wood, pulp, paper, and wood processing industries and is considered
an industrial waste that pollutes the environment [5]. However, it can become a valuable commodity
as an ore material in manufacturing, and building materials such as billboards, racks, house ceilings,
and wall panels [6].

The sieving process is used to separate particles that are different in size, the fine particles can pass
easily through holes while the large particles are disintegrated by colliding with each other [7].

Most hot packs work by dissolving salt in water, the salt disintegrates, and heat is emitted in an
exothermic reaction, these packs often use calcium chloride or magnesium sulfate and rapid
exothermic reactions cause many problems in selectivity and safety [8].

In previous studies, some researchers recommended the possibility of using aluminum,
magnesium, and iron powder as fuel in ignition systems [9]. Aluminum and magnesium give higher
temperatures than iron when they react with oxygen, but the period of maintaining the temperature is
shorter, so iron filings are the ideal choice [10].

Current researches are focused on using phase-changing materials (PCM) such as some hydrides,
salts, and inorganic complexes as well as some organic materials to use their ability to store thermal
energy and exploit their exothermic interactions for domestic and commercial uses [11].
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In this research, some chemical reactions were studied to use them in designing a thermochemical
system, which includes an exothermic reaction that we benefit from in generating heat through
studying the spontaneous dissociation of some inorganic salts which are of economic benefit in terms
of their availability, and low economic costs.

Materials and Methods
Materials

-Iron filings which sieved on (350 p).

- Sawdust that dried, grinded, and sieved on (200 p).

- Ammonium perchlorate salt (NH4C1O4) with a concentration (95%)
- Sodium chlorate salt (NaClO3) with a concentration (99%).

- Activated charcoal type (SP3-SG-103).

Methods
Temperature changes with changing components

several experiments were carried out by fixing the quantity or quality of one of the reactants and
changing the others Thus, experiments continued to reach the ideal conditions (gradual increase in
temperature) were obtained by using iron filings (22gm) with grain size of (350 p), sawdust (7gm)
with a size of (200 p), sodium chlorate and ammonium perchlorate salts (3gm), activated carbon
(7gm) and distilled water (8ml), the results show in tables (1,2,3,4,5).

Table 1. Changing the diameter of the iron filing with the temperature

diameter of iron filings grains (p) 250 350 500 600 700
temperatures (C°) 55 55 33 31 28
time (m.) 10 20 15 30 20
Table 2. Changing the diameter of sawdust grains with temperature
diameter of sawdust particles (1) 50 100 150 200 250
temperatures (C°) 29 33 32 55 47
time (m.) 50 25 25 20 20
Table 3. Changing the weight ratio for salts with temperature
weight of sodium chlorate and 1:1 2:2 3:3 4:4 5:5
ammonium perchlorate/gm
temperatures (C°) 31 40 55 65 75
time (m.) 25 30 20 15 10

Table 4. Changing the volume of distilled water with temperature

volume of distilled water (ml.) 6 7 8 9 10
temperatures (C°) 31 41 55 47 42
time (m.) 15 30 20 25 20
Table 5. Changing the type of charcoal with the temperature
charcoal type animal charcoal  activated charcoal
temperatures (C°) 44 55

time (m.) 25 20
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Reaction kinetics

After determining the components and types of reactants in the mixture, the speed of the reaction
was measured (change in concentration of the two salts, NH4ClO4 and NaClOs with time) by taking
the remaining salts during the reaction after different periods (t.), measuring the amount of chlorate
(Cl0O3) by depending on classical methods such as depositional gravimetric analysis as well as
analysis of the perchlorate ion (ClO4) by the burning method, table 6 shows the components of the
reaction mixture.

Table 6. Components of the reaction mixture

Material Weight (gm ) No. of moles = wt.(gm)
mwt
iron filings 22 0.3928

sawdust 7

activated charcoal 7

distilled water 8 ml
sodium chlorate 3 0.02818 *
ammonium perchlorate 3 0.02553 **

*represents the initial concentration of the inorganic salt NaClO3

**represents the initial concentration of the inorganic salt. NH4CIO4

By depending on the method of radical analysis for chlorate deposition obtained the results are shown
in table 7.

Table 7. The deposition analysis for Cl1O™ 3
Time (min.) KCIO, weight (gm) * NaClOs3 weight (gm) ** (a—x) *107 moles

0 0 0.06 # 28.18
10 0.0609 0.053 26.0
20 0.0552 0.048 25.0
30 0.0402 0.035 15.0
40 0.0287 0.025 8.5
50 0.0126 0.011 55
60 0.0086 0.0075 3.0

Measuring the heat of the reaction by Vant-Hoff equation

The temperature of the reaction was measured directly by applying Vant-Hoff equation, where the
components of the mixture were mixed and the reaction rate constant (k) was calculated at room
temperature (25°C) and calculated again at other temperatures. Thus, the rate of speed was measured
several times, table 8 shows the change in chemical reaction rate with temperature.

Table 8. Changing of chemical reaction rate with temperature

experiment no. TC° UT(K ™ k(min ') logK*10’
1 25 0.00329 0.0461 1.664
2 40 0.00315 0.056 1.748
3 56 0.00303 0.091 1.959
4 69 0.00292 0.191 2.28
5 74 0.00288 0.42 2.62
6 85 0.00279 0.63 2.799
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Based on the results of table 8 and by applying the kinetic equations using the trial method, it was

proven that the reaction is of the first order, table 9 shows the results.

Table 9. The reaction resulting from the kinetic equations is the first-order

1

Time (min.) n 4 k, (min ") X k, (mole ~' .min~")
a—x a(a—x)

0 0 0 0 0

10 0.35 0.015 8.09 1.15
20 0.405 0.022 10.03 0.669
30 0.569 0.056 13.51 1.95
40 0.831 0.066 15.69 0.81
50 1.15 0.067 15.91 2.15
60 1.691 0.059 16.01 1.09

The perchlorate radical (C1O™ 4) in the ammonium perchlorate salt (NH4ClO4) was determined by
deposition gravimetric analysis in the form of silver chloride using the volatility method, the results

are shown in table 10.

Table 10. The deposition gravimetric analysis of C1O0™ 4

Time (min) AgCl weight (gm) NH , ClO, * weight (gm) (b—x)*10" moles

0 0 # 25.53
0.072
10 0.079 0.065 23.0
20 0.07 0.05 15.0
30 0.065 0.035 7.0
40 0.05 0.025 53
50 0.042 0.011 3.0
60 0.032 0.007 1.5

#: represents the initial weight of the perchlorate radical in (1.2 gm) from relative calculations.

By applying the kinetic equations to deduce the reaction kinetics relative to the perchlorate radical or
the ammonium perchlorate salt, appears the dependence of the reaction speed on the weights of salt,
table 11 shows the results.

Table 11. The dependence of the reaction speed on the weights of ammonium perchlorate

Time (' min ) In b K, (min ") X K, (mole ' . min™")
b—x b(b—x)

0 0 0 0 0

10 0.26 0.041 6.91 0.81
20 0.315 0.046 8.61 1.5
30 0.591 0.061 10.9 0.51
40 0.75 0.05 13.5 0.81
50 1.05 0.04 35.6 0.69
60 1.43 0.039 45.6 0.78
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From the mathematical application of the Vant-Hoff equation, can obtain an approximate value of
the reaction temperature ( A Hr = 2.382 kcal/mole).

Measuring the heat of the reaction calorimetrically

Based on the equations for calculating the heat of the reaction calorimetrically, the calorimeter
constant (C) must be calculated by using the special relationship between the total heat capacity (C)
and the enthalpy of the reaction, the formulas for the Vant - Hoff equation can be used to calculate
the enthalpy of the reaction as shown in table 12,13.

Table 12. Recorded temperatures versus time

Time (min.) Temperature (C°)
0-35 32
3.5 35.5
4 35.1
4.5 34.7
5 343
5.5 33.9
6 33.5

Table 13. The relationship between volume and final solution titration and heat emitted

the volume of  Final solution titration = The amount of heat

acid added emitted
3 1.1 0.945
2.5 0918 0.784
2.3 0.842 0.718
1.5 0.552 0.473
0.75 0.227 0.242
0.6 0.217 0.191

From the mathematical application for the calorimeter constant can obtain an approximate value
of the reaction temperature ( A Hr = 1.643 kcal/mole).

Measuring the heat of reaction theoretically

To calculate the heat of the reaction theoretically relied on the heat resulting from the dissociation
of the two salts (NaClO3 and NH4ClO) according to the following equation:

NaCIO | +NH, CIO, > NH, +HCl+NaCl +7/2 0

»

From the mathematical application theoretically, can obtain an approximate value of the reaction
temperature (A Hr = - 3.9 kcal / mole).

Results and Discussion

The reaction mixture consisting of inorganic salts (sodium chlorate, ammonium perchlorate), iron
filings as oxidizing factors, sawdust, activated charcoal, and distilled water, all work as an exothermic
system.
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Dependence of the temperature on the change in reaction components

From the results in tables (1 to 5), the ideal condition obtained in the reaction is the maximum
temperature with a gradual or regular increase, the type of iron filings is important in increasing the
speed of the reaction and heat generation at range (25-85 °C) and a diameter of the iron filing grains
of 350 p because the transformed of iron to its oxides, Fe2O3 and Fe3O4 needs a medium-sized
diameter that not enabling iron filings to enter the grains or deposit inside the gaps which may stop
or slow the oxidation-reduction reaction [12]. also, it was found a simple effect of the diameter of the
sawdust grains, the best ideal condition (25 - 85 °C) corresponds to a diameter of 200 p. The reason
for that is sawdust in this physical state reduces the intense emission of heat and maintains a regulated
height [13]. The change in the volume of distilled water does not affect the temperature, as indicated
in table 4, while the type of charcoal has a role in increasing the number of adsorbed molecules (rate
of adsorption) [14]. while changing the weight percentages of inorganic salts gives us the greatest
effect among all the components of the mixture because both salts disintegrate into stable products
such as sodium chloride (NaCl) and ammonium chloride (NH4Cl) which disintegrate into ammonia
gas (NH3) and hydrogen chloride gas (HCI) [15]. Therefore, increasing the weight percentage of the
two salts from 1: 1 to 3:3 gets temperatures of 25 - 85 °C and in a regular standard time (0-20 minutes).
while the increase in the weight ratio to 4:4 or 5:5 leads to increases in the temperature but in a non-
standard time. Therefore, the weight of sodium chlorate (NaClO3) is important relative to the weight
of ammonium perchlorate, so that the oxidation and reduction process takes place almost completely
and an acceptable amount of heat is emitted.

It is difficult to follow the kinetics of oxidation-reduction reactions that involve a mixture of more
than two substances due to the physical and chemical interaction of the substances with each other.
the process of chemisorption of iron oxides (Fe20s3, Fe304) as well as the adsorption of carbon dioxide
gas (CO2) on the surface of activated charcoal or the sawdust suspended in the mixture contributes to
giving a clear difference in the amount of heat emitted which calculated practically from the
calorimetric method and the direct method of the Vant-Hoff equation.

The rate of the exothermic reaction

The reaction speed was not affected by the iron filings, sawdust, distilled water, and activated
charcoal, these materials do not change the reaction speed and are considered auxiliary factors
although the iron filings are considered a major reactant because it is oxidized by inorganic salts
(chlorate C103 and perchlorate ClOs4).

The speed of the exothermic reaction was measured based on the change in the concentrations of
the two inorganic salts using classical kinetic methods for the reactants by deposition gravimetric
analysis or the volatilization method, taking into account the reduction of interferences [16].

Order of reaction

By using the method of precipitation analyzing of ClOs radical in the potassium chlorate using
the values obtained in table 7, the speed of the reaction depends on the radical or sodium chlorate
meaning that n = 1 based on the proposed speed equation:

Rate of reaction = k [ NaClO3] "' [ NH4C104] ™

It is possible to calculate the order of the reaction for ammonium perchlorate, using the volatility
method, and from the results obtained from table 10, and11 it was found that n = 1, and thus the
overall reaction is second-order for both salts.

The results obtained provide clear evidence for depending on the dissociation of the salts to give
stable products and for their working in oxidizing the filings to iron oxides, or what is called self-
dissociation [17], where it was found that the transformation of (ClO3 — Cl or ClO4 — Cl) in the
same substance overpowers the transformation of the filings into the corresponding oxides, so the
emitted chloride 1on was followed instead of the iron oxides [18].
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Measurement of the heat released by the exothermic reaction

Using the Vant-Hoff equation to calculate the heat of the exothermic reaction is very important
because it gives a clear image of the extent of the amounts of heat emitted with the spontaneous
increase in the dissociation of inorganic salts.

It is noted that increasing the temperature led to increases in the speed of the reaction by increasing
the specific velocity constant (k) by twenty times almost, from the initial temperature (t = 25 °C) to
the final temperature (T = 85 °C), finding the value of the enthalpy gives real values for the heat
emitted [19].

Enthalpy of calorimetric reaction

An actual comparison must be made between the calculations of the amount of heat for the
exothermic reaction, between the direct application of the Van't Hoff equation, the use of the
calorimeter, and conducting the direct reaction in a fixed volume, that is, under the same conditions.
Hence, the enthalpy (Hr) depends on the quantity or number of grams of reactants causing heat
generation and the total heat capacity (which is the calorimeter constant and the heat capacity of
inorganic salts).

The measurements recorded in tables 12, and 13 found that the temperature increases by a small
amount with time, calculating the calorimeter constant (C) found that the value of enthalpy (Hr) is
less than the practical value for several reasons, the first is the short period to calculate the calorimeter
constant and the second is the interference of other chemical materials in the mixture to absorb and
emitted heat, such as the oxidation of activated charcoal to carbon dioxide gas [20].

Theoretical calculation of the enthalpy of exothermic reaction

The heat of the reaction emitted was calculated and appeared to exceed the calorimetric value and
the practical value from Vant-Hoff equation due to several reasons, including the adsorption of
components such as gas NHs and HCI on activated charcoal, in addition to the formation of
ammonium chloride and some other secondary reaction during the reaction stages [21].

Conclusions
Based on the results of experiments on the exothermic reaction, conclude the following:

1 - The heat emitted from the dissolution of inorganic salts is controlled by oxidation-reduction
reactions, also the presence of activated charcoal, sawdust, and iron filings is necessary to increase
the speed of the reaction and to continue the adsorption of iron oxides deposited on the sawdust and
activated charcoal.

2 - The speed of the exothermic reaction was determined and the reaction kinetics was studied based
on the dissociation of sodium chlorate and ammonium perchlorate because part of the iron filings is
adsorbed on the activated charcoal and the sawdust is not interring in the reaction and part of the
activated charcoal is not consumed in the oxidation.

3-The heat emitted after measuring directly with the calorimetric method was found to be consistent
with the temperatures used in thermochemical systems to be appropriate and beneficial in the applied
aspect as well as the availability of these materials and their economic prices in addition to the purity
of these reactions.
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