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Abstract

Refractory Brick is a material resist the high temperature used in the construction of oven and furnace,  it can made from silica and calcium carbonate which is our project objective beside using additive ( KCl,NH4Cl and NaCl) to optimizing the condition of the process.
So, in this project we plan to help producing it economically and environmentally
friendly using waste material that is an impediment for the environment. We believe this will cut the energy cost significantly
In our project the first part is to form CaO from decomposition of CaCO3 and reacted with silica and adding salt,the reaction was done at (800,900,and 1000)ºC and for specific time , the second part of objective is scaling up and do the tests (strength  and adsorption test ).
It was found that the optimal condition for using  NaCl salt is 900C and 10% concentration for 3 hours according to the compressive strength value of 2.372Mpa.
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[bookmark: _Toc482277328]Limestone:

Limestone is one of the most common types of rock found on the surface of the Earth. About 10% of the land surface of our planet is made of limestone or similar types of rock. Around 25% of the World’s population either live on or take their water from limestone formations. It is thought that 50% of all our oil and gas reserves are trapped in limestone buried beneath the surface.
The rock limestone is mostly made up of one of two types of minerals: either calcite or aragonite. Both of these are different crystal arrangements of the same chemical compound – calcium carbonate (CaCO3).
Limestone most common use is in construction. First, as a crushed material, serving as a base for roads and ballast in railroads or as gravel (or aggregate) in construction concrete; second, it combines with crushed shale in a kiln to make Portland cement, which serves as the basicingredient in concrete preparation. Limestone usefulness stems from its strength and density.
In this project the focus is given to cost-effective decomposition of calcium carbonate to generate products for use in construction(lime) and other industries (to-be-captured CO2). The latter, is not our proper focus, but that of a joint project with the Department of Mechanical Engineering at Birzeit University. It is intended to optimize the decomposition process of calcium carbonate using KCl and NH4Cl as additives.

[bookmark: _Toc482277329]
Production of lime

The production of quicklime or just lime (calcium oxide-CaO) from limestone is one of the oldest chemical transformations produced by man. Most ancient languages have a word for calcium oxide. In Latin it is calx (from Arabic كلس), from which the name of the element calcium is taken. In old English, its name is lime, which is the origin of the modern commercial name for calcium oxide, namely lime.

The abundance of limestone in the Earth's crust and the ease of its transformation to calcium oxide do not alone explain why the lime is one of the oldest products of chemistry. Lime has many properties that make it quite valuable. It is so useful, that it is today produced industrially on a vast scale (>223 million tons worldwide); over 22 million tons were produced in the U.S. in 2000. 

The oldest use of lime is based on its ability to react with carbon dioxide to regenerate calcium carbonate. When lime is mixed with water and sand, the result is a mortar, which is used in construction to secure bricks, blocks, and stones together. Mortar is initially a stiff paste that is laid between the bricks. 

The most important modern use of lime also relies on its ability to form solutions with silicates. Nearly 45% of lime is used in the steel industry. Steel and iron are produced from ores, which are rock that contain iron oxides. Many of these ores also contain a large amount of silicates. When lime is mixed with the ore and the mixture melted, these silicates combine with the lime, forming a liquid solution called slag [1].

[bookmark: _Toc482277330]Uses of calcium oxide:

- Add water and avigorous exothermic reaction takes place. This process is called “slaking of lime”.This process forms calcium hydroxide-Ca(OH)2,which is the common product used under the label “lime”.
- Calcium hydroxide is slightly soluble in water and forms a solution known as limewater which is used to test for carbon dioxide. Its solubility decreases with temperature.
- Calcium oxide, calcium hydroxide and calcium carbonate can be used to neutralize soil acidity.
Generation of CO2 from CaCO3
The use of natural calcium to generate CO2 sorbents in industrial processes is limited by the rapid decay of the carbonation conversion with the number of cycles carbonation/calcination. However, new processes are emerging to capture CO2using these cycles, that can take advantage of the intrinsic benefits of high temperature separations in energy systems. This work presents an analysis of a general carbonation/calcinations cycle to capture CO2, incorporating a fresh feed of sorbent to compensate for the decay in activity during sorbent re-cycling. A general design equation for the maximum CO2 capture efficiency is obtained by incorporating to the cycle mass balances a simple but realistic equation to estimate the decay in sorbent activity with the number of cycles[2].
[bookmark: _Toc482277331]Side effect of carbon dioxide on environment:
Carbon dioxide is not normally considered a pollutant because it is a normal constituent of air. However, excess of carbon dioxide is considered a pollutant because it leads to adverse effects on the environment. The higher concentration of carbon dioxide in the atmosphere is likely to increase the temperature of the atmosphere. Carbon dioxide permits the short wavelength visible radiations to pass through it but traps the longer wavelength infra-red radiations (heat waves) reflected by the earth’s surface. This trapping of heat waves causes excessive heating of Earth’s atmosphere. This heating effect on earth produced in this way is called Green House Effect or Global Warming. The excessive heating of earth and its atmosphere can have adverse effect on our climate, which will affect all the living beings. The climate will become gradually hot.                       
According to an estimate, the average temperature of the earth has increased by 1ºC in the last 50 years. It is predicted that if the global temperature rises by 3.6ºC, the polar ice caps and glaciers would melt. This would increase the water level of oceans by about 100m and hence lead to the flooding of low-lying coastal areas of the earth [3] .

[bookmark: _Toc482277332]Applications of CO2

Gas Plants produce Carbon dioxide in mainly two forms - Liquid and Solid. Solid CO2is also known as "dry ice" and is used as refrigerants in food industry and for small shipments. CO2 is widely utilized during the storage and shipping of ice cream and other frozen foods. Some of the CO2applications are listed below[4]: 
- Fire Extinguishers: CO2extinguishes fires.
- Beverage: This gas is used to make carbonated soft drinks and soda water.
- Solvent: Liquid CO2is considered as a good dissolving agent for many organic compounds. Here it can be used to remove caffeine from coffee.
- Plants: Plants require CO2to execute photosynthesis, and greenhouses can promote plant growth with additional CO2.
- Pressured Gas: It is used as the cheapest noncombustible pressurized gas. Pressured CO2are inside tins in life jackets. Compressed CO2gas is used in paintball markers, airguns, for ballooning bicycle tires. 
- Medicine: In medicine, up to 5% CO2is added to pure oxygen. This helps in provoking breathing and to stabilize the O2/CO2balance in blood.
- CO2 Laser: The CO2 laser, a common type of industrial gas laser uses CO2 as a medium. Welding: It also finds its use as an atmosphere for welding.
- Oil Wells: Carbon dioxide is commonly injected into or next to producing oil wells to draw lost traces of crude oil .
- Chemical Industry: It is used as a raw material in the chemical process industry, especially for urea and methanol production.
- Metals Industry: It is used in the manufacture of casting influences so as to enhance their hardness.[4].

[bookmark: _Toc482277333]Sodium chloride :

The word 'salt' is a general chemical term that refers to the ionic compound that is formed when an acid reacts with a base. They may be simple salts such as NaCl, KCl, and Na2 SO4 ; acid  salts like NaHCO3 and  NaH2 PO4 ; or double salts like KAl(SO4) 2 . Table salt is sodium chloride, a chemical compound with the formula NaCl. Sodium chloride has been used to flavour and preserve food for thousands of years.

Sodium chloride is readily soluble in water and insoluble or only slightly soluble in most other liquids. It forms small, transparent, colorless to white cubic crystals. Sodium chloride is odorless but has a characteristic taste. It is an ionic compound, being made up of equal numbers of positively charged sodium and negatively charged chloride ions . When it is melted or dissolved in water the ions can move about freely, so that dissolved or molten sodium chloride is a conductor of electricity; it can be decomposed into sodium and chlorine by passing an electrical current through it. [5]

Uses of sodium chloride:
-It is widely used in food industries as a food preservative and as a flavour enhancer.
-It is a major raw material in the industrial manufacturing of various chemicals such as sodium carbonate, sodium hydrogen carbonate etc.
-This salt is used in glass production.
-In cold countries it is used to prevent build up of ice on roads, bridges etc which is important for safe driving conditions 
-Finally as additive to optimize the process of producing refractory bricks because of the availability  to reduce the melting points. [6]
[bookmark: _Toc482277334]
Potassium chloride:
Potassium chloride is an element made up of potassium and chlorine. It is also known as binary salt an inorganic which means noting or pertaining to compounds that are not hydrocarbons or their derivatives. It is naturally occurring compound. Potassium chloride is mined from a naturally occurring mineral known as sylvite which is a natural Potassium chloride .Potassium chloride is used in medicine to help treat low levels of potassium . Potassium chloride also has a number of household uses . One use of Potassium Chloride is in the use of fertilizers .  The formula for Potassium chloride is KCI .  Potassium chloride looks like a white crystalline solid or powder . Another thing is that Potassium chloride is odorless .  Potassium chloride is a stable element . The sublimation temperature is 1500 ºC .  The sensibility of Potassium chloride is hygroscopic which means it is capable of easily absorbing moisture . [7]


[bookmark: _Toc482277335]Ammoniumchloride: 
[bookmark: ref107084]Ammonium chloride (NH4Cl), also called sal ammoniac, the salt of ammonia and hydrogen chloride. Its principal uses are as a nitrogen supply in fertilizers and as an electrolyte in dry cells, and it is also extensively employed as a constituent of galvanizing, tinning, and soldering fluxes to remove oxide coatings from metals and thereby improve the adhesion of the solders. It is a component of many proprietary cold medicines and cough remedies because of its efficacy as an expectorant, and in veterinary medicine, it is used to prevent urinary stones in goats, cattle, and sheep. Ammonium chloride is a colourless crystalline substance. It is highly soluble in water, readily forming a slightly acidic solution. It vaporizes without melting at 340 °C (644 °F) to form equal volumes of ammonia and hydrogen chloride. Ammonium chloride is yielded as a by-product in the ammonia-soda process for making sodiumcarbonate. It also is produced by reaction of ammonium sulfate and sodium chloride solutions. When mixed with slaked lime (calcium carbonate), ammonia gas is the result. [8]
[bookmark: _Toc482277336]Silica :
Silica, also called silicon dioxide, compound of the two most abundant elements in Earth’s crust, silicon and oxygen, SiO2. The mass of Earth’s crust is 59 percent silica, the main constituent of more than 95 percent of the known rocks. Silica has three main crystalline varieties: quartz (by far the most abundant), tridymite, and cristobalite.  Silica sand is used in buildings and roads in the form of portland cement, concrete, refractory bricks ,and mortar, as well as sandstone. Silica also is used in grinding and polishing glass and stone; in foundry molds; in the manufacture of glass, ceramics, silicon carbide, ferrosilicon, and silicones; as a refractory material; and as gemstones. [9]
[bookmark: _Toc482277337]Refractory bricks  :

Refractory, any material that has an unusually high melting point and that maintains its structural properties at very high temperatures. Composed principally of ceramics, refractory's are employed in great quantities in the metallurgical, glassmaking, and ceramics industries, where they are formed into a variety of shapes to line the interiors of furnaces, kilns, and other devices that process materials at high temperatures. [10]

[bookmark: _Toc482277338]Silica Refractory bricks:

Silica brick is a refractory material containing at least 93% SiO2. The raw material is quality rocks. Silica brick has excellent mechanical strength at temperatures approaching their actual fusion point.[11]

Silica brick is made of silica containing more than  96%  SiO2 , with addition of mineralizing agent (such as iron scales, lime) and binder (such as molasses, sulfite pulp waste), by  kneading, shaping, drying and calcining. The raw materials are crushed and then mixed evenly according to the formulation. Then the raw materials are shaped into the desired shape. After shaping, the products are dried in the tunnel kiln at about 120 ℃ and then fired at 1500℃.
Generally, silica and waste silica bricks are washed and then crushed with the jaw crusher and cone crusher. The crushed raw materials are then screened with the vibrating screen. Then different raw materials are accurately weighed according to the formulation and mixed with mineralizing agent (such as iron scales, lime) and binder (such as molasses, sulfite pulp waste).
After shaping, the products are dried in the tunnel kiln at about 120 ℃ and then fired at 1500℃. A phase change occurs in the firing process, accompanied with a large volume change. Therefore the firing of silica bricks is more difficult.
Silica brick can be widely used in coke oven, hot blast furnace, glass furnace and carbon furnace. In glass industry, it is mainly employed to build the doghouse crown, suspended wall of channel, top crown and inlet sealing. In metallurgy industry, it is adopted as the nozzle brick. [12]
In this project our goals are first to optimize the decomposition process of limestone or calcium carbonate to achieve two secondary goals: (i) producing calcium oxide-CaO (lime)to used in refractory bricks production and (ii) producing carbon dioxide (CO2). These products have many commonapplications and both products shall be obtainedat a competitive cost for local industries. We will do this through the use of chemical additives (chlorides) [13, 14].
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Literature review


Some research, directly connected to this line of research,has found that using CaCl2 salt with CaCO3 give a different result: first, the weight lossduring calcination of CaCO3 with added CaCl2was smaller compared with calcination of pure CaCO3; second, using the pervious salt makes the sample stronger; third increasing of the calcination time and concentration of salt make an adverse effect on the weight loss (asCO2); forth, it was found  that decreasing the calcination time the strength of product increases [4]. Another related work, but using NaCl instead as additive, has concluded that the optimum temperature of calcium carbonate temperature in presence of NaCl is 800C and that the optimal proportion of salt to be added is wt.10% NaCl[13] . The effect of salt addition to calcium carbonate-rich clays to make pottery has been extensively studied. We comment here on studies [15,16] only. In fact, Bearat et al. [15] have found that optimal proportion of NaCl to be added to Ca-rich clays is wt.10%. Dufournier[16 has found that the effect of using KCl, NH4Cl, and CaCl2is similar to NaCl. But, also he found similar effect by use of other alkali halides (fluorides and bromides). Both studies have found that early and accelerated decomposition of calcium carbonate is accompanied by significant loss of alkalis, Na & K [16] and Li, Na, K, and Rb[15] during the process. These findings should help us in handling the complicated weight loss calculations to monitor the fraction due to CO2 loss.                                                                                                                            
[bookmark: _Toc482277340]
Methodology
[bookmark: _Toc482277341]Materials used:

- Limestone waste powder from local limestone factories
ليثر ليبل فشيوت -potassium chloride from    
 (99% purity)شموئيل للكيماويات -ammonium chloride from   
- Industrial Sodium chloride
-Commercial Silica
-Water 
[bookmark: _Toc482277342]Procedure:

Preparation of raw material: 
- Preparing the raw material which is lime stone, silica, potassium chloride and ammonium chloride by drying it at 115ºC in the oven about 24 hours, then it was transferred directly into the desiccators.
- Grind the silica and  lime stone until it  become powder to facilitatemixing process.
Decomposition of pure limestone:
-Samples of 5gwere weighed in ceramic crucibles, then put in an electric furnace at different temperature and for different time intervals to give us the decomposition curve of pure calcium carbonate.
Decomposition of limestone in presence of chloride:
-The next set of experiments were done using two different salts to optimize three parameters that influence extent and rate of calcium carbonate decomposition at atmospheric pressure, which temperature, time and concentration of salts. The steps followed are:
- Samples 5ginweight were taken in ceramic crucibles, with different concentration of salts (3% ,5%, 10%, 15% and 20%) which are equivalent to absolute weights of 0.15g, 0.25g, 0.5g, 0.75g, 1g,  respectively. Salt was added to the sample and mixed in it well. For example, at a concentration of 10% it represent 0.5 g of KCl or NH4Cl and complete it with CaCO3 until 5 gram as a total weightis reached, then put it in the furnace at the desired temperature.After one hour, the sample was removed from the kiln and put in the desiccators to cool to room temperature. The sample is then weighed and weight loss isrecorded.
From the previous experiment, it was found that NaCl salt give better result comparing of NH4Cl and KCl at 10% concentration at 800˚ C.
To confirm  the required salt, another range of time was used of the two salt NaCl and KCl at 800˚ C ,the range was (15,30,45,120,150,and 180 )min ,it was found that 180 min is the optimum time.
To produce Refractory Bricks ,it was added silica and Calcium carbonate in ratio of 1:1 and 10% concentration of NaCl, then it was mixed with water until it becomes homogenous mold, ,then  put it into furnace to decomposition at ( 800 and 900 ) for (1,2,and 3 hour ) .

For scale up ,after we found NaCl is the best salt , it was used in Refractory Bricks production process, the Steps are as followed :
-Weight of 1400 gram of calcium carbonate .
-Weight of 850 gram silica.
-Weight of 250 gram NaCl.
-Water was added until the mixture was capable to pour in extruder in civil engineering department,then cut it in extruder device to make cylindrical shape
-Strength and Absorption water test was done and evaluate the result , strength test was done in it device , but Absorption water depends on weight differences . 
The steps for increasing the temperature first calibrate the  furnace to 3 hours ,next day increase to 6 hours , and last day increase to 11 hours.
[bookmark: _Toc482277343]Hazards

Lime: Limeor quicklime is an alkaline material that is reactive in the presence of moisture. Workers handling lime must be trained and wear proper protective equipment. Eye Hazards—Lime can cause severe eye irritation or burning, including permanent damage. Skin Hazards—Lime can cause irritation and burns to unprotected skin, especially in the presence of moisture. Prolonged contact with unprotected skin should be avoided. Particular care should be exercised with quicklime because its reaction with moisture generates heat capable of causing thermal burns. 
Inhalation Hazards—Lime dust is irritating if inhaled. In most cases, nuisance dusts masks provide adequate protection. In high exposure situations, further respiratory protection may be appropriate, depending on the concentration and length of exposure.(1)

Potassium Chloride: Inhalation of high concentrations of dust may cause nasal or lung irritation. Ingesting large quantities can produce gastrointestinal irritation and vomiting and may produce weakness and circulatory problems. It may affect heart. In severe cases, ingestion may be fatal. Contact skin may cause irritation or rash, particularly with moist skin. In contactwith eyes potassium chloride is a moderate eye irritant: it causes redness, tearing, and possibly abrasion can occur. Persons with impaired kidney function may be more susceptible to the effects of the substance.
Ammonium chloride: Hazardous in case of eye contact (irritant). Slightly hazardous in case of skin contact (irritant, sensitizer), of ingestion, of inhalation.
Sodium chloride : Potential Acute Health Effects: Slightly hazardous in case of skin contact (irritant), of eye contact (irritant), of ingestion, of inhalation. 
Potential Chronic Health Effects: Carcinogeniceffect: Not available. 
Mutagenic effects: Mutagenic for mammalian somatic cells. Mutagenic for bacteria and/or yeast.
Teratoginc effects: Not available. 
Developmental toxicity : Not available. Repeated or prolonged exposure is not known to aggravate medical condition. 
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Results and Discussion

[bookmark: _Toc482277345]Result of decomposition of pure calcium carbonate at different temperatures
In the first part of our experimental work we investigated the decomposition of pure limestone powder at different temperatures to produce calcium oxide and obtain carbon dioxide. Three calcination temperatures were investigated (800, 900, and 1000ºC). Several time intervals were used at each temperature. Results are reported in Tables 1-3 and plotted in Figures 1-3 below. Timewise, we found that the best temperature for the decomposition of calcium carbonate is 1000oC: 98% after 15 minutes and complete after 30 minutes.

Table1: Effect of time on decomposition of CaCO3 at 800oC
	Time
(min)
	Relative Weight loss (%)
	WeightLoss
 (g)

	15 
	6.8
	0.15

	30
	17.3
	0.38

	60
	33.2
	0.73

	90
	46.8
	1.03




Figure1: Weight loss vs. time at 800oC

Table 2:Effect of time on decomposition of CaCO3 at 900oC
	Time
(min)
	Relative Weight loss (%)
	WeightLoss
 (g)

	15 
	32.3
	0.71

	30
	63.2
	1.39

	60
	86.8
	1.91

	90
	97.7
	2.15





Figure2: Weight loss vs. time at 900oC

Table 3: Effect of time on decomposition of CaCO3 at 1000oC
	Time
(min)
	Relative Weight loss (%)
	WeightLoss
 (g)

	5
	43.6
	0.96

	10
	65
	1.43

	15 
	97.7
	2.15

	30
	100
	2.2




	Figure 3: Weight loss vs. time at 1000Co	
Figure 4below shows the result of percent loss at two different temperatures with variable time .As the figure shows that the curve of 30min is increasing linearly than the other curve that increasing by lower values . 

Figure 4: Comparison of relative weight loss after 15 and 30 min at different temperatures (800, 900, and 1000ºC

At 800oC the relative weight losses of 15 and 30 min are 6.8% and17.2%, respectively. Meanwhile, at 900oC  they are 32.3%and 63.2%. The latter arealmost 4 times of the losses at 800C.However at 1000oC  the values are very close to each other 97.7% and 100%, respectively. This explains that  using of 15 min instead of 30min can save time, energy and cost since the difference weight loss (in %) is insignificant. This also explains why in the industry, limestone is calcined at 1000ºC to save time.
[bookmark: _Toc482277346]Result of decomposition of calcium carbonate and salts

[bookmark: _Toc482277347]Addition of potassium chloride (KCl)

The second part of the experimental work included addition of KCl to CaCO3 to improve the production conditions and to explain the effect on energy consumption by reducing temperature. We used in our calculations three hypotheses, which are shown in Table(4).The third column representsthe first theory which postulates that the difference in weight is due to CO2release. The table shows that 10%KCl added is the best concentration, which gave us 59.5% of relative loss with fixed time(1hours) and temperature (800ºC). Relative loss is calculated by dividing the measured absolute weight loss by the calculated weight of CO2 initially present in the sample. For instance, if the measured weight loss is 1g from a sample of 5g that contain 10% KCl, then the relative weight loss 
= 1g/(0.44*[5g-0.5g]) * 100% = 50.51%  
*Note: molar masses of CaCO3 and CO2 are 100 and 44g, respectively. 	
The second theory, we supposed that the losses include KCl and CO2 as in column 4and 5. In this case, the percent loss of CO2at 10% is 13.6%This value comes after subtracting the %KCl from the total weight loss as shown in the calculation below:

Total sample weight= 5g, that is, 4.5g CaCO3 and 0.5gKCl; Total weight loss = 1.18g 
Percent of (KCl+CO2) = total weight loss/ sample weight =1.18/5=23.6% 
Percent of CO2 = percent of (KCl+CO2) - concentration of KCl = 23.6-10% =13.6%
The third theory was the losses contain (Cl +CO2) as in column 6, 7and 8 . The loss of CO2 for 10% is 0.94 g. After some estimation presented below it becomes:
total sample weight= 5g including (4.5 CaCO3 +0.5 KCl)
total weight loss= 1.18g
percent of Cl% only = {atomic weight of Cl / formula weight of KCl}× conc. of KCl
                                  =(35.4/74.4)×10% = 4.8% =0.048g
weight loss of Cl = weight of Cl * total weight sample =0.048*5= 0.24g 
weight loss of CO2 only = total weight loss - weight loss of Cl=1.18-0.24=0.94g  
All hypotheses show that the 10% of KCl is the optimum concentration. Then we move to the next step which is optimization of the temperature.As Table(5) shows that the best temperatureis 800ºC with relative loss of 59.5% and the lowest value at 600ºC is 1.52%.



Table4: Optimization of CaCO3 decomposition with KCl at 800oC
	Weight loss of CO2
	Weight loss of Cl
	percentage of Cl %
	Percentage loss of CO2
	Percentage Of KCl+CO2 %
	Relative loss
(%)
	Weight Loss
(g)
	Conc. of KCl
(%)

	Theory3
	Theory2
	Theory1
	
	

	0.738629
	0.071371
	0.014274
	13%
	16.2
	37.90%
	0.81
	3

	0.931048
	0.118952
	0.02379
	16%
	21.0
	50%
	1.05
	5

	0.942097
	0.237903
	0.047581
	14%
	23.6
	59.50%
	1.18
	10

	0.643145
	0.356855
	0.071371
	5%
	2.0
	53.40%
	1
	15

	0.424194
	0.475806
	0.095161
	0%
	18.0
	51.10%
	0.9
	20




Figure5: Concentration for KCl vs weight loss at 800ºC

Table5: Optimization of decomposition temperature at 10% KCland 1hour
	Relative weight loss
	Weight loss
	Temperature C

	1.52%
	0.03
	600

	1.52%
	0.03
	650

	8.08%
	0.16
	700

	13.13%
	0.26
	750

	59.60%
	1.18
	800




Figure6: Weight loss and relative weight loss vs. temperature at 10%KCl




[bookmark: _Toc482277348]Additionof  ammonium chloride (NH4Cl)

The third part of the experimental work consisted in adding NH4Cl salts to CaCO3.After applying the previous three theories, we found that the optimum salt concentration is also 10% that gave 34.3% weight loss according to first theory, while the percent in the second theory was 3.6% of CO2, the total loss was CO2 and NH4Cl.
for theory three the losses is Cl and CO2, the weight loss of CO2 only is 0.35g.
Note that all calculations are done for experiments conducted at 700ºC and for one hour.
Table(7) shows that the best temperature was 700ºC with relative loss of 31.8% and the lowest value at 600ºC is 19.1% .
The experiment conducted at 350ºC gave us a value close to the optimum temperature equal 25.7%. This might be explained by the fact that ammonium chloride melt around this temperature.
As the curve shows, there is a peculiar behavior for the materials mixtures when NH4Cl was added. 







Table6: Optimization of concentration for NH4Cl at 700ºC
	Weight loss of CO2
	Weight loss of Cl
	percentage of Cl 
	Percentage loss of CO2
	Percentage Of NH4Cl+CO2 %
	Relative loss
(%)
	Total weight Loss
(g)
	Conc. of NH4Cl
(%)

	Theory3
	Theory2
	Theory1
	
	

	0.190562
	0.099438
	1.99%
	2.80%
	5.8
	13.60%
	0.29
	3%

	0.22427
	0.16573
	3.31%
	2.80%
	7.8
	18.60%
	0.39
	5%

	0.348539
	0.331461
	6.63%
	3.60%
	13.6
	34.30%
	0.68
	10%

	0.202809
	0.497191
	9.94%
	0.00%
	14.0
	37%
	0.7
	15%




Figure7: Concentration NH4Cl vs weight loss and percentage  at 700ºC
Table7 : Optimization of temperature for NH4Cl  at 10%and 1 hour
	Percentage of losses
	Loss of weight in (g)
	Temperature (C)

	25.70%
	0.51
	350

	21.21%
	0.42
	400

	22.22%
	0.44
	450

	23.70%
	0.47
	500

	19.10%
	0.38
	600

	28.7%
	0.57
	650

	31.8%
	0.63
	700

	39.89%
	0.79
	750

	53.02%
	1.05
	800




Figure8:Weight loss vs temperatureand relative vs temperature   at 10%of NH4Cl


Table8: comparison between percentage of loss salts at different temp.
	Percentage of loss of NH4Cl
	Percentage of loss of KCl
	Temp.

	19.1
	1.52
	600

	28.7
	1.52
	650

	34.3
	8.08
	700



	
Figure9: comparison between percentage of loss salts at different temp.
To choose the best salt, we did a comparison between the two salts at three common temperatures (600, 650, and 700ºC), According to Figure9, we obtain better resultsin this temperature range when NH4Cl was used. 

Table 9: comparison between NaCl and KCl of weight loss at different time at 900C  
	Weight loss of KCl (g)
	Weight loss of NaCl (g)
	Time(min)

	0.32
	0
	15

	0.61
	0.73
	30

	0.66
	0.74
	45

	1
	1.23
	60

	1.5
	1.56
	120

	1.65
	1.93
	150

	1.8
	1.99
	180















Figure10: comparison between NaCL and KCl of weight loss at different time at 800C
From previous research, it was found that NaCl is the best salt at 800C of 10% concentration ,comparing this result with our result of KCl ,it was observed the losses of both of them is approximately equal according to figure 10, so  the scale up was done on NaCl  because of availability and  cost.
   Scale up process and testing :
We conclude from the previous results that NaCl at10% concentration for 180 min at 800C give a good result, but when we move to the practical part we work at 900C because the sample at 800C  breakdown when adsorption test applied.
After the samples were prepared  at 900 C,1000C, the compressive strength test was done and the result show in figure (1) ,(2) in appendix , when the adsorption test applied the samples also collapse  . 
After the tests were done at( 900 and 1000 )C for 180 min, the result at 900 C is better than at 1000C,
To avoid samples collapse , we increased the time to 11hours gradually  at 900C to ensure all calciumcarbonateconverted to calcium oxide ,then repeat the previous tests on the new samples.
As a result of strength testit was found that  strength  is 0.19 for 11 hours sample  compared with  2.375 for 3 hour sample  , we don’t do test at 6 hours because the samples number  is not enough.
The explanation of collapsing phenomena   may be is thehydration  of calcium oxide ,  the calcium carbonate is completely decomposition and produce the calcium oxide , but the calcium oxide not reacted completely with silica,and during the adsorption test the calcium oxideabsorbs the water and convert to  Calcium hydroxide ,  the molar volume of calcium oxide is less than molar volume of calcium hydroxide this cause  expansion and collapse. 
The other reason may be the particles of silica not reacted with calcium oxide while mixing  because the large volume of it.





[bookmark: _Toc482277349]Conclusion

Calcium carbonate is available in large amount in our country as a waste from quarries and building stone factories. In our project we use this material in a useful way to reach our goals which is optimizing the conditions forthe processthat produces calcium oxide (lime) and CO2(that needs capturing)by adding some salts (KCl&NH4Cl) to limestone powderfor the benefit applications and reducing cost and environmental effect, and produce refractory bricks .
We found from our result that NaCl is better than KCl and NH4Cl salts , and we used it to manufacture refractory bricks. 











[bookmark: _Toc482277350]Recommendation for future work :


1) Adding about (5-10)% of clay that contain silica and alumina that react first with calcium oxide  to the mixture to improve the plasticity and give an advantages for consistency of mold . 
2) Using the XRD analysis to define the reaction mechanism and identify the products compostion  and  percentage .
3) Mixing of the collapse specimen with water and NaCl and refiring it, This method can increase the probability of improving the main reaction .
4) As suggestion for improving the decomposition process, it's better to increase  the time parameter in one continuous  heating process.
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Figure10: Drying oven (Arijlevy)
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Figure11: Furnaces (BIFA)



Weight Loss  (g)	15	30	60	90	0.15000000000000024	0.38000000000000084	0.73000000000000065	1.03	Relative Weight loss (%)	15	30	60	90	6.8	17.3	33.200000000000003	46.8	Time (min)

weigt losses (g)

Relative weight losses (%)


WeightLoss  (g)	15	30	60	90	0.71000000000000063	1.3900000000000001	1.9100000000000001	2.15	Relative Weight loss (%)	15	30	60	90	32.300000000000004	63.2	86.8	97.7	Time (min)

Weight losses (g)

Relative weight losses(%)


WeightLoss  (g)	5	10	15	30	0.96000000000000063	1.43	2.15	2.2000000000000002	Relative Weight loss (%)	5	10	15	30	43.6	65	97.7	100	Time (min)

weight losses (g)

Relative weight losses (%)


30 min	800	900	1000	17.3	63.2	100	15 min	800	900	1000	6.8	32.300000000000011	97.7	Temperatures C.
relative weight loss
at 800C	3.0000000000000002E-2	0.05	0.1	0.15000000000000024	0.2	0.81	1.05	1.180000000000011	1	0.9	Theory1	3.0000000000000002E-2	0.05	0.1	0.15000000000000024	0.2	0.37900000000000289	0.502	0.59499999999999997	0.53400000000000003	0.51100000000000001	Theory3	3.0000000000000002E-2	0.05	0.1	0.15000000000000024	0.2	0.73862903225808396	0.93104838709677462	0.94209677419354865	0.64314516129032262	0.42419354838709683	Theory2	3.0000000000000002E-2	0.05	0.1	0.15000000000000024	0.2	0.13200000000000001	0.16000000000000003	0.13600000000000001	5.0000000000000024E-2	0	conc. of KCl 

loss of weight (g)


weight loss	600	650	700	750	800	3.0000000000000002E-2	3.0000000000000002E-2	0.16	0.26	1.1800000000000102	relative weight loss	600	650	700	750	800	1.5151515151515181E-2	1.5151515151515181E-2	8.0808080808080843E-2	0.13131313131313141	0.59595959595959591	Temp.

Weight  loss


theory1	3.0000000000000002E-2	0.05	0.1	0.15000000000000024	0.29000000000000031	0.39000000000000312	0.68	0.70000000000000062	percentage of losses	3.0000000000000002E-2	0.05	0.1	0.15000000000000024	0.13600000000000001	0.18600000000000044	0.34300000000000008	0.37400000000000277	theory3	3.0000000000000002E-2	0.05	0.1	0.15000000000000024	0.19056179775280899	0.22426966292134834	0.34853932584269681	0.20280898876404491	theory2	3.0000000000000002E-2	0.05	0.1	0.15000000000000024	2.8000000000000001E-2	2.8000000000000001E-2	3.6000000000000011E-2	0	Conc. Of NH4Cl

loss of weight(g)


Weight losses	350	400	450	500	600	650	700	750	800	0.51	0.42000000000000032	0.44	0.47000000000000008	0.38000000000000084	0.56999999999999995	0.63000000000000156	0.79	1.05	Relative weight losses	350	400	450	500	600	650	700	750	800	0.25700000000000001	0.21210000000000001	0.22220000000000001	0.23700000000000004	0.191	0.28700000000000031	0.31800000000000084	0.39890000000000103	0.5302	



NH4Cl	600	650	700	19.100000000000001	28.7	34.300000000000004	KCl	600	650	700	1.52	1.52	8.08	Temp.(C) 

relative weight loss



NaCl+CaCO3	15	30	45	60	120	150	180	0	0.73000000000000065	0.74000000000000188	1.23	1.56	1.9300000000000037	1.9900000000000042	KCl +CaCO3	15	30	45	60	120	150	180	0.32000000000000106	0.61000000000000065	0.66000000000000236	1	1.5	1.6500000000000001	1.8	Time (min)

weig losses(G) 
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