BACKGROUND RESEARCH
 	What are deicers?
Deicers are what keeps our roads ice-free in the winter. They are necessary for a safe road. They are used in windshield fluid, sidewalk deicing, roads etc. Common types of deicers include rock salt and calcium chloride. These help clear the snow and prevent snow accumulation. However they come with drawbacks, as most deicers have pros and cons. Take for example, rock salt, it is versatile, cheap and common, however, it is corrosive, harmful to our environment and ineffective below -9 Celsius.

	Current knowledge on deicing:
The main points in creating a deicer that works; a chemical that disrupts the lattice ice formation. It's a pretty simple topic, however, creating one that is functional in every temperature and situation is not.  Take for example, rock salt. It is common and cheap, but is unreliable below -9 Celsius and harmful to our environment. There really isn’t the “best” device that you can find and even if you did, it would probably be expensive. The main way to make a “good” deicer requires a blend of chemicals. An example of this is covering rock salt, a chloride that can disrupt the lattice formation of ice, with a corrosion inhibitor that can also disrupt the ice formation like CMA (calcium magnesium acetate) and urea, a commonly found natural chemical that your liver produces.

	What makes deicers unsafe and non-environmentally friendly?
Most deicers either use acetates or chlorides, but both are harmful to our environment. Though acetates are mainly based on eco-friendly and safeness qualities rather than dissolving qualities, Chlorides are rather irritating to handle. Chlorides are generally better at dissolving ice and snow but used without gloves can cause skin irritation. Other problems with chlorides is that they dry paws quickly for pets which can make them uncomfortable walking and even sometimes painful. Chlorides also kill plants quickly. This is why many people stick to shovelling. 

How do deicers actually “melt” ice and snow?
To clarify, deicers do not melt ice and snow like how you melt ice in a pan. If they did then you would see steam getting emitted. The actual “melting” is called freezing point depression, this process is dissolving rather than melting. However, there are some deicers that generate an exothermic reaction when in contact in snow such as calcium chloride. Another clarification is that salt doesn’t completely melt the ice and snow, it creates divots and holes in the ice and snow. This creates gaps in the ice which allows us to easily shovel it away. 

Freezing point depression happens as chemicals interfere with the water molecules. The chemicals then dissolve and disperse throughout the ice. The chemical then mixes with the water, then disperse the water molecules which makes it hard for them to form the crystalline ice structure. Most of these chemicals are usually ions such as chlorides and acetates etc.

	Process of freezing point depression:
At 0 degrees Celsius, water molecules form a rigid and ordered hexagonal lattice structure (ice) through hydrogen bonding. Hydrogen bonding is when liquid water molecules that are constantly moving, break and reform, but when temperatures drop, the thermal energy escapes and the water molecules slow and then turn into ice.

When salt or a deicer is applied to the ice, ionic dissociation takes place. This process of dissociation creates particles that disrupt the crystal lattice of ice which turns it back into a liquid phase. A regular salt particle dissociates into 2 ions (Na+ , C1- )but calcium chloride releases 3 ions (Ca2+, C1-  ,C1-) . Some examples of organic deicers are acetates and glycols. The reason why deicers have a limit is because of eutectic temperatures. Each deicing agent has an eutectic temperature. This point is the lowest temperature possible where a chemical can keep water in a liquid state. When temperatures drop below the eutectic temperature, then the kinetic energy drops and turns the water into ice. Hygroscopic and exothermic limitations also occur. Calcium chloride and other chlorides need moisture from the air to start the freezing point depression. As the temperature drops, so does the moisture. Since calcium chloride also is an exothermic deicer, as soon as the ambient temperature (the actual measured temperature) drops too low, then the exothermic reaction becomes insufficient. Another limitation is the saturation limit. When the temperature drops extremely low, the water becomes saturated with the salt and cannot dissolve and continue the brining process. If the ambient temperature is lower than the saturation temperature, the brine freezes and the deicer cannot melt the ice further.

To understand why ice can still form after applying a deicer, we need to look at weather conditions, humidity and types of salt. 

The first reason why brine can refreeze into ice is because extremely low temperatures provide enough energy for the water molecules to freeze. This overcomes the salt ions and pushes them out which is called brine rejection. Another reason why brine freezes is because it becomes too diluted and the salt ions disperse out which allows the water molecules to freeze. The graph below shows different types of deicers and their recommended temperature use.


	Types of Deicers
	Recommended Temperature
	Other important facts

	Sodium Chloride/ Rock Salt
	0-(-7)°C,
Effective down to -9 Celsius
15-32°F
	Sodium chloride is widely used and available. Calgary and many other cities use this as their main type of deicer. Though it is corrosive and harmful to plants and animals, it is cheap and works down to -9 Celsius

	Calcium Chloride
	0-(-32)°C
Effective down to -9 Celsius
	Calcium chloride is used only in very cold temperatures.  Calgary uses this before snowfall so snowplowing is easier.  It also melts ice really quickly. It is less corrosive and can work to really low temperatures but it is most costly than sodium chloride

	Magnesium Chloride
	(-18)-(-15)°C, Effective above (-19)°F. Lowest melting point is (-28)°F.
	Magnesium chloride is increasingly being used a lot as it is a pet-friendly alternative from rock salt. It is effective in the cold and reduces corrosion. Magnesium chloride is also widely used in liquid form for big roads. The only con is that it is slightly more expensive than rock salt and though it is more environmentally friendly, it can still cause concrete damage and is still a chloride based product that can affect water sources.

	Calcium Magnesium Acetate
	(-7)°C or higher, effective down to (-9)°C or slightly lower.
	Calcium magnesium acetates are also widely used, as another pet-friendly option, aside from the traditional rock salt as it is not corrosive and is safe for infrastructures like bridges or parking lots. However, it is expensive and costs more than magnesium chloride and rock salt.

	Potassium Acetate
	(-25)-(-26)°F
	Potassium Acetates are widely used as a high-performance, non-chloride liquid de-icer. It is non corrosive on steel or concrete, which makes it good for garages, bridges, and infrastructures like so. Yet, potassium acetates are more expensive than our normal sodium chloride, so it is not used commonly for public roads. 

	Sodium Acetate
	(-18)-(-7)°C
	Sodium acetates are used for a high-performance de-icer on bigger surfaces like roads or airport runways. It is non-chloride and non-corrosive, approved by the FAA. Safe for pets and plants, bridges and infrastructures. 

	Dish Soap and Alcohol mix
	(-4)-1°C
	Popular, viral, quick DIY way to make de-icers that is non-corrosive.  The only problem is that it is not efficient for thick, heavy ice. 

	Alcohol and Water mix
	Around (-18)°C or lower
	Frequently used as a quick DIY de-icer. Also non-corrosive, and still not efficient for thick, heavy ice. 



	The de-icer is also not the only thing affecting deicing. The type of concrete, humidity, temperature, wind, shade, application method and precipitation type and rate. These can all affect a deicers effectiveness.

Main things that affect de-icers:

Type of surface: Concrete and asphalt are different types of road surfaces. Asphalt is flexible and is darker compared to concrete. This means that it can retain the solar heat. Asphalt also has a higher thermal conductivity than concrete meaning it can transfer heat faster. It is also more corrosion resistant than concrete. Concrete however is light and can reflect the light onto ice. The type of surface material is also not the only thing contributing to ice formation. A porous surface attracts brine like a sponge and helps the re-freezing cycle. The porous surface is also more efficient than an impermeable surface because it allows the water to seep into the surface, lowering ice formation by 3 times.

Humidity: Air that has a higher humidity will have a higher heat capacity than dry. This difference is low but it still affects how ice melts. Colder days however will have less humidity than a warm day.

Wind: Chinooks or just regular above freezing wind can increase ice melting. This is because it increases the convective heat transfer. However, if it is below freezing, then it speeds up ice formation. Basically, wind speeds up freezing or melting depending on the temperature

Shape of deicer: Flakes, unlike clumps, don't get flung around by cars. Some cities use gravel for traction and by the end of winter when all the ice is gone, you will see gravel on the side ready to be swept up for another use. If we were to use clumps of salt, then the ice on the sides of the roads would be gone instead of the middle. 

	What's common to find in a deicing mixture and each chemical used in deicing.
Usually, a deicer sold in an auto part or hardware shop would have a base chemical with fillers. It would be hard to find a 100 percent calcium chloride deicing mixture. A 99.5 percent of the main chemical would basically be the maximum for deicing. The place best for ordering 100 percent of the chemical you want is the very place it is created, like an industrial factory. A lot of deicers usually contain a mix of chemicals to improve the overall quality of the deicer.  For example, a calcium chloride deicer would have calcium chloride as its base chemical, sodium chloride would be a filler. Other fillers could be urea (natural chemical found in our livers), abrasives like gravel, agricultural by-products to coat road salt, corrosion inhibitors, colorants, anti-caking agents to help spread the deicing agent and moisture inhibitors.
	
Other chemicals (deicing agents):
A mix of chemicals like rock salt and magnesium chloride would benefit the deicing speed and efficiency. It helps give your deicing agent more uses and gives a better overall mix of chemicals

Corrosion Inhibitors:
Urea, CMA (calcium magnesium chloride) and polyhydroxy carboxylic acid are corrosion inhibitors. They are usually labelled as enhancers on a deicing product but can actually be the main chemical. These chemicals prevent corrosion or minimize the effects of corrosion. They form a thin protective layer around the metal. This film neutralizes corrosive agents like chlorides, reduces oxidation or alters the electrochemical reaction. Types of corrosion inhibitors include:
Anodic inhibitors: protect the anodic parts of the metal surface from oxidation
Cathodic inhibitors: protect the cathodic parts of the metal surface from corrosion
Mixed inhibitors: protects both cathodic and anodic
Volatile corrosion inhibitors: These inhibitors protect long uses of metal items such as stored machinery.

Agricultural by-products
An example of an ABP (agricultural by-product) is beet juice of molasses. They enhance performance of salt-based deicer, reduce operations costs, increase longevity, improve corrosion resistance and environmental impacts and corrosion resistance. These bio-based additives act as corrosion inhibitors, cryoprotectants and binding agents.

Abrasives:
Chemicals break the ice apart, the abrasives help with traction and help prevent slipping and skidding. A commonly used abrasive is gravel. A down side to abrasives is that they can be easily kicked around and end up not on the sidewalks but on the lawn.

Colorants:
Colorants help us see where we sprinkled our deicer.  It also helps us see where we forgot to sprinkle the deicer or where we sprinkled too much deicer. It also helps with safety assurance so that dangerous areas like stairs and parking lots get covered in deicing agents.

Anti-caking agents:
Anticaking agents help with storage, which prevent them turning into an unusable solid block. It helps even application, reduced wastage (applying too much)  and increased flowability which prevents clumping.


Moisture inhibitors:
Help with clumping issues, ice formation in the deicer, corrosion protection and improving adhesion.

	Which one is better; a solid deicer or a liquid deicer?
A solid deicer is better after it snows but a liquid deicer is better before it snows. The type of deicer you use is highly dependent on the situation.




	
	Solid deicer
	Spray deicer

	When to use
	It is better to use a solid deicer after it snows to clear large chunks of ice and snow. It is still usable before it snows but its more efficient to use it after it snows
	It is highly specified for pre-storm before it snows. Most spray deicers don’t contain chunky or chlorides in general so they can’t clear ice as fast as solid deicers

	Cost
	It is generally most cost-effective for large areas of ice and snow. 
	It is available in convenience stores rather than hardware or auto parts shops. They aren’t used for large areas but rather for convenience.

	Application
	Even with colorants, it is hard to spread solid deicers evenly. Some patches of ice might receive less deicing agent than the other.
	Sprays are easier to spread. This helps with convenience rather than long term use.

	Pros
	Solid deicers are usually more efficient than spray deicers because they can clear out large chunks of ice. They also have more variants. These solid deicers are also efficient at deicing large roads.
	Spray deicers are efficient at pre-treating surfaces so ice and snow doesn’t stick and form as well. Spray deicers also usually react faster than solid deicers because solid deicers need to be brine first. Spray deicers are also used for other applications like windshields.

	Cons
	Most solid deicers are corrosive and not good for the environment. Most eco-friendly deicing agents like acetates and glycols are not as efficient as chlorides.
	Spray deicers are paint and wax corrosive meaning they are also corrosive just like chlorides. They also don’t work at extremely low temperatures. A lot of spray deicers also contain alcohol such as isopropyl alcohol which is flammable.

	Environmental impacts
	Chlorides are extremely corrosive to vehicles and the environment. However, acetates are less corrosive and harmful to plants.
	Spray deicer are messy, flammable, irritants, toxic to pets and extremely bad to vehicles. This requires a lot of maintenance. But they are generally more environmentally friendly than chlorides. 


Overall, the type of deicer you use does not have a big impact. Both deicers still do the same job. Generally, solid deicers are more common as they were earlier to enter the market, however, liquid deicers are gaining popularity and are becoming more common and applicable for more uses.

	How to maximize efficiency of your deicer?
The first way to increase your efficiency is to use the right amount of deicing agent. Using too little of your deicer minimizes the effect of the deicer.  Using too much on the other hand is a waste of deicer and could be counterproductive. Once there is enough brine sitting on the top of the ice, there is no more room for more brine, so if you used tons of deicing agent, then a lot of the salt would sit at the top with no added benefit. By the time the ice has been dissolved by the brine, the leftover deicer is going to seep into the concrete and dry it until it cracks. Another way to maximize efficiency is pre-wetting rock salt with a liquid deicer like calcium chloride helps increase efficiency of your deicer.

	What's the right amount of deicer to use?
A good amount is 12 ounces of deicer for 250 square feet of pavement. If you are unsure, then you should check how far each particle of salt is to each other. A 1-3 inch space between each salt granule is good as long there are none stacking on each other. It is still best to check the instructions manual on the deicer container/bag/bottle because each deicer is different so the directors manual would have the most accurate results.

	What makes deciders different from each other?
Each deicer is different, however, they use the same method. So why do they perform differently?
Each chemical interacts differently with ice during the lowering of the freeze point. They also have a different speed of dissolution (kinetics), endothermic or exothermic reaction and if they are hygroscopic are not.

Magnesium chloride versus calcium chloride. What makes them different?
Dry Cac12 flakes or pellets normally contain 77-83 percent active chemicals (deicing chemical) where as Mgc1+2  usually is often a hexahydrate (Chemical compound that contain 6 molecules of water of crystallization bonded into a crystal structure) meaning it's diluted with water, which means its 47 percent active chemicals
 Cac12 flakes or pellets are exothermic, which means they release heat as they dissolve the ice. This further accelerates the dissolving of the ice. Mgc1+2  is also exothermic but it is not as strong as  Cac12 flakes or pellets exothermic reaction. This is because  Mgc1+2 is smaller than  Cac12  so it holds onto its chloride ion tighter. However,  Mgc1+2 has higher hydration energy (dissolving the ice) but its high lattice energy traps more of the hydration energy then giving it off. The combination of lattice energy and hydration enthalpy makes  Cac12  superior to  Mgc1+2. However, Mgc1+2 has a higher charge density, leading to very strong hydration, but this often turns it into a hexahydrate, which means it already has water so it further reduces the heat released during dissolution. In conclusion, while magnesium attracts more water, the overall energy is less than  Cac12
Using a anhydrous magnesium chloride would result in higher exothermic reactions than a hexahydrate and keep its high charge density but it still won’t beat calcium chloride’s energy output
Dry Cac12 flakes or pellets are also more hygroscopic which means it attracts moisture which allows it to dissolve ice faster than Mgc1+2 . 

	Extreme deicing: glycols and isopropyl alcohol
Chlorides and acetates are not the best deicer, in fact, calcium chloride’s maximum eutectic temperature barely nicks the halfway mark for isopropyl alcohol. 

	
	Eutectic temperature
	Uses

	Glycol
	-60 fahrenheit, or -51 celcius
	Used in airplanes. As they go into -51 temperature in the 
30 000 feet zone, glycols in the aircraft prevent ice from forming

	Isopropyl alcohol
	-129 fahrenheit, or -89.5 celsius (pure isopropyl alcohol)
	Isopropyl alcohol is not generally used in deicing because it's not safe. It is used in cleaning surfaces etc.

	Calcium chloride
	-60 fahrenheit, or -51 celsius
(pure calcium chloride)
	Used in deicing and food firming.



There is also ethanol and methanol that also dissolves ice but they are toxic and should be avoided.

How does isopropyl alcohol and glycols prevent ice formation?

Isopropyl alcohol and glycols are polar liquids. Polar liquids consist of a net dipole moment, meaning they have distinct , slight positive and negative ends caused by electronegativity differences and asymmetric molecular shapes. Polar liquids dissolve ice primarily by introducing energy to break the hydrogen bonds holding the ice structure together. Because ice is less dense than liquid water, these liquids can easily infiltrate and break apart the ice structure. Liquid water molecules have more kinetic energy than ice molecules, so when liquid touches ice, it transfers this energy through collisions, breaking the ice bond. Polar molecules are highly efficient at transferring the heat to the surrounding ice.
                                                                                                                                                            
	How to calculate freezing point depression and its application in deicing.
-freezing point depression is the reduction of a solvent’s freezing point by adding a non-volatile solute.
Formula:

Term meaning
: Freeze point depression, new freezing point for a solvent
: van’t hoff factor. The number of particles a solute breaks into when dissolved. Regular rock salt dissociates into 2 ions so =2.
:(cryoscopic constant):The freezing point depression for water, which is 1.86 celcius * kg/mol, meaning a 1-molal solution of a non-electrolyte lowers the freezing point by 1.86 celsius
: molality of the solution, defined as moles of solute per kilogram of solvent (water)
For magnesium chloride, it splits into 3 particles when it dissolves in a solvent, and a higher concentration of it increases the number. For example, a 10 celsius drop in freezing point (=10) requires approximately 1.99 mol/kg (m) of Mgc1+2  in solution
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