Assignment 7:  Lime:  Mining, Processing, Economics, Uses

Due May 5, 2008
 INTRODUCTION

Lime, or calcium oxide (CaO) is a material with wide‑ranging uses in the chemical, manufacturing, and construction industries.  Lime is produced by calcining, or heating limestone (CaCO3) and burning off carbon dioxide gas (CO2).  The resulting lime is a reactive material that has become essential in many industrial processes.  


At the turn of the century, over 80% of lime consumed in the United States went for construction uses, but now over 90% of lime is consumed for other  uses.    Major uses of lime include 62 % for chemical and industrial uses--steel making uses 28% of lime production, pulp and paper industry, beneficiation (processing)  of copper ores to neutralize the acidic effects of sulfide minerals, and sugar refining; 28% for environmental uses--flue-gas desulfurization, water purification, sewage treatment, and soil stabilization; and 8% for construction uses (Miller, 1995). Lime aids in separating iron or copper from other elements in metallic ores by fluxing into the molten slag impurities such as silica, alumina, phosphorus, and sulfur.  In copper ores, lime, which has a high pH, neutralizes the acidic effects of pyrite and other sulfide minerals.  Lime raises the pH of aqueous fluids to 11.5 and this property is important in water treatment.  Retention of this alkaline pH for 3 to 10 hours sterilizes water by killing >99% of the bacteria and most viruses that may be present.  Lime is also widely used to stabilize highways, city streets, airport runways, and parking lots.  The lime reacts with silica and alumina in the soil to form complex cementing compounds that bind the soil into a hard, stable mass that is not affected by water (Lefond, 1983). Lime is typical of industrial minerals in that it has a high place value and low unit value.  Proximity of the limestone quarry and calcining plant to a market is essential for an operation to be economically viable.  The three major lime operations in Nevada illustrate this requirement.  The Apex Lime plant and the Sloan Quarry, located, respectively, northeast and southwest of Las Vegas, supply the construction and manufacturing industries in southern Nevada.  The Pilot Peak plant, located in Elko County in northeastern Nevada, supplies lime to a world‑class gold mining district.  Several mountain ranges in eastern Nevada contain thick sections of limestone that could produce lime, but until a market develops in that area, lime production is not profitable.  


Also essential in determining the economic viability of a deposit are the availability of power for processing; transportation, generally railroad or highway; water; and the absence of a negative political environment.  These considerations are typical of most industrial minerals and materials.  The required power is usually generated by coal, gas, or oil but now the burning and destruction of hazardous materials which coincidently generates power is also being considered in some areas.  Significant attention to environmental concerns is essential if this power source is selected.  Transportation costs are generally paid by the customer in the lime business.  The absence of available transportation, excessive transportation costs, or long haulage distances can make a deposit uneconomic.  While proximity to a market is essential, the deposit and plant must not be so close to a population center that it negatively impacts the air, noise, or scenic quality of the area.  It is not uncommon for lime, sand and gravel, and cement plants and quarries to be forced to shut down as civilization encroaches on them.

GEOLOGY, MINING AND PROCESSING

Flat‑lying beds of limestone may form in relatively shallow seas either as skeletal remains of tiny organisms accumulating on the sea floor or as a direct precipitate from the sea itself.  These materials can become cemented to form limestone.  Subsequent tectonism may uplift, fault, or tilt the originally horizontal submarine section causing these beds to be available for our use; later magmatic activity may also produce igneous dikes or veins that invade the limestone.  

An economic deposit must contain sufficient high‑grade material to support a mine life of at least 20 years, the time period necessary to provide a return on the original investment.  Grade is extremely important and the limestone must have a high CaCO3 content with minimal impurities of magnesia and silica, and low amounts of  iron, alumina, and clay minerals.  Most chemical and metallurgical uses require > 95 wt. % CaCO3.  The presence or absence of different impurities are of varying significance in different applications. Limestone with medium to thick layers is preferred over thin‑bedded limestone which is more difficult to mine, and therefore more costly, to blast and load.  Furthermore, a greater proportion of thin‑bedded limestone is lost as fine dust during mining and processing.


Limestone in the western United States is produced from open pit mines and quarries.  The maximum depth to which limestone can be economically mined is generally 100 feet.  Overburden, consisting of alluvium or waste rock, commonly overlies part of the limestone.  Removal of more than 100 feet of overburden generally renders the deposit uneconomic.  Mined limestone is hauled to a crushing plant where the particle size is reduced.  Approximately 1/3 of the mined material is lost as impurities and fine dust; the remaining limestone is sent to the kiln for calcining.  The reaction that takes place as the limestone is heated to between 1000 and 1300C is:

CaCO3  CaO + CO2.

A significant weight of material is lost during this process as carbon dioxide gas (CO2); the resulting lime (CaO) is sized, packaged, and sold.  

EXERCISE

The following exercise involves calculating the size of an economic lime deposit and determining the profitability of a typical operation.  You will need to refer to the preceding discussion to answer some of the following questions.  Show all calculations below.  

1.
Calculate the tonnage of limestone (CaCO3) that must be mined to produce one ton (2000 pounds) of lime (CaO).   (Remember that ~ 1/3 of limestone is lost in the crushing and milling facility to impurities and fine dust.)  First calculate the amount of lime produced from one ton of limestone, and then determine the amount of limestone necessary to produce one ton of lime. 

	Element
	Atomic Weight

	Ca
	40.08

	C
	12.01

	O
	16.00


2.  The minimum limestone deposit size that can support the cost of plant construction and equipment is approximately 35 million tons of limestone.  Assuming that the maximum minable open pit depth is ~ 100 feet, determine the area of an economic deposit.  Note that the density of limestone is 2.7 g/cm3. First convert this density to units of lb/in3 (1 g/cm3 = 0.036 lb/in3), determine the volume of the deposit (assume a rectangular volume), and then calculate the area using a depth of 100 feet.  If the deposit is twice as long as it is wide, what is its length and width?

3.  The kiln capacity is approximately 3000 tons crushed limestone/day.  Assuming that the kiln operates 360 days/year, how much lime can be produced in one year?  Remember that only a percentage of lime is produced from limestone.

4.  Assuming that the cost of mining and processing one ton of lime is $30/ton, and that the current selling price of lime is $53/ton, calculate the annual profit.

5.  Assuming that the kiln capacity determines the mining rate, determine the life of the mine.   (Remember the loss due to crushing and grinding here).   Calculate the potential profit from the entire deposit.

6.  Continued production is dependent on successful exploration.  The annual exploration budget is $5 million.  How does this cost affect the profitability of the deposit?

7.  What are the affects on profitability, if the price of lime drops to $43/ton and the cost of processing increases to $35/ton?
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