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Cost of Galvanizing Nails
Introduction.  The purpose of this lab was to determine if the current price of galvanizing nails will give sufficient profit for a large order of galvanized nails.  This price was calculated by using two different methods, gravimetric and gasometric, to determine the amount of zinc used in each nail and using that number to figure out the total cost of producing 5 billion nails to see if $500,000 would be sufficient enough to make a profit.  The two methods used in this experiment allow for a more accurate reading of the amount of zinc used in the production of each nail.
Experimental Procedure.  Three nails were obtained and the same procedure was performed on each nail individually.  The nail was massed and set aside while the apparatus was set up.  A 600mL beaker was filled about halfway with water and a 100mL graduated cylinder was filled with water, inverted, and placed into the beaker.  The cylinder was connected to a 125mL Erlenmeyer flask with rubber tubing.  The flask was filled with 20mL of 6M HCl and plugged with a rubber stopper.  The stopper was removed long enough for a nail to be placed into the flask which was then sealed except for the rubber tubing running to the cylinder.  As the zinc coating on the nail reacted with the HCl in the flask, hydrogen gas was given off according to the following equation:  Zn(s) + 2 H3O+(aq) → 2 H2O(l) + H2(g)
The hydrogen gas given off displaced the water in the graduated cylinder.  As the reaction began to slow down, and most of the zinc had dissolved, the flask was doused in water to stop the reaction between the acid and the zinc.  The nail was then removed and allowed to dry.  The displacement in the graduated cylinder was measured and recorded.  Once the nail had dried, it was massed again and compared to the original mass.  This procedure was repeated for each of the three nails.
Results.  The change in mass of the three nails was 0.1673g, 0.1589g, and 0.1487g, for trials 1-3, respectively.  These masses represent the gravimetric measurements of the amount of zinc coating on each nail.  The displacement of water in the cylinder for each nail was 58.7mL, 55.2mL, and 51.4mL.  These calculations were used as volumes and plugged into the Ideal Gas Law equation:  PV = nRT, with P being 0.98atm, R being 0.0821 Latm/Kmol, and T being 298K.  Using these figures, the moles of H2 produced, n, were determined for each nail: 2.35x10-3mol, 2.22x10-3mol, and 2.06x10-3mol, respectively.  These amounts of moles allowed for the mass of zinc being removed to be determined based upon the original equation and molecular mass of zinc.  This method showed that 0.154g, 0.145g, and 0.135g of zinc, respectively, were removed.  These masses represented the gasometric measurements of the amount of zinc coating on each nail.  Class data was fairly consistent throughout, with most people obtaining a very similar amount of zinc on each nail for the two methods.

	
	Trial 1
	Trial 2
	Trial 3
	Average
	Overall Average

	Gravimetric
	0.1673g
	0.1589g
	0.1487g
	0.1583g
	0.151g

	Gasometric
	0.154g
	0.145g
	0.135g
	0.145g
	


Table 1.  Measured masses of zinc dissolved from each nail with averages shown.
Discussion.  By obtaining the average of the mass of zinc coating on the nails through both the gravimetric and gasometric methods, the amount of coating on an average nail could be determined.  This mass was used with the price of zinc per kilogram and multiplied by 5 billion to obtain a cost of $543,222.50 to galvanize 5 billion nails.  This number represents the cost of materials, which is half the production costs, and results in an overall cost of $1,629,667 for 5 billion nails to be produced.  With this knowledge, the company would be losing approximately $1.129 million dollars in the deal for 5 billion nails.  In order to alleviate this loss, the company should charge $0.40 per 100 nails in order to obtain a substantial profit of approximately $300,000.  
Of the two methods used, gravimetric would prove to be the most efficient way to determine the correct mass of zinc on each nail since it involves the least amount of human error.  The two methods share a similar source of possible error that could occur in the dissolving of the zinc with the HCl.  If the nail is left in the solution for too long, the acid would start dissolving some of the iron in the nail and that would then be read as zinc dissolved.  This would result in more gas displacement in the cylinder and a higher reading of zinc in the gasometric method.  Also, this would result in a smaller mass for the nails in the second measuring of the gravimetric method and would be seen as more zinc dissolved.  This source of error could be alleviated by using a different acid that would react with only the zinc and not the iron.  Although they share this source of error, the gasometric also contains several more sources whereas the gravimetric does not.  The temperature of the water was also recorded incorrectly since it was based on the temperature of the room.  This reading would have thrown off the Ideal Gas Law equation and given an incorrect measurement of the moles of hydrogen gas.  A probe could be used to accurately determine the temperature of the water and fix this error.  
Further Questions Raised by this Investigation:
Would an acid other than HCl result in different results?

Would a larger sample of nails yield more accurate results?
