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                           Corrosion

1. What is Corrosion (diffusion controlled process):

      Corrosion is a natural process that converts a refined metal into a more chemically stable form such as oxide, hydroxide or sulfide. It is the gradual destruction of metal by chemical and/or electrochemical reaction with their environment e.g rusting. It can be concentrated locally to form a pit or crack.

       Since corrosion is an electrochemical phenomenon, it works in its principle; for example with an exposed iron part, oxidation takes place, it behaves as an anode. The anodic electrons move through the iron which reduces its oxygen at that iron part in the presence of H+ (from H2CO3 due to dissolution of CO2 from air into water H2O) which acts as a cathode. 

2. With the aid of chemical reactions, describe corrosion mechanisms:

a. Mechanism for iron;

I.   

	Acid media H+
	Alkaline/neutral media
	Alkaline/neutral air media

	Fe - 2e- → Fe2+
2H+ + 2e-→ H2
	Fe - 2e- → Fe2+
2H2O + 2e- → H2 + 2OH-
	Fe - 2e- → Fe2+
H2O + 1/2O2 + 2e-  → 2OH-


II. Fe → Fe2+ + 2e-
    H2O + 1/2O2 → 2OH

    Fe + H2O + 1/2O2 →2Fe(OH)2
    2Fe(OH)2 + H2O + 1/2O2 → 2Fe(OH)3  (reddish brown)

    2Fe(OH)3 → Fe2O3 + 3H2O
3. Catastrophic incidences recorded historically as a result of corrosion failure:
i. 1988 Aloha Incident:
The structural failure on April 28, 1988 of a 19 year old Boeing 737, operated by Aloha airlines, was a defining event in creating awareness of aging aircraft in both the public domain and in the aviation community. This aircraft lost a major portion of the upper fuselage in full flight at 24,000 feet, near the front of the plane. Miraculously, the pilot managed to land the plane on the island of Maui, Hawaii. One flight attendant was swept to her death. Multiple fatigue cracks were detected in the remaining aircraft structure, in the holes of the upper row of rivets in several fuselage skin lap joints. 

In the Aloha Boeing 737 aircraft, evidence was found of multiple site fatigue damage leading to structural failure. The resulting National Transportation Safety Board investigation report issued in 1989 attributed the incident to the failure of the operators maintenance program to detect corrosion damage. In 1981, a similar aircraft had suffered an in-flight break-up with more than one hundred fatalities. Investigations pointed to corrosion accelerated fatigue of the fuselage skin panels as the failure mechanism.

Lap joints join large panels of skin together and run longitudinally along the fuselage. Fatigue cracking was not anticipated to be a problem, provided the overlapping panels remained strongly bonded together. Inspection of other similar aircraft revealed disbonding, corrosion and cracking problems in the lap joints.

Corrosion processes and the subsequent build-up of voluminous corrosion products inside the lap joints lead to so-called "pillowing", whereby the faying surfaces are separated. Special instrumentation has been developed to detect this dangerous condition. The aging aircraft "problem" will not "go away", even if airlines were to order unprecedented numbers of new aircraft. Older planes are seldom scrapped, and will probably end up in service with another operator. Therefore, safety issues regarding aging aircraft need to be well understood and safety programs need to be applied on a consistent and rigorous basis.
t this dangerous condition [3
































































































ii. 1984 Bhopal incident:
Bhopal is probably the site of the greatest industrial disaster in history. Between 1977 and 1984, Union Carbide India Limited (UCIL), located within a crowded working class neighborhood in Bhopal, was licensed by the Madhya Pradesh Government to manufacture phosgene, monomethylamine (MMA), methylisocyanate (MIC) and the pesticide carbaryl, also known as Sevin. On the night of the 2-3 December 1984 water inadvertently entered the MIC storage tank, where over 40 metric tons of MIC were being stored. The addition of water to the tank caused a runaway chemical reaction, resulting in a rapid rise in pressure and temperature. The heat generated by the reaction, the presence of higher than normal concentrations of chloroform, and the presence of an  iron catalyst , produced by the corrosion of the stainless steel tank wall, resulted in a reaction of such momentum, that gases formed could not be contained by safety systems.

As a result, MIC and other reaction products, in liquid and vapor form, escaped from the plant into the surrounding areas. There was no warning for people surrounding the plant as the emergency sirens had been switched off. The effect on the people living in the shanty settlements just over the fence was immediate and devastating. Many died in their beds, others staggered from their homes, blinded and choking, to die in the street.
Many more died later after reaching hospitals and emergency aid centers. The early acute effects were vomiting and burning sensations in the eyes, nose and throat, and most deaths have been attributed to respiratory failure. For some, the toxic gas caused such massive internal secretions that their lungs became clogged with fluids, while for others, spasmodic constriction of the bronchial tubes led to suffocation. It is been estimated that at least 3000 people died as a result of this accident, while figures for the number of people injured currently range from 200,000 to 600,000, with an estimated 500,000 typically quoted. The factory was closed down after the accident. The Bhopal disaster was the result of a combination of legal, technological, organizational, and human errors. The immediate cause of the chemical reaction was the seepage of water (500 liters) into the MIC storage tank. The results of this reaction were exacerbated by the failure of containment and safety measures and by a complete absence of community information and emergency procedures. 
The long term effects were made worse by the absence of systems to care for and compensate the victims. Furthermore, safety standards and maintenance procedures at the plant had been deteriorating and ignored for months. A listing of the defects of the MIC unit runs as followscecident:











































































































:

· Gauges measuring temperature and pressure in the various parts of the unit, including the crucial MIC storage tanks, were so notoriously unreliable that workers ignored early signs of trouble.

· The refrigeration unit for keeping MIC at low temperatures (and therefore less likely to undergo overheating and expansion should a contaminant enter the tank) had been shut off for some time.

· The gas scrubber, designed to neutralize any escaping MIC, had been shut off for maintenance. Even had it been operative, post-disaster inquiries revealed, the maximum pressure it could handle was only one-quarter that which was actually reached in the accident.

· The flare tower, designed to burn off MIC escaping from the scrubber, was also turned off, waiting for replacement of a corroded piece of pipe. The tower, however, was inadequately designed for its task, as it was capable of handling only a quarter of the volume of gas released.

· The water curtain, designed to neutralize any remaining gas, was too short to reach the top of the flare tower, from where the MIC was billowing

· The lack of effective warning systems; the alarm on the storage tank failed to signal the increase in temperature on the night of the disaster

· MIC storage tank number 610 was filled beyond recommended capacity; and -a storage tank which was supposed to be held in reserve for excess MIC already contained the MIC.
iii. 1992 Guadalajara sewer explosion:
An example of corrosion damages with shared responsibilities was the sewer explosion that killed 215 people in Guadalajara, Mexico, in April 1992. Besides the fatalities, the series of blasts damaged 1,600 buildings and injured 1,500 people. At least nine separate explosions were heard, starting at approximately 10:30 a.m. local time. They were said to have ripped a jagged trench that runs almost 2 km. The expanded trench was said to be contiguous with the city sewer system, and the open holes thought to be at least six meters deep and three meters across.
In several locations, much larger craters of fifty meters in diameter were evident with numerous vehicles buried or toppled into them. An eyewitness said that a bus was "swallowed up by the hole". The 1992 explosion in Guadalajara took place in the downtown district of Analco. Numerous gasoline explosions in the sewer system during a period of four hours destroyed kilometers of streets; in particular, Gante street was the most damaged.  
The first cause of the disaster was a galvanized steel pipeline that was occluding in a humid environment with a steel gasoline pipeline. Both of them corroded, and gasoline leaked through the holes, right into the main sewer. The second cause of the disaster was a U-shaped siphon in the sewer needed to duck under a recently built underground railway. The design allowed fluids to pass through, but also blocked the fumes. There should have been a siphon for the fumes passing over the underground railway. Inhabitants had been complaining for several days about the heavy gasoline smell, but despite the measurements and the imminent threat of explosion, the authorities refused to evacuate.
Damage costs were estimated at 75 million U.S. dollars. The sewer explosion was traced to the installation of a water pipe, by a contractor several years before the explosion, that leaked water on a gasoline line laying underneath. The subsequent corrosion of the gasoline pipeline, in turn, caused leakage of gasoline into the sewers. The Mexican attorney general sought negligent homicide charges against four officials of Pemex, the government-owned oil company. Also cited were three representatives of the regional sewer system and the city's mayor.

