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Abstract— It has been already observed that the corrosion 

formation on the Iron Pillar of Delhi is very slow and exact 

reason behind the manufacturing of this historical metal work 

is still unknown, so this article will examine few known 

theories given by research scientists of material science, 

metallurgy and archaeologists of different countries. This 

article covers some basic theories related to corrosion and 

rusting, further they are compared with the phenomenon of 

corrosion occurring at the Iron Pillar of Delhi. The sole 

purpose of this research article is to know the exact scientific 

reason behind the manufacturing of such advance material 

and to take current technology to another level. 
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I. INTRODUCTION 

The Iron Pillar of Delhi is a 7m (23 ft) column in the Qutub 

Complex at Mehrauli in Delhi 

The pillar weighs over 6,000 kg (13,000 lb) and is 

thought to have originally been erected in what is now 

UDAYAGIRI by one of the Gupta monarchs in 

approximately 402 CE, though the precise date and location 

are a matter of dispute,  

The height of the pillar, from the top of its capital to 

the bottom of its base, is 7.21 m (23ft 8 in), 1.12 m (3ft 8in) 

of which is below ground. Its bell pattern capital is 1.07 m 

(3ft 6 in) in height, and its bulb-shaped base is 0.71 m (2ft 

4 in) high. The base rests on a grid of iron bars soldered with 

lead into the upper layer of the dressed stone pavement. The 

pillar's lower diameter is 420 mm (17 in), and its upper 

diameter 306 mm (12 in). It is estimated to weigh more than 

six tones (13,228lb). 

A fence was erected around the pillar in 1997 in 

response to damage caused by visitors. There is a popular 

tradition that it was considered good luck if one could stand 

with one's back to the pillar and make one's hands meet 

behind it. The practice led to significant wear and visible 

discolouration on the lower portion of the pilla. 

That was brief description about the standing giant 

of Delhi. 

II. WROUGHT IRON COMPOSITION AND ITS CORROSION 

Wrought iron, one of the two forms in which iron is obtained 

by smelting; (fig1) the other is cast iron. Wrought iron is a 

soft, ductile, fibrous variety that is produced from a semifused 

mass of relatively pure iron globules partially surrounded by 

slag. It usually contains less than 0.1 percent carbon and 1 or 

2 percent slag. It is superior for most purposes to cast iron, 

which is overly hard and brittle owing to its high carbon 

content. Dating back to antiquity, the first iron was smelted 

directly from iron ore by heating the latter in a forge with 

charcoal, which served both as a fuel and a reducing agent. 

While still hot, the reduced iron and slag mixture was then 

removed as a lump and worked (wrought) with a hammer to 

expel most of the slag and weld the iron into a coherent mass. 

 
Fig. 1: Microstructure of wrought iron 

It consist of sulphur, phosphorus, manganese, 

carbon, silicon and iron. 

A. Corrosion 

It is a natural process, which converts a refined metal to a 

more chemically-stable form, such as its oxide, hydroxide, or 

sulfide. It is the gradual destruction of materials (usually 

metals) by chemical and/or electrochemical reaction with 

their environment. Corrosion engineering is the field 

dedicated to controlling and stopping corrosion. 

In the most common use of the word, this 

means electrochemical oxidation of metal in reaction with an 

oxidant such as oxygen or sulfur .Rusting, the formation of 

iron oxides, is a well-known example of electrochemical 

corrosion. Rusting of iron can be simply written as 

Fe + 3O2+ 2H2O = 2Fe2O3H2O 

(Steel) + (Oxygen) + (Water) = Hydrated ferric oxide (Rust) 

III. MANUFACTURING METHOD OF IRON PILLAR 

The manufacturing method of the Iron Pillar plays very vital 

role on pillar’s corrosion resistance. On critical analysis of 

various aspect, it has been concluded that it was built by forge 

welding methods .The starting material of the Iron Pillar was 

individual pancakes of iron obtained from iron extraction 

process, but the most interesting fact about the material is that 

it is not homogenous .The entrapped slag inclusion in the Iron 

Pillar are elongated in vertical axis  

 
Fig. 1: Vertical Forge Welding 

IV. CRITICAL ANALYSIS AND DISCUSSION 

From the beginning of the 19th century, archaeologists were 

fascinated by the amazing metal work of Delhi Iron Pillar. 

There were many theories and assumption that were made by 

those scientist but still the mystery of the Iron Pillar prevails. 

Few theories that were put by famous scientists and 

have a logical approach are being discussed below,  
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A. Presence of P 

The first phenomenon that was observed by the researcher 

was the presence of phosphorus in the microstructure of the 

wrought iron of the pillar. The role of P was very important 

in the sinter forging operation, and further, the Fe-P forms 

three compounds. 

 Fe-P (bcc) 

 Fe2P(hexagonal) 

 Fe3P(orthorhombic) 

The eutectic composition at the iron rich end occur 

at 10.2 percent weight and at 1048 degree. In case of 

solidification is achieved quickly then meta stable eutectic is 

determined at 18.7 percent weight at 930 degrees. 

 
Fig. 2: Fe-P solubility diagram 

Although the solubility of P is very low at 

temperature below 500 degrees .The Fe-P diagram provides 

the equilibrium structure at room temperature as a mixture 

and pro eutectic ferrite phase .The  eutectic phase is 

composed of  Fe3P. 

 
Fig. 3: Microstructures observed at Iron Pillar 

B. The Second Theory 

This theory is given by many research workers who studied 

the atmospheric and climatic condition of Delhi over a long 

period of time. This theory is considered as most superficial 

theory about the Iron Pillar in today’s time. 

 
Fig. 4: Second Theory 

It has been observed that the relative humidity of 

Delhi does not exceed 70 percent for significant period of 

time in year, which results in very mild corrosion of the pillar 

.The atmospheric condition and relative humidity of Delhi 

can be observed by the data by study of the following table. 

Although in last few decades, high pollution and 

atmospheric contamination also did not affected the corrosion 

rate of the Iron Pillar that weakens the argument. 

C. Third Theory 

This theory is given by Rosenstein Rodan, he gave this theory 

without any proof and experiments. . 

1) Bover – Braff Technique 

In this method the red hot iron is treated with steam at very 

high temperature which leads to the formation of magnetite 

Fe3O4. without the formation of the intermediate compound 

(red rust).This method may be implied during the initial 

manufacturing of the Iron Pillar.  

3Fe + 4H2O = Fe3O4+4H2O 

This theory does not hold any proof, but many 

researcher believe this method was implied during the 

manufacturing of the Iron Pillar. 

D. The Fourth Theory 

Many researchers believe that due to high density and purity 

of the metal resulted in the slow corrosion rates. This theory 

got neglected when element like phosphorus discovered in 

the composition of the Iron Pillar. Most of the microstructure 

of the Iron Pillar proved that it has slag inclusion and 

phosphorus in the wrought. 

That’s why this theory failed and the mystery of the 

Iron Pillar continued .for the material science enthusiasts. 

 
Fig. 5: Layer of P on the metal surface 

E. The Fifth Theory 

This theory was suggested a long back by the historians and 

archaeologist of Delhi. 

Initially the Iron Pillar was situated in a Hindu 

temple and it has been speculated that regular application of 

oil would have been resulted in protective layer on the surface 

of the metal. However, this pillar was relocated in a mosque 

and the practice must have been discontinued. 

The main reason why this theory was rejected was 

the height of the pillar. 

It is practically impossible to reach on the top of the 

pillar which is 7 m in height .Amazingly there is no sign of 

the rust even on the top of the pillar. 
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V. OTHER THEORIES 

1) There are almost hundreds of theory that are given by the 

researchers like absence of sulphur and magnesium in the 

wrought iro. 

2) Passivity. Under some specific condition like , presence 

of P , flim may be formed on both the anode and cathode 

surfaces ,this overall may have resulted in polarization at 

the surface ,which further makes the Iron Pillar highly 

corrosion resistant. 

3) Absence of CaO in the making of the Iron Pillar which 

further resulted in the presence of P itself. . 

4) Irregular pearlite structure is also observed in the 

microstructure may have contributed in the slow rusting 

process. 

 
A                                           B.  

Fig. 6: (a) Iron Pillar pearlite structure (b) Normal pearlite 

structure 

There are people who trust that there are some supernatural 

powers which protect the Iron Pillar from deformation .but 

these kind of theories add no worth to the scientific study of 

the pillar. 

VI. CONCLUSION 

Based on scientific analysis and some proven facts, it has 

been observed that, there are three main reason; 

1) High density of the metal, 

2) The slag present in the iron pillar also affected the rate of 

further corrosion. 

3) Presence of P, 

4) Alternate cooling and drying  

Act  together to form a protective layer on the Iron 

Pillar of Delhi ,as a result the pillar does not undergo further 

corrosion reaction and appear to be same even after thousands 

of years.  
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