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ABSTRACT 

Since the time of the invention and further development of Monelat INCO Huntington Alloys (now called Special 

Metals Co.), it started contributing to various fields such as Aerospace, oil production and refining, Marine, 

directional drilling applications. Later on, by the time, when its alloys were developed, they became a major 

part of the construction of aircraft parts, pumpshafts, seawater valves, valve pistons etc. The paper reviews the 

History, properties, processing and research trends carried out regarding Monel alloys including the further 

scope for its research so as to utilize it further and improve its machinability. 
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I. INTRODUCTION 

 

Monel,  any of a group of nickel-copper alloys, first developed in 1905, containing about 66 percent nickel and 

31.5 percent copper, with small amounts of iron, manganese, carbon, and silicon. Stronger than pure nickel, 

Monel alloys are resistant to corrosion by many agents, including rapidly flowing seawater. They can be 

fabricated readily by hot- and cold-working, machining, and welding.  

History :Monel was created by David H. Browne, chief metallurgist for International Nickel Co. Monel alloy 

400 is a binary alloy of the same proportions of nickel and copper as is found naturally in the nickel ore from the 

Sudbury (Ontario) mines and is therefore considered a puritan  alloy. Monel was named after company president 

Ambrose Monell, and patented in 1906. 

Properties :Highly resistant to corrosion. Monel is well known as a corrosion strong, rust-resistant material. It is 

resistant to corrosion and acids, and some alloys can withstand a fire in pure oxygen. Stronger than steel, 

malleable, low coefficient of thermal expansion, highly resistant to alkalis, it can be welded, brazed and 

soldered.  

Alloys : Following are the alloys of Monelalongwith their properties and uses :-  

 Monel400,is a solid-solution alloy that can be hardened only by cold working. It has high strength and 

toughness over a wide temperature range and excellent resistance to mis carefully adjusted to provide a very 

low Curie temperature, low permeability, and good brazing characteristics. 

 Monel401 is designed for use in specialized electric and electronic applications. Alloy 401 is readily 

autogenously welded, in the thin sections in which it is most often used, by the gas-tungsten-arc process. 

https://en.wikipedia.org/wiki/Curie_temperature
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 Monel 404 is carefully adjusted to provide a very low Curie temperature, low permeability, and good brazing 

characteristics. Monel 404 can be welded using common welding techniques and forged but cannot be hot 

worked. Cold working may be done using standard tooling and soft die materials for better finish. 

 Monel 450 alloy exhibits good fatigue strength and has relatively high thermal conductivity. It is used for 

seawater condensers, condenser plates, distiller tubes, evaporator and heat exchanger tubes, and saltwater 

piping. 

 Monel K-500 combines the excellent corrosion resistance characteristic of Monel alloy 400 with the added 

advantages of greater strength and hardness. The increased properties are obtained by adding aluminum and 

titanium to the nickel-copper base, and by heating under controlled conditions so that submicroscopic 

particles of Ni3 (Ti, Al) are precipitated throughout the matrix. The corrosion resistance of Monel alloy K-500 

is substantially equivalent to that of alloy 400 except that, when in the age-hardened condition, alloy K-500 

has a greater tendency toward stress-corrosion cracking in some environments. 

 Monel R405 is the free machining version of Monel 400. It is a nickel-copper alloy with a controlled amount 

of sulfur added to provide sulfide inclusions that act as chip breakers during machining. Like Monel 400, 

alloy R-405 is resistant to sea water and steam at high temperatures as well as to salt and caustic solutions. 

Monel R405 is a solid solution alloy that can only be hardened by cold working. 

 

II. RESEARCH DEVELOPMENTS 

 

 Paul S. Prevéy (1) described a method for calculating E/(1 + ν) and an estimate of the experimental error 

The results indicate severe elastic anisotropy in several of the alloys of current interest in the aerospace and 

nuclear industries including Monel K-500. 

 T.M. Holden et al. (2)  made measurements of the strain response parallel and perpendicular to an applied 

stress in uniaxial tensile specimens of MONEL-400. The diffraction elastic constants are in close agreement 

with the Kro¨ner model. Beyond the yield point, different crystallographic orientations respond quite 

differently to the applied stress and, upon unloading, residual intergranular strains are generated which are 

tensile for some orientations and compressive for others. A simple theory based on the Taylor–Bishop–Hill 

(TBH) model gives a good qualitative description of the effects. 

 D.  Arola , M.  Ramulu (3)analysed the influence  of  cutting parameters and material properties  on the 

residual stress fields  resulting  from abrasive  waterjet (AWJ) machining of metals. For all materials 

(including Monel 400) and cutting conditions, a  significant  bi-axial compressive residual stress was 

observed  in the plane of the  machined surface.  Although the  normal stresses  increased  in  magnitude 

with larger  abrasive  sizes,  changes in  cutting  pressure  had  minimal influence. In addition, no clear trends  

were apparent between the mechanical properties of  the  metals and residual stress fields. However, it was 

found  that  the  magnitude of residual  stresses in  the  plane  of the  machined surface increased 

considerably with the  material's  melting temperature. 

 George T. Gray III et al. (4) investigated the influence of grain size on the constitutive behavior (strain-rate 

and temperature dependence of the yield stress and strain hardening) and substructure evolution of MONEL 

400. Increasing the grain size from 9.5 to 202mm was seen to reduce the quasi-static yield strength from 290 

to 115 MPa, while having a minimal effect on the work-hardening response. Increasing the strain rate from 
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quasi-static to dynamic strain rates (3000 s) was seen to increase the yield and overall flow-stress levels, but 

has no effect on the strong grain-size dependency exhibited by this alloy. 

 Q. Li et al. (5)investigatedthe plastic deformation behavior of a Monel alloy deformed at high strain rate of 

105 S 1 by split Hopkinson bar. The results reveal that there are some equiaxed grains with an average size 

of 150 nm in diameter in the center of the shear bands, suggesting that this microstructure characteristics be 

developed by dynamic recrystallization, arising from the deformation and the rapid temperature rise in the 

band. Analysis shows that the plastic strain rate and the mobile dislocation density play a key role in the new 

crystallized grain formation and growth. Based on grain boundary energy change and diffusion mechanism, 

the grain growth kinetics is developed for plastic deformation at a high strain rate. 

 Alber  A.   SADEK et al. (6) carried out a series of studies to examine the weldability and properties of 

dissimilar joints between low carbon steel and Monel 400 alloy. The joints made with the welding procedure 

that was developed are not susceptible to hot cracking. The joints after post weld heat treatment exhibit 

satisfactory mechanical properties. The results of various tests indicated that the quality of joints is 

satisfactory for meeting all of the design requirements. 

 O.S. Es-Said et al. (7)analysed failure of Monel K-500 bolts. Metallographic testing described here shows 

that the bolts failed because of excessive grain growth and subsequent softening during heat treatment 

performed on the bolts after they were formed. Alternative heat treatments were discussed. 

 GurusamySelvakumar et al.(8) aimed at the selection of optimal machining conditions for wire electrical 

discharge machining (WEDM) of Monel 400 alloy. The dimensional shift for every machining condition has 

been predicted and inputted to CNC system as wire offset value to enhance the dimensional accuracy of the 

product. This work has been established through response surface methodology (RSM). The analysis of 

variance (ANOVA) and verification experiments have been performed to test the adequacy of the RSM 

models. Based on the Pareto optimality approach, the material removal rate and the surface roughness were 

concurrently optimized to produce optimal technology guidelines for any job thickness ranging 3mm to 

23mm. 

 CHEN Jun, YAN Feng-yuan (9) investigated the tribocorrosion behaviors of Ti6Al4V and Monel K500 

alloys sliding against 316 stainless steel. It is found that friction coefficients are in general larger in distilled 

water compared with seawater. The wear losses of Ti6Al4V and Monel K500 alloys are larger in seawater 

compared with distilled water. The mechanical action can destroy the passive film and increase the corrosion 

rate. The synergism effect between corrosion and wear occurs. The synergism action between corrosion and 

wear is related to the corrosion rate and with the increase of corrosion rate, the synergism becomes more 

important. 316 stainless steel suffers severe wear sliding against Monel K500 alloy compared with sliding 

against Ti6Al4V alloy in both distilled water and seawater. 

 P A Anandakumar and P Shanthi (10)  carried out experimental investigations to study the effect s of 

dielectric mediums and pulsed current on MRR, Diametrical over cut, Electrode wear and surface roughness 

when machining MONEL 400(tm) The surface integrity  of  EDM  in  MONEL  400  includes roughening 

because of, surface micro cracks, debris and melted drops. The  material  removal  rate,  surface roughness 

and electrode wear are increasing with process parameters for each electrode material except the prolonged 

pulse duration of 200 m. Graphite electrode gives the highest material removal rate, followed by electrolytic 
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and brass exhibits the lowest wear rate due to higher melting point at all the applied  condition. Brass 

electrode exhibits the best performance with regard to surface finish. 

 Jia-He Ai et al. (11) Hydrogen uptake, diffusivity and trap binding energy were determined for the nickel–

copper–aluminum alloy Monel K-500 (UNSN05500) in several conditions. The total atomic hydrogen (H) 

concentration increased from 0 to 132 wppm as the hydrogen overpotential decreased to 0.5 V in alkaline 

3.5% NaCl electrolyte at 23 C. The room-temperature H diffusion coefficient ranged from 0.9 to 3.9 1014 M 

2s1for single-phase solid solution, aged, and cold worked then aged microstructures. Diffusivity was 

independent of lattice H concentration but depended weakly on metallurgical condition, with slower H 

diffusion after aging. The apparent activationenergy for H diffusion was in the range of 29–41 ± 1.5 kJ 

mol1at the 95% confidence level. 

 EsmaeilGhadiriZahrani& Ali Sedghi (12) studied the final surface accuracy in turning the super alloy 

Monel K-500. The results show that cutting speed can improve surface accuracy, in a way that the more the 

cutting speed, the less the dimensional deviation. Less depth of cut and tool radius affect dimensional 

deviation as well. Although it has a small effect on dimensional deviation, feed rate plays the most important 

role in controlling tool wear. Finally, on the basis of Grey relational analysis, a simultaneous optimization is 

carried out on surface roughness, dimensional deviation, and tool wear values. In order to minimize these 

responses, optimal parametric conditions are presented. A satisfying correspondence was observed between 

the predicted results and the confirmation observations. 

 Kamal kumarjangra et al. (13)presented an experimental study of rough and trim cutting operation in wire 

electrical discharge machining on four hard to machine materials namely WC-Co composite, HCHCr steel 

alloy, Nimonic-90 and Monel-400. The investigation shows that in rough cutting operation, machining speed 

and surface roughness increases with increasing discharge energy across the electrodes. Different values of 

machining speed and surface roughness were obtained for four work materials under similar conditions. 

 Vinodkumar et al. (14) carried out an experimental analysis and optimization of machining rate and surface 

characteristics in WEDM of Monel-400 using RSM and desirability approach. Corresponding to 

highestdesirability, the optimal combination of discharge parameters is Ip: 103 A; Ton: 113ls; Toff: 37ls and 

SV:50 V. The effect of discharge energy on surface morphology has also been examined. High discharge 

energyincreases the extent of surface damage and results in large size and overlapped craters on machined 

surface. Lowdischarge energy and high value of Toff result in minimumdefects on machined surface. Trim 

cutting operations wereperformed at low discharge energy using different wireoffset values. Result shows 

that surface finish can be improved significantly after a single trim cut irrespective ofhigh discharge energy 

in rough cut. 

 Neenu Joy, Jobil Varghese (15)  studied  the  behaviour  of  steel  beam,  which  is  a  part  of  a thermal 

power plant structure subjected to elevated temperature on a framed  compartment by finite element method. 

The study  involves  two  –sided,  three  –sided  and  four  –sided  exposure  conditions.  A  profound  

variation  in  responses  is observed under the combination of thermal action and material properties. This 

paper also presents  a review on responses of characteristic properties of structural steel and its alloys like 

Monel and Inconel at elevated temperature . 
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III. CONCLUSIONS 

From the above literature review, we hereby conclude that Monel K-500 exhibit elastic anisotropy,  a  

significant  bi-axial compressive residual stress was observed  in the plane of the  machined surface in Monel 

400, increasing the strain rate from quasi-static to dynamic strain rates (3000 s) was seen to increase the yield 

and overall flow-stress levels, there are some equiaxed grains with an average size of 150 nm in diameter in the 

center of the shear bands, that friction coefficients are in general larger in distilled water compared with 

seawater. The wear losses of Ti6Al4V and Monel K500 alloys are larger in seawater compared with distilled 

water, cutting speed can improve surface accuracy, in a way that the more the cutting speed, the less the 

dimensional deviation, in rough cutting operation, machining speed and surface roughness increases with 

increasing discharge energy across the electrodes, surface finish can be improved significantly after a single trim 

cut irrespective of high discharge energy in rough cut. 

With the continuous trend towards unattended  machining operation and automation, the Monel material has to 

be constantly improved to maintain as a competitive and economical machining operation in the modern tool-

room manufacturing arena as well as in several industrial applications. To sum up, we can say enormous 

research has been done in the past and  large amount of work can still be done in the future on the material so 

that it can serve the purpose of high speed machining with good quality products in short time period and at 

reduced costs. 

 

IV. FUTURE SCOPE 

 

 Need for finding optimal combination of parameters for different alloys of Monel material. 

 Experimental investigation of machining of alloys like Monel K-500 and their best suited process parameters 

need to be found out as they are difficult to cut and requires unconventional machining methods like Wire-

EDM for their further use. 

 Other alloys of Monel material needs to be investigated based upon their spectrographical differences. 
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