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Carpenter MP35N Alloy
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Identification
UNS Number

   Type Analysis

  General Information
Description
Carpenter MP35N* alloy is a nonmagnetic, nickel-cobalt-chromium-molybdenum alloy possessing a unique combination of ultrahigh
tensile strength (up to 300 ksi [2068 MPa]), good ductility and toughness, and excellent corrosion resistance. In addition, this alloy
displays exceptional resistance to sulfidation, high temperature oxidation, and hydrogen embrittlement. 
 
The unique properties of MP35N alloy are developed through work hardening, phase transformation and aging. If the alloy is used in
the fully work hardened condition, service temperatures up to 750°F (399°C) are suggested. 
 
MP35N alloy is normally produced by vacuum induction melting (VIM), followed vacuum arc remelting (VAR). 
 
* MP35N is a trademark of SPS Technologies, Inc. MP is a registered trademark of SPS Technologies, Inc. 
Applications
Because of its unique combination of properties, MP35N alloy has been used in a wide variety of applications. 
 
MP35N alloy has been used in fasteners, springs, nonmagnetic electrical components and instrument parts in medical, seawater, oil
and gas well, and chemical and food processing environments.   Corrosion Resistance
MP35N alloy possesses excellent resistance to sulfidation, high temperature oxidation, hydrogen embrittlement, saline solutions and
most mineral acids. 
 
This alloy features exceptional resistance to stress corrosion cracking at very high strength levels under severe environmental
conditions that can crack most conventional alloys. It is also highly resistant to other forms of localized attack, such as pitting and
crevice corrosion. 
 
In seawater environments, this alloy is virtually immune to general, crevice and stress corrosion, regardless of strength level or process
condition. 
 
MP35N alloy is an extremely noble metal. This can result in galvanic corrosion when electrically coupled with more active metals such
as carbon steel, Type 316 stainless, or K-Monel.** 
 
MP35N alloy is included in NACE MR-01-75*** to a maximum hardness of Rockwell C35 (maximum hardness of Rockwell C48 in
specific cold reduced plus aged conditions). This material requirement lists sulfide stress cracking resistant materials for exposure to
sour environments, such as in gas and oil well service. 
 
**Monel is a trademark of the Special Metals Corporation group of companies. 
***NACE Standard MR-01-75 Material Requirement - 
Sulfide Stress Cracking Resistant Metallic Material for Oil Field Equipment, 1980 Revision and May 1981 Supplement.
 

• R30035  

Carbon (Maximum) 0.03 % Manganese (Maximum) 0.15 %
Phosphorus (Maximum) 0.015 % Sulfur (Maximum) 0.010 %
Silicon (Maximum) 0.15 % Chromium 19.00 to 21.00 %
Nickel 33.00 to 37.00 % Molybdenum 9.00 to 10.50 %
Cobalt Balance   Titanium (Maximum) 1.00 %
Boron 0.010 % Iron (Maximum) 1.00 %
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Important Note:The following 5-level rating scale is intended for comparative purposes only. Corrosion testing is recommended;
factors which affect corrosion resistance include temperature, concentration, pH, impurities, aeration, velocity, crevices, deposits,
metallurgical condition, stress, surface finish and dissimilar metal contact.
 

 
  Properties
Physical Properties

Specific Gravity
-- 8.43  
 
Density
-- 0.3040 lb/in³ 
 
Mean Coefficient of Thermal Expansion
70.00 °F, 200.0 °F 7.10 x 10 -6 in/in/°F 
70.00 °F, 400.0 °F 7.60 x 10 -6 in/in/°F 
70.00 °F, 600.0 °F 8.20 x 10 -6 in/in/°F 
70.00 °F, 800.0 °F 8.30 x 10 -6 in/in/°F 
70.00 °F, 1000.0 °F 8.70 x 10 -6 in/in/°F 
 

 
Thermal Conductivity
-300 °F 45.00 BTU-in/hr/ft²/°F 
-100 °F 63.00 BTU-in/hr/ft²/°F 
70 °F 78.00 BTU-in/hr/ft²/°F 
200 °F 88.00 BTU-in/hr/ft²/°F 
400 °F 104.0 BTU-in/hr/ft²/°F 
600 °F 118.0 BTU-in/hr/ft²/°F 
800 °F 133.0 BTU-in/hr/ft²/°F 
1000 °F 148.0 BTU-in/hr/ft²/°F 
1200 °F 162.0 BTU-in/hr/ft²/°F 
 

Nitric Acid Good Sulfuric Acid Good
Phosphoric Acid Good Acetic Acid Excellent
Sodium Hydroxide Good Salt Spray (NaCl) Excellent
Sea Water Excellent Sour Oil/Gas Excellent
Humidity Excellent    
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Modulus of Elasticity (E)
79 °F, Annealed 33.8 x 10 3 ksi 
450 °F, Annealed 31.3 x 10 3 ksi 
900 °F, Annealed 29.2 x 10 3 ksi 
79 °F, Cold Worked and Aged 34.1 x 10 3 ksi 
450 °F, Cold Worked and Aged 31.8 x 10 3 ksi 
900 °F, Cold Worked and Aged 29.2 x 10 3 ksi 
 

 
Modulus of Rigidity (G)
78.0 °F, Annealed 12.1 x 10 3 ksi 
450 °F, Annealed 11.3 x 10 3 ksi 
900 °F, Annealed 10.2 x 10 3 ksi 
78.0 °F, Cold Worked and Aged 11.7 x 10 3 ksi 
450 °F, Cold Worked and Aged 10.8 x 10 3 ksi 
900 °F, Cold Worked and Aged 9.83 x 10 3 ksi 
 
Electrical Resistivity
-300 °F 593.0 ohm-cir-mil/ft 
-100 °F 608.0 ohm-cir-mil/ft 
70.0 °F 621.0 ohm-cir-mil/ft 
200 °F 632.0 ohm-cir-mil/ft 
400 °F 648.0 ohm-cir-mil/ft 
600 °F 664.0 ohm-cir-mil/ft 
800 °F 679.0 ohm-cir-mil/ft 
1000 °F 694.0 ohm-cir-mil/ft 
1200 °F 709.0 ohm-cir-mil/ft 
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Melting Range
-- 2400.000 to 2625.000 °F 
 

 
Magnetic Properties

Magnetic Permeability
-319.0 °F 1.0014 Mu 
-220.0 °F 1.0012 Mu 
-99.00 °F 1.0010 Mu 
-17.00 °F 1.0010 Mu 
77.00 °F 1.0009 Mu 
246.0 °F 1.0009 Mu 
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Typical Mechanical Properties
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   Heat Treatment
Annealing
MP35N alloy should be annealed at 1900/2000°F (1038/1093°C) for one to four hours, followed by air cooling. 
Age
After work hardening, MP35N alloy can be aged in the temperature range of 800/1200°F (427/649°C) for increased strength. The alloy
will respond to aging only if first work strengthened. No increase in strength will result from aging annealed material. 
 
For optimum mechanical properties, cold worked MP35N alloy should be aged at 1000/1100°F (538/593°C) for 4 hours, then air
cooled. 
 
Relevant specification requirements should be consulted prior to any heat treating operations.  
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Workability
Hot Working
MP35N alloy should be forged from approximately 2150°F (1177°C). To prevent surface tearing, deformation should not be continued
below approximately 1600°F (871°C). MP35N alloy forges and rolls similarly to Carpenter Waspaloy alloy or Pyromet® alloy 718. 
Cold Working
The strength levels developed by MP35N alloy are primarily the result of mechanical working. Mechanical working can take the form of
either cold or warm working. In warm working, temperatures should be kept below 800°F (427°C). 
 
Work hardening can be accomplished by drawing, rolling, extruding, forging, swaging or a combination of these methods. 
 
Both strength and hardness increase in a nearly linear manner with percent cold work. As expected, ductility decreases with increasing
percent cold work; however, even with large amounts of deformation, excellent ductility is retained. 
 
When determining the strength level developed, working operations which deform the metal similarly can be considered additive. Thus,
all work strengthening need not be performed at the mill. Some working can be done when the part is formed into its final shape. 
Machinability
MP35N alloy is difficult to machine in any heat treated condition. Machinability studies have shown that this alloy possesses machining
characteristics superior to those of Waspaloy, a widely used standard for nickel-cobalt-chromium-base alloy machinability. Machining
parameters for MP35N alloy are similar to those used for Waspaloy alloy. 
Weldability
MP35N alloy can be successfully TIG welded. In general, welding properties are similar to those of Type 304 stainless; similar
preparations and precautions should be employed. 
 
The welding parameters should be adjusted to ensure that the heat input per pass is low. Approximately one-half to two-thirds of the
heat input used to weld maraging steel and Type 304 stainless should be used. 
 
From TIG welding studies, joint efficiency was found highest if the material is welded in the annealed condition. If a filler metal is
required, a matching composition should be used.   Other Information
Applicable Specifications
• AMS 5758 • AMS 5844
• AMS 5845 • ANSI/ASTM F562   
Forms Manufactured
• Bar-Rounds • Billet
• Strip • Wire
• Wire-Rod   
Technical Articles
• Unique Properties Required of Alloys for the Medical and Dental Products Industry  

http://crswnew.cartech.com/wnew/TechArticles/TA00010.html

