Molybdenum, symbol Mo, metallic element with chemical properties similar to those of chromium. Molybdenum is one of the transition elements of the periodic table. The atomic number of molybdenum is 42. It was often confused with graphite and lead ore. Molybdenum is used in alloys, electrodes and catalysts. The World War 2 German artillery piece called "Big Bertha" contains molybdenum as an essential component of its steel.

Molybdenum was discovered in 1778 by the Swedish chemist Carl Wilhelm Scheele. It is a silvery white, tough, malleable metal. Molybdenum is dissolved by dilute nitric acid and aqua regia, and is attacked by fused alkalies; it is not attacked by air at ordinary temperatures, but at elevated temperatures it oxidizes to form molybdenum oxide. Molybdenum melts at about 2610° C (about 4730° F), boils at about 4640° C (about 8380° F), and has a specific gravity, or relative density, of 10.2.

Molybdenum does not occur free in nature, but in the form of its ores, the most important of which are molybdenite and wulfenite. It ranks 56th in order of abundance of the elements in the crust of the earth and is an important trace element in soils, where it contributes to the growth of plants.

The metal is used chiefly in alloying steel. The alloy withstands high temperatures and pressures and is very strong, making it useful for structural work, aircraft parts, and forged automobile parts. Molybdenum wire is used in electron tubes, and the metal also serves as electrodes in glass furnaces. Molybdenum sulfide is used as a lubricant in environments requiring high temperatures. About two-thirds of the world supply of the metal is obtained as a byproduct of copper mining, with the United States the single largest producer, followed by Canada.

Atomic Structure 

  Atomic Radius: 2.01Å 

  Atomic Volume: 9.4cm3/mol 

  Covalent Radius: 1.3Å 

  Cross Section: 2.65barns ±0.05 

  Crystal Structure: Cubic body centered
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  Electron Configuration:
1s2 2s2p6 3s2p6d10 4s2p6d5 5s1 

  Electrons per Energy Level: 2,8,18,13,1 
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Shell Model
  Ionic Radius: 0.65Å 

  Filling Orbital: 4d 5 

  Number of Electrons (with no charge): 42 

  Number of Neutrons (most common/stable nuclide): 54 

  Number of Protons: 42 

  Oxidation States: 6,5,4,3,2 

  Valance Electrons: 4d 5 5s 1 

Electron Dot Model

                                                       
	General information

	  Name origin
	    Greek- molubdos (lead).

	  Description
	    Hard silvery-white transition metal.

	  Discovered By 
	    Carl Wilhelm Scheele 

	  Year 
	    1778 

	  Location 
	    Sweden 

	  Sources 
	    Found in the minerals molybdenite (MoS2) and wulfenite (MoO4Pb). 

	  Uses 
	    Used in aircraft, missiles, and protective coatings in boiler plate.


	 Isotopes


Chemical Properties 

  Electrochemical Equivalent: 0.8949g/amp-hr 

  Electron Work Function: 4.6eV 

  Electronegativity (Pauling): 2.16 

  Heat of Fusion: 32kJ/mol 

  Incompatiblities: Strong oxidizers 

  Ionization Potential 

First: 7.099
Second: 16.461
Third: 27.16

  Valance Electron Potential (-eV): 88.6 

Nuclides/Isotopes

	Nuc-
lide
	Atomic
Mass
	NN
	Abun
%
	Spin
	Half Life
	DM
	DT
	BR
%
	Decay
Energy
(MeV)

	Mo83
	82.949
	41
	Syn
	 
	 
	 
	 
	 
	 

	Mo84
	83.94
	42
	Syn
	0+
	>150ns
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	Nb84
	 
	6.100

	Mo85
	84.937
	43
	Syn
	 
	>150ns
	 
	 
	 
	 

	Mo86
	85.931
	44
	Syn
	0+
	19.6s
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	Nb86
	 
	5.300

	Mo87
	86.927
	45
	Syn
	7/2+
	13.4s
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+ P
	Zr86
	>0
	2.820

	
	13.4s
	[image: image4.png]



	Nb87
	 
	6.490

	Mo88
	87.922
	46
	Syn
	0+
	8m
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	Nb88
	 
	3.720

	Mo89
	88.9195
	47
	Syn
	9/2+
	2.04m
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	Nb89
	 
	5.580

	meta state 0.387MeV
	Syn
	1/2-
	190ms
	IT
	 
	 
	0.387

	Mo90
	89.9139
	48
	Syn
	0+
	5.56h
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	Nb90
	 
	2.489

	Mo91
	90.9118
	49
	Syn
	9/2+
	15.49m
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	Nb91
	 
	4.434

	meta state 0.653MeV
	Syn
	1/2-
	65s
	IT
	 
	50.1
	0.653

	
	65s
	[image: image9.png]



	Nb91
	49.9
	5.087

	Mo92
	91.9068
	50
	14.84
	0+
	Stable
	
	
	
	

	Mo93
	92.9068
	51
	Syn
	5/2+
	4000y
	[image: image10.png]



	Nb93
	 
	0.405

	meta state 2.424MeV
	Syn
	21/2+
	6.85h
	IT
	 
	99.88
	2.425

	
	6.85h
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	Nb93
	0.12
	2.830

	Mo94
	93.9051
	52
	9.25
	0+
	Stable
	
	
	
	

	Mo95
	94.9058
	53
	15.92
	5/2+
	Stable
	
	
	
	

	Mo96
	95.9047
	54
	16.68
	0+
	Stable
	
	
	
	

	Mo97
	96.906
	55
	9.55
	5/2+
	Stable
	
	
	
	

	Mo98
	97.9054
	56
	24.13
	0+
	Stable
	
	
	
	

	Mo99
	98.9077
	57
	Syn
	1/2+
	65.94h
	[image: image12.png]


-
	Tc99
	 
	1.357

	Mo100
	99.9075
	58
	9.63
	0+
	1.00E 19y
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-
	Ru100
	 
	3.034

	Mo101
	100.9104
	59
	Syn
	1/2+
	14.61m
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-
	Tc101
	 
	2.824

	Mo102
	101.9103
	60
	Syn
	0+
	11.3m
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-
	Tc102
	 
	1.010

	Mo103
	102.9132
	61
	Syn
	3/2+
	67.5s
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-
	Tc103
	 
	3.750

	Mo104
	103.9138
	62
	Syn
	0+
	60s
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-
	Tc104
	 
	2.160

	Mo105
	104.917
	63
	Syn
	5/2-
	35.6s
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-
	Tc105
	 
	4.950

	Mo106
	105.9181
	64
	Syn
	0+
	8.4s
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-
	Tc106
	 
	3.520

	Mo107
	106.922
	65
	Syn
	 
	3.5s
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-
	Tc107
	 
	6.160

	Mo108
	107.924
	66
	Syn
	0+
	1.09s
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-
	Tc108
	 
	4.640

	Mo109
	108.928
	67
	Syn
	 
	0.53s
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-
	Tc109
	 
	7.500

	Mo110
	109.93
	68
	Syn
	0+
	0.3s
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-
	Tc110
	 
	5.900

	Mo111
	110.935
	69
	Syn
	 
	>150ns
	 
	 
	 
	 

	Mo112
	111.937
	70
	Syn
	0+
	>150ns
	 
	 
	 
	 

	Mo113
	112.942
	71
	Syn
	 
	>150ns
	 
	 
	 
	 


	Nuclide
	Potential Parent Nuclides

	Mo83
	None known 

	Mo84
	None known 

	Mo85
	None known 

	Mo86
	None known 

	Mo87
	None known 

	Mo88
	Tc88 (Syn) Tc88m (Syn) 

	Mo89
	Tc89 (Syn) Tc89m (Syn) 

	meta state 0.387MeV
	None known 

	Mo90
	Ru91m (Syn) Tc90 (Syn) Tc90m (Syn) 

	Mo91
	Tc91 (Syn) Tc91m (Syn) 

	meta state 0.653MeV
	None known 

	Mo92
	Nb92 (Syn) Ru93m (Syn) Tc92 (Syn) 

	Mo93
	Tc93 (Syn) Tc93m (Syn) 

	meta state 2.424MeV
	None known 

	Mo94
	Nb94 (Syn) Nb94m (Syn) Tc94 (Syn) Tc94m (Syn) 

	Mo95
	Nb95 (Syn) Nb95m (Syn) Tc95 (Syn) Tc95m (Syn) 

	Mo96
	Nb96 (Syn) Tc96 (Syn) Tc96m (Syn) Zr96 (Natural) 

	Mo97
	Nb97 (Syn) Tc97 (Syn) Tc97m (Syn) 

	Mo98
	Nb98 (Syn) Nb98m (Syn) 

	Mo99
	Nb99 (Syn) Nb99m (Syn) 

	Mo100
	Nb100 (Syn) Nb100m (Syn) Tc100 (Syn) 

	Mo101
	Nb101 (Syn) 

	Mo102
	Nb102 (Syn) Nb102m (Syn) 

	Mo103
	Nb103 (Syn) Nb104 (Syn) 

	Mo104
	Nb104 (Syn) Nb104m (Syn) 

	Mo105
	Nb105 (Syn) 

	Mo106
	Nb106 (Syn) 

	Mo107
	Nb107 (Syn) 

	Mo108
	Nb109 (Syn) 

	Mo109
	Nb109 (Syn) Nb110 (Syn) 

	Mo110
	Nb110 (Syn) 

	Mo111
	None known 

	Mo112
	None known 

	Mo113
	None known 

	Key:
  NN = Number of Neutrons
  Abun % = Natural Abundance (as a percentage)

  Syn = Synthetic Nuclide (does not occur in nature)

  DM = Decay Mode
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= Alpha emission
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- = Beta emission
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- = Double beta decay
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+ = Positron emission
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= Electron Capture
IT = Isomeric Transition
N = Neutron emission
P = Proton emission
SF = Spontaneous Fission

  DT = Decays To

  BR % = Branch Ratio (as a percentage)


	Molybdenum (Mo) is a transition metal that forms oxides and is a component of a pterin coenzyme essential for the activity of xanthine oxidase, sulfite oxidase, and aldehyde oxidase. Genetically conditioned sulfite oxidase deficiency was described in 1967 in a child with mental retardation, convulsions, opisthotonus, and lens dislocation. This disorder was due to the child's inability to form the molybdenum coenzyme despite the presence of adequate molybdenum.

Sulfite toxicity due to molybdenum deficiency was noted in a patient on long-term TPN who developed tachycardia, tachypnea, headache, nausea, vomiting, and coma. A metabolic study showed high levels of sulfite and xanthine and low levels of sulfate and uric acid in his blood and urine, which led to the diagnosis. Giving ammonium molybdate 300 µg/day IV led to a dramatic recovery. Both genetically conditioned and nutritional deficiencies of molybdenum are rare. The intake of molybdenum varies from 100 to 500 µg/day and is derived principally from organ meats, whole-grain cereals, and legumes.

The Food and Nutrition Board of the NAS/NRC states that a safe, adequate intake of molybdenum is 75 to 250 µg/day for adults and 25 to 75 µg/day for children aged 1 to 6 yr.



	


        The science of Molybdenum Disulfide is well established in the industrial community.  Scientific and industrial literature describes Molybdenum Disulfide (MoS2) is a naturally occurring relatively inert, chemically stable, practically non-corrosive, non-toxic mineral commercially mined in Colorado, Idaho and South America.   It is extracted from the ground, separated from other earthy materials, cleaned, crushed purified and separated into particles of different size through screens of progressively finer mesh.*   Molybdenum Disulfide has a particular affinity to adhere to metals with a peculiar mechanical-chemical bonding that is not clearly understood to the scientific community (neither is aspirin or anesthesia understood).  Even though we may not completely understand MoS2 on the subatomic level, industry and science does understand and can describe its physical properties and how it behaves as a dry lubricant on the microscopic level.   The knowledge of the industrial community can legitimately be transferred to superior ballistic performance with minimum cleaning. 
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         *Super Fine grade Moly is 99.7% (guaranteed 98%) pure.  Particle size is from less than 0.05 to 8 microns (median 1.5).  Technical Grade particle size: 1 to 100 microns (median 30.0).   (l micron = l millionth of l meter.)    Super Fine is expensive.  One industrial supplier quotes about $3500 per 200lb drum.   One scientific supply house quotes $40 for 4oz. 

	MOLYBDENUM BARS AND PLATES


[image: image33.png]



	Grade£ºM0-1£¬M0-2£¬M0-4

	Dimension
(B¡ÁH¡ÁL£¬mm)£º
	Molybdenum bar (12-20)¡Á(12-20)¡Á(400-530)
Molybdenum plate (12-35)¡Á(40-200)¡Á(100-450)
.

	Density:
	Incipient fusion bar: Mo-2¡Ý9.3g/cm3
Sintered bar:Mo-1, Mo-2, Mo-4¡Ý9.5g/cm3
Molybdenum Plates:Mo-2¡Ý9.5g/cm3


	.....
Impurity content:


	Grade
	M0-1
	M0-2
	M0-4

	Impurity content, % max
	Pb
	-
	-
	0.001

	
	Bi
	-
	-
	0.001

	
	Sn
	-
	-
	0.001

	
	Sb
	-
	-
	0.001

	
	Cd
	-
	-
	0.001

	
	Fe
	0.006
	0.006
	0.050

	
	Ni
	0.003
	0.003
	1.000

	
	Al
	0.002
	0.002
	0.005

	
	Si
	0.003
	0.003
	0.010

	
	Ca
	0.002
	0.002
	0.004

	
	Mg
	0.002
	0.002
	0.004

	
	P
	0.001
	0.001
	0.005

	
	C
	0.020
	0.010
	0.050

	
	O
	0.003
	0.003
	0.008

	
	N
	0.003
	0.003
	-
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MOLYBDENUM WIRES AND RODS

Grade£ºpure Molybdenum, High Temperature Molybdenum
     GM grade molybdenum wire is a doped molybdenum product with good high-temperature property and is widely used in the industries of electric vacuum and electric light source
      Mo2 grade molybdenum wires and rods are mainly used for electron tubes, electrodes, electrical discharging machining threads and heating elements, etc.
¡¡

	Chemical composition


	Grade
	Mo. Content
	Added Element
	Other Element
	Content of Each Element

	GHMo
	¡Ý99.5
	¡Ü0.4
	¡Ü0.1
	¡Ü0.01

	Mo2
	¡Ý99.9
	-
	¡Ü0.1
	¡Ü0.01


calculated by the Subtractive method
	Dimension and tolerance:


	Dimension, mm
	Tolerance of diameter
	Length min£¬mm

	
	Unground£¬%
	Ground£¬mm
	

	0.5¡Üd¡Ü0.8
	¡À2
	¡À0.03
	2000

	0.8<d¡Ü2.5
	
	¡À0.03
	1000

	2.5<d¡Ü5.0
	
	¡À0.1
	800

	5.0<d¡Ü8.0
	
	¡À0.15
	500

	8.0<d¡Ü16.0
	
	¡À0.2
	300


P/M MOLYBDENUM PIERCING MANDRELS
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Chemical composition£ºTi: (1.0 - 2.0)% Zr:(0.1 - 0.5)% C:(0.1 - 0.5)%
Density£º¡Ý9.1g/cm3
	Specifications£º

	Type
	D
	L

	
	Dim
	Tol
	Dim
	Tol

	DM20
DM25
DM30
DM35
DM40
DM45
DM50
DM55
	20
25
30
35
40
45
50
55
	+3.0
+0  
	60 - 80
	+6.0
+0  

	
	
	
	80 - 110
	

	DM60
DM62
DM64
DM66
DM68
DM70
DM72
DM74
DM76
DM78
DM80
	60
62
64
66
68
70
72
74
76
78
80
	+4.0
+0  
	160 - 200
	+8.0
+0  

	DM85
DM90
DM95
DM100
	85
90
95
100
	+6.0
+0  
	180 - 260
	

	DM110
DM120
DM130
DM140
DM150
	110
120
130
140
150
	+8.0
+0  
	200 - 300
	+10.0
+0   

	DM160 - 250
	160 - 250
	+10.0
0
	280 - 450
	+15.0
0


AMMONIUM PARAMOLYBDATE
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Grade£ºMSA-1, MSA-2, MSA-3
Appearance£ºWhite Crystallized powder
Main Content£ºMoO3¡Ý81%
Bulk Density£º(0.6~1.4)g/cm3
	Content of Impurities


	Grade
	MSA-1
	MSA-2
	MSA-3

	Impurity content % max
	Si
	0.0005
	0.0010
	0.0020

	
	Al
	0.0005
	0.0006
	0.0020

	
	Fe
	0.0006
	0.0008
	0.0050

	
	Cu
	0.0003
	0.0005
	-

	
	Mg
	0.0006
	0.0006
	0.0020

	
	Ni
	0.0003
	0.0005
	0.0010

	
	Mn
	0.0003
	0.0006
	-

	
	P
	0.0005
	0.0005
	0.0010

	
	K
	0.0100
	0.0800
	-

	
	Na
	0.0010
	0.0030
	-

	
	Ca
	0.0008
	0.0010
	-

	
	Pb
	0.0005
	0.0005
	0.0006

	
	Bi
	-
	-
	0.0006

	
	Sn
	0.0005
	0.0005
	0.0006

	
	Sb
	-
	-
	0.0006

	
	Cd
	-
	-
	0.0006
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