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Foreword

SAC/TC 243 is in charge of this English translation. In case of any doubt the contents of English translation, the Chinese original shall be considered authoritative.
This standard was drafted according to the rules of GB/T 1.1-2009.

This standard replaces the GB/T 4182-2003 Molybdenum wires.

This standard compared with GB/T 4182-2003 and mainly had the following changes:

--- Adding the definition of Molybdenum wire and the White wire；

--- Adding MoLa,MoY, and Mok molybdenum wire types； 

--- Adding the room temperature mechanical properties for cutting wires and spray wires； 

--- Adding the size requirements for the wire of diameter from 1800um to 5000um；

--- Expanding the minimum length requirements for the wire with diameter bigger than 400um；

--- Adding the hot brittleness requirements and testing method；

--- Adding the requirements of expiration date of storage。

This standard was proposed by China Non-Ferrous Metals Industry Association.

This standard was prepared by SAC/TC 243 National Technical Committee of Standardization for Nonferrous Metals. 

The previous editions of this standard are as follows:
---GB/T 4182-1997, GB/T 4182-2003.

Molybdenum wire
Scope

This standard specifies the classification ,marking, requirements, test methods, inspection rules, packaging, sign, storage, transportation and quality certificate and purchase order(or contract) for the molybdenum wire.

This standard is applicable to lighting mandrel wires,bubble components wires, molybdenum foil tape and the wires which is used in vacuum electronic devices, spraying, heating elements, welding electrodes, high temperature components, cutting, printer needles field and so on. 

Normative references
The following referenced documents are indispensable for the application of this document.For dated references,only the edition cited applies. For undated references, the latest edition of the referenced document(including any amendments) applies.

GB/T 228.1，metallic materials -  Tensile testing   part 1: test methods at room temperature

GB/T 2828.12-2012，Count sampling inspection procedure   Part 1:Batch by batch inspection sampling retrieved by AQL

GB/T 4325(ALL PARTS), Methods for chemical analysis 

3  Terms definition

Following terms and definition applied to this document.

3.1  

Molybdenum wire 

Molybdenum wire wound on a wire spool or wound into a wire coil after drawing，or the rod or bars which diameter less than 0.4mm

3.2

White molybdenum wire 

removed the surfaced graphite coating by electrolysis, chemical treatment, annealing and other methods , the surface is silver gray or silver

4 classification and marking

4.1 Product classification

Molybdenum wires can be divided into three grades according to the requirements of diameter tolerance. The processing state of molybdenum wire include drawing, straighten, annealed, electrolytic and chemical treatment. The classification and marking methods of molybdenum wire are as specified in table 1. 
Table 1  Grades and marking

	Grade and marking
	Type and marking

	Grade
	      Marking
	Classification
	Marking

	Ⅰ
	Ⅰ
	drawing
	D

	Ⅱ
	Ⅱ
	straighten
	S

	Ⅲ
	Ⅲ
	Annealed
	H

	—
	—
	       Electrolyzed
	E

	—
	—
	 chemical treatment
	C


4.2  Marking example

Marking 

XXX XXX / X                                            
grade of tolerance
status

Type

Example:

Type for Mo1, processing condition for straightening, electrolysis, tolerance level for molybdenum wire, mark it as: molybdenum wire Mo1 SE/Ⅰ
Mo1——Type for Mo1；

SE——Drawing （D）、Straighten（S）、 Electrolyzed(E)；

Ⅰ——Tolerance level Ⅰ。

Note: If the molybdenum wire is straightened, annealed, electrolyzed or chemically treated, the drawing state (D) is not reflected in the label.
5  Requirements
5.1  Type and Chemical composition

Molybdenum wires can be divided into 4 types according to its applications and chemical composition. Types and applications shall conform to Table 2.Chemical composition shall be in accordance with Table 3. 

                              Table 2  Types and applications

	types
	applications

	Mol
	Mandrel wire,lamp component and molybdenum foils,vacuum electron device,spraying,heating component,cutting and so on 

	MoLa
	Mandrel wire,lamp component and moly foils,vacuum electron device,spraying,heating component,cutting,welding electrode and high temperature component and so on 

	MoY
	Moly wires, support wire, lead, heating component, and high temperature component and so on

	MoK
	Lead, spraying ,heating component and printer head


                             Table 3 Chemical composition              %（ mass fraction）
	Type
	Main contents
	Impurity

	
	Mo
	La2O3
	Y2O3
	K
	W
	Al
	Ca
	Mg
	Fe
	Ni
	Si
	C
	N
	O

	Mo1
	≥99.95
	-
	-
	-
	0.02
	0.002
	0.002
	0.002
	0.010
	0.003
	0.005
	0.006
	0.003
	0.008

	MoLa
	balance
	0.02～2.00
	-
	-
	0.02
	0.002
	0.002
	0.002
	0.010
	0.003
	0.005
	0.006
	0.003
	-

	MoY
	balance
	-
	0.01～1.00
	-
	0.02
	0.002
	0.002
	0.002
	0.010
	0.003
	0.005
	0.006
	0.003
	-

	MoK
	balance
	-
	-
	0.005～0.05
	0.02
	0.025
	0.002
	0.002
	0.010
	0.003
	0.070
	0.006
	0.003
	-


5.2  Diameter
5.2.1 The Tolerance shall be in accordance with Table 4.

                          Table 4   Tolerance of molybdenum wire
	Diameter scope

μm
	200 mm Weight tolerance
%
	Diameter tolerance

%

	
	Ⅰ
	Ⅱ
	Ⅲ
	Ⅰ
	Ⅱ
	Ⅲ

	15＜d≤30
	±2.0
	±2.5
	±3.0
	-
	-
	-

	30＜d≤100
	±1.5
	±2.0
	±3.0
	-
	-
	-

	100＜d＜400
	±1.0
	±1.5
	±3.0
	±0.5
	±0.75
	±1.5

	400≤d≤700
	-
	-
	-
	±1.5
	±2.0
	±2.5

	700＜d≤5000
	-
	-
	-
	±1.0
	±1.5
	±2.0


5.2.2 The deviations at two different places of the same single wire shall not exceed 1/2 of the deviation of the same grade.
5.3  Minimum length

Each spool or coil of molybdenum wire shall be made of one single wire. The minimum length should be conform to Table 5.
                              Table 5 Minimum length 

	Diameter range

μm
	Minimum length(or the minimum weight)

	15＜d≤30
	2000m

	30＜d≤100
	1500m

	100＜d≤200
	1000m

	200＜d＜400
	300m

	d≥400
	300g


5.4  Linearity

5.4.1 The linearity of straighten wire should conform to Table 6.
                                 Table 6  Linearity

	Diameter

μm
	Hanging method
	Round string method

	d＜400
	H>400mm
	—

	400≤d≤1000
	—
	h＜15mm

	Note：The definition of H、h see 6.4。


5.4.2 The linearity of ordinary molybdenum wire should meet the requirement that the diameter of the curved ring is 200 times larger than the diameter of that molybdenum wire.
5.5  Appearance quality

The wire should be free of harmful splits, cracks, burr, discoloration and other defects,.White molybdenum wire surface is silver white, there should be no pollution and obvious oxidation phenomenon.
5.6  Mechanical properties at room temperature

5.6.1 The mechanical properties of MoLa type wire are specified in Table 7,  The TS value of other cutting molybdenum wires can be determined by agreed with supplier and purchaser.
                           Table 7  TS of cutting molybdenum wire

	Diameter

μm
	Tensile strength

MPa



	30＜d≤130
	≥2100

	130＜d≤190
	≥1900

	190＜d＜350
	≥1600


5.6.2 The tensile strength and elongation of spray molybdenum wire should conform to Table 8. 

Table 8  Tensile strength and Elongation of spay molybdenum wire

	Diameter

μm
	Tensile strength 

MPa
	Elongation

%

	1000≤d＜2000
	≥850
	≥3

	2000≤d＜3000
	≥800
	≥5

	3000≤d＜4000
	≥700
	≥5


5.6.3 Except as otherwise stipulated in the contract, the tensile strength and elongation of molybdenum wire for other purposes shall conform to the provisions in table 9.
Table 9   Tensile strength and Elongation of wire for other applications

	Diameter

μm
	Drawing condition
	Annealing condition 

	
	Tensile strength 

MPa


	Elongation 

%
	Tensile strength 

MPa
	elongation

%

	30≤d＜45
	≥1750
	≤5
	≥1100
	≥8

	45≤d＜75
	≥1700
	≤5
	≥1000
	≥8

	75≤d＜125
	≥1600
	≤5
	≥900
	≥10

	125≤d＜175
	≥1500
	≤5
	≥850
	≥10

	175≤d＜225
	≥1400
	≤5
	≥800
	≥10

	225≤d＜275
	≥1300
	≤5
	≥750
	≥12

	275≤d＜325
	≥1200
	≤5
	≥700
	≥12

	325≤d＜400
	≥1100
	≤5
	≥700
	≥12

	400≤d＜500
	≥1000
	≤8
	≥650
	≥10

	500≤d＜800
	≥950
	≤8
	≥600
	≥10


5.6.4 When the customer has special room temperature mechanical performance requirements, the two parties shall negotiate to determine.

5.7 Hot brittleness 

Molybdenum wire with high temperature performance , after high temperature heating treatment, can be bent twice without brittle fracture.

5.8  Spool and rewinding

5.8.1 Each coil shall be a continuous single whole wire,.The wire with diameter less than or equal to 400um shall be wound on to a plastic, wooden , or metal spool. Wire with diameter more than 700um should be wound into a wire coil.  It can not be twisted into "8" shape. Each roll of molybdenum wire should be tied in 3 ~ 4 different places with metal or plastic strap. It is recommended to use the wire spool or reel specifications specified in table 10.


     Table 10 specifications of molybdenum wire rewinding or spool
	μm
	Specification of coil and spool

mm

	
	Diameter of coil
	Diameter of spool

	
	inner diameter
	wide
	

	15＜d≤100
	40
	15～25
	—

	100＜d≤400
	85
	15～50
	—

	400＜d≤700
	210
	15～50
	—

	700＜d≤1250
	—
	—
	400

	1250＜d≤1800
	—
	—
	600

	1800＜d≤5000
	—
	—
	1000


5.8.2 Each spool of molybdenum wire should not be rewound too full. The outer diameter of the coil should be 2mm less than the diameter of spool. 

5.8.3 Rewinding should be tightness and neat. Pressed wires,piled wires and entangled wires are not permitted. Both sides of molybdenum wire should not have obvious convex or concave.

5.8.4 Each reel shall be free from any form of notch, crack or distortion.
Testing methods

Chemical compositions analysis

Analysis of chemical compositions of the molybdenum wire shall be conducted in compliance with the GB/T4325. Others can be determined by suppliers and the purchaser.
Diameter

Molybdenum wire with diameter greater than or equal to 400um need to be measured by micrometer. Measure continuously three points at 1 m away from the end, and then average the values as the diameter of molybdenum wire.

 For molybdenum wire with diameter less than or equal to 100 um, use special tool to take 200 mm wire segment and weigh the mass of 200 mm wire segment by torque balance or electronic balance twice an each end of the wire, then take the average value as the diameter of molybdenum wire. The conversion relation between diameter (um) and the weight of 200 mm wire segment is shown in the annex A.

The wire diameter greater than 100 PM and less than 400 can be measured by micrometer or weighing the mass of the 200 mm wire segment.

Minimum length

The length of the wire with diameter less than 400um is calculated by the rewinding machine counter and the length of the wire with diameter greater than or equal to 400um is measured by the value of the weight of the wires.

Linearity
Hanging method

Take 500 mm of straightening molybdenum wire which diameter less than 400 um, naturally drooping,.the suspension height H is measured as the value, See figure 1.
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Figure 1 Hanging  method

Round string method

For molybdenum wire which diameter is from 400um to 1000um, cut off 200 mm wire segment and place it on a smooth horizontal surface, then measure the corresponding string height with a ruler for  the chord length of 100 mm.See figure 2
[image: image2.png]100mn




Figure 2 Round string method

Appearance quality

The appearance quality of molybdenum wire is inspected by visual inspection and hand feeling inspection.If in dispute, look through the 10 x magnifying glass.
Mechanical properties at room temperature

The mechanical properties of wire at room temperature is tested by tensile testing machine according to annex B.

Hot brittleness

The molybdenum wire was heated in accordance with the conditions in table 11. After cooling, the molybdenum wire was bent 90°on the straight wire with flat nose pliers and then extended once. Each sample was bent twice in a row at the same place without brittle fracture.

                          Table 11   Heating condition 
	Diameterμm
	Heating temperature℃
	Holding time min
	Protecting gas

	400～1000
	1500
	5
	Wet hydrogen

	 Note: the heating temperature can be negotiated by supplier and purchaser 


spool and rewinding

The quality of the spool and rewinding shall use visual inspection
Inspection rule

Inspection and acceptance

The technical supervision department from the supplier will check the wires and fill in the quality certificate to insure that the quality of the product in accordance with this standard.
7.1.2The purchasers shall check the received product in accordance with this standard.In the event that unconformity is found between check result and this standard or the contract,it shall be put forward within one month to the supplier and be settled through negotiation between the supplier and the purchaser.If any arbitration is needed , the arbitration sampling shall be obtained by both the supplier and purchaser.
Lots

Wires shall be submitted for lots acceptance, each lot shall be composed of the same type, raw material,manufacturing method,condition and diameter.
Test Items

The test for Chemical composition,diameter,the minimum length,linearity, appearance quality,mechanical properties,hot brittleness spool and rewinding inspection shall be carried out for each lot wires.
Sampling

The wires sampling shall be in accordance with Table 12.
                             Table 12  sampling rules
	Test items
	Sampling rules
	Required clause number
	Test method clause number

	Chemical compositions
	Each lot take one
	5.1
	6.1

	diameter
	Each one
	5.2
	6.2

	Minimum length
	Each one
	5.3
	6.3

	linearity
	Each one
	5.4
	6.4

	Appearance quality
	Each one
	5.5
	6.5

	Room temperature Mechanical property 
	GB/T 2828.1-2012 AQL＝1.5，IL＝Ⅱ
	5.6
	6.6

	Hot brittleness
	Each lot take one
	5.7
	6.7

	Spool and rewinding 
	Each one 
	5.8
	6.8


Test results judgment

if the results of any chemical composition disqualified, the supplier can take double samples from the wires to retest. If there is still a result unqualified,then the whole lot is disqualify.
The disqualification of diameter,minimum length,linearity,appearance quality,room temperature mechanical property and spool and rewinding will disqualify this wire. 
The disqualification of of room temperature mechanical property will disqualify the whole lot. But it is permitted to be tested for the rest bars by supplier. If the result is qualified, the qualified wires can be delivery. 
Marking, packaging, transportation ,storage and quality certificate

Packaging

Molybdenum wire with diameter less than or equal to 700 PM shall be rewound on a dry wire reel, sealed or vacuumed with wax paper or kraft paper on the surface and then packed in a plastic container or carton. For the wire with diameter greater than 700 PM, wrap it tightly with moisture-proof paper or plastic cloth. White molybdenum wire shall be packed in vacuum or filled with nitrogen.
marking 
Each spool or coil after tested shall be stamped(or lable, hanging sign) and labeled as follows:

Name of product and trademark;
Sign;
Lable Specification (the diameter or the weight of 200mm wire segment);
Quantity( length or weight);
Lot no.;
Production date;
A test seal of supplier quality inspection department;
Supplier’s identification.
Storage

Molybdenum wire should be stored in the warehouse where the relative humidity is no more than 65% and no acid and alkali gas. The warranty period of black molybdenum wire is 18 months and that of white molybdenum wire is 6 months.

Transportation

The packed molybdenum wire shall be transported in wooden cases or cartons lined with moisture-proof paper. The boxes are marked with the words "do not throw" and "moisture-proof" on the boxes. During transportation, acid and alkali gas immersion and damage caused by rain and snow shall be strictly prevented.

Quality certificate

Quality certificate shall be delivered to each lot of wires , identified as follows:

a)Name of product and trademark

b)Lable Specification (the diameter or the weight of 200mm wire segment)

c)Quantity( length or weight)

d)Lot no.

e)Production date

f)Package date

g)chemical composition

h)A test seal of supplier quality inspection department

i)Supplier’s identification

J)Number of this standard
Contract and ordering information

The following information shall be included in the contract for the material listed in this standard:

name of product; 

Types;
Suppling condition and application;
Processing condition;
Specification of product;
Quantity;
Others;
Number of this standard.
Annex A

(informative)
Conversion relation between diameter and weight for 200mm molybdenum wire
A.1  For molybdenum wire with diameter less than or equal to 350um, the conversion relationship between diameter and the weight of 200 mm wire segment ,see equation (a.1) and equation (a.2), the density p = l0.4 g/cm3

d=24.746
[image: image3.wmf]p

.......................................................（B.1）

                          p=0.001633d2......................................................（B.2）

d—Diameter, Unit is micrometer(um)

P--the weight of 200 mm wire segment,Unit is milligram（mg)

A.2  For molybdenum wire with diameter greater than 350 PM, the conversion relation between diameter and weight of 200 mm wire segment is shown in equation (a.3) and equation (a.4), and the density is p = 10.2 g/cm3

d=24.992
[image: image4.wmf]p

.....................（B.3）

p=0.001600d2.....................（B.4）

d—Diameter, Unit is micrometer(um)

P--the weight of 200 mm wire segment,Unit is milligram（mg)

Annex B

(normative)

Tensile strength, elongation test

B.1  Equipment

10 N, 30 N, 200 N, 2 500 N, 10 000 N electronic tensile testing machine

B.2  Test method

B.2.1  According to the diameter of molybdenum wire choose different measuring equipment and measuring range。

B.2.2  The distance between upper and lower collet is 200 mm。
B.2.3  The sample preparation was carried out according to GB/T 228.1。
B.2.4  The tensile measurement speed is 0.3mm /s ~ 0.. 8 mm/s, the test temperature is 20+/-5
B.2.5  The test value is invalid when the molybdenum wire is broken within 5 mm from the chuck root。It should be retest.
B.2.6  In principle, the international unit MPa of tensile strength should be used. However, in order to facilitate the use of units N/mg and gf/mg, please refer to appendix C for conversion.
Remark:When the buyer has special demand, the stretching condition can be changed according to the requirement

Annex C

                                   (informative)

C.1  Density =10.4g/cm3, the conversion formula of molybdenum wire tensile strength unit is shown in formula (c.1)～ (c.3).
1N/mg=2079.98MPa=102.04gf/mg……………………………（C.1）

1MPa=0.04906gf/mg=0.0004808N/mg………………………..（C.2）

1gf/mg=0.0098001N/mg=20.384MPa…………………………（C.3）

C.2  Density =10.2g/cm3, the conversion formula of molybdenum wire tensile strength unit is shown in formula (c.4) ～ (c.6).
1N/mg=2039.98MPa=102.04gf/mg……………………………（C.4）

1MPa=0.05002gf/mg=0.0004902N/mg………………………..（C.5）

1gf/mg=0.0098001N/mg=19.992MPa…………………………（C.6）
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