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FOREWORD
This standard is drafted in accordance with the rules given in the GB/T 1.1-2009.
This standard replaces the GB/T3952-2008 Copper Drawing Stock for Electrical Purpose. The following technical deviations have been made with respect to the GB/T3952-2008:

-- GB/T 238 Metallic Materials-Wire-Reverse Bend Test was deleted and YS/T 464 Methods for Analytical of Copper Cathode-The Optical Emission Spectrometry and GB/T 23606 Copper Hydrogen Embrittlement Test Method were added to the normative references.

-- The chemical composition Bi element content requirements of designation T2、TU2 was adjusted, and the mass fraction was changed from 0.0006% to 0.0005%.

-- The impurity amount requirement of designation T3 was adjusted from 0.05% to 0.06%.
-- The sample gauge length of the elongation test was specified as 200mm.
-- The copper powder quantity was unified and the sample gauge length of the torsion test was 250mm.

-- The requirement of oxidation film on the surface of copper drawing stock was increased, and the determination method of oxide film was attached as Annex C.
--The Chemical composition, electrical properties, copper powder quantity and hydrogen embrittlement sampling quantity were changed from 15 coils or 30t to 15 coils or 60t.

--The hydrogen embrittlement test method of oxygen-free copper drawing stock was adjusted and changed from the Annex B to GB/T 23606 Copper hydrogen embrittlement test method.
This standard was proposed by China Nonferrous Metals Industry Association.

This standard was prepared by the State Administration of China for Standardization of Nonferrous Metals（SAC/TC 243）.

The previous editions of this standard are as follows:
—GB/T 3952.1-1989，GB/T 3952.2-1989，GB/T 3952.3-1989，GB/T 3952-1998， GB/T 3952-2008。

—GB/T 3954.1-1989。

Copper drawing stock for electrical purpose
1 Scope
This standard specifies the requirements, test method, inspection rule, marking, packaging, transportation, storage, certificate of quality and the order content (or contract) of copper drawing stock for electrical purpose.

This standard is applicable to the circular cross section copper drawing stock with a diameter of 6.0mm - 35.0mm for the further drawing of wire or other copper conductors for electrical purposes.

2 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 230.1  Metallic materials  Rockwell hardness test  Part 1: Test method（A、B、C、D、E、F、G、H、K、N、T scale)
GB/T 3048.2  Test methods for electrical properties of electric cables and wires Part2: Test of electrical resistivity of metallic materials
GB/T 4909.2  Test methods for bare wires  Part 2: measurement of dimensions
GB/T 4909.3  Test methods for bare wires  Part 3: Tensile test
GB/T 4909.4  Test methods for bare wires  Part 4: Torsion test
GB/T 5121（All parts） Methods for chemical analysis of copper and copper alloys 
GB/T 23606  Copper hydrogen embrittlement test method
YS/T 464   Methods for analytical of copper cathode—the optical emission spectrometry

3 Requirements
3.1 Product Classification

3.1.1 Designation, Temper and Specification  

The designation, temper and specification of the copper drawing stock shall conform to Table 1.

Table 1 Designation, temper, specification
	Designation
	Temper
	Diameter/mm

	T1，T2，T3
	Hot rolling(M20)
	6.0～35.0

	TU1，TU2
	Casting (M07)
	

	
	Drawing（Hard)(H80)
	6.0～12.0


3.1.2 Marking of Products
The products shall be marked in the sequence of designation, temper, diameter and standard number. The examples of marking are shown as below:
Example 1: The copper drawing stock made of T1, the temper is hot rolling (M20) and the diameter is 8.0mm, can be marked as:

         Copper drawing stock T1 M20 Φ8.0 GB/T3952—2016
Example 2: The copper drawing stock made of TU2, the temper is drawing (hard) (H80) and the diameter is 10.0mm, can be marked as:

         Copper drawing stock TU2 H80 Φ10.0 GB/T3952—2016
3.2 Chemical Composition
3.2.1 The chemical composition of copper drawing stock T1 and TU1 shall conform to the requirements as specified in Table 2, and the oxygen content of T1 shall not be more than 0.040% and the oxygen content of TU1 shall not be more than 0.0010%.
Table 2   Chemical composition of copper drawing stock T1 and TU1
	Element group
	Impurity element
	Mass fraction /%, not more than 
	Total mass fraction of element group /%,. not more than

	1
	Se
	0.0002
	0.00030
	0.0003

	
	Te
	0.0002
	
	

	
	Bi
	0.0002
	
	

	2
	Cr
	—
	0.0015

	
	Mn
	—
	

	
	Sb
	0.0004
	

	
	Cd
	—
	

	
	As
	0.0005
	

	
	P
	—
	

	3
	Pb
	0.0005
	0.0005

	4
	S
	0.0015
	0.0015

	5
	Sn
	—
	0.0020

	
	Ni
	—
	

	
	Fe
	0.0010
	

	
	Si
	—
	

	
	Zn
	—
	

	
	Co
	—
	

	6
	Ag
	0.0025
	0.0025

	Total amount of impurity, Mass fraction /%, not more than
	0.0065

	Note: The total amount of impurity is the sum of measured values of impurity elements listed in the table.


3.2.2 The chemical composition of copper drawing stock T2 and TU2 shall conform to the requirements as specified in Table 3, the oxygen content of T2 shall not be more than 0.045% and the oxygen content of TU2 shall not be more than 0.0020%.

Table 3   Chemical composition of copper drawing stock T2 and TU2
	Mass fraction /%

	Cu＋Ag

Not less than
	Impurity element,not more than

	
	As
	Sb
	Bi
	Fe
	Pb
	Sn
	Ni
	Zn
	S
	P

	99.95
	0.0015
	0.0015
	0.0005
	0.0025
	0.002
	0.0010
	0.0020
	0.002
	0.0025
	0.001

	Note: the content of Cu+Ag in the table is directly measured.


3.2.3 The chemical composition of copper drawing stock T3 shall conform to the requirements as specified in Table 4, and the oxygen content of T3 shall not be more than 0.05% .

Table 4   Chemical composition of copper drawing stock T3
	Mass fraction /%

	Cu＋Ag
not less than
	Impurity element,not more than

	
	As
	Sb
	Bi
	Fe
	Pb
	Sn
	Ni
	Zn
	S
	P
	Cd
	Mn
	Total amount of impurity

	99.90
	—
	—
	0.0025
	—
	0.005
	—
	—
	—
	—
	—
	—
	—
	0.06

	Note1: The total amount of impurity is the sum of measured values of impurity elements listed in the table.
Note2: the content of Cu+Ag in the table is directly measured.


3.3 Dimension and Tolerance
3.3.1 The diameter of the copper drawing stock and the tolerance shall conform to the regulation of Table 5. 

                       Table 5 Diameter and tolerance                Unit:mm
	Nominal diameter
	6.0～6.35
	＞6.35～12.0
	＞12.0～19.0
	＞19.0～25.0
	＞25.0～35.0

	Tolerance
	＋0.5

－0.25
	±0.4
	±0.5
	±0.6
	±0.8


3.3.2 The copper drawing stock shall be supplied in coils, each coil shall be a continuous one and not allowed to be welded. The minimum coil weight should not be less than 1t, and the supplier and the purchaser are allowed to determine the delivery weight through mutual agreement.

3.4 Surface Quality
3.4.1 The copper drawing stock shall be round and uniform in size (conform to the requirements of 3.3.1), and shall be used directly without pickling and peeling.

3.4.2 There shall be no wrinkled edge, overflow edge, cracks, inclusions and other defects on the surface of copper drawing stock.
3.4.3 The surface quality of copper drawing stock used for the enameled wires shall be negotiated by the supplier and the purchaser, and indicated in the contract that the thickness of oxide film shall not be more than 75nm.

3.5 Mechanical Properties
The mechanical properties of copper drawing stock shall conform to the regulation of table 6. After full annealing, the H80 copper drawing stock shall meet the elongation requirements of the corresponding designation of M07 products in table 6.

Table 6  Tensile strength and elongation
	Designation
	Temper
	Diameter / mm
	Tensile strength /MPa       not less than
	Elongation / ％

not less than

	T1
	  Hot rolling (M20)
	6.0～35
	—
	40

	T2
	
	
	—
	37

	T3
	
	
	—
	35

	TU1
	Casting (M07)
	
	—
	40

	TU2
	
	
	—
	37

	TU1 、TU2
	Drawing（Hard) (H80)
	6.0～7.0
	370
	2.0

	
	
	＞7.0～8.0
	345
	2.2

	
	
	＞8.0～9.0
	335
	2.4

	
	
	＞9.0～10.0
	325
	2.8

	
	
	＞10.0～11.0
	315
	3.2

	
	
	＞11.0～12.0
	290
	3.6


3.6 Torsional Properties
The (M20, M07) copper drawing stock with diameter of 6.0mm～10.0mm shall be tested for torsion, and the torsional properties of copper drawing stock with different designations shall meet the requirements in table 7.

Table 7  Torsional properties of copper drawing stock
	Designation
	    Temper
	Forward rotation No.
	Reverse rotation to break No.    not less than

	T1
	Hot rolling(M20)
	25
	25

	T2
	
	25
	20

	T3
	
	25
	17

	TU1
	  Casting (M07)
	25
	25

	TU2
	
	25
	20


3.7  Electrical Properties

3.7.1 The samples prepared as specified in section 4.6.3 shall be used, and the resistivity of copper drawing stock shall meet the requirements of table 8. 

3.7.2 The samples prepared as specified in section 4.6.2 shall be used, and the resistivity of copper drawing stock shall meet the requirements of the corresponding designation M (M07 or M20)  in table 8.

 Table 8  Resistivity
	Designation
	Temper
	    Mass resistivity ρ20°
Ω·g/m2，not more than
	  Volume resistivity ρ20° Ω·mm2/m，not more than

	T1
	Hot rolling(M20)
	0.15176
	0.017070

	T2、T3
	
	0.15328
	0.017241

	TU1
	 Casting (M07)
	0.15176
	0.017070

	TU2
	
	0.15328
	0.017241

	TU1
	Drawing（Hard) (H80)
	0.15561
	0.017504

	TU2
	
	0.15798
	0.017774


3.8 Other Requirements for Copper Drawing Stock
3.8.1 Copper Powder Quantity

For the copper drawing stock made by the continuous casting and rolling method, if required by the user and stated in the contract, shall be carried out the copper powder quantity test (only applicable toφ8mm copper drawing stock) according to Annex A. For the copper drawing stock used for the enameled wires, the copper powder quantity shall not be more than 8mg/250mm; for the copper drawing stock used for other purposes, the copper powder quantity shall not be more than 15mg/250mm.
3.8.2 Hydrogen Embrittlement

For the TU1 and TU2 copper drawing stocks used in the fields with special requirements such as unconventional wires, cables and electromagnetic wires (which have strict restrictions on oxygen content), if required by the user and stated in the contract that the hydrogen embrittlement test is needed. The hydrogen embrittlement test shall be conducted in accordance with GB/T 23606, the TU1 products shall be able to withstand at least 10 repeated bending without breaking into two sections; The TU2 products shall be able to withstand at least 8 repeated bending without breaking into two sections.
3.8.3 Annealing Performance
For the T3 copper drawing stock,if required by the user for the annealing performance and stated in the contract, shall be carried out the annealing performance test according to Annex B, and indicated the annealing performance of this batch of products in the supply quality certificate.[If the Rockwell hardness (grade F) tested is less than 60HRF, it is considered to be complete annealing, while 60HRF - 70HRF is moderate annealing, and higher than 70HRF is low annealing.]
4 Test Method
4.1 Chemical Composition
The analysis method of chemical composition for the copper drawing stocks shall be carried out in accordance with GB/T 5121(all parts) or YS/T 464. For arbitration, the tests shall be in accordance with GB/T 5121(all parts).
4.2 Dimension Measurement

The dimension measurement method of copper drawing stocks shall be in accordance with GB/T 4909.2.
4.3 Surface Quality

The surface quality of copper drawing stocks shall be checked by visual inspection, and the surface oxide film test shall be carried out according to Annex C.
4.4 Mechanical Properties

The tensile test of copper drawing stocks at room temperature shall be carried out in accordance with GB/T 4909.3, with the sample gauge length of 200mm.
4.5 Torsional Properties

The torsion test shall be carried out in accordance with GB/T 4909.4, with the sample gauge length of 250mm and the torsion speed of 30r/min (within±10% of the speed deviation).
4.6 Electrical Properties

4.6.1 The resistivity test method of copper drawing stocks shall be carried out in accordance with GB/T 3048.2.

4.6.2 The sample of resistivity test shall be prepared by the following method: the sample shall be cleaned and processed to a diameter of 2mm, after removing grease, annealed in protective atmosphere of 500℃-550℃ for 30min, and then rapidly cooled in the same protective atmosphere or transferred to water in the air for cooling.

4.6.3 The resistivity test could be also carried out directly on the copper drawing stocks samples without further processing and annealing, if the volume resistivity test method is not reproducible or the deviation is too large, and the mass resistivity test method can be adopted.
4.7  Copper Powder Quantity
The copper powder quantity of copper drawing stocks shall be tested according to Annex A , or according to the method determined by the supplier and purchaser through negotiation.
4.8 Hydrogen Embrittlement

The hydrogen embrittlement test method of anaerobic copper drawing stocks shall be carried out in accordance with GB/T 23606.
4.9 Annealing Performance

The annealing performance test of copper drawing stocks shall be carried out according to Annex B, or according to the method determined by the supplier and purchaser through negotiation.
5 Inspection Rules
5.1 Inspection and Acceptance

5.1.1 The copper drawing stocks shall be inspected by the Quality Supervision Department of the supplier to ensure the products conform to the requirements of this standard or the order (or contract), and the quality certificate shall be filled out accordingly.
5.1.2 Inspection of the products received shall be carried out by the purchaser in accordance with the requirements of this standard. In case the inspection results do not conform to the requirements of this standard, the purchaser shall make complaints to the supplier within 30 days from the date of receiving the products, and then the supplier and the purchaser shall solve the problem through negotiation. In case of arbitration, the arbitration sampling shall be conducted jointly by both parties.
5.2 Lot
The copper drawing stocks shall be inspected for acceptance in lots, with the same designation, temper and specification for each lot. 
5.3 Inspection Items
5.3.1 Each lot of copper drawing stocks shall be inspected on chemical composition, dimensional deviation, mechanical properties, torsional properties, electrical properties and surface quality.

5.3.2 If required by the purchaser and specified in the contract, each lot of copper drawing stock shall be inspected on copper powder quantity, annealing performance and hydrogen embrittlement. 
5.4 Arbitration Sampling and Sample Preparation

5.4.1 Sampling
According to different inspection items, the sampling quantity of each lot of copper drawing stocks shall be calculated by the number of rolls or weight as specified in table 9. The final sampling method shall be determined by the one with a large number of samples, and the sampling quantity shall be determined by this method, and the corresponding quantity of samples shall be randomly selected from the lot of copper drawing stocks.
Table 9  Sampling quantity
	Inspection item
	Sampling quantity
	Chapter number  for the requirements
	Chapter number  for the test method

	Chemical composition
	Oxygen content
	take one sample from every 5 rolls or 20t
	3.2
	4.1

	
	Content of other elements
	take one sample from every 15 rolls or 60t
	3.2
	4.1

	Dimensional deviation
	inspect for each roll
	3.3
	4.2

	Surface quality
	inspect for each roll
	3.4
	4.3

	Mechanical properties
	inspect for each roll
	3.5
	4.4

	Torsional properties
	inspect for each roll
	3.6
	4.5

	Electrical properties
	take one sample from every 15 rolls or 60t
	3.7
	4.6

	Copper powder quantity
	take one sample from every 15 rolls or 60t
	3.8.1
	4.7

	Hydrogen embrittlement
	
	3.8.2
	4.8

	Annealing performance
	
	3.8.3
	4.9


5.4.2 Sample Preparation

The samples prepared for chemical composition analysis shall be removed the surface at first, and then made into chips by machining. No lubricant shall be used during processing, and the material shall be kept from being oxidized. The chip samples made from each lot of samples in equal amount shall be merged into one large sample, and the total amount of the large sample shall not be less than 600g; Mix the large sample fully and remove the iron brought in during processing with magnet. Divide it into 4 parts by shrinkage method, one for the supplier, one for the purchaser, one for the arbitration analysis and one for the reserve.

5.5 Evaluation of Inspection Results

5.5.1 If the chemical composition and electrical properties of the copper drawing stock fails to conform to this standards, the entire lot shall be considered as unqualified. If the mechanical properties, torsional properties, surface quality and dimensional deviation of the copper drawing stock fails to conform to this standard, the entire roll shall be considered as unqualified.

5.5.2 If inspection result of copper powder quantity, hydrogen embrittlement and annealing performance fails to conform to this standard or order (or contract), double quantity of samples shall be taken from this lot of products (including the sample taken from the unqualified roll of products which has been detected before) to retest. If the inspection results of retests are all considered as qualified, the whole lot of products shall meet the requirements specified in the contract. If the inspection results of retests are still considered unqualified, the whole lot of products shall be judged as unqualified or inspected roll by roll, and the qualified products will be delivered in lots

6 Marking, Packaging, Transportation, Storage and Certificate of Quality 
6.1 Marking
The following label shall be attached to each roll of qualified copper drawing stock:
a) Name of manufacturer; 
b) Product trademark; 
c) Designation, temper, specification;
d) Net weight;
e) Lot number;
f) Date of production.    
6.2 Packaging 
6.2.1 The copper drawing stocks shall be packed in rolls and bound well.
6.2.2 Measures shall be taken to prevent moisture, pollution and mechanical damage.

6.2.3 The supplier and purchaser are allowed to negotiate the packaging methods.
6.3 Transportation, Storage 

In the process of storage, handling and transportation, attention should be paid to protect the copper drawing stocks from mechanical damage, to prevent the copper drawing stocks from moisture and corroded by corrosive substances.

6.4 Certificate of Quality 

Each lot of copper drawing stocks shall be accompanied by a product quality certificate, indicating:

Name of manufacturer;
b) Product name;  
c) Designation, temper, specification;

d) Lot number;

e) Net weight and quantity
f) Inspection results and the seal of technical supervision department ;
g) Serial number of this standard;
h) Date of production.  

7 Order (or Contract) Information
When ordering the materials listed in this standard, the contents of the order (or contract) shall include the following information:
a) Name of product

b) Designation, temper, specification;

c) Weight; 
d) Whether or not conduct the copper powder quantity or annealing performance

or hydrogen embrittlement test;
e)Serial number of this standard;

f)Others.
Annex A
（Annex Informative）

Copper drawing stock for electrical purpose

Determination of copper powder quantity

                              Dry Brush Method

A.1 Scope
This annex specifies the method for the determination of copper powder quantity on the surface of copper drawing stocks for continuous casting and rolling.

This annex is only applicable to the determination of copper powder quantity on the surface of copper drawing stocks for continuous casting and rolling of ф8mm.

A.2  Sample Preparation

A.2.1 shear a section of copper drawing stock with a length of 300-350 mm which is qualified for the surface quality inspection, gently straighten it, carefully clean the protective wax coating and the residual emulsion on the surface of the copper drawing stock with anhydrous ethanol or other organic solvent, wrap the part of two ends of the sample at the length of 25-50 mm with transparent adhesive tape, and make the spacing between the two tapes of the copper drawing stock to be 250mm.
A.2.2 The sample of copper drawing stock wrapped with tape shall be weighed and recorded with a balance (unit of g, accurate to 4 decimal places).

A.3 Test
A.3.1 Insert the sample into the torsion test machine, the clamping part of the two clips are the two ends wrapped with transparent adhesive tape, conduct 10/10 positive and negative torsion to the sample, and the torsion speed is set to 30r/min (within±10% of the speed deviation). Wipe the sample gently with a soft brush after completion and thoroughly clean all powder particles on the sample spacing.

A.3.2 The samples taken from the test machine shall avoid contamination. If found to have fallen off, the adhesive tape shall be removed from the clips, and the copper powder on the adhesive tape shall be retained.

A.3.3 If it is difficult to weigh the heavy copper drawing stock, a clean porcelain plate slightly longer than 250 mm can also be placed under the clip of the torsion test machine, so that all copper powder particles falling off from the torsion test could fall into the clean porcelain plate. After the torsion is completed, wipe the sample gently with a soft brush and thoroughly clean all powder particles on the sample spacing to make sure all of them fall into the clean porcelain plate.

A.4 Calculation
A.4.1 Weigh the sample wrapped with adhesive tape and cleaned by brush in Step A.3.2 on the balance and record it. 
A.4.2 Determine the difference by recording the weight obtained in Step A.2.2 minus the weight obtained in Step A.4.1.

A.4.3 Weigh the copper powder collected in the porcelain plate in Step A.3.3 separately can also be determined.
A.4.4 It is recommended to use the same method to test 3 times and take the average value as the final test value.
Annex B
（Annex Informative）
Test method for annealing performance of copper drawing stock
B.1 Scope

This annex specifies the test method for annealing performance of copper drawing stock.
This annex is applicable to the test of annealing performance of copper drawing stock.

B.2  Sample Preparation

B.2.1 In a lot of copper drawing stock products, shear an appropriate length of copper drawing stock samples that is qualified for the test 3.4.2 from the end of the roll every 60t.

B.2.2 The sample shall be cold-rolled into a flat section on a cold-rolling device, with a thickness of 30% of the diameter of the original drawing stock, and the edge rolling is not required.

B.2.3 Place the cold-rolled flat sample in a constant temperature tank, heat it for 15 min at 275 ℃ ±1 ℃, and then quickly put it into water at ambient temperature for water quenching (other temperature and time can also be adopted according to the contract).
B.3 Hardness Test
B.3.1 The Rockwell hardness test method for samples after heat treatment shall be carried out in accordance with GB/T230.1.
B.3.2 F scale is used to measure Rockwell hardness [steel ball with pressure head of "1/16" (1.5875mm), total test force of 588.4N, measuring hardness range of 60HRF - 100 HRF].

B.3.3 The test shall be carried out along the center line of the annealed sample, and calculate the average value according to the number of tests specified in the standard.
Annex C
（Annex Informative）
Test method for oxide film of copper drawing stock
C.1 Scope

This annex specifies the method for the determination of oxide film on the surface of copper drawing stock for continuous casting and rolling.

This annex is only applicable to the inspection of oxide film on the surface of copper drawing stock for continuous casting and rolling of ф8mm.

C.2 Sample Preparation

Cut a section of 150 - 200mm copper drawing stock sample, and wipe the surface of the copper drawing stock sample with acetone or other similar reagent.

C.3 Oxide Film Test
C.3.1 The thickness of oxide layer on the surface of copper drawing stock shall be measured by electrolytic reduction method. The test is carried out in an electrolytic tank, and electrolyze the oxide layer on the surface. As shown in figure 1: the sample is used as the cathode, platinum wire or other inert metal as the anode; the current provided by the voltameter or DC power meter, the range of power supply current intensity should be 1mA - 20mA adjustable, the current intensity of the test is usually 10mA; the electrolyte is 0.1mol of sodium carbonate solution,and the length of the sample covered by solution should not be less than 101.6mm.










Figure1  Diagram of Electrolytic Reduction Test Method
C.3.2 The surface oxides of copper drawing stocks are mainly copper oxide and cuprous oxide, which have different reduction potentials. During the test, the thickness of oxide can be calculated by recording the voltage-time trend of the whole process, and the calculation is performed as C1; when the electrolysis reaction of oxide on the surface of the sample is completed , there will be obvious micro-hydrogen bubbles on the surface of the sample.
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In the formula:
T--Thickness in centimeters (cm)

I-- Current in amperes（A）
t-- Reaction time in seconds（s）
M-- Weight of oxygen molecule in grams（g）

S-- Submerged area of the sample in square centimeters (cm2)
d-- Oxide density（Cu2O is 6.0g/cm3，CuO is 6.4g/cm3）

F-- Faraday constant 96 500C
n-- Hydrogen equivalent  n=2
C.3.3 Figure 2 shows the typical voltage-time curve of oxide layer reaction on the surface of copper drawing stock.

[image: image2.jpg]



Figure2 Typical voltage-time curve of oxide layer reaction on the surface of copper drawing stock.
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