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Foreword
China Rare Earth Standardization Technical Committee (SAC/TC 229) is in charge of this English translation. In case of any doubt about the contents of English translation, the Chinese original should be considered authoritative. 
This standard is drafted in accordance with the rules given in the GB/T 1.1—2020. 
This standard was prepared by SAC/TC229.

Samarium-iron-nitrogen permanent magnetic powder for bonded magnet
1 Scope
This document specifies the classification and grade, requirements, test methods, inspection rules, packaging, marking, transportation, storage and accompanying documents of Samarium-iron-nitrogen(SmFeN) permanent magnetic powder for bonded magnet.
This document applies to isotropic and anisotropic SmFeN bonded permanent magnetic powders,which can be used in moulding, injection moulding, extrusion and calendering processes to produce bonded magnets.
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 1479.1  Metallic powders—Determination of apparent density—Part 1：Funnal method
GB/T 9637  Electrotechnical terminology—Magnetic materials and components
GB/T 15676  Terms for rare earths
GB/T 19077  Particle size analysis—Laser diffraction methods
GB/T 24270  Method of measurement of temperature coefficient of magnetic properties of permanent magnetic materials
GB 39176  Rare earth products packing, marking,transport and storage
GB/T 40794  Measurement method of irreversible magnetic flux loss due to high temperature of rare earth permanent magnet
3 Terms and definitions
The following terms and definitions are applied to this document.
3.1 
isotropic samarium iron nitrogen permanent magnetic powder
SmFeN permanent magnetic powder with the same magnetic properties when magnetised in any direction.
3.2 
anisotropic samarium iron nitrogen permanent magnetic powder
SmFeN permanent magnet powders with magnetic properties much higher in one direction than in other directions.4 Classification and grades
4 Classification and grade
4.1 Classification
Permanent magnetic powders can be divided into two categories: isotropic and anisotropic.
4.2 Grade
Each product is divided into several grades according to the size of the maximum magnetic energy product and coercivity, see Table 1 for specific grades.
4.3 Designation 
Designation of the grade of permanent magnetic powders are expressed by element symbols, product categories and technical parameters, as follows.：
SmFeN -X - ΧΧ/ΧΧ
Technical parameters (the mid-value of the maximum magnetic energy product and 1/10 of the lower limit value of the intrinsic coercivity)
The second level represents the product category, with the initial letter "I" of "isotropic" and the initial letter "A" of "anisotropic"
The first level represents the element symbol of the product, namely "SmFeN"
Note: For the convenience of distinguishing the grades, the first and second levels, the second and third levels are separated by the separator "-", and the maximum magnetic energy product and intrinsic coercivity of the third level product technical parameters are separated by the separator "/". The maximum magnetic energy product (BH) max is the mid-value of the specified upper and lower limits, and the intrinsic coercivity HcJ is 1/10 of the specified lower limit.
Example: SmFeN-I-127/72 indicates that the isotropic SmFeN permanent magnetic powder(BH) max is 119 kJ/m3~135 kJ/m3 (mid-value is 127 kJ/m3), HcJ is 717 kA/m~876 kA/m (lower limit value is 717 kA/m, taken 1/10 as 71.7, and rounded-up to 72).
5 Technical requirements
5.1 Main magnetic properties
The main magnetic properties of permanent magnetic powder at 20 ℃ shall meet the requirements of Table 1. If the demander has special requirements, the supplier and the demander can negotiate separately.. See Appendix A for the comparison table of the main magnetic properties of the International System of Units (SI) and the Electromagnetic System of Units (CGS), and the comparison table of the SI and CGS.
Table 1 The main magnetic properties of SmFeN permanent magnetic powder at 20 ℃
	Product
	Main magnetic properties

	Classification
	Grade
	Br
T
	HcJ
 kA/m
	(BH)max
kJ/m3

	Isotropic
	SmFeN-I-80/56
	0.65～0.70
	557～717
	72～88

	
	SmFeN-I-96/56
	0.70～0.80
	557～717
	88～103

	
	SmFeN -I-104/64
	0.80～0.85
	637～796
	96～111

	
	SmFeN -I-111/88
	0.80～0.85
	876～1035
	103～119

	
	SmFeN-I-127/72
	0.90～0.92
	717～876
	119～135

	Anisotropic
	SmFeN -A-223/48
	1.15～1.25
	478～637
	215～231

	
	SmFeN -A-239/56
	1.15～1.25
	557～717
	231～247

	
	SmFeN -A-255/64
	1.25～1.30
	637～796
	247～263

	
	SmFeN -A-271/64
	1.30～1.35
	637～796
	263～279

	
	SmFeN-A-287/64
	1.35～1.40
	637～796
	279～295

	
	SmFeN-A-303/80
	1.40～1.50
	796～955
	295～310


5.2 Particle size
5.2.1 The D50 particle size of isotropic permanent magnetic powder is 50 μ m ~150  μ m. If the demander has special requirements, the supplier and the demander can negotiate separately.
5.2.2  The D50 particle size of anisotropic permanent magnetic powder is 1 μ m ~5  μ m. If the demander has special requirements, the supplier and the demander can negotiate separately.
5.3 Appearance quality
The isotropic permanent magnetic powder is silver gray, and the anisotropic permanent magnetic powder is black gray. The permanent magnetic particle shall be free of visible rust and inclusions.
5.4 Auxiliary magnetic properties and other physical properties
See Appendix B for auxiliary magnetic properties and other physical properties of permanent magnetic powder. If the demander has special requirements, the supplier and the demander can negotiate separately.
6 Test method
6.1 Main magnetic properties
The main magnetic properties of permanent magnetic powder shall be tested with a vibrating sample magnetometer meeting the accuracy requirements. The detection method of isotropic permanent magnet powder refers to Appendix D of GB/T 20168-2017, and the detection method of anisotropic permanent magnet powder refers to Appendix D of GB/T 41967-2022.
6.2 Particle size
The particle size test method of permanent magnetic powder shall be carried out according to the GB/T 19077.
6.3 Appearance quality
Visual inspection is recommended for the detection of the appearance of permanent magnetic powder. If the demander has special requirements, the supplier and the demander can negotiate separately.
6.4 Auxiliary magnetic properties and other physical properties
6.4.1 The measurement of magnetic property temperature coefficient of permanent magnetic powder and magnet prepared by permanent magnetic powder shall be measured according to the GB/T 24270.
6.4.2 The maximum working temperature of the magnet prepared by permanent magnetic powder shall be measured according to the GB/T 40794.
6.4.3 The loose density of permanent magnetic powder shall be measured according to the GB/T 1479.1.
7 Inspection rules
7.1 Inspection and acceptance
7.1.1 The products shall be subject to factory inspection by the supplier or a third party, and the quality shall comply with the provisions of this document.
7.1.2 The Demander shall inspect the received products according to the provisions of this document. If the inspection results are inconsistent with the provisions of this document, a written explanation shall be provided to the supplier within 1 month from the date of receipt of the product, and the supplier and the supplier shall negotiate for settlement.
7.2 Batching
The same batch of products shall be of the same brand.
7.3 Inspection items
The main magnetic properties, grain size and appearance of each batch of products shall be inspected before delivery.
7.4 Sampling
The number of samples (bags) for each batch of products shall be in accordance with Table 2. Each sample is 50 g, and the sample shall be sealed and packaged. The sampling method is sampling.
Table 2 Sampling Program
	Pieces per batch
	1
	2～10
	11～60
	61～100
	101～150
	> 150

	Number of sampling pieces
	1
	2
	3
	4
	5
	6


7.5 Judgment rules
7.5.1 Main magnetic properties
When the main magnetic properties of permanent magnetic powder test results failed, double samples should be taken from the batch of permanent magnetic powder to repeat the test on the failed items, if the test results are qualified, the batch of permanent magnetic powder is judged to be qualified; if the results are still unqualified, the batch of permanent magnetic powder is judged to be unqualified.
7.5.2 Particle size
If the particle size of the permanent magnetic powder fails to pass the test, the batch of permanent magnetic powder is judged to be unqualified. If the demander has special requirements, both the supplier and the demander can agree separately.
7.5.3 Appearance Quality
The batch of permanent magnetic powder is judged to be unqualified if the inspection result of the appearance quality of the permanent magnetic powder is not qualified.
8 Packaging, marking, transportation, storage and accompanying documents
8.1 Packaging, marking, transportation and storage
Product packaging, marking, transportation and storage should be carried out in accordance with the provisions of GB 39176.
8.2 Accompanying documents
Each batch of products should be accompanied by accompanying documents, including but not limited to
a) Product Certificate of Conformity (including supplier information, product information, document number, factory date or packaging date).
b) Certificate of quality (including manufacturer's name, product name, grade, lot number, net weight and number of pieces, file number, factory or packaging date).
c) the main magnetic properties and particle size inspection report.
d) instructions for use of the product.
Appendix A
Comparison table of the main magnetic properties of SmFeN permanent magnet powder in SI and CGS
The comparison table of the main magnetic properties of permanent magnetic powder in the International System of Units (SI) and the Electromagnetic System of Units (CGS) at 20℃ is shown in A.1.
Table A.1 Comparison table of main magnetic properties of samarium iron and nitrogen permanent magnet powder
	Materials
	Main magnetic properties

	Grade
	SI 
	CGS 
	Br
	HcJ
	（BH）max

	
	
	
	T
	kGs
	kA/m
	kOe
	kJ/m3
	MGOe

	Isotropic
	SmFeN-I-80/56
	SFN-I-1008
	0.65～0.70
	6.50～7.00
	557～717
	7.00～9.00
	72～88
	9.00～11.00

	
	SmFeN-I-96/56
	SFN-I-1208
	0.70～0.80
	7.00～8.00
	557～717
	7.00～9.00
	88～103
	11.00～13.00

	
	SmFeN-I-104/64
	SFN-I-1309
	0.80～0.85
	8.00～8.50
	637～796
	8.00～10.00
	96～111
	12.00～14.00

	
	SmFeN-I-111/88
	SFN-I-1412
	0.80～0.85
	8.00～8.50
	876～1035
	11.00～13.00
	103～119
	13.00～15.00

	
	SmFeN-I-127/72
	SFN-I-1610
	0.90～0.92
	9.00～9.20
	717～876
	9.00～11.00
	119～135
	15.00～17.00

	Anisotropy
	SmFeN -A-223/48
	SFN-A-2807
	1.15～1.25
	11.50～12.50
	478～637
	6.00～8.00
	215～231
	27.00～29.00

	
	SmFeN -A-239/56
	SFN-A-3008
	1.15～1.25
	11.50～12.50
	557～717
	7.00～9.00
	231～247
	29.00～31.00

	
	SmFeN -A-255/64
	SFN-A-3209
	1.25～1.30
	12.50～13.00
	637～796
	8.00～10.00
	247～263
	31.00～33.00


	Materials
	Main magnetic properties

	Grade
	SI 
	CGS 
	Br
	HcJ
	（BH）max

	
	
	
	T
	kGs
	kA/m
	kOe
	kJ/m3
	MGOe

	
	SmFeN -A-271/64
	SFN-A-3409
	1.30～1.35
	13.00～13.50
	637～796
	8.00～10.00
	263～279
	33.00～35.00

	
	SmFeN-A-287/64
	SFN-A-3610
	1.35～1.40
	13.50～14.00
	637～796
	8.00～10.00
	279～295
	35.00～37.00

	
	SmFeN-A-303/80
	SFN-A-3810
	1.40～1.50
	14.00～15.00
	796～955
	10.00～12.00
	295～310
	37.00～39.00

	Note: The conversion relationship between the International System of Units (SI) and the Electromagnetic System of Units (CGS) is:
1 T＝10 kGs；1 kA/m ＝4π× 10-3 kOe；1 kJ/m3＝4π×10-3 MGOe。


Appendix B
Auxiliary magnetic properties and other physical properties of SmFeN permanent magnetic powders
The auxiliary magnetic properties and other physical properties of permanent magnet powders are shown in Table B.1.
Table B.1 Auxiliary magnetic properties and other physical properties of samarium-iron-nitrogen permanent magnetic powder
	Performance Items
	Unit
	Performance Index

	Temperature coefficient of residual magnetic inductionα（Br）
	%/(C
	－0.15 ~ －0.06

	Temperature coefficient of intrinsic coercivityβ（HcJ）
	%/(C
	－0.60 ~－0.40

	Curie temperatureTc
	(C
	350 ~ 500

	Maximum operating temperatureTw
(For cylindrical magnets with L/D=0.7, irreversible loss=5% of the maximum holding temperature at a constant temperature of 2 hours)
	(C
	80 ~ 200

	Loose packing density[image: image2.png]



	g/cm3
	2.00 ~ 3.50

	Theoretical densitiesρ
	g/cm3
	7.40 ~ 7.75

	Note: The temperature range for α (Br) and β (HcJ) measurements is 20 C~ 100 C, but it does not indicate that the permanent magnet powder can only be used in this temperature range.
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