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Foreword

SAC/TC 243 and SAC/TC 562 are in charge of this English translation. In case of any doubt about the contents of the English translation, the Chinese original shall be considered authoritatively.
This document is drafted in accordance with the rules given in the GB/T 1.1-2020 Directives for standardization—Part 1: Rules for the structure and drafting of standardizing documents.
Attention is drawn to the possibility that some of the elements of this standard may be the subject of patent rights.The issuing body of this document shall not be held responsible for identifying any or all such patent rights.

This document was proposed by China Nonferrous Metals Industry Association.
This document was prepared by SAC/TC 243 National Technical Committee of Standardization for Nonferrous Metals and SAC/TC 562 National Technical Committee of Standardization for Additive Manufacturing.

增材制造用高熵合金粉

High-entropy alloy powders for additive manufacturing

1  范围Scope

本文件规定了增材制造用高熵合金粉的牌号和分类、技术要求、试验方法、检验规则及标志、包装、运输、贮存、随行文件和订货单内容。

This document specifies the designation, classifications, technical requirements, test methods, inspection rules, marking, packaging, transport, storage, accompanying documents, and the contents of purchase order for high-entropy alloy powders for additive manufacturing.

本文件适用于气体雾化、等离子旋转电极等工艺制备的供增材制造使用的高熵合金粉。
This document applies to high-entropy alloy powders for additive manufacturing prepared by gas atomization, plasma rotating electrodes, etc. 
2  规范性引用文件Normative reference
下列文件中的内容通过文中的规范性引用而构成本文件必不可少的条款。其中，注日期的引用文件，仅该日期对应的版本适用于本文件；不注日期的引用文件，其最新版本（包括所有的修改单）适用于本文件。

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

GB/T 1479.1 金属粉末 松装密度的测定 第1部分：漏斗法

GB/T 1479.1 Metallic powders-Determination of apparent density-Part 1:funnel method

GB/T 1480 金属粉末 干筛分法测定粒度

GB/T 1480 Metallic powders-Determination of particle size by dry sieving

GB/T 1482 金属粉末 流动性的测定 标准漏斗法(霍尔流速计)
GB/T 1482 Metallic powders-Determination of flow time by means of a calibrated funnel (  Hall flowmeter)

GB/T 5162 金属粉末 振实密度的测定

GB/T 5162 Metallic powders-Determination of tap density

GB/T 5314 粉末冶金用粉末 取样方法

GB/T 5314 Powders for powder metallurgical purposes-Sampling

GB/T 19077 粒度分布 激光衍射法

GB/T 19077 Particle size analysis-Laser diffraction methods

GB/T 35351 增材制造 术语

GB/T 35351 Additive manufacturing-Terminology
3  术语和定义Terms and definitions

GB/T 35351 界定的术语和定义适用于本文件。

For the purposes of this document,the terms and definitions given in GB/T 35351 apply.

4  牌号和分类Designations and classifications

产品按照化学成分分为FeCoNiCrMn、FeCoNiCrAl、FeCoNiCrTi、FeCoNiCrMo、FeCoNiCr五个牌号；按照粒度范围分为Ⅰ类、Ⅱ类两个类别。

According to the chemical composition, the products are divided into five designations: FeCoNiCrMn,FeCoNiCrAl,FeCoNiCrTi,FeCoNiCrMo and FeCoNiCr. According to the particle size range, the products are divided into Grade I and Grade II.
5  技术要求Technical requirements

5.1  化学成分Chemical composition

产品的化学成分应符合表1的规定。
The chemical composition of the products shall conform to the requirements listed in Table 1.

                                                        表1 化学成分                                                   %（质量分数）
                                                    Table 1 Chemical composition                                      % (mass fraction)
	牌   号

Designation
	化学成分Chemical composition

	
	主元素 Main elements
	杂质元素，不大于Impurity elements, not greater than

	
	Fe
	Co
	Ni
	Cr
	Mn
	Al
	Ti
	Mo
	C
	P
	S
	O
	N

	FeCoNiCrMn
	18.00-21.00
	19.50-22.50
	19.50-22.50
	17.00-20.50
	18.00-21.50
	-
	-
	-
	0.020
	0.015
	0.010
	0.10
	0.050

	FeCoNiCrAl
	17.50-23.00
	21.50-25.50
	21.50-25.00
	19.00-22.00
	-
	10.00-15.00
	-
	-
	0.020
	0.015
	0.010
	0.10
	0.050

	FeCoNiCrTi
	19.00-22.00
	20.00-23.00
	20.00-23.00
	17.50-20.50
	-
	-
	16.00-19.00
	-
	0.020
	0.015
	0.010
	0.10
	0.050

	FeCoNiCrMo
	16.00-18.50
	17.00-20.00
	17.00-20.00
	15.00-17.00
	-
	-
	-
	27.50-32.00
	0.020
	0.015
	0.010
	0.10
	0.050

	FeCoNiCr
	23.50-26.50
	24.50-28.00
	24.00-27.50
	21.50-24.50
	-
	-
	-
	-
	0.020
	0.015
	0.010
	0.10
	0.050

	注：需方对产品化学成分有特殊要求时，由供需双方协商确定。
NOTE:If the demander has special requirements on the chemical composition of products, it should be determined by the supplier and the demander through negotiation.


5.2  粒度Particle size

产品的粒度应符合表2的规定。

The particle size of the products shall conform to the requirements listed in Table 2.
表2 粒度

Table 2 Particle size

	类别Classification
	粒度范围

Particle size range
	粒度组成

Particle size composition
	粒度分布

Particle size distribution
	用途Application

	Ⅰ类GradeⅠ
	≤63μm
	>63μm不大于5% 

>63μm less than 5wt%
	15μm≤D10≤25μm，

50μm≤D90≤70μm
	适用于激光粉末床熔融增材制造领域Applying to laser powder bed fusion additive manufacturing

	Ⅱ类GradeⅡ
	45μm~150μm
	≤45μm不大于5%，

>150μm不大于5%

≤45μm less than 5wt%,

> 150μm less than 5wt%
	40μm≤D10≤60μm，

D90≤160μm
	适用于电子束粉末床熔融增材制造领域、激光定向能量沉积增材制造领域Applying to electron beam powder bed fusion additive manufacturing and laser directed energy deposition additive manufacturing

	注：需方对产品粒度有特殊要求时，由供需双方协商确定。

NOTE: If special requirements on particle size are needed, it should be determined by the supplier and the demander through negotiation.


5.3  松装密度Apparent density

产品的松装密度应符合表3的规定。
The apparent density of the products shall conform to the requirements listed in Table 3.

表3 松装密度

Table 3 Apparent density
	牌号Designation
	松装密度Apparent density

g/cm3

	
	Ⅰ类GradeⅠ
	Ⅱ类GradeⅡ

	FeCoNiCrMn
	≥3.80
	≥4.00

	FeCoNiCrAl
	≥3.20
	≥3.40

	FeCoNiCrTi
	≥3.20
	≥3.40

	FeCoNiCrMo
	≥4.20
	≥4.40

	FeCoNiCr
	≥4.00
	≥4.20


5.4  振实密度Tap density

产品的振实密度应符合表4的规定。

The tap density of the products shall conform to the requirements listed in Table 4.

表4 振实密度

Table 4 Tap density
	牌号Designation
	振实密度Tap density

g/cm3

	
	GradeⅠ
	GradeⅡ

	FeCoNiCrMn
	≥4.4
	≥4.6

	FeCoNiCrAl
	≥3.8
	≥4.2

	FeCoNiCrTi
	≥3.8
	≥4.2

	FeCoNiCrMo
	≥5.0
	≥5.2

	FeCoNiCr
	≥4.4
	≥4.6


5.5  流动性Flowability
产品的流动性应符合表5的规定。
The flowability of the products shall conform to the requirements listed in Table 5.

表5 流动性
Table 5 Flowability
	牌号Designation
	流动性Flowability

s/50g

	
	Ⅰ类GradeⅠ
	Ⅱ类GradeⅡ

	FeCoNiCrMn
	≤35.0
	≤25.0

	FeCoNiCrAl
	
	

	FeCoNiCrTi
	
	

	FeCoNiCrMo
	
	

	FeCoNiCr
	
	


5.6  外观质量Appearance quality

产品的外观呈灰色或黑灰色，应无结块、无目视可见夹杂物。
The appearance of the products is gray or black-gray, and there shall be no lumps or visible inclusions of the products.

5.7 其他 Others

需方对产品的球形率及空心粉率有要求时，由供需双方协商确定，并在订货单中注明。

If the demander has the requirements for the spherical particle ratio and the hollow particle ratio of the products, it shall be determined by the supplier and the demander through negotiation and indicated in the purchase order.

6  试验方法Test methods

6.1  化学成分Chemical composition

产品化学成分的测定按供需双方协商确定的方法进行。

The determination of the chemical composition of the product shall be tested in accordance with the method determined by the supplier and demander.

6.2  粒度Particle size

产品粒度组成的测定按GB/T 1480的规定进行，粒度分布测定按GB/T 19077的规定进行。

The particle size composition of the products shall be tested in accordance with GB/T 1480 and the particle size distribution of the products shall be tested in accordance with GB/T 19077.

6.3  松装密度Apparent density

产品的松装密度测定按GB/T 1479.1的规定进行。

The apparent density of the products shall be tested in accordance with GB/T 1479.1.

6.4  振实密度Tap density

产品的振实密度测定按GB/T 5162的规定进行。

The tap density of the products shall be tested in accordance with GB/T 5162.

6.5  流动性Flowability

产品的流动性测定按GB/T 1482的规定进行。

The flowability of the products shall be tested in accordance with GB/T 1482.

6.6  外观质量Appearance quality

产品的外观质量采用目视检查。

The appearance quality of the products shall be inspected by visual inspection.

6.7  其他Others

产品的球形率和空心粉率的测定由供需双方协商确定。

The spherical particle ratio and the hollow particle ratio of the products shall be determined by the supplier and the demander through negotiation.

7  检验规则Inspection rules

7.1  检查和验收Inspection and acceptance

7.1.1 产品应由供方进行检验，保证产品质量符合本文件及订货单的规定，并填写随行文件。

7.1.1  The product shall be inspected by the supplier to ensure that the quality conforms to this document and the purchase order, and the accompanying documents shall be filled out.
7.1.2 需方可对收到的产品按本文件及订货单的规定进行检验。如检验结果与本文件及订货单的规定不符时，应在收到产品之日起45天内以书面形式向供方提出，由供需双方协商解决。

7.1.2  The demander may inspect the received products in accordance with this document or the purchase order. If the inspection results are not consistent with this document and the purchase order, it shall be proposed to the supplier in paperworks within 45 days from the date of receiving the products, which shall be settled by the supplier and the demander through negotiation.

7.2  组批Batch

产品应成批提交验收。每批应由同一生产工艺、同一牌号、同一类别的产品组成。每批重量不大于500kg。

The products shall be submitted for acceptance in batches and each batch shall be composed of products of the same process, the same designation, and the same classification. The weight of each batch is no more than 500kg.

7.3  检验项目及取样Inspection items and sampling

产品的检验项目及取样应符合表6的规定。
The inspection item and sampling of the products shall conform to the requirements listed in Table 6.

表6 检验项目及取样

Table 6 Inspection items and sampling
	检验项目

Inspection items
	取样规则Sampling
	取样数量

Sampling quantity
	技术要求的章条号The clause of the technical requirement
	试验方法的章条号The clause of the test method

	化学成分 Chemical composition
	按GB/T 5314的规定进行According to GB/T 5314
	每批1份

1 per batch
	5.1
	6.1

	粒度

Particle size
	
	每批1份

1 per batch
	5.2
	6.2

	松装密度

Apparent density
	
	每批1份

1 per batch
	5.3
	6.3

	振实密度

Tap density
	
	每批1份

1 per batch
	5.4
	6.4

	流动性

Flowability
	
	每批1份

1 per batch
	5.5
	6.5

	外观质量Appearance quality
	—
	逐袋/桶

Each bag/barrel
	5.6
	6.6


7.4  检验结果的判定Test result determination

7.4.1 产品的化学成分、粒度、松装密度、振实密度、流动性检验不合格时，允许在该批产品中另取双倍数量的样品对不合格项目进行重复检验，若重复检验仍有任一结果不合格时，判该批产品不合格。

7.4.1  Any of the chemical composition, particle size, apparent density, tap density and flowability test of the products are unqualified, the double quantity of samples shall be taken from the batch of products for repeated inspection. Any of the test result of the repeated analysis are still unqualified, the same batch of products shall be judged as unqualified.

7.4.2 产品的外观质量检验不合格时，判该袋/桶产品不合格。
7.4.2  If the result of the appearance quality inspection of the products is unqualified, the bag/bottle products shall be judged as unqualified.
8  标志、包装、运输、贮存和随行文件Marking, packaging, transport, storage and the accompanying documents

8.1  标志Marking

产品每个最小包装单元上应有标识，其上注明：

Each minimum packing unit of the products shall be marked and indicates:

供方名称或商标；Supplier name or trademark
产品名称、牌号及粒度（类别）；Product name,designation and particle size(classification)
生产批号；Batch number

净重；Net weight

包装日期；Packing date

本文件编号；The reference of this document

“防潮”、“防止吸入”等标识。“Moisture-proof”,“Prevent inhalation” and other signs

8.2  包装Packaging

产品可采用塑料袋双层真空塑封包装，或以洁净的塑料桶、金属桶为容器单元包装。包装容器应保证其在运输过程中的完整性，且不易破损、受潮或者使产品接触到外来污染物质。

The product may be packed in double vacuum plastic bags or clean plastic/metal drums as container unit .Packing container shall be kept intact during transport, and not prone to break, dampness or exposure to extraneous contamination.

包装过程中应避免污染，建议Ⅰ类产品采用充惰性气体保护封装，Ⅱ类产品在大气环境下进行封装。产品包装重量为5kg，也可根据需方要求进行包装。
Contamination shall be avoided during the packaging process. It is recommended that Grade Ⅰ product should be packaged with inert gas and Grade Ⅱ product should be packaged in the atmospheric environment. Packaging weight of the products is 5kg, which may also be packaged according to the requirement of the demander.

8.3  运输、贮存Transport and Storage

8.3.1 产品应在有遮盖物的环境下进行运输，运输过程应防止受潮，严禁剧烈碰撞和机械挤压，搬运过程应轻装轻卸、切勿倒置，严禁接近火种及火源。

8.3.1  The products shall be transported in an environment with the covering, the transport process shall be prevented from rain dampness, severe collision and mechanical extrusion, the handling process shall be lightly loaded or unloaded, do not turn upside down, strictly prohibit fire and fire source.

8.3.2 产品应密封贮存在通风、干燥、阴凉、无腐蚀性侵蚀的环境中，远离火源，严禁与氧化剂、酸类、碱类等腐蚀性物质一起存放，并避免阳光直晒。

8.3.2  The products shall be sealed and stored in a ventilated, dry, cool, non-corrosive environment,and be away from fire sources. Strictly prohibit corrosive substances such as oxidants, acids and alkali, avoid direct sunlight.
8.4   随行文件Accompanying documents

每批产品应附有随行文件，其中除应包括供方信息、产品信息、本文件编号、出厂日期或包装日期外，还宜包括：

Each batch of product shall be attached with accompanying documents, which shall include not only supplier information, product information, the reference of this document, ex-factory date or packaging date, but also:

产品质量保证书，内容如下：Product quality assurance certificate, the contents are as follows:

·产品的主要性能及技术参数；Main performance and technical parameters of the product

·产品特点（包括制造工艺及原材料的特点）；Product characteristics (including characteristics of the manufacturing process and raw materials)

·对产品质量所负的责任；Responsibility for product quality
·供方技术监督部门检印的各项分析检验结果。The analysis and inspection results with the supplier's technical supervision department seal.
产品质量控制过程中的检验报告及成品检验报告；Inspection report during product quality control and final product inspection report

产品使用说明：正确搬运、使用、贮存方法等；Product instructions: proper handling, use, storage methods, etc

其他。Others.
9  订货单内容Content of the purchase order

订购本文件所列产品的订货单应包括下列内容：

The purchase order for the products listed in this document shall include the following:

产品名称；The product name

牌号；Designation

粒度（类别）；Particle size(Classification)

净重；Net weight

本文件编号；The reference of this document
其他。Others.

ICS 77.160;25.030


CCS H 71








