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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. 

Please note that some contents of this document may involve patents. The issuing authority of this document does not bear the responsibility of identifying patents.

This standard is drafted in accordance with the rules given in the GB/T 1.1—2020. 
This standard was prepared by SAC/TC229.

RE-base hydrogen storage alloy used in solid-state hydrogen storage
1 Scope
This document specifies the classification, technical requirements, test methods, inspection rules and markings, packaging, transportation, storage, and quality certificates of rare earth base hydrogen storage alloys used in solid-state hydrogen storage.
This document applies to rare earth base hydrogen storage alloys produced using vacuum induction melting metallurgical process for solid-state hydrogen storage.
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：funnel method

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

GB/T 6003.1  Test sieves—Technical requirements and testing—Part 1:Test sieves of metal wire cloth

GB/T 6379.2-2004  Accuracy(trueness and precision)of measurement methods and results--Part 2:Basic method for the determination of repeatability and reproducibility of a standard measurement method

GB/T 8170  Rules of rounding off for numerical values & expression and judgement of limiting values

GB/T 12690.19  Chemical analysis methods for non-rare earth impurities of rare earth metals and their oxides—Part 19: Determination of arsenic and mercury contents

GB/T 17803  Designation system for rare earth products

GB/T 29918-2023  Rare earth-based hydrogen storage alloys—Test method for measurement of pressure-composition isotherm (PCI)
GB 39176  Rare earth products packing, marking, transport and storage
XB/T 622.1  Chemical analysis methods for rare earth-based hydrogen storage alloy-Part 1:Determination of total rare earth content-Oxalate gravimetry

XB/T 622.2  Chemical analysis methods for rare earth-based hydrogen storage alloy- Part 2:Determination- of nickel，lanthanum，cerium，praseodymium， neodymium，samarium，yttrium，cobalt，manganese，aluminum，iron，magnesium，一zinc，copper 'relative contents
XB/T 622.5  Chemical analysis methods for rare earth-based hydrogen storage alloy- Part 5:Determination of carbon content- High frequency-infrared absorption method 

XB/T 622.6  Chemical analysis methods for rare earth-based hydrogen storage alloy-Part 6:Determination of oxygen content- Impulse-infrared absorption method
XB/T 622.7  Chemical analysis methods for rare earth-based hydrogen storage alloy-Part 7:Determination of lead and cadmium contents

GB/T 41967 Anisotropic neodymium iron boron permanent magnentic powder

3 Terms and definitions
The following terms and definitions are applicable to this document.
3.1 

Solid state hydrogen storage
Solid-state hydrogen storage refers to the storage of hydrogen in solid materials with physical adsorption and chemical adsorption of hydrogen by material. Physical adsorption refers to that hydrogen molecules are reversibly adsorbed on porous materials with high specific surface area by van der Waals forces. Chemisorption refers to that hydrogen combines with other elements in ionic or covalent bonds to form hydride and other materials , and the reversible hydrogen absorption and hydrogen desorption can be achieved under certain conditions.
3.2
Maximum hydrogen storage capacity
Maximum hydrogen storage capacity refers to maximum mass fraction(wt%)that unit mass hydrogen storage alloy absorbs hydrogen under certain temperature and pressure, which also can be expressed in the maximum amount of substance(mol) of hydrogen atoms that can be stored in 1 mol of hydrogen storage alloy.
3.3
Hydrogen desorption plateau pressure

In pressure-composition-isotherm(PCI), Hydrogen desorption plateau pressure refers to median pressure in hydrogen desorption platform, and the unit is MPa.
3.4
Cycle stability
The hydrogen storage capacity of hydrogen storage alloy gradually decays during the cycle of hydrogen absorption/hydrogen desorption. The cycle stability of hydrogen storage alloy is generally characterized by the degree of decay or the retention rate of hydrogen storage capacity. The smaller the attenuation, the higher the retention rate of hydrogen storage capacity, and the better the cycle stability.
3.5
Ingot casting process

It’s a process in which hydrogen storage alloy is manufactured by vacuum induction melting , after the raw material in the crucible is completely melted ,then pour the melted alloy into the ingot mold for moulding and cooling. 

3.6
Rapid solidification casting process

It’s a process in which hydrogen storage alloy is manufactured by vacuum induction melting , after the raw material in the crucible is completely melted , pour the melted materials into high-speed rotating copper roller with circulating water, and solidify the molten alloy quickly to form an alloy sheet.
4 Classification

4.1 Product classification

The products are divided into six grades of LaNi-H, LaNi-L, LAMNI-H, LAMNI-L, LaYNi-H and LaYNi-L according to the different main chemical compositions.

4.2 Product grade
The product grade is divided into two levels. The first level represents the product series, which is represented by elements symbol of product chemical principal component, and it is divided into three series: LaNi series, LaMgNi series and LaYNi series. The second level represents the type of product platform, which is divided into H-type and L-type, where "H" represents a high platform and "L" represents a low platform.
Note: At 40℃, the hydrogen desorption platform pressure range of H-type product is > 1.00MPa, and the  hydrogen desorption platform pressure range of L-type product is≤ 1.00MPa.



Grade example: LANI-H represents LaNi high platform solid-state hydrogen storage with rare earth base hydrogen storage alloy.
5 Technical requirement
5.1 chemical composition

The product chemical composition shall comply with the provisions of Table 1. If the demand side has special requirements for the product, both parities can have further negotiation.
Table1 product chemical composition
	         Product series
	La-Ni
	La-Mg-Ni
	La-Y-Ni

	Chemical composition

(wt%)

	Main component content
	Total rare earth content
	27.0~37.0
	15.0~42.0
	15.0~42.0（of which Y：10.0~25.0）

	
	
	Mg
	-
	0.1~5.0
	-

	
	
	Ni
	30.0~70.0

	
	
	Other elementsa
	remaining

	
	Impurity content, not greater than
	O
	0.10

	
	
	C
	0.05

	
	
	Hg
	0.01

	
	
	Cd
	0.001

	
	
	Pb
	0.01

	Note：a. Other component elements shall be determined through negotiation by supplying and demanding parties.


5.2 Hydrogen absorption and desorption characteristics
The hydrogen absorption and desorption characteristics and cycle stability parameters（40℃±2℃）of the product shall comply with the provisions of Table 2. If the demand side has special requirements, both parties can negotiate.
Table 2  hydrogen absorption and desorption characteristics and cycle stability parameters
	Grade
	P-C-I characteristics
	Retention rate of hydrogen storage capacity after 100 times of hydrogen absorption and hydrogen desorption（%）

	
	Hydrogen desorption platform（MPa）
	Maximum hydrogen absorption capacity（wt%）
	

	LaNi-H
	＞1.00
	>1.10
	≥99.0

	LaNi-L
	≤1.00
	>1.30
	≥98.5

	LaMgNi-H
	＞1.00
	>1.10
	≥96.0

	LaMgNi-L
	≤1.00
	>1.40
	≥96.0

	LaYNi-H
	＞1.00
	>1.10
	≥95.0

	LaYNi-L
	≤1.00
	>1.40
	≥95.0


5.3 Crystal structure

Which LaNi products are CaCu5 structures, LaMgNi and LaYNi products contain at least one or several superlattice phases such as CeNi3, PuNi3, Ce2Ni7, Gd2Co7, Ce5Co19 and Pr5Co19.
5.4 Particle size distribution and apparent density
Particle size distribution and apparent density of product shall comply with the provisions of Table 3. If the demand side has special requirements, both parties can negotiate.

Table 3 Particle size distribution and apparent density of product
	Particle size distribution
	Sieve mesh number (mesh)
	Apparent density 
（g/cm3）

	
	-35~ +100
	-100 ~ +200
	-200 ~ +400
	-400
	

	Distribution range(%)
	53.0~75.0
	15.0~20.0
	9.0~13.0
	＜11.0
	＞3.0


5.5 Appearance quality

The product is as-cast metal, quick-solidified sheet, particle or powder, silver gray,and no obvious inclusions.
6 Test method
6.1 Determination of chemical composition 

6.1.1 The total amount of rare earth is determined in accordance with XB/T 622.1.
6.1.2 The composition of nickel, lanthanum, yttrium and magnesium is determined in accordance with the provisions of  XB/T 622.2 and other component content shall be determined through negotiation by supplying and demanding parties.
6.1.3 Oxygen content is determined in accordance with the provisions of XB/T 622.6.
6.1.4 Carbon content is determined in accordance with the provisions of  XB/T 622.5.

6.1.5 Mercury content is determined in accordance with the provisions of GB/T 12690.19.

6.1.6 The content of lead and cadmium is determined in accordance with the provisions of XB/T 622.7.
6.2 Determination of hydrogen absorption and desorption characteristics

6.2.1 The pressure-composition-isotherm (P-C-I) characteristics is determined in accordance with the provisions of  method 1 in GB/T 29918-2023.
6.2.2 Determination of product's hydrogen absorption/desorption cycle stability refers to Appendix A (Informative appendix),which is for reference only and does not serve as the basis for acceptance. The specific conditions and steps can be agreed by the supply and demand parties.

6.3 Determination of crystal structure
Determination of product crystal structure refers to Appendix B (informative Appendix) ,which is for reference only and doesn’t serve as a basis for acceptance. The specific conditions and steps can be agreed by the supply and demand parties.
6.4 Determination of particle size distribution and apparent density
6.4.1 Particle size is determined in accordance with the provisions of GB/T 1480.

6.4.2 Apparent density is determined in accordance with the provisions of GB/T 1479.1.

6.5 Appearance quality inspection
Visually inspect under naturally scattered light.
6.6 Rounding off for numerical values
The rounding off for numerical values numerical modification is carried out in accordance with the provision of GB/T 8170.

7 Inspection rules
7.1 Inspection and acceptance

7.1.1 The product shall be inspected by the quality inspection department of the supplier to ensure that the product quality conforms to the provisions of this standard, and quality inspection department fills in the quality certificate.

7.1.2 The demand side shall inspect the products received in accordance with the provisions of this standard. If the inspection results are not in conformity with the provisions of this standard, the demand side shall report to the supplier within 2 months from the date of receipt and then both sides settle through negotiation. If arbitration is necessary, it can be entrusted to a recognized institution by both parties and samples shall be taken jointly from the demand side.
7.2 Lot grouping
Each batch of products shall be submitted for acceptance in batches and consists of same composition materials of same grade and same production process.

7.3 Inspection Items
Each batch of products shall be inspected for chemical composition, hydrogen absorption and hydrogen desorption characteristics, particle size distribution, apparent density and appearance quality, and other items should have sampling inspection.
7.4 Sampling and sample preparation
7.4.1 The number of samples for chemical composition analysis is carried out as the provisions in Table 4.

Table 4    Number of samples for chemical composition analysis
	Weight in each batch A/kg
	A≤10
	10＜A≤50
	50＜A≤100
	100＜A≤200
	200＜A≤500
	A＞500

	Minimum number of samples
	2
	3
	4
	5
	8
	10


7.4.2 Sample preparation method for chemical composition analysis
For the alloy sample prepared by ingot casting process, polish the alloy ingot sample firstly,  break the sample into a suitable ingot sample, remove the oxide layer on the surface of the ingot, and then take the core sample of the ingot, the sampling amount is not less than 10g, quickly mix the obtained sample and reduce to required amount, and immediately seal and store. Prevent sample from oxidation during sampling process.

For the alloy sample prepared by the rapid solidification casting process, select a thin slice with silver gray metallic luster in the sampling, the sampling amount should be no less than 10g, and quickly mix and reduce the obtained sample to the required amount, and immediately seal and store. Prevent sample from oxidation during sampling process.

For the alloy powder sample, pass the alloy powder through the test sieve of 0.6mm (28 mesh) and 0.075mm (200 mesh) successively, and take appropriate amount of alloy powder from the sieve of 0.075mm (200 mesh) for use.

7.5  Determination of Test result 
7.5.1 If the arbitration analysis result of chemical composition does not conform to the provisions of this standard, take double samples from the batch of products to retest for the unqualified items. If there is still one unqualified result, the batch of products is judged as unqualified.

7.5.2 If appearance inspection result does not conform to the provisions of this standard, the batch of products shall be directly judged as unqualified.

8 Marking, packing, transportation, storage and quality certificate

8.1 Product marking, packaging, transportation and storage

Shall follow the provisions of GB 39176
8.2 Quality Certificate
Each batch of the product shall be attached with quality certificate, indicating:

a）  Name of supplier
b）  Name and grade of product
c）  Lot number
d）  Net weight and number of packages

e）  Test results and signature by quality controller of supplier Analysis and inspection results and supplier Quality Inspection Department seal
f）  Product standard code
g）  Date of ex-factory 

Annex A
(Information)
Test method for cycle stability of rare earth base hydrogen storage alloys

A.1 Specimen 
A.1.1 Alloy ingot (ribbon) sample 
Take the sample of hydrogen storage alloy ingot (ribbon), first remove the oxide layer on the surface of the alloy ingot, and then break it through the test siever, take an appropriate amount of 300 μm (48 mesh) - 1700 μm (12 mesh) of the sample for use, the sample should be prevented from oxidation during the crushing process. The sieve-pore of the test sieve should meets the requirements of GB/T 6003.1. 
A.1.2 Alloy powder sample 
Pass the alloy powder sample through the test sieve and take an appropriate amount of 75μm (200mesh) -500μm (35 mesh) of alloy powder for use. The sieve-pore of the test sieve should meets the requirements of GB/T 6003.1.
A.2 Parallel test 
According to the requirements of (A.1), two samples of alloy ingot or alloy powder of equal quality are weighed and measured in parallel. 

A.3 Loading sample 
Open the sample chamber, clean with anhydrous ethanol and dry for later use. After the sample chamber is dry, load 1.0~2.0g of the alloy sample to be tested, tighten the cover of the sample chamber, and the movement amplitude of the sample chamber should not be too large to prevent the metal pipe from breaking. 

A.4 Test the air tightness of connecting part of the test installation
Connect the sample chamber to test installation, then fill the test installation with the maximum specified pressure of hydrogen (helium or argon), and confirm that the leakage rate of the test installation is ≤1×10-9 g•s-1 .
A.5 Measurement of sample chamber volume 
A.5.1 Decompress the sample chamber from the system and stabilize the sample chamber at the required test temperature. 

A.5.2 Vacuum the sample chamber and system to no higher than 0.001MPa and the reading is no longer changing, record the sample chamber pressure Pr1. 

A.5.3 Close the sample valve, slowly fill hydrogen (helium or argon) into the system, increase the system pressure by 0.1MPa, and record the system pressure Pd1; Open the sample valve and record the pressure Pr2 in the sample chamber after it is stabilized. 

A.5.4 Repeat the A.5.3 operation 5~7 times to get Pri (i= 1,2,3,...) Pdi (i= 1,2,...) . Sample chamber volume V2 is calculated by equation (A-1) : 
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In Equation: 

Pdi -- system pressure, unit is megapascals (MPa); 

Pri -- sample chamber pressure, in megapascals (MPa); 

V1 -- system volume, in cubic centimeters (cm3). 

Two significant digits are reserved for the result, and the value is revised according to GB/T 8170.

A.6 Activation of the sample 
A.6.1 Vacuum the sample chamber and system to no higher than 0.001 MPa, then heat the sample chamber to 150°C, continue vacuuming for 30 min, and then reduce the sample chamber temperature to 40°C. 

A.6.2 Close the sample valve, charge the system with hydrogen to the maximum specified pressure of hydrogen allowed by the equipment, open the sample valve so that the sample can fully react with hydrogen, and keep it for 30min. 

A.6.3 Close the sample valve, vacuum the system to no higher than 0.001MPa, and then open the sample valve to release hydrogen in the sample, and keep for 20min. 

A.6.4 Heat up the sample chamber to 150℃, continue to vacuum for 30 min, and then reduce the temperature of the sample chamber to 40℃ to complete A sample activation. 

Note: The temperature, pressure and frequency of activation depend on the characteristics of the sample to ensure complete activation of the sample
A.7 PCI curve test 
According to the test method of GB/T 29918 (volume method), determine the P-C-I curve of the sample at the required test temperature, and obtain the hydrogen absorption platform pressure Pap of the sample at the required test temperature; 
Note: This step can be omitted if the sample's hydrogen platform pressure Pap at the required test temperature is known. 
A.8 Hydrogen uptake kinetics test 
According to the requirements of GB/T 42656, determine the hydrogen absorption kinetics curve of the sample at the required test temperature, and obtain the hydrogen absorption saturation time ta of the sample at the required test temperature;

Note: This step can be omitted if the hydrogen absorption saturation time t of the sample is known at the required test temperature.

A.9 Hydrogen uptake/discharge cycle stability test 
A.9.1 Stabilize the sample chamber at the target temperature. 
A.9.2 Vacuum the sample chamber and system to A temperature not higher than 0.001 MPa. 
A.9.3 Set the initial pressure P1 of the hydrogen absorption system, the hydrogen absorption equilibrium time t1, the dehydrogenation time t2 (30min) and the number of cycles n. Where P1 is calculated according to formula (A-2) and t1 is calculated according to equation (3) :
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In Equation:
P2 -- the initial equilibrium pressure of the sample chamber during the hydrogen absorption process (P2=Pap+3MPa), the unit is MPa; 
V1 -- system volume, cubic centimeter (cm3 ); 
V2 -- sample chamber volume, cubic centimeters (cm3 ).
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In Equation: 
t1 -- hydrogen absorption equilibrium time, unit is minute (min); 
ta -- saturated hydrogen absorption time, unit is minutes (min); 
The result retains two significant digits, and the value is revised according to GB/T 8170. 
A.9.4 Start the test program for testing. 
A.9.5 After the test, A hydrogen absorption kinetics test was conducted again to obtain the hydrogen absorption quantity Wn of the sample after n cycles. 
A.10 Expressing of the results
The cyclic stability of the sample is expressed by the number of cycles n when the hydrogen storage retention rate Sn is reduced to 80%, and Sn is calculated by the for equation(A-4) : 
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In Equation: 
Sn -- retention rate of hydrogen storage after n cycles, in percentage (%); 
Wn -- hydrogen absorption of the sample after n cycles, in percentage of mass (wt%);

Wmax -- the maximum amount of hydrogen uptake in the sample during the hydrogen uptake/discharge cycle, in percentage of mass (wt%). 

A.11 Repeatability 
The difference between the measured values of the two independent test results obtained under repeatability conditions shall not exceed the repeatability limit (r), and the cases exceeding the repeatability limit (r) shall not exceed 5%, and the repeatability limit (r) shall be obtained according to the provisions of GB/T 6379.2 using the data measured at the test temperature in Table A.1.

Table A.1 Repeatability limit (r)

	Test items


	The test
temperature /K


	Hydrogen uptake

retention repeatability

limit (r) /%


	Repeatability limit of

Hydrogen discharge retention

rate (r) /%



	100 cycles retention

rate of hydrogen

storage S100 (%)


	313
	0.4
	0.4


Annex B
(Information)
Determination of crystal structure of hydrogen storage alloys
B.1 Fill the sample in the sample plate, as to fill the sample plate, and press the sample flat with flat glass. 
B.2 Move the sample filled test plate into the sample chamber. 
B.3 Set the test parameters according to the characteristics of the sample: 
Tube voltage: below 45KV.  
Tube current: not less than 40mA. 
2θ Angle range: Test 2θ Angle range is 10°to 90°. 
The strongest diffraction peak intensity: The integrated intensity of the strongest diffraction peak of the XRD pattern is not less than 5000CPS. 
Step size: no more than 0.02°. 
B.4 Running Test Programs. 
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