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S1. Protocol to measure Co and Ni release from alloy samples in a simulated gastric solution test 
Background
The current work to determine particle size effect on metal release from one alloy powder is based on testing in a gastric fluid protocol (TSAR). However, for this specific purpose, only one loading was tested and the samples of alloys and those of reference powders were not tested side-by-side, though they were tested in the same laboratory and with the same protocol.

Simulated gastric solution metal release protocol
Test vessels 
250-mL Polyethylene Terephthalate Glycol (PETG) Erlenmeyer flasks with screw caps were used for testing. All test vessels were new, acid-soaked for 24 hours in 10% HNO3, four times rinsed with ultrapure water (Milli-Q water 18.2 MΩ·cm) and dried by air at room temperature. 

Test medium - Simulated gastric solution 
Freshly prepared simulated gastric fluid (0.032 N HCl) was used. The pH of the medium was 1.50 ± 0.1. The preparation of the test medium is shown in the following table: 

	HCl (0.1 M)
	320 mL brought at 37 ± 1 °C 

	Ultrapure water 
	680 mL Ultrapure water (37 ± 1 °C) was added 

	Temperature 
	The temperature of the test medium was kept at 37 ± 1 °C (e.g. water bath) until use. 

	pH adjustment 
	A few drops of 0.1 M HCl (37 ± 1 °C) were used to adjust the pH to pH=1.50, i.e. within the specifications of pH 1.5 ± 0.1 



Preparation of the Positive Control Item
The Positive Control is a mixture stock solution of the two standard elements of interest. The Positive Control Item was prepared by diluting the following amounts of certified element standards solution with demineralised water up to 100 mL:  

	Amount per 100 mL stock solution 
	Element standard 
	Final element concentration stock solution 

	250 μL 
	1003 mg/L Cobalt standard 
	2.51 mg/L 

	250 μL 
	1004 mg/L Nickel standard 
	2.51 mg/L 


The Positive Control (=dilution 100x stock solution) was prepared by diluting the stock solution (1 mL) in gastric test solution (37 °C ± 1 °C) and adding up the gastric solution to 100 mL. 50 mL was used to set up a Positive Control vessel.

Test conditions 
· Temperature controlled at 37 °C ± 1 °C, in the dark, 
· pH initially set at pH 1.5 ± 0.1, 
· Agitation speed 100 rpm in a temperature-controlled orbital laboratory shaker (orbital size: 1 inch, 2.54 cm). 

Test setup 
Erlenmeyer flasks with screw caps of 250 mL were used for the Negative Control (blank), the Positive Control item and test item vessels at a loading of 2 g/L test item: 
· 50 mL gastric test medium (37°C ± 1°C) was added to the Negative Control vessel. 
· The Positive Control item vessel had 50 mL containing the desired concentrations of dissolved cobalt and nickel (see 7.3 Preparation of the Positive Control Item) 
· The four replicate test item vessels for each test sample were prepared by adding 50 mL gastric test medium (37°C ± 1°C) to the weighed amount of test item (~0.1 g). 
One of the four replicates of each loading, further noted as replica X, was prepared only to measure the initial pH and had no other utility. The pH of the solution of replica X was measured to ensure that the initial pH (after mixing test item with test medium) was at pH 1.5 ± 0.1. This procedure was used to avoid cross-contamination. 

Test procedure
After covering the vessels with a screwcap, the test item vessels were swirled gently (if necessary) to ensure that the particles were wetted and immersed in the test medium at the start of the experiment. Then, the vessels were placed into a thermostatic orbital shaker (37 °C ± 1 °C) at an agitation rate of 100 rpm for one hour. After that, the vessels were settled at 37 °C ± 1 °C for another hour. The test was performed in the dark.

Sampling procedure 
The following sampling procedure was used to collect and preserve the samples for ICP-MS analyses: 
At the end of the incubation period (2 hours = 1 hour shaking at 100 rpm and 1 hour of settling), each vessel was swirled gently to homogenise the solution before sampling to avoid a concentration gradient that could arise during the 1-hour settling period. A 12-mL sample was taken twice from the Negative and Positive Control and each test item vessel using a 12 mL syringe at a depth of two-thirds of the supernatant in each test vessel. The samples were filtered through a 0.2 μm syringe filter, transferred to uniquely labelled 15-mL polypropylene sample tubes, and preserved by adding 0.12 mL of concentrated HNO3 per 12 mL. The samples were covered (to avoid evaporation and increased concentration) and stored at room temperature in the dark until analysis. 
Temperature and pH were measured in the remaining test solutions after sampling.

Analytical Procedure
The determination of dissolved cobalt and nickel concentrations in the Negative Control, Positive Control, and test item vessels were carried out using an ICP-MS (SOP WLN-CM.W.11.1 Elemental determination by ICP-MS technique, SFS-EN ISO 17294-2). Rounded values were used to at least one more decimal place than the corresponding accredited reporting limit of WLN (i.e. Limit of Quantification or LOQ), if relevant. The accredited reporting limit with an accuracy of 90 % and 110 % is 0.5 μg/L for cobalt and nickel. The analyses were performed according to the ISO 17025 standard. Each sample, after proper dilution when needed, was measured once.
An analytical report, including the raw data expressed in μg element per L solution, was approved by the Test Site Scientist. The analytical data were then recalculated (considering the actual weighed amount of test item) and expressed in mg element per g test item. The results can also be expressed as a percent of the total available element eluted and as released element per surface (mg/m²), based on the specific surface area. 

Statistical analysis and acceptance criteria
The dataset of m replicate measurements in n vessels was analysed. The within-vessel, between-vessel and overall means, standard deviations, and coefficients of variation of the measured dissolved element concentrations were calculated using the equations in the table below:
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The test results were considered acceptable if the following criteria were met: 
· A LOQ or other reporting limit is available for each element of interest 
· Results for the two analytical samples from each test material vessel (within vessel) do not differ by more than 20% in ≤ LOQ – 10x LOQ range, or by 10% or less for measurements in 10x LOQ – end of measuring range
· A coefficient of variation between the test item vessels for each metal of interest of: 
· ≤40 % in ≤ LOQ – 10x LOQ range, 
· ≤20 % for measurements in 10x LOQ – end of measuring range, 
· The measurements of the element of interest in the Positive Control correspond within a range of 10% correspond to the nominal value
· pH and temperature at sampling time were within established parameters (pH 1.5 ± 0.1 and 37°C ± 1°C).


S2. Calculations of % mass for the ≤ 106 µm fraction and metal release for the ≤ 106 µm fraction and the whole sample of alloy 42021H powder

The percent mass of the subfractions of the original alloy sample, including the two sub-fractions of the <45 um fraction are shown below.  Fractions not tested for metal release are shaded in grey.
	Sieving Analysis

	Particle Size of Subfraction (µm)
	% mass

	Whole sample
	100

	≥180
	10.35

	150-180
	9.75

	125-150
	18.89

	106-125
	21.41

	75-106
	9.95

	63-75
	7.54

	53-63
	10.25

	45-53
	3.82

	≤45
	8.04

	   20-45
	5.65

	  ≤ 20
	2.39



Calculations of % mass of whole sample in the ≤106 µm fraction 
The % mass in the ≤ 106 µm fraction was calculated by combining the % mass of the fractions below it:  75-106 µm (9.95%) + 63-75 µm (7.54%) + 53-63 µm (10.25%) + 45-53 µm (3.82%) + ≤ 45 µm (8.04%) =  39.6%
9.95 + 17.79 + 11.86 = 
Calculations of % metal release for the ≤106 µm fraction 
The fractions ≤106 µm comprise 39.6% of the mass of the whole sample. The expected metal release for the ≤106 µm fraction can be calculated by considering the contribution of each subfraction below the 106 µm one. Metal release data are missing for two of the fractions that were not tested: the 63-75 µm and 45-53 µm subfraction.  However, we conservatively assigned the release from the immediately smaller particle size subfraction tested to the missing subfraction. The same release observed for 53-63 µm subfraction was applied to the 63-75 µm subfraction, which together comprise 44.9% of the mass within the ≤106 µm fraction. Likewise, the same release observed for ≤45 µm subfraction was applied to the 45-53 µm subfraction, which together comprise 30% of the mass within the ≤106 µm fraction. Metal release values are listed in Table 2.
Cobalt release contributions from the various 106 µm sub-fractions:
75-106 µm (25% of mass 106 µm sub-fraction) = 49.7 µg/g Co x 0.25 mass = 12.4 µg Co/g
53-75 µm (45% of mass 106 µm sub-fraction) (combined 53-63 & 63-75 µm subfractions based on release for 53-63 µm)= 52.4  µg/g Co x 0.45 = 23.6 µg Co/g
≤53 µm (30% of mass 106 µm sub-fraction) (combined ≤45 and 45-53 µm subfractions based on release from ≤45 µm)= 95.1 µg/g Co x 0.30= 28.5 µg Co/g
Total calculated release for ≤106 µm fraction = 12.4 + 23.6 + 28.5 = 64.5 µg Co/g  

Nickel release contributions from the various 106 µm sub-fractions:
75-106 µm = 3.0 µg/g Ni x 0.25 mass = 0.8 µg Ni/g
53-75 µm (combined 53-63 & 63-75 µm subfractions based on release for 53-63 µm)= 4.8  µg/g Ni x 0.45 = 2.2 µg Ni/g
≤53 µm (combined ≤45 and 45-53 µm subfractions based on release from ≤45 µm)= 32.8 µg/g Ni x 0.30= 9.8 µg Ni/g
Total calculated release for ≤106 µm fraction = 0.8 + 2.2 + 9.8 = 12.8 µg Ni/g  

Calculations of % metal release for the >106 µm fraction sample 
The fractions >106 µm comprise 60.4% of the mass of the whole sample. Metal release data are missing for two of the fractions >106 µm that were not tested: the 106-125 µm and 150-180 µm fractions.  As noted above, we conservatively assigned the release from the immediately smaller particle size tested subfractions to the missing fractions. The same release observed for 125-150 µm subfraction was applied to the 150-180 µm subfraction, which together comprise 47% of the mass within the >106 µm fraction. Likewise, the same release observed for the 75-106 µm subfraction was applied to the 106-125 µm subfraction, which together comprise 36% of the mass within the >106 µm fraction. Metal release values are listed in Table 2.
Cobalt release contributions from the various >106 µm fractions:
>180 µm (17 % of mass >106 µm) = 38.8 µg/g Co x 0.17 mass = 6.6 µg Co/g
125-180 µm (47 % of mass >106 µm) (combined 125-150 & 150-180 µm subfractions based on release for 125-150 µm)= 42.2  µg/g Co x 0.47 = 19.8 µg Co/g
106-125 µm (36 % of mass >106 µm) (based on release from 75-106 µm subfraction)= 49.7 µg/g Co x 0.36= 17.9 µg Co/g
Total calculated release for >106 µm fraction = 6.6 + 19.8 + 17.9 = 44.3 µg Co/g  
Nickel release contributions from the various >106 µm fractions:
≥180 µm = 1.3 µg/g Ni x 0.17 mass = 0.2 µg Ni/g
125-180 µm (combined 125-150 & 150-180 µm subfractions based on release for 125-150 µm)= 1.3  µg/g Ni x 0.47 = 0.6 µg Ni/g
106-125 µm (based on release from 75-106 µm subfraction)= 3 µg/g Ni x 0.36= 1.1 µg Ni/g
Total calculated release for >106 µm fraction = 0.2 + 0.6 + 1.1 = 1.9 µg Ni/g  

Calculations of % metal release for the whole sample 
The expected metal release for the whole sample can be calculated by considering the contributions of the subfractions below and above 106 µm.  
Cobalt
Total calculated release for >106 µm fraction =  44.3 µg Co/g  
Total calculated release for ≤106 µm fraction =  64.5 µg Co/g  
Total calculated release for whole sample = 64.5 µg Co/g x 0.396 + 44.3 µg Co/g x 0.604 =52.3 µg Co/g  

Nickel
Total calculated release for >106 µm fraction = 1.9 µg Ni/g  
Total calculated release for ≤106 µm fraction = 12.8 µg Ni/g  
Total calculated release for whole sample = 12.8 µg Ni/g x 0.396 + 1.9 µg Ni/g x 0.604 =6.2 µg Ni/g  




Table S1.  Specific surface area and metal release values normalized by surface area.
	Alloy (sub)fractions tested
	SSA (m2/g)a Kr BET
	SSA (m2/g)b
	Co (µg/m2)c
	Ni (µg/m2)c

	≥180 µm
	NT
	0.0032
	12,125
	406

	125-150 µm
	NT
	0.0047
	8,979
	277

	75-106 µm
	0.013
	0.0075
	6,627
	400

	53-63 µm
	0.014
	0.0108
	4,852
	444

	≤45 µm
	NT
	0.0380
	2,503
	863

	  20-45 µm
	0.038
	0.0242
	2,636
	442

	  ≤20 µm
	NT
	0.0566
	2,385
	822


NT, Not Tested. aMeasured with Kr BET. bFrom PSD laser diffraction measurements assuming spherical shape.  cCalculated using SSA values from laser diffraction measurements

Figure S1. Comparison of the nickel %RMC between the ≤106 µm fraction and either the entire sample or the ≤20 µm fraction of the alloy powder. Boxes reflect the %mass in: whole sample, and the ≤106 µm and the ≤20 µm fractions. Metal release from the alloy in each fraction is directly related to RMC%
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