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2 [bookmark: Applicable_Documents][bookmark: _Toc212212524]Applicable Documents

	AD#
	Title
	Doc No.

	AD-1
	ECSS: Space PA - Materials, mechanical parts and processes
	ECSS-Q-ST-70C Rev.2

	AD-2
	ECSS: Space PA - Materials, processes and their data selection
	ECSS-Q-ST-70-71C Rev.1

	AD-3
	ECSS: Space PA - Qualification and procurement of printed circuit boards
	ECSS-Q-ST-70-60C

	AD-4
	ECSS: Space PA - High reliability assembly for surface mount and through hole connections
	ECSS-Q-ST-70-61C

	AD-5
	ECSS: Space PA - Preparation, assembly and mounting of RF coaxial cables
	ECSS-Q-ST-70-18C

	AD-6
	ECSS: Space Engineering - Fracture control
	ECSS-E-ST-32-01C

	AD-7
	RIDESHARE PAYLOAD USER’S GUIDE (from SpaceX)
	RPUG



3 [bookmark: Scope][bookmark: _Toc212212525]Scope
This document shall be considered applicable for any payload requiring IOD/IOV services in the framework of ASI IOD/IOV initiative.
The list of materials is divided into Forbidden and Restricted.
Inside each category the material interested by the limitiation is presented together with the cause of such limitation, when available, and the reference source in ECSS or other standards.

4 [bookmark: Forbidden_Materials][bookmark: _Toc212212526]Forbidden Materials
The materials presented in Table 1 shall not be used for any space application. For Ground Support Equipments (GSE), Table 1 shall apply as follows:
· for GSE undergoing vacuum activities all materials shall be considered forbidden,
· for GSE not undergoing vacuum activities only materials involving causes of Toxicity, Fracture risk and Off-gassing shall be considered forbidden.
Every forbidden material shall not be considered neither for the design nor for COTS.

	Table 1: List of prohibited materials

	Forbidden material
	Category
	Description
	Cause
	Source
	ID

	
Tin (pure, more than 97%)
	
Metal
	Pure (or more than 97% alloys) metal used in coatings (obtained either by electroplating or hot- dipping) or connections: prohibited due to tin whiskers formation that may cause shortcircuits.
	
Tin wiskers and shortcircuiting
	
ECSS-Q- ST-70C
	
ECSS-Q-ST-70_0490061

	Mercury (pure and its compounds)
	
Metal
	Liquid metal or used in compound form: prohibited due to high toxicity and volatility.
	
Toxicity, Volatility
	ECSS-Q- ST-70C
	
ECSS-Q-ST-70_0490242

	
Cadmium
	
Metal, Surface treatment
	Metal alloy, also used in coatings and surface treatments: prohibited due to toxicity and vacuum sublimation.
	
Sublimation in vacuum
	
ECSS-Q- ST-70C
	
ECSS-Q-ST-70_0490239



	Table 1: List of prohibited materials

	Forbidden material
	Category
	Description
	Cause
	Source
	ID

	Beryllium and beryllium oxide
	
Metal
	Metallic or ceramic element: prohibited due to toxicity of the pure form and its compounds.
	
Toxicity
	ECSS-Q- ST-70C
	ECSS-Q-ST-70_0490242, ECSS-Q-ST-70_0490243

	
Zinc
	Metal, Surface treatment
	Metallic form or used as surface treatment: prohibited due to sublimation in vacuum.
	Sublimation in vacuum
	ECSS-Q- ST-70C
	
ECSS-Q-ST-70_0490239

	Titanium alloy (fasteners) for safe life applications
	
Metal
	Titanium alloy fasteners: prohibited for safety- critical applications due to fracture risk.
	
Fracture risk
	ECSS-E- ST_32-01
	
ECSS-E-ST_32-01_0810187

	Hexavalent chromium surface treatments (Alodine 1200s, Chromic anodizing etc)
	
Surface treatment
	
Surface treatment (e.g., Alodine 1200, chromic anodizing): prohibited due to toxicity under REACH regulations.
	
Toxicity
	
REACH
Regulati ons
	
-

	
Chlorinated materials
	
Polymer, Solvent, Flame retardant
	Chlorinated solvents or flame retardants: prohibited due to outgassing and corrosive by- products.
	Outgassing, Corrosive by- products
	
ECSS-Q- ST-70-71
	
ECSS-Q-ST-70-71_1260105




	Table 1: List of prohibited materials

	Forbidden material
	Category
	Description
	Cause
	Source
	ID

	
Polyvinyl Chloride (PVC)
	
Polymer (Tape)
	Polymer used in tapes or sleeves: prohibited due to outgassing in space environments.
	
Outgassing
	ECSS-Q- ST-70-71
	
ECSS-Q-ST-70-71_1260063

	
Cellulose
	Polymer (Thermoplastics)
	Thermoplastic polymer used in films or foams form: prohibited due to outgassing behavior.
	
Outgassing
	ECSS-Q- ST-70-71
	
ECSS-Q-ST-70-71_1260127

	
Acetates
	Polymer (Thermoplastics)
	Thermoplastic polymer used in films or foams form: prohibited due to outgassing behavior.
	
Outgassing
	ECSS-Q- ST-70-71
	
ECSS-Q-ST-70-71_1260127

	
Polyvinyl Acetate
	Polymer (Thermoplastics)
	Polymeric adhesive or coating: prohibited due to outgassing behavior.
	
Outgassing
	ECSS-Q- ST-70-71
	
ECSS-Q-ST-70-71_1260129

	
Polyvinyl Butyrate
	Polymer (Thermoplastics)
	Adhesive film or binder: prohibited due to outgassing behavior.
	
Outgassing
	ECSS-Q- ST-70-71
	
ECSS-Q-ST-70-71_1260130

	
Fluorocarbon (sleeves)
	Polymer (Fluoropolymer)
	Fluorocarbon sleeve insulators: prohibited due to outgassing behavior and low radiation resistance.
	Outgassing, Degradation
	ECSS-Q- ST-70-61
	
ECSS-Q-ST-70-61_1510469




	Table 1: List of prohibited materials

	Forbidden material
	Category
	Description
	Cause
	Source
	ID

	
Polyester (pure and in composites containing styrene)
	
Polymer (Resin)
	
Polymer in resin form or used as styrene-based composite: prohibited due to toxicity, volatility, and incompatibility with PCBs.
	Toxicity, Volatility, Detrimental for PCBs
	
ECSS-Q- ST-70-71
	
ECSS-Q-
ST-70-71_1260137, ECSS- Q-ST-70-71_1260098

	
Alkyd-type coatings
	
Coating
	Protective alkyd-based paint: prohibited due to emission of volatile organic compounds at room temperature.
	
Off-gassing
	
ECSS-Q- ST-70-71
	
ECSS-Q-ST-70-71_1260057

	
Polyester-type  coatings
	
Coating
	Polyester-based coating: prohibited due to off- gassing at room temperature.
	
Off-gassing
	ECSS-Q- ST-70-71
	
ECSS-Q-ST-70-71_1260057

	
Polysulphide-type  coatings
	
Coating, Potting, Elastomer
	
Elastomeric sealant or coating: prohibited due to
off-gassing at room temperature.
	
Off-gassing
	
ECSS-Q- ST-70-71
	ECSS-Q-
ST-70-71_1260086, ECSS- Q-ST-70-71_1260104

	
Graphite (Pure)
	
Lubricant
	Dry lubricant in powder or film: prohibited due to abrasiveness in vacuum environment.
	Abrasive under vacuum
	ECSS-Q- ST-70-71
	
ECSS-Q-ST-70-71_1260083



	Table 1: List of prohibited materials

	Forbidden material
	Category
	Description
	Cause
	Source
	ID

	
Asbestos
	
Non-Metal
	Non-metallic insulating fiber: prohibited due to high toxicity and carcinogenic risk.
	
Toxicity
	ECSS-Q- ST-70-71
	
ECSS-Q-ST-70-71_1260146



4.1 [bookmark: Stress_Corrosion_Cracking][bookmark: _Toc212212527]Stress Corrosion Cracking
The use of alloys provided in ECSS-Q-ST-70-36C Table 5-3 are forbidden due to low resistance to SCC.

4.2 [bookmark: Electronical_Components][bookmark: _Toc212212528]Electronical Components
ECSS-Q-ST-60C provide details for EEE material selection (ECSS-Q-ST-60_0480031). For a better accessibility, the requirements are reported below.
These materials are prohibited because their usage affects Safety or Launch Provider Guidelines:
1. Hollow core resistors
2. Potentiometers
3. Non-metallurgically bonded diodes
4. Semiconductor dice with unglassivated active area
5. Wet slug tantalum capacitors other than capacitor construction using double seals and a tantalum case
6. Aluminium liquid electrolytic capacitors
7. Tin coated wires and cables
8. PVC insulated wires and cables

4.3 [bookmark: Outgassing][bookmark: _Toc212212529]Outgassing
The criteria to define the selection of a material accounting its outgassing behavior are expressed in terms of:
· TML % (Total Mass Loss);
· CVCM % (Collected Volatiles);
· RML % (Recovered Mass Loss);
· WVR % (Water Vapor Recovered).
Each individual non-metallic material used in flight hardware or ground hardware that will be exposed to vacuum shall satisfy the criteria for Recovered Mass Loss (RML) and Collected Volatile Condensable Material (CVCM) reported in Table 2, when tested per ASTM E-595 or ECSS-Q-ST-70-02.

	Table 2: Outgassing requirements for  materials

	RML
	CVCM
	Additional Criteria
	Source

	< 1%
	< 0,1%
	None, always compliant
	ECSS-Q-ST-70-02_0510082  , RPUG

	< 3%
	< 0,1%
	Exposed area < 2 in2
	RPUG

	> 3%
	> 0,1%
	Exposed area < 0,25 in2
	RPUG


Nevertheless, in case of more relaxed criteria (second and third rows of the table), the location of the outgassing material shall ensure a null view factor towards identified Sensitive Items surfaces.

5 [bookmark: Restricted_Materials][bookmark: _Toc212212530]Restricted Materials
The restricted materials reported in this section are usually treated by D-Orbit as limited to cases where the material usage is necessary because no alternatives are available.
In the framework of ASI IOD/IOV Program, any potential utilization by payload owner of the materials reported in this section shall be justified by the payload owner and approved by D-Orbit.
Every restricted material shall also be considered in the Hazard Analysis of the Program and the Go/No Go will be the Hazard Analysis output.
When possible, the following table provide the causes and the limitations for the usage of the restricted materials in terms of operative conditions, coupling or processes. The reference to ECSS is also indicated and the user is invited to check them to understand the context of the specifications.


	Restricted Materials
	Detail, Rationale
	Cause
	ECSS Reference

	Nickel (pure, high Ni alloys)
	when in contact with Sulphur
	Embrittlement
	ECSS-Q-ST-70-71_1260011

	Unstabilized austenitic (Stainless) Steel
	shall not be used at temperatures above 370 °C
	
	ECSS-Q-ST-70-71_1260021

	400-series stainless steels
	shall guarantee risk control to
	Embrittlement, corrosion, SCC
	ECSS-Q-ST-70-71_1260022

	Magnesium alloy
	shall demonstrate protection to
	Corrosion, Flammability
	ECSS-Q-ST-70-71_1260034 ECSS-Q-ST-70-71_1260035



	Restricted Materials
	Detail, Rationale
	Cause
	ECSS Reference

	Beryllium alloys and Beryllium-oxide
	shall not be used if content of
Be > 4% by weight
	
	ECSS-Q-ST-70-71_1260037

	Copper coatings
	shall not be used on external surfaces of space systems exposed to atomic oxygen in LEO
	Atomic Oxigen effects
	ECSS-Q-ST-70-71_1260009

	Silver coatings
	shall not be used on external surfaces of space systems exposed to atomic oxygen in LEO
	Atomic Oxigen effects
	ECSS-Q-ST-70-71_1260040

	Osmium coatings
	shall not be used on external surfaces of space systems exposed to atomic oxygen in LEO
	Atomic Oxigen effects
	ECSS-Q-ST-70-71_1260041

	Aluminium wrought alloy 5456, 5083, 5086
	shell be used only in  controlled tempers (H111, H112, H116, H117, H323, H343)
	SCC, exfoliation
	ECSS-Q-ST-70-71_1260004



	Restricted Materials
	Detail, Rationale
	Cause
	ECSS Reference

	Silicone materials
	shall not be used in pressurized systems requiring low gas permeability
	
	ECSS-Q-ST-70-71_1260106

	Lead finishes
	shall have minimum 3 % Lead in case of tin/lead finish
	
	ECSS-Q-ST-70-61_1510136

	Pink-polyethilene (bags, film, bubble wrap or foam)
	shall not be used near any ESD-sensitive item or within an ESD protected area
	ESD
	ECSS-Q-ST-70-61_1510043

	Polystyrene (foam)
	shall not be used near ESD- sensitive items unless shielding overwrap protects them
	
	ECSS-Q-ST-70-61_1510044

	Tin-Lead assemblies
	shall not be used on gold plated pads
	
	ECSS-Q-ST-70-08, 6.8.2 a

	Molybdenum  and Copper-Infused-Ceramics
	shall not be used in RF PCBs
	
	ECSS-Q-ST-70-12, 12.2 e



Additionally, usage of carginogens, radioactive, friable and (hard and soft) magnetic material shall be subjected to justification.

5.1 [bookmark: _Stress_Corrosion_Cracking:_restricted_m][bookmark: _Toc212212531]Stress Corrosion Cracking: restricted material
From ECSS-Q-ST-70-36C, Section 5.2.3 provide alloys (steel, aluminium, copper, magnesium) with moderate resistance to stress corrosion cracking (SCC). D-Orbit shall consider the materials presented there as restricted materials. Any potential utilization of these materials shall be justified.
