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Abstract: In low Earth orbit (LEO), atomic oxygen (AO) 

examines recent developments in AO-resistant materials, 

 

Many innovations and developments have been already 

the research in the space environment as compared to the 

present scenario, the space research has been focusing on 

environment. For all this, it is necessary to understand the 
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where space stations and surveillance satellites are placed. 
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In the 
to ultra high vacuum due to which the particle density is very 

crack on thermal cycling are some of the disadvantages. Unlike 

and hence can be applied easily. When suitably designed, they 

the íng feature have gained the attraction as their 
property of automatic healing or repairing the surface of the 

are obtained by incorporating zirconium, phosphorous, silicon 
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Later on, adding 6FDA to the solution and stirred at room 

°C for 1 hour and then imidizing 
°C for 1 hour, 

it reduces the elongation at break, ultimate tensile strength 

backbone with good mechanically robust strength.

Gang et al.
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°C in an ice water bath for 
1 hour, and then undergoes rotary evaporation to remove 
unwanted volatile matter from the product. White powder crude 
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has the positive correlation with the mechanical properties of 

2

its favorable to increase the molecular weight of polyimide, also 
the increment in the molecular weight gets obstructed because 
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are higher than the Kapton based structure.

Fig. 2: 

Wu et al.

oC in an ice water 
was obtained by curing the substrate at various temperatures in 



70 

Li et al.

°C

°C °C for 1 hour. 

.A.A.S composite 
and the imidized P.I/

silver/PI/si/

et al.

and thermal cycles. Bending test was conducted for several 

from the structural and compositional evolution during the 

about the surface properties of the coating. Self healing 
changes the surface properties but it does not cause the cracks 
and defects. It also changes the composition of the coating from 
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brittle transformation and micro scale needle like cracks fully 
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AO Exposure Testing:

material erosion rates and degradation under controlled 

Mass Loss Measurements: By measuring the mass loss of 

Surface Morphology Analysis

Scanning Electron Microscopy (SEM):
detailed imaging of surface changes and erosion 

Atomic Force Microscopy (AFM):

surface roughness and morphological changes on the 
nanoscale.

Spectroscopic Techniques

X-Ray Photoelectron Spectroscopy (XPS):
analyzes elemental composition and chemical 

Fourier Transform Infrared Spectroscopy (FTIR):

Optical Interferometry:
measures surface topography changes, allowing precise 

Micromechanical Testing: Nano indentation and scratch 
tests provide information on changes in hardness and 
adhesion, which can indicate material degradation and 

Thermogravimetric Analysis (TGA):

insight into material robustness.

Ultraviolet-Visible (UV-Vis) Spectroscopy:

in optical properties, indicating surface degradation or 

development of advanced coatings and composites for space 
applications.

Fluorinated Polymers

Carborane-Siloxane Polymers

2 layer when 

volume shrinkage, as previously stated. Adding carborane units 

2

Decaborane Based Polymers

phosphines, sulphides, and nitriles to generate B 12.2L 

same molecule, a linear polymer can form.
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amines, amides, nitriles, and phosphines. Although these 

preceramic polymers was not recognised. Recent studies have 

dangers. Spacecraft engineering has focused on preventing 

kilometers altitude. At lower altitudes, the atmosphere blocks 

measure electrochemical changes, alongside those that record 

Direct Gas Measure Sensing Method

Chemiluminescence: 

phenomenon, which was discovered during space 

2
single reaction mechanism accounts for all wavelengths 

of shuttle glow emission. Chemiluminescence remains 
a niche attraction due to its durability and simplicity. 

During reentry, chemiluminescence measurements 

otherwise destroy other sensor and detection systems.

Mass-Spectrometry: Despite being introduced in the 

measure gas phase species concentrations at low 

measurement due to its ability to eliminate variables 
that can negatively impact accuracy in other sensors. 

Electro-Chemical Sensing Method

Actinometry: 
detecting the change in electrical resistance when a 

materials like silver or osmium undergo erosion and 

became lighter and less sophisticated than shuttle 
glow or mass spectrometry.

FIPEX Sensors: 

2 
concentrations with altitude for years, they have just 

Erosion-Based Sensing Method

Optical Degradation:
are ideal for nanosatellites due to their lightweight 

are ideal for missions with limited mass and budget, 
as sensors typically consist of a photovoltaic cell, 

Witness Samples:
downsides. Witness samples are small patches of 
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seen by the specimen over its lifetime based on the 

witness samples in a lab setting, the spacecraft must 

receiving erosion data during operation and spacecraft 

 Quartz Crystal Microbalance: QCMs are a derivative 

witness sample is mounted on an oscillating crystal, 

crucial for the longevity and performance of spacecraft 

materials, causing surface erosion, mass loss, and functional 

materials show potential due to their enhanced stability 
and lightweight nature. Furthermore, advanced simulation 

accurate characterization of material performance, guiding 

and morphological analyses provide detailed insights into 

lasting spacecraft components, contributing to safer and more 

publication.
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