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Abstract

The thermal rearrangement of polyimides of ortho-positioned functional group

membranes improves the gas permselectivity properties of the polyimide pre-

cursor. For this experiment, HAB-6FDA polyimide was synthesized from 3,3

dihydroxy-4,4-diamino-biphenyl (HAB) and 2,2-bis-(3,4-dicarboxyphenyl)

hexafluoropropane dianhydride (6FDA) by chemical imidization. A sample

was modified from a pure polymer to silica nanoparticle composition. Further-

more, a modification was carried out by thermal rearrangement reaction at

temperatures of 350, 400, and 450�C. The thermal property of these membrane

films was characterized by differential scanning calorimetry (DSC), FTIR,

opacity experiment, and free volume analysis. Permeability decreases with an

increase in the kinetic diameter of gasses, which is normal behavior for glassy

polymers. The composition of silica nanoparticles slightly changes the perme-

ability in the polyimide. The combined effect of silica nanoparticles and ther-

mal rearrangement of the HAB-6FDA membrane has shown an excellent

performance. The thermal rearrangement with nanocomposite shows a signifi-

cant impact on a larger effect on permeation for lighter gases, that is, H2, CO2,

and O2, compared with N2 and CH4. Particularly for H2/CH4 gas pair, it lies

over Robeson's 2008 upper bound limit, which fits the composition in the

novel class for the gas separation membranes.

KEYWORD S

gas separation, glass transition temperature, nanocomposite membranes, permeability and
selectivity, thermally rearranged polyimides

1 | INTRODUCTION

Polyimide materials overcome the most encouraging
environment for developing the membrane gas separa-
tion area with high selectivities and low permeabilities.
Gas separation by the membrane is an extensive research
area for productive energy distribution with many favor-
able circumstances under the standard separation
method.[1,2] Overall polymeric films have been restricted
partially by a trade-off between selectivity and permeabil-
ity of gases depending on a polymeric membrane and

improving both the permeability and selectivity of param-
eters.[3–6] Most data reported on polymeric gas separation
membranes have achieved a great area to improving gas
permeability or selectivity. Usually, it is hard for glassy
polymers to increase permeability without disturbing
their excellent inherent selectivity, not the other way
around. As of later, Guo et al.[7] observed another group
of gas separation of membrane films and thermally
rearranged (TR) polymers, obtained from the precursor
polyimides of ortho-positioned hydroxyl groups. The
dense membrane mixed with TR polymers gives high
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h i g h l i g h t s g r a p h i c a l a b s t r a c t

� GO nanofillers in blends of PS/

PMMA have shown relatively

higher permeability for hydrogen.

� Selectivity for hydrogen in GO with

PS/PMMA blend composite mem-

branes is found to be higher.

� Better separation performance of

nanocomposite membrane is

found in separation technology.

� Porosimetry increases in different

amount as GO content increases in

polymers and in blends as well.
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a b s t r a c t

Graphene Oxide (GO) dispersed in a polymer blend of Polystyrene (PS)/Poly (methyl

methacrylate) (PMMA) nanocomposite membranes have been prepared by the solution cast

method for hydrogen gas permeation application. This paper reports a study of blends of

PMMA and PS that were prepared in different ratios of weight percentage for PMMA: PS

(80:20, 50:50 and 60:40) composite with 1 wt% of GO and 2 wt% of GO. The structural and

morphological properties of these prepared composite membranes have been character-

ized using gas permeation, Scanning Electron Microscopy (SEM) and Energy Dispersive

Spectroscopy (EDS). UV Spectroscopy and FT-IR have carried out the optical absorbance

measurement of the composite membranes. The permeability measurements indicate that

the GO nanofillers in blends of PS/PMMA have shown higher permeability for hydrogen gas

than that of pure polymers. The gases used for the permeation measurements were H2,

CO2, N2 and CH4. Selectivity has been calculated for H2/CO2, H2/N2 and H2/CH4 gas pairs and

plotted to show Robeson's 2008 upper bound and compared with reported data. The

transport properties of these gases have been compared with that of a neat membrane. The

permeability of all gases has increased to that of the unmodified polymer membrane. The

selectivity measurements show that GO composite with PS/PMMA blend membranes is

highly selective for hydrogen gas from different gas pairs, therefore, these composite
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Transport, Spectroscopic, and Electrical
Properties of Thermally Rearranged
Nanocomposite Membranes

Nanocomposite membranes are a class of innovative filtering materials consisting
of nanofillers embedded in a polymeric or inorganic oxide matrix that functional-
izes the membrane. Thermally rearranged (TR) polymers have a good blend of
selectivity and permeability. Nanocomposite membranes were tested after apply-
ing a TR process. The selectivity decreases with increasing permeability, showing
a trade-off relationship between permeability and selectivity. TR polymer nano-
composite exhibits higher gas permeability than silica-doped and pure polymer.
The selectivity for H2/N2 and H2/CO2 gas pairs exceeds the Robeson upper-bound
limit, and in the case of the H2/CH4 gas pair. The selectivity for H2/N2 , H2/CH4

and H2/CO2 gas pairs exceeds the Robeson upper-bound limit.
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1 Introduction

Membrane technology (MT) has evolved into a comprehensive
separation technology. The key advantage of MT is that it oper-
ates without chemicals, uses extraordinarily little energy, and is
a well-organized and straightforward process. The various
applications of MT include air protection, water purification,
pharmacy, medicine, food technology, soil protection, and agri-
culture. MT, with its high permeability and selectivity, helps to
achieve good performance in purification and separation tech-
nology. The membrane functions as a highly selective filter,
allowing gas to pass through while capturing suspended par-
ticles and other contaminants. There are several methods for
allowing gases to pass through a membrane. Application of
high pressure, maintaining a concentration gradient on each
side of the membrane, and introducing an electric potential are
examples of these approaches .

Polymer nanocomposites (PNCs) are becoming increasingly
popular in materials science. These new materials can be used
for water purification, gas separation, fuel cells, drug delivery,
nano-electronics, and other multidisciplinary research applica-
tions. Gas separation with polymer nanocomposite membranes
has received much attention in the literature. The unique prop-
erties of nanoparticles have resulted in a novel form of com-
posite membrane materials. The structure of the host polymer
is altered when inorganic nanoparticles are introduced into a
polymer matrix, and this increases the separation of gases. This
new technique for separating gases using membranes shows
great promise in various industrial applications, including air
purification, fuel cells, carbon capture, and natural gas upgrad-
ing [1, 2].

Since 1970, the global output of natural gas has more than
doubled, making it the fastest-growing primary energy source
today. Therefore, MT has emerged as one of the fastest-growing
areas of the natural gas processing industry, notably for CO2

removal sweetening [2–4]. It is common for MT to be used in
remote or offshore sites, where minimum requirement for
human attention, easy operation, low weight, and a small foot-
print are vital benefits. Since world energy consumption is
expected to rise dramatically in the following years, new ways
to generate environmentally friendly and cost-effective power
must be found. Considering global warming and energy secur-
ity, hydrogen fuel can provide clean and efficient energy
requirements. Production, separation, and purification of
hydrogen via MT uses less energy and allows for continuous
operation while still producing ultrapure hydrogen gas for fuel
cells and other power sources, which are only two of the many
possible uses for MT-based hydrogen generation.

In MT, new hybrid materials are being developed to replace
the existing ones in the gas transport process [1, 5]. To manu-
facture high-performance polymers for molecular-scale separa-
tion, Lee et al. introduced a new class of polymers, so-called
thermally rearranged (TR) polymers, in their seminal paper
published over a decade ago [1]. TR polymers have a tailored
free-volume element architecture because of their high-free-
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Abstracts 

According to the Beer-Lambert Law, the characteristics of the medium through which light is 

travelling affect how much light has attenuated. The law has often used to explain attenuation 

in physical optics as well as chemical analysis studies. In particular, if the material is strongly 

scattering, the rule tends to fail at extremely large concentrations. Nonlinear optical processes 

may potentially generate variations if the radiation is very strong. Although being undetectable 

to the naked eye, the sensor generates a beam of light that has reflected back. As you might 

anticipate, the ambient light sensor measures the amount of light in the space and adjusts the 

brightness of your screen accordingly. We measured the absorption coefficient using a variety 

of overhead projector sheets (OHP) sheets.  First, put one sheet on the path of He-Ne laser 

light. After that measured how much intensity has reduced due to this OHP sheet. Note value 

of that intensity of light, and put second sheet and measured the reduced light intensity. We 

putting number of OHP sheets until maximum intensity of light has reduced and by using beer 

lambert law found the absorption coefficient.  

 
Keywords: Physics Tool Box app., Absorption coefficient, Mobile Sensor, OHP sheet  

 

1. Introduction  

Similar to a mechanical wave or sound wave, light has an electromagnetic wave made up 

of time-varying electric and magnetic fields that oscillate in time and travel across space. 

Electromagnetic waves do not require a medium to move, unlike mechanical waves. A 

proximity sensor is a device that can identify adjacent objects without making physical touch. 

The proximity sensor, which often rests up top near the top speaker, uses an infrared LED and 

light detector to determine when the phone is in your ear so the screen may turned off. While 

it can not be seen by the human eye, the sensor generates a beam of light that is reflected back 

(Pandita et al., 2014). In the meanwhile, the ambient light sensor performs precisely as you 

would anticipate it to sensing the amount of light in the space and altering the brightness of 

your screen appropriately (if indeed it is set to auto-adjust). Reflected Light Meters (RLM) and 

Incident Light Meters (ILM) are two different kinds of light meters (Wall, 2004). They are 
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Abstract 

 

We explain the single-slit diffraction of an optical beam carrying a phase singularity. The 

diffraction pattern of the single beam varies from that of a plane wave because of azimuthal 

phase dependency. Depending on the sign of the topological charge of the singular beam, the 

fringes in the diffraction pattern of the beam undergo continuous bending as they travel through 

the center of the pattern and show left to right or right to left shift. He-Ne laser light passes 

through a single slit and makes diffraction pattern. A diffraction pattern has observed on scale 

to measure distance between central maxima to 1st, 2ed and orders of diffraction. The distance 

between source, slit and detector for batter diffraction pattern. The mobile sensor have used 

instead of photo-detector for measuring the intensity of diffracting light. The application of 

PHYSICS TOOL BOX measured the intensity of diffracting light. This intensity pattern was 

recoded in application of physics tool box in my mobile phone. This intensity measuring started 

from central maxima to the last observing order. By using a reading of this intensity we draw 

a graph to show that how intensity changed with orders and calculating amount of intensity for 

Red and Green laser light. 

 
Keywords: Diffraction through single slit, Fraunhofer Diffraction, Mobile Sensor, 

Experimental Physics 
 

 

1. Introduction 
 

A sensor is a converter that changes a physical quantity into a signal that an observer 

or an instrument can read. What kind of sensors do we often use? When new, high-tech 

functions are added to our smartphones, customers sometimes get confused by the many 

technical names, and the various kinds of sensors are no exception: G-sensors, gyroscopes, 

proximity sensors, ambient light sensors, compass, etc. (Ponomarenko et al., 2002). In order to 

identify when you are holding the phone up to your ear so the screen may be turned off, the 

proximity sensor, which is often located up near the top speaker, combines an infrared LED 

and light detector. Although being undetectable to the naked eye, the sensor generates a beam 

of light that has reflected back. While this is going on, the ambient light sensor does exactly 

what you would expect it to do: it measures the amount of light present in the space and adjusts 

the brightness of your screen appropriately (if indeed it is set to auto-adjust) (Al-Saymari et al., 
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