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Abstract

Viscose Rayon is one of the regenerated 
fibre manufactured from wood pulp 
as it has similar properties compared 
to cotton in terms of water-absorbing 
and comfort. It has gained popularity 
across the globe. Recycling, Reuse, and 
upcycling of the fiber are some of the 
essential parameters to be considered. 
These approaches help to establish a 
sustainable and green approach.

Introduction 

Rayon is a Regenerated synthetic fiber 
produced from natural sources such as 
wood and agricultural products. It has 
a similar molecular structure to cellu-
lose. Viscose can mean 

• A viscous solution of cellulose

• A synonym of rayon

• A specific term for viscose rayon is 
because, rayon made using the viscose 
process

Many types and grades of viscose fibres 
and films are developed. Some fibres 
give the feel and texture of natural 
fibres such as silk, wool, cotton, and 
linen. The types that resemble silk are 
often called artificial silk. The fibre is 
used to make textiles for clothing and 
other purposes. 

 Rayon production involves solubilizing 
cellulose. One popular method involves 
the use of alkali and carbon sulphide. 
Rayon can also be manufactured by an-
other method using ammonia solutions 
of copper salts. Alternately, the lyocell 
process, relies on a particular solvent.

Chemical Reaction Involved for Vis-
cose Rayon Production

The cellulose is treated with a 17.5% 
of NaOH, which converts it into soda-
cellulose. The soda-cellulose with car-
bon disulphide react to form sodium 
cellulose xanthate. Sodium cellulose 
Xanthate is dissolved in  dilute solu-
tion of caustic soda. It is extruded into 
sulphuric acid, which regenerates the 
cellulose now in the form of long fila-
ments (Viscose rayon)

Cell-OH + NaOH           Cell-ONa + H2O

Cell-ONa + CS2             Cell-O-CS-SNa 
(Sodium Cellulose Xanthate)

Cell-O-CS-SNa + H2SO4           Cell-OH 
+ Na2SO4 + CS2 (3).

Production of Viscose rayon

Generally, Eucalyptus trees are used 
as a raw material for manufacturing 
viscose rayon. The flowchart of Viscose 
rayon manufacturing is given in Fig.1 
below:
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Fig. 1 Manufacturing process of Viscose 
rayon 

Preparation of the wood pulp: a par-
ticular variety of woodViscose rayon 
is produced from . But wood contains 
lignin other than cellulose. For produc-
ing viscose rayon is by purifying cel-
lulose from wood. Here the barks are 
removed, and wood is shredded into 
pieces and  treated with Ca(HSO3)2. 
The treated chips are cooked with 
steam under pressure for 14 hours.

a) Steeping and pressing: These pre-
pared wood pulp contains 90 to 94% 
pure cellulose. First they are condi-
tioned by storing in a room at con-
trolled humidity and temperature. The 
pulp is then soaked in a 17.5% solution 
of NaOH for 1 to 4 hrs.
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b) Shredding: The shredding machine 
consists of a drum inside, which re-
volves around a pair of blades with ser-
rated edges. In 2 or 3 hours they break 
it up into fine 'crumbs' (break into tiny 
pieces).

c) Aging: After shredding, the crumbs 
are aged. They are placed in a gal-
vanized vessel with a lid. Through 
oxidation with atmospheric oxygen, 
derivative changes set in. some depo-
lymerization occurs, and the degree of 
polymerization drops from about 5000 
to 350 in this process. The higher the 
temp. The more rapidly does aging.

d) Churning: After aging, the soda cel-
lulose crumbs are added into a rotating 
air-tight hexagonal churns. About 10% 
of their own (crumbs) weight of CS2 is 
added, and the crumbs and CS2. With 
a result, a result, a deep orange ge-
latinous sodium cellulose xanthate is 
formed.

e) Mixing: The sodium cellulose xan-
thate is stirred with dilute caustic soda 
(NaOH) solution for 4 to 5 hours in the 
mixers. The vessel is cooled. The xan-
thate dissolves to a clear-brown viscous 
liquid appearance like honey. This liq-
uid is known as viscose but is still too 
impure, too young to spin.

f) Ripening: The sodium cellulose xan-
thate reacts with H2SO4 & forms re-
generated cellulose. The viscose solu-
tion is stored for 4 to 5 days at 10-18°C, 
for ripening. At first the viscosity falls, 
then rises so that by the time the solu-
tion is ready to spin, the viscosity has 
nearly risen to its original value.

g) Spinning: When the viscose is ripe, 
it can be fed in the spinneret of a spin-
ning unit with additives to form Vis-
cose (3).

Applications of Viscose Rayon

Viscose rayon is used in a multitude of 
applications

• Yarns – Embroidery thread, Chenille, 
Cord, Novelty yarns

• Fabrics- Crepe, Gabardine, Suiting 
Lace, Fur Coats, and Outer Wear

• Apparel – Blouses, Saree, Jackets, 
Sportswear, Curtains  

• Domestic – Bed Spreads, Blankets, 
Draperies, Sheets Slip, Upholstery

• Industrial -  High tenacity rayon is 
used to reinforce mechanical rubber 
goods (tires, conveyor belts, hoses) (4). 

With such diverse applications, from 
casual wear to technical textiles, recy-
cling is an important consideration.

Reason of Recycling 

Recycling involves reuse, reprocessing, 
or reproducing a product with multi-
ple aims of conserving raw materials, 
energy, water, and other chemicals, di-
minishing waste, preserving environ-
mental impacts, and so on. Though it 
is beyond doubt that the reuse of any 
material will be very much beneficial 
in conserving various resources enlist-
ed above, it will not be much applicable 
in the case of second-hand clothing due 
to limited practical applicability (5). 
Recycling brings ample benefits to both 
the environment and the economy (6). 
But unfortunately, it has a lot of bar-
riers, such as financial, technological, 
educational, legal, and infrastructural 
barriers, which prevent textile recy-
cling from being a successful option at 
the end-of-life stage (7). 

Recycling textile fibers will aid in pro-
gress towards the sustainability of both 
products and processes (5). The impor-
tance of recycling reduces the load on 
landfills. If not recycled, the next desti-
nation could be a landfill, which is not 
desirable because it negatively impacts 
the environment (8).

Recycling of Viscose rayon 

Viscose rayon market has increased 
tremendously in the past two decades, 
which was surveyed by the ministry of 
textiles around 13 %. It contributes to 
the global share recycling of viscose fib-
er helps reduce carbon footprints and 
develops a circular economy in future 
production. 

Approaches in recycling Viscose 
Rayon 

Bartl, A. (2005) stated that for recy-
cling fibres a proper characterization 
method is required. Detailed knowl-
edge of the fibre morphology makes it 
possible to evaluate potential applica-
tions. It is necessary to determine fibre 
length and width. Most of the litera-
ture on the recycling of fibres does not 
provide details about fibre characteri-

zation. However, characterization of 
short fibres such as recycled fibres is 
not an easy task. Due to their rather 
short length, standard methods for fi-
bre characterization fail. But at the 
same time, due to their extreme non-
spherical shape, established methods 
for particle characterization are not 
applicable (5). It has been demonstrat-
ed that a Mor Fi analyzer, which was 
developed for pulp characterization (9), 
is suitable for the characterization of 
short fibres originating from renewa-
ble resources. Characterising the fibres 
can be helpful to separate and identify 
helps recycle.

According to Karen S. Prado, during 
the manufacturing of Viscose rayon 
fabric, small fibres are wasted during 
the weaving process; these fibres can 
be used for recycling.

Fig. 2 Recycling process for Viscose Rayon 
waste 

As viscose rayon is made of cellulose 
treatment with sulphuric acid, i.e. acid 
hydrolysis reaction (Acid hydrolysis 
with mineral acids (6–8 M), at 40–100 
°C, from 30 min to several hours) pro-
duces Nano-cellulose. 

Nano-cellulose is an interesting ma-
terial because it has unique phys-
icochemical properties such as large 
specific surface area, high strength, 
and low density. The potential applica-
tions of Nano-cellulose are in the fields 
of Nano-composite, template formono 
hybrid synthesis, food packaging, drug 
delivery, tissue scaffolds for cellular 
culture, oil treatment (10).

The emergence of fast fashion has led 
to increased consumer purchasing and 
shorter clothing life cycle, and higher 
rates of clothing disposal. Some of these 
clothes can be recycled and up-cycled 
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according to the available resources 
since many awareness programs have 
been implemented to develop recycling. 
A large amount are going to landfill. 
Some of the fibres are shredded and 
used for the making of the carpets. 
Studies show that in carpets, impart-
ing different types of chemical finishes 
value addition can be done. Another 
approach is to use the waste from the 
sustainable fashion of viscose and cot-
ton blends, prepared into yarns by 
shredding. The recycled spun yarns are 
made into carpets, and flame retardant 
finishes are applied (11).

Recycled rayon waste-kapok mixture 
(RRWK) for the sorption of different 
types of oil (diesel oil and motor oil) 
under static conditions. Oil with a 
higher viscosity tends to have a higher 
initial sorption ratio. The SEM images 
of RRWK show that fibre structure af-
fects oil sorption due to the hollow lu-
men and the gaps between the fibre. 
RRWK showed that the capacity for 
oil sorption was higher than polypro-
pylene. It can be concluded that utiliz-
ing industrial waste to produce RRWK 
is an effective way to create low-cost, 
environmentally friendly oil sorbents 
(12).

The mechanical properties of viscose 
sandwich composites composed of uni-
axial warp knitted viscose fabrics as 
surface layers and non-woven viscose 
fabrics as the sandwich core were in-
vestigated. The aim was to investigate 
a low-cost non-woven viscose fabric 
used in structural composites so that a 
sandwich-type laminate was obtained. 
Combining a higher cost and high per-
forming fabric, with a low-cost fabric, 
was possible to minimize the overall 
costs without a significant sacrifice on 
the mechanical performance. Combin-
ing the percentage of uniaxial warp-
knitted and non-woven fabrics with 
varying configurations shown to be ef-
fective for improved impact resistance 
behavior. The results showed that sam-
ples with higher uniaxial fibre weight 
and configuration could withstand a 
significantly higher force (13).

Chitosan-Viscose rayon bio-composite 
was successfully prepared using a chi-
tosan matrix reinforced with viscose 
rayon filaments in uni-direction. FTIR 
spectra suggested a molecular inter-

action between the components in the 
composite. Tensile strength of the bio-
composite increased in proportion to 
the reinforcing material with a simul-
taneous increase in stiffness, as shown 
by the decrease in elongation. The 
thermal stability of the composite was 
far higher than the pure chitosan film. 
The bio-composite was more crystal-
line as compared to the blank chitosan 
film. SEM indicated a uniform distri-
bution of the chitosan polymer around 
the viscose rayon filaments. Thus, such 
bio-composites, composed of sustaina-
ble cellulose and protein resources, are 
biodegradable with excellent mechani-
cal and thermal properties that can be 
used in various fields like medical, con-
struction, and automotive (14).

Recent Developments in Viscose pro-
duction 

Viscose rayon occupies a global share 
of about 31% of all the fibres recent 
research states that recycled cotton 
waste fibres and viscose rayon can be 
produced by using cotton as raw mate-
rial, as we know that Viscose is manu-
factured from tree pulp cutting down of 
trees and forests can be saved helps to 
regenerate the oxygen levels and helps 
to maintain ecological balance (16). 
Birla Cellulose has committed to the 
circular economy by using a minimum 
of 20% in-house cellulosic pre-consum-
er industrial fabric and had plans of 
increasing the potential use upto 50% 
waste from industrial fabrics and post-
consumer clothing with a distinction of 
Recycled Claim Standard (RCS) (17). 
In 2021, Reviva was launched as a 
next Gen innovation bu upcycing cot-
ton waste. The focus on recycling of cel-
lulosic pre- and post consumer waste 
as raw material thus reducing the de-
pendence on virgin raw materials for 
Viscose rayon manufacturing (18).

Conclusion 

As Viscose rayon is one of the fibres 
that is popular, the demand across the 
globe has risen. Recycling, reuse and 
up-cycling of Viscose can help develop 
a green and sustainable solution to the 
environment and also helps to reduce 
the water and carbon footprints. Many 
applications have been developed from 
Viscose rayon, but the scope for further-

ing applications is immense. Although 
mechanical shredding of yarns to a 
fibrous form to go back in production 
gives scope for circularity, there is also 
a potential through chemical means.  
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Analog Devices, Inc. (Nasdaq: ADI) 
and Keysight Technologies, Inc., today 
announced a collaboration that accel-
erates network interoperability and 
compliance testing for Open RAN radio 
units (O-RUs).

The companies are collaborating to cre-
ate a robust test bench to verify the 
interoperability of a new O-RU that in-
cludes ADI’s low-PHY baseband, soft-
ware defined transceiver, power, and 
clock integrated with an Intel© FPGA. 
Applying Keysight’s Open RAN emu-
lation, signal generation and signal 
analysis capabilities to a wide range of 
use cases improves the testing process, 
reducing complexity and testing time.

“We are pleased to align our resources 
with ADI, a leader in O-RU technology 
solutions, to help service providers re-
alize the full potential of the O-RAN 

specifications,” said Kailash Naray-
anan, Vice President and General 
Manager of Keysight’s Commercial 
Communications Group. “Keysight and 
ADI offer technology and test solutions 
that create an effective bridge between 
the radio unit and the core network, re-
sulting in accelerated development and 
interoperability testing.”

Open RAN technology is expected to 
account for more than 10 percent of the 
overall radio access network market by 
2025, according to the Dell-Oro Group. 
The ADI and Keysight collaboration 
address commercial opportunities in 
this industry that is transitioning to-
wards open, disaggregated, and virtu-
alized RAN (vRAN) architectures.

“As a result of combining our technol-
ogy, tools and design resources, ADI 
and Keysight are able to provide the O-

RAN ecosystem with a robust platform 
to quickly develop reliable O-RUs,” 
said Joe Barry, Vice President of Wire-
less Communications at Analog Devic-
es. “By working together, we offer our 
customers the fastest path for develop-
ing cost-effective, power-efficient, and 
interoperable O-RAN ready O-RUs.”

An Open RAN infrastructure, based 
on O-RAN ALLIANCE open interfaces, 
enables mobile operators to create a 
robust multi-vendor network environ-
ment designed to streamline the de-
livery of advanced 5G services for en-
terprises in manufacturing, financing, 
transportation, logistics and health-
care. Performance validation of O-RUs 
and interoperability testing between 
network elements from the edge of the 
RAN to the 5G core (5GC) allows mo-
bile operators to effectively deploy O-
RAN in multi-vendor 5G networks.

ANALOG DEVICES AND KEYSIGHT 
COLLABORATE TO SPEED DEVELOPMENT 

OF O-RAN SOLUTIONS
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