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This study investigates the potential of Hibiscus rosasinensis stems, a widely cultivated and rapidly growing
ornamental plant generating abundant lignocellulosic biomass often discarded as urban and agricultural
waste, as a novel non-wood raw material for producing dissolving-grade pulp tailored for regenerated
cellulose polymer applications. The bast fibres, rich in cellulose, provide a fast-growing and cost-
effective alternative feedstock to conventional wood. Dissolving-grade pulp was obtained via the pre-
hydrolysis kraft (PHK) process, combining water-based pre-hydrolysis for hemicellulose removal, kraft
cooking for lignin elimination, and subsequent bleaching. The resulting pulp exhibited excellent quality,
with a-cellulose 95.2%, hemicellulose 4.8%, residual lignin <0.1%, and intrinsic viscosity of 458 mL g~*.
This high-purity pulp was successfully converted into viscose dope through conventional xanthation and
regenerated into continuous cellulose polymer fibres via wet spinning. The fibres demonstrated tensile
strength, elongation, dyeability, and smooth morphology, confirmed by SEM, comparable to commercial
wood-derived viscose rayon, underscoring their suitability for textile applications. By valorising Hibiscus
stem waste into functional polymeric fibres, this work establishes a sustainable pathway to reduce
dependence on wood resources, mitigate deforestation pressures, and advance circular bioeconomy

rsc.li/rsc-advances

1 Introduction

Hibiscus rosasinensis commonly referred to as Chinese Hibiscus
or simply Hibiscus, is a perennial evergreen shrub belonging to
the family Malvaceae. Native to tropical and subtropical regions
of Asia, it has been widely cultivated globally as an ornamental
plant due to its vibrant, showy flowers that bloom year-round in
warm climates. The plant typically grows to a height of 2-5
meters, with glossy dark green leaves and a woody stem that
supports extensive branching. Beyond its aesthetic appeal,
Hibiscus rosasinensis has a long history in traditional medicine
across cultures, where various parts including leaves, flowers,
and roots are used for their anti-inflammatory, antipyretic, and
antioxidant properties. However, the stem, which constitutes
a significant portion of the plant's biomass, is often discarded
as pruning waste or agricultural residue despite its structural
richness in lignocellulosic fibers.

The stem of Hibiscus rosasinensis is composed of an outer
bark layer and an inner woody core, with bast fibers located in
the phloem region beneath the epidermis. These bast fibers are
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principles, while harnessing tropical biomass for greener textile industries.

long, flexible, and cellulosic in nature, similar to those found in
other Malvaceous plants such as kenaf (Hibiscus cannabinus)
and okra (Abelmoschus esculentus)."” Chemical composition
analyses have revealed that Hibiscus rosasinensis stem contains
45-55% cellulose, 15-20% hemicellulose, 10-15% lignin, 3-5%
extractives, and 1-2% ash on a dry weight basis.>* The cellulose
fraction, particularly the a-cellulose content, has been reported
in the range of 38-46%, which is slightly lower to that of soft-
woods (40-50%) but comparable to certain agricultural residues
like corn stover (35-40%). The relatively high cellulose content,
combined with lower lignin levels compared to hardwoods (20-
25%), highlights its potential as feedstock.’

The global demand for cellulosic fibers continues to rise,
driven by population growth, urbanization, and increasing
consumption in textiles, packaging, and hygiene products. In
recent years, the total fiber consumption reached approximately
118 million metric tons, of which cotton accounted for 22%,
polyester 58%, and cellulosic fibers (including viscose, lyocell,
and modal) approximately 6.5%. Among regenerated cellulosic
fibers, viscose rayon remains the dominant type due to its cost-
effectiveness, versatility, and silk-like properties such as high
moisture absorbency (10-13%), good dyeability, and soft hand
feel.® The viscose process involves converting high-purity a-
cellulose (>90%) into a spinnable dope via xanthation with
carbon disulfide (CS,), followed by regeneration in an acid bath

© 2026 The Author(s). Published by the Royal Society of Chemistry
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to form continuous filaments.”® Moreover, cotton, the primary
natural cellulosic fiber, requires intensive irrigation (approxi-
mately 10 000 liters per kg of fiber) and pesticide use, exacer-
bating water scarcity and soil degradation in key producing
countries such as India, China, and the United States.’

In response to these challenges, research over the past two
decades has focused on alternative biomass sources for pulp
and fiber production. Non-wood feedstocks, including agricul-
tural residues (oat husks, potato pulp, rice straw, wheat straw,
bagasse), industrial crops (kenaf, jute, hemp), and underutil-
ized plants (bamboo, banana pseudo stem), have been exten-
sively studied for their potential to yield dissolving-grade
pulp.’®™ For instance, bamboo pulp has been successfully
commercialized in China, with a-cellulose content reaching 92—
94% after optimized pulping and bleaching.'*** Similarly,
Banana pseudo stem, a byproduct of banana cultivation, has
been shown to produce pulp with 85-90% a-cellulose through
soda-anthraquinone pulping, suitable for viscose production.*
Kenaf bast fiber, a close relative of Hibiscus, has been pulped
using kraft and soda processes to achieve a-cellulose levels
above 90%, with resulting viscose fibers exhibiting tenacity
1.60-1.80 gpd."®

Pulping is the critical first step in liberating cellulose from
lignocellulosic biomass. Among various pulping methods, the
prehydrolysis kraft (PHK) process has emerged as a preferred
route for producing high-purity dissolving pulp due to its ability
to selectively remove hemicellulose while preserving cellulose
chain length.”” In the PHK process, biomass is subjected to
a prehydrolysis stage to hydrolyze and solubilize hemicellulose,
followed by alkaline kraft cooking with NaOH and Na,S to
delignify the substrate. The resulting pulp undergoes multi-
stage bleaching, commonly using chlorine dioxide (D), oxygen
(0), and hydrogen peroxide (P) to achieve brightness >88% ISO
and a-cellulose >90%.7*

Despite the extensive literature on alternative feedstocks,
Hibiscus rosasinensis stem remains largely unexplored for
industrial fiber applications. A few preliminary studies have
characterized its fiber morphology and chemical composition.
Scanning electron microscopy (SEM) has revealed that Hibiscus
rosasinensis bast fibers are multicellular, with individual fiber
cells 1.0-2.5 mm in length and 15-25 pm in diameter, featuring
a lumen and thick secondary wall typical of bast fibers. Fourier-
transform infrared spectroscopy (FTIR) confirms the presence
of characteristic cellulose peaks at 3300-3400 cm ' (O-H
stretching), 2900 cm ™' (C-H stretching), and 1050-1100 cm ™"
(C-O-C glycosidic linkage), with minimal interference from
lignin after alkali treatment. X-ray diffraction (XRD) analysis
indicates a cellulose I crystalline structure with crystallinity
index (CI) of 55-65%, which is lower than cotton (70-80%) but
higher than softwood kraft pulp (45-50%)."

Limited attempts have been made to extract fibers from
Hibiscus rosasinensis stem using simple retting or alkali treat-
ment. For example, water retting followed by 5% NaOH treat-
ment at 80 °C for 2 hours yielded fibers with 48% cellulose and
tensile strength of 350-450 MPa." However, these fibers were
coarse and unsuitable for fine textile applications. The stem
fibers of Hibiscus rosasinensis were chemically treated with

© 2026 The Author(s). Published by the Royal Society of Chemistry
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sodium hydroxide (NaOH), potassium permanganate (KMnQOy,),
and acetic acid (CH3;COOH), resulting in enhanced crystallinity
(up to 65.77%), cellulose enrichment (up to 74%), and improved
thermal stability (365 °C), thereby demonstrating their potential
as sustainable reinforcements in composite materials. Their
work established the potential of Hibiscus stem fibers for
composite reinforcement applications.?® No studies to date have
applied the PHK pulping process to Hibiscus rosasinensis stem
to produce dissolving-grade pulp, nor have they evaluated the
downstream conversion of such pulp into viscose fibers. The
viscose process necessitates stringent requirements on pulp
quality: a-cellulose =90%, hemicellulose <8%, lignin =0.1%
and viscosity 400-600 mL g~ .7 Whether Hibiscus rosasinensis
stem can meet these criteria remains unknown.

Furthermore, the characterization of both pulp and resulting
viscose fibers is essential to establish process feasibility. Pulp
properties such as degree of polymerization (DP), viscosity, and
reactivity directly influence xanthation efficiency and spinning
performance.® Fiber properties- including tenacity, elongation,
fineness, cross-sectional morphology, and crystallinity affect
end-use performance in textiles. Comprehensive characteriza-
tion using techniques such as SEM, FTIR, XRD, DSC, TGA and
tensile testing is necessary to benchmark Hibiscus rosasinensis
-derived viscose against commercial standards.

The absence of systematic studies on PHK pulping of
Hibiscus rosasinensis stem, followed by viscose fiber production
and full characterization of pulp and fibers, represents a critical
knowledge gap. Without such data, the technical viability and
industrial scalability of this feedstock cannot be assessed.

Critically, no investigations have applied the prehydrolysis
kraft (PHK) pulping process to this biomass. As a result,
essential process parameters, including optimal prehydrolysis
temperature and duration, kraft cooking conditions (alkali
charge, sulfidity, liquor-to-solid ratio), pulp yield, selectivity of
hemicellulose removal, and achievable a-cellulose purity
(>90%), remain entirely unknown.

Furthermore, the quality of any potential dissolving pulp
derived from Hibiscus rosasinensis has not been evaluated
against the stringent criteria required for viscose production.
Key metrics such as degree of polymerization (DP) or intrinsic
viscosity, residual hemicellulose and lignin content, and
bleachability parameters that directly govern xanthation effi-
ciency and spinning performance have not been determined.
The downstream conversion of such pulp into viscose dope,
followed by wet spinning and fiber regeneration, has likewise
never been attempted. Consequently, the mechanical (tenacity,
elongation at break) and structural (crystallinity, orientation,
cross-sectional morphology) properties of the resulting reg-
enerated fibers are undocumented. Most critically, no compar-
ative assessment exists to benchmark Hibiscus rosasinensis
-derived viscose against commercial standards, which demand
tenacity, elongation in the required range.

To address these gaps, the present study systematically
investigates Hibiscus rosasinensis stem as a novel feedstock for
viscose fiber production via the PHK pulping route. The specific
objectives are to produce dissolving grade pulp from Hibiscus
rosasinensis by PHK pulping process, second objective is to
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comprehensively characterize the resulting dissolving pulp in
terms of chemical composition, molecular weight distribution,
viscosity, reactivity, and surface morphology; third objective is
to convert the purified pulp into viscose dope and regenerate
fibers through standard xanthation and wet-spinning protocols
and fourth objective is to fully characterize the regenerated
fibers using SEM, FTIR, XRD, DSC, TGA and mechanical testing-
tenacity, elongation; by establishing a complete process—struc-
ture and property relationship, this work aims to validate
Hibiscus rosasinensis stem as a sustainable, waste-derived
precursor for high-performance regenerated cellulosic fibers,
thereby advancing circular bioeconomy principles in textile
materials.

2 Materials and methods
2.1 Materials

Hibiscus rosasinensis stem was used as the lignocellulosic raw
material for the production of dissolving-grade pulp. The stems
were collected from Sonambe village, Nashik district, Mahara-
shtra, India. All chemicals used for pulping, bleaching, viscose
preparation, and fibre spinning were of laboratory grade, while
those used for dyeing were of analytical grade and were used
without further purification. Sodium hydroxide, sodium sulfide,
sulfuric acid, sodium sulfate, and zinc sulfate and bleaching
chemicals were received from Grasim industries limited.
Carbon disulfide procured from Labort Fine chem. Pvt. Ltd. The
reactive dye, Reactofix red HE3BI used for dyeability assessment
was procured from local suppliers. Deionized water was used
throughout all experiments.

2.2 Proximate analysis of Hibiscus rosasinensis stem

The Hibiscus rosasinensis stem chips were analysed for their
chemical composition to check their potential as a source for
dissolving grape pulp production. Oven-dried stem samples
were milled using a Willey mill (supplied by UEC, Saharanpur)
and screened through a 0.5 mm pore-sized wired screen. The
resulting powder was used for quantification of the chemical
composition of the Hibiscus rosasinensis stem. All analyses were
performed in triplicate, and results were expressed as mean +
standard error.

2.2.1 Acetone extractives (ref. 21). The pre-dried Soxhlet
extraction flasks were kept in an oven at 105 °C for 1 h, cooled in
a desiccator, and the tare weight was recorded. A 5.0000 g
portion (£0.0001 g) of oven-dried HR stem powder was trans-
ferred into a cellulose extraction thimble. The top of the thimble
was loosely plugged with solvent-extracted cotton fibres or
cotton wool to prevent sample loss. The loaded thimble was
placed in the Soxhlet extractor body, and approximately 200 mL
of acetone was added to the round-bottom flask.

The extraction apparatus was assembled and heating initi-
ated (maintaining a reflux rate of 4-6 cycles per hour
throughout the extraction period). Extraction was continued for
a minimum of 6 h, or until the solvent in the siphon tube
became colourless, ensuring complete removal of acetone-
soluble compounds.

25584 | RSC Adv, 2026, 16, 25582-25595
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After extraction, the flask was removed and kept in an oven at
105 £ 3 °C for 2 h to eliminate residual solvent and moisture. It
was then cooled in a desiccator for 30 min and reweighed to
record the weight of the residue.

The acetone extractive content was calculated as
a percentage of the dry HR stem powder weight.

Acetone extractives (%) in HR stem =

weight of extractive-residue y
weight of HR stem powder

100

The extractive-free powder was then divided in two parts and
processed for holocellulose and lignin content estimation.

2.2.2 Holocellulose (ref. 22). The obtained extractive-free
2.0000 g (£0.0001 g) HR stem powder was transferred into
a 250 mL Erlenmeyer flask containing distilled water (80 mL).
To this, sodium chlorite (1.5 g) and glacial acetic acid (10 drops)
were added to maintain the reaction pH at ~4. The flask was
heated in a water bath at 70 °C with intermittent stirring for 1 h.
At the end of each hour, an additional 1.5 g of sodium chlorite
and 10 drops of acetic acid were added, and the treatment was
continued for a total of 3 h.

The resulting residue was filtered by vacuum filtration,
thoroughly washed with hot distilled water until free of residual
chemicals, and dried at 105 °C to constant weight.

Calculation:

% Holocellulose in HR stem

weight of final residue x (100 — acetone extractive%o)
initial weight of sample

2.2.3 Alpha cellulose (ref. 22). Precisely 1.5000 g (£0.0001
g) of oven-dried holocellulose was treated with 100 mL of 17.5%
sodium hydroxide solution at room temperature for 30 minutes
with intermittent stirring. The alkali-insoluble residue (o-
cellulose) was separated by vacuum filtration, washed thor-
oughly with distilled water until neutral, rinsed with 1% acetic
acid to remove residual alkali, and finally washed again with
distilled water. The residue was dried at 105 °C to constant
weight.

weight of final residue
initial weight of holocellulose

x 100

% oa-cellulose in HR stem =

2.2.4 Hemicellulose (ref. 22). Hemicellulose content was
calculated indirectly as the difference between holocellulose
and a-cellulose fractions, since hemicelluloses are solubilized
during the alkali extraction step.

% hemicellulose in HR stem =

initial weight of holocellulose — weight of a-cellulose < 100

initial weight of holocellulose

© 2026 The Author(s). Published by the Royal Society of Chemistry
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2.2.5 Acid insoluble lignin (ref. 23). The extractive-free
2.0000 g (£0.0001 g) of HR stem powder was transferred into
a 250 mL glass beaker. 30 mL of 72% sulfuric acid was added to
the sample. The mixture was stirred thoroughly to ensure
complete wetting of the fibers. The beaker was maintained at
20-25 °C for 2 hours, with occasional stirring, to allow partial
hydrolysis of carbohydrates. The acid concentration was
reduced to ~3% by adding distilled water to the mixture. The
suspension was transferred to a round-bottom flask and
refluxed at 100 °C for 4 hours to complete hydrolysis of poly-
saccharides. The hydrolysed mixture was then cooled and
filtered through a pre-weighed G2 sintered glass crucible. The
residue was washed thoroughly with hot distilled water until
free of acid (confirmed by pH neutrality). The crucible con-
taining the residue was dried at 105 °C to constant weight.

The dried residue, representing acid-insoluble lignin, was
weighed.

Acid-insoluble lignin (%) in HR stem

weight of final residue x (100 — acetone extractive%)
initial weight of sample

2.2.6 Pentosan (ref. 24). 2.0000 g (+0.0001 g) of HR stem
powder was placed in a distillation flask containing 100 mL of
13.15% HCL The liquid level was marked, glass beads added,
and the distilling head with dropping funnel attached. An
additional 300 mL of 13.15% HCI was placed in the funnel.
Distillation was carried out for 90 min at a rate of ~50 mL per
15 min, yielding 300 mL of distillate. During distillation, the
stopcock was adjusted to maintain the initial 100 mL level in the
flask. The condensate was transferred to a 1 L conical flask,
diluted with 50 mL water, and cooled with ~250 g crushed ice.
After standing for 5 min, 20 mL of 0.2 N bromate-bromide
solution was added dropwise with minimal agitation. The flask
was corked, shaken, and allowed to stand for 5 min. Subse-
quently, 10 mL of 10% KI was added, the flask corked, shaken
thoroughly, and titrated with 0.1 N sodium thiosulphate to
a colourless endpoint, using starch indicator near completion.

A blank titration was performed under identical conditions,
substituting 270 mL of 13.15% HCI diluted to 350 mL in place of
the condensate plus water.

Calculation:

Pentosan(%) in HR stem =
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at 550 = 25 °C for 4 hours (until a light gray or white residue was
obtained, indicating complete combustion of organic matter).
The crucible was then cooled in a desiccator and weighed to
constant mass. The ash further analysed for acid insoluble ash
content and elemental composition in the HR stem.

weight of ash

——————x 100
weight of sample

Ash content in HR stem (%) =

2.2.8 Acid insoluble ash (ref. 26). After weighing the ash
content, 5 mL of 6 M hydrochloric acid (HCI) was added to the ash
and carefully evaporated to dryness on a steam bath. A second
5 mL portion of 6 M HCI was then introduced and again evapo-
rated to dryness. A third 5 mL portion of 6 M HCl was added to the
residue, heated on the steam bath, and subsequently diluted with
20 mL of distilled water. The solution was filtered through
Whatman No. 40 ashless filter paper, and the residue was thor-
oughly washed several times with hot distilled water until the
filtrate was free from chloride ions. The filtrate was diluted to
100 mL and reserved for elemental analysis (see 2.2.9). The filter
paper containing the insoluble residue was placed in a crucible,
heated carefully until all moisture had evaporated, and then
ignited in a muffle furnace until carbon was completely removed.
The crucible was cooled in a desiccator and weighed to the nearest
0.1 mg to determine the acid insoluble ash content.

Acid insoluble ash in HR stem (ppm)
weight of acid insoluble ash

= - 108
weight of sample x

2.2.9 Elemental composition analysis by ICP-OES (ref. 27).
Elemental analysis was performed using an Agilent 5800
inductively coupled plasma optical emission spectrometer
(ICP-OES). The instrument was operated according to the
manufacturer's specifications and configured for optimal
multielement detection. Prior to sample measurement,
multielement calibration standards were prepared and ana-
lysed to establish calibration curves. Instrument performance
was verified using quality control standards. Samples were
introduced into the plasma via a nebulizer and spray chamber
system, and emission intensities were recorded at element-
specific wavelengths. Each element was quantified by
comparison with the calibration standards. Data acquisition
and processing were conducted using the instrument's

7.58 x normality of Na,S,03 x (volume of Na,S,0; used in the blank — volume of Na,S,0; used for the sample) — 1.1

weight of sample

2.2.7 Ash content (ref. 25). 3.0000 g (+0.0001 g) of dried HR
stem powder was accurately weighed into a pre-weighed, clean
crucible. The crucible was placed in a muffle furnace and heated

© 2026 The Author(s). Published by the Royal Society of Chemistry

software, ensuring accurate detection and reproducibility.
Results were expressed as concentrations of individual
elements in the sample in ppm (parts per million).

RSC Adv, 2026, 16, 25582-25595 | 25585


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6ra02612e

Open Access Article. Published on 14 May 2026. Downloaded on 6/14/2026 5:38:01 AM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

RSC Advances

2.3 Preparation of Hibiscus rosasinensis stem for pulping

The collected Hibiscus rosasinensis stems were washed with
water to remove dust and adhering impurities, debarked
manually, followed by air drying. The dried material was cut
into chips of uniform size by chipper (supplied by UEC,
Saharanpur, India) to ensure homogeneous chemical penetra-
tion during pulping. The moisture content of the prepared
chips was determined prior to pulping using moisture analyzer
(supplied by Mettler Toledo, India).

2.4 Prehydrolysis kraft (PHK) pulping

Prehydrolysis kraft (PHK) pulping was used to produce
dissolving-grade pulp from Hibiscus rosasinensis stem following
reported procedures for lignocellulosic biomass processing.'®*®
Prehydrolysis was conducted in a rotary digester (UEC, Sahar-
anpur, India) equipped with temperature and pressure control at
160 °C for 90 min using a liquor-to-solid ratio of 4:1.>® After
prehydrolysis, the liquor was drained and the prehydrolysed
chips were collected for subsequent kraft pulping® Kraft pulping
was carried out in the same digester at 160 °C for 60 min using an
active alkali charge of 16% (as Na,O), a sulfidity of 25%, and
a liquor-to-wood ratio of 3.5:1."7%* After cooking, the pulp was
washed thoroughly with water until neutral pH was achieved.

The unbleached pulp was analyzed (see section 2.5) before
proceeding for bleaching. The unbleached pulp was bleached
using a multistage sequence of O-D;-E,P-Hypo-E,P-D,."”*** The
pulp was washed after each bleaching stage and air-dried prior
to further processing.

2.5 Analysis of unbleached and bleached pulp

The chemical properties of the unbleached and bleached pulps
were determined using standard analytical methods. The hol-
ocellulose, alpha cellulose, hemicellulose, viscosity and pento-
sans content was analyzed as per methods mentioned in section
2.2 above.

2.5.1 Kappa number (ref. 30). A sample of 2.0000 g (+0.0001
) oven-dry unbleached pulp (adjusted to consume approximately
50% of the permanganate) was dispersed in 800 mL of distilled
water in a beaker and stirred for 10 minutes to obtain a uniform
suspension. A mixture of 100 mL of 0.4 M potassium permanganate
(KMnO,) and 100 mL of 2 M sulfuric acid (H,SO,) was then added
to the slurry, and the reaction mixture was stirred for 10 minutes at
25 °C to allow lignin and other oxidizable components to react with
permanganate. Following this, 10 mL of 1 M potassium iodide (KI)
was introduced, enabling the excess KMnO, to oxidize iodide to
iodine (I,). The liberated iodine was titrated with 0.2 M sodium
thiosulfate (Na,S,0;) until the solution turned pale yellow, after
which a few drops of starch indicator were added. Titration was

Kappa number of unbleached pulp =

(volume of Na,S,0; for blank — volume of Na,S,0; for sample) x 0.1 x normality of Na,S,0;
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continued until the disappearance of the blue or purple color,
marking the endpoint. A blank determination was performed
under identical conditions without pulp to establish the baseline
consumption of KMnO,, and the permanganate consumption of
the pulp sample was calculated accordingly.

2.5.2 Intrinsic viscosity of cellulose (ref. 31). Moisture
corrected oven-dried pulp samples (0.2000 g £+ 0.0001 g) were
accurately weighed and dispersed in 25 mL of distilled water,
followed by the addition of 25 mL of 1.0 M cupriethyl-
enediamine (CED) solution. The mixture was shaken at room
temperature for 30 minutes to ensure complete dissolution,
after which the efflux time was measured at 25 £ 0.1 °C using
a viscometer. The efflux time of the pure CED solution was also
determined under identical conditions.

Intrinsic viscosity [n] was calculated according to TAPPI T230

using the relation
t
)
o/
C

where, t and ¢, are the flow times of the pulp solution and the CED
solvent, respectively, and c is the cellulose concentration expressed
as the dry weight of pulp divided by the total solution volume (50
mL). Efflux times were corrected using the calibration table
provided by the viscometer manufacturer to improve accuracy

[n] = lim

2.6 Preparation of viscose dope

Viscose dope was prepared using a blend of Hibiscus rosasi-
nensis stem dissolving-grade pulp and conventional pulp, with
Hibiscus rosasinensis pulp constituting one-tenth of the total
pulp content, following the conventional viscose process.*'®*
The dried pulp blend was steeped in 17.5% (w/w) sodium
hydroxide solution at 50 °C for 20 min to form alkali cellulose.®
Excess alkali was removed by pressing, and the alkali cellulose
was shredded to increase surface area and analyzed for density,
alkali and cellulose content (see 2.6.1 and 2.6.2).

The shredded alkali cellulose was aged at 61 °C for
61 min."* Xanthation was carried out by reacting the aged
alkali cellulose with carbon disulfide at a dosage of 33% to form
cellulose xanthate.® The xanthated product was dissolved in 2%
sodium hydroxide solution to obtain viscose dope. The viscose
solution was ripened at 12 °C for 16 h, filtered to remove
undissolved particles, analyzed for alkali and cellulose content
(see 2.6.3) and deaerated prior to spinning.®***

2.6.1 Alkali and cellulose in alkali-cellulose (Alkcell). The
Alkceell sample was analyzed to determine alkali and cellulose
content as indicators of steeping efficiency and the extent of
cellulose alkalization.

x 100

oven-dry weight of pulp
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A 3.0000 g (+£0.0001 g) portion of alkali-cellulose was dispersed
in 200 mL of distilled water in a 250 mL beaker to form a suspen-
sion, which was stirred on a magnetic stirrer to dissolve the alkali
for titration. The alkali content was determined by titrating the
suspension with 1.0 N H,SO, using phenolphthalein as an indi-
cator until the color changed from pink to colorless, and the NaOH
concentration was calculated from the titration volume. The
neutralized cellulose was filtered through a pre-weighed G2
crucible, dried in an oven at 105 °C for 1 h, and the cellulose weight
was recorded.

volume of H,SO, used x

View Article Online
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plate and spread into a thin film by pressing with another
plate. The film was regenerated by immersing it in dilute acid,
followed by thorough washing with water to remove residual
alkali. The regenerated cellulose film was dried in an oven at
105 °C to constant weight, and the final cellulose content was
recorded from the measured weight.

Cellulose content in viscose dope (%)

_ V\./elght of .cellulose < 100
weight of viscose dope

normality of H,SO4 x molecular weight of NaOH « 100

Alkali content in Alkcell (%) =

Calculation:

weight of cellulose
weight of alkalicellulose

x 100

Cellulose content in Alkeell (%) =

2.6.2 Density of Alkcell. A clean, dry 1 liter measuring
cylinder was filled with alkali-cellulose (Alkcell) carefully to
avoid air pockets or compression. The filled cylinder was
weighed using an analytical balance, and the gross weight
(cylinder + Alkcell) was recorded. The tare weight of the empty
cylinder was subtracted to obtain the net weight of Alkcell.

Calculation:

net weight of Alkeell (g)
volume of cylinder (L)

Density of Alkcell =

2.6.3 Alkali and cellulose in viscose dope. The prepared
viscose dope was analyzed to determine its alkali and cellulose
content, thereby assessing its composition and quality.

For alkali determination, 5.0000 g (+0.0001 g) of viscose dope
was accurately weighed and transferred into a 250 mL beaker. To
this, 200 mL of hot distilled water was added, and the mixture was
stirred using a magnetic stirrer until complete dissolution of alkali
was achieved. The resulting solution was titrated against 1.0 N
H,SO, using methyl red as the indicator. The endpoint was

volume of H,SO, used

weight of alkalicellulose

2.7 Fibre spinning and regeneration

The viscose dope was spun into fibres using a laboratory-scale
wet spinning setup.*** Spinning was carried out through
a spinneret containing 1900 holes with a diameter of 60 um. The
filaments were extruded into a coagulation bath containing
sulfuric acid, sodium sulfate, and zinc sulfate, maintained at
48 °C.° The regenerated fibres were spinned with 60% stretch,
washed thoroughly to remove residual chemicals, neutralized,
and dried under controlled conditions.*” The fibres were cut
into staple form.

2.8 Dyeing procedure

The dyeability of the regenerated viscose fibres was evaluated
using reactive dye- Reactofix red HE3BI following established
dyeing procedures for regenerated cellulose fibres.** Dyeing was
carried out at a dye concentration of 2.0% owf with a material-
to-liquor ratio of 1: 20. The fibre and dye solution heated (2.5 °
C min ") to 80 °C, dyeing cycle continued at 80 °C for 45 min
followed by cooling to 40 °C. After dyeing, the fibres were
washed sequentially to remove unfixed dye using hot water (3 x
1:50 MLR) at 70 °C, followed by cold water (1 x 1:50 MLR),
a 0.1% non-ionic soap wash at 70 °C, additional hot water
washing (2 x 1:50 MLR) at 70 °C, and a final cold-water rinse (1
x 1:50 MLR). The fibres were dried at 105 °C for 15 min. and
further characterized for color strength.

x normality of H,SO4 x molecular weight of NaOH x 100

Alkali content in viscose dope (%) =

identified by the color change from reddish pink to pale yellow. The
concentration of NaOH present in the viscose dope was calculated
based on the titration volume.

For cellulose determination, 2.0000 g (£0.0001 g) of
viscose dope was weighed onto a 15 x 15 cm toughened glass

© 2026 The Author(s). Published by the Royal Society of Chemistry

weight of viscose dope

2.9 Characterization of Hibiscus rosasinensis dissolving
pulp and viscose fibre

2.9.1 Mechanical characterization of regenerated viscose
fibres. The fibres were conditioned at 23 °C for 4 h prior to
testing. Tensile properties, including elongation and breaking
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strength, were measured using a Vibrodyne instrument, and
fibre denier was determined using a Vibroscope (supplied by
Lenzing Instruments, Austria). All tests were performed at
a gauge length of 20 mm and a crosshead speed of 20
mm min ' 20 individual fibre specimens were evaluated to
obtain the average denier, tensile strength and elongation-at-
break values. The fibre was analyzed for whiteness and bright-
ness by using Konica Minolta CM-3600A spectrophotometer.

2.9.2 Evaluation of dyeing performance. Color strength
measurements were conducted using a Konica Minolta CM-
3600A spectrophotometer, with the dyed viscose fiber
prepared from wood based conventional dissolving pulp which
served as the reference (control) sample. These include K/S
values, where K denotes the absorption coefficient and S the
scattering coefficient. The K/S ratio is derived from the
Kubelka-Munk function:

KIS = (1 — R/(2R),

with R being the measured reflectance.

The CIELAB values (L*, a* b*) were recorded to evaluate
differences in color shades:

L* reflects the lightness or darkness (depth) of the dyed fiber.
Positive a* values correspond to increasing redness, while
negative values indicate greater greenness. Positive b* values
indicate increasing yellowness, whereas negative values reflect
greater blueness.>*

2.9.3 Scanning electron microscopy (SEM). The surface
morphology of the Hibiscus rosasinensis stem-derived dissolving
pulp and regenerated viscose fibres was examined using scan-
ning electron microscopy (SEM) (Phenom Prox, Netherlands).
Prior to analysis, the samples were mounted on aluminum
stubs using conductive carbon tape and sputter-coated with
a thin layer of gold to prevent surface charging. SEM observa-
tions were performed at an accelerating voltage of [10.0 kV], and
images were recorded at various magnifications to evaluate fibre
surface features and morphological changes resulting from
regeneration.

2.9.4 X-ray diffraction (XRD). The crystalline structure of
the dissolving pulp and regenerated viscose fibres was analyzed
by X-ray diffraction (XRD) using Cu Ka. radiation (A = 1.5406 A).
Diffraction patterns were collected over a 26 range of 5-30°.

2.9.5 Differential scanning calorimetry (DSC) and ther-
mogravimetric analysis (TGA). Differential Scanning Calorim-
etry (DSC) was employed to investigate the thermal transitions
and phase behaviour of the samples. Measurements were per-
formed under a controlled heating/cooling rate (10 °C min~") in
a nitrogen atmosphere, enabling the determination of key
parameters such as glass transition temperature (T,), melting
temperature (Ty,), crystallization temperature (7.), and associ-
ated enthalpies of fusion or crystallization.

Thermogravimetric analysis (TGA) was conducted to assess
the thermal stability, decomposition behaviour, and volatile
content of the materials. Samples were heated from 30 °C to
600 °C at a constant heating rate (10 °C min™~") under a nitrogen
purge, allowing precise monitoring of mass loss as a function of
temperature. This technique provided information on onset
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decomposition temperatures, multi-step degradation profiles,
and residual char/yield at high temperatures.

Simultaneous TGA-DSC analysis was utilized to correlate
mass changes with endothermic/exothermic events, offering
complementary insights into the thermal degradation mecha-
nisms. All followed standard calibration
procedures.

2.9.6 Fourier transform infrared spectroscopy (FTIR).
Fourier transform infrared (FTIR) spectroscopy was used to
investigate the chemical structure of the dissolving pulp and
regenerated viscose fibres. Spectra were recorded in the range of
4000-400 cm™ ' at a resolution of 4 cm™', using the ATR
method. Characteristic absorption bands were analyzed to
confirm the preservation of cellulose functional groups after
viscose processing.

experiments

3 Results and discussion

The present study demonstrates, for the first time, the
successful utilization of Hibiscus rosasinensis stem, an under-
explored lignocellulosic biomass, as a novel raw material for the
production of dissolving-grade pulp, its subsequent conversion
into viscose fibre, and the fibre quality confirmed through
dyeability assessment. The results establish Hibiscus rosasi-
nensis stem as a promising non-wood alternative for regene-
rated cellulose fibre production.

3.1 Potential of Hibiscus rosasinensis stem for dissolving
grade pulp production

The chemical composition of Hibiscus rosasinensis stem is pre-
sented in Table 1. Holocellulose content in HR stem found to be
76.9%, with a-cellulose at 52.4% which is a favorable level for
dissolving grade pulp production. Hemicellulose (21.3%) and
pentosan (11.3%) contents were moderately high, consistent
with herbaceous biomass but requiring prehydrolysis or hot-
water extraction to reduce hemicellulose below 5% for di-
ssolving pulp.'” Acid-insoluble lignin (16.6%) was comparable
to some hardwoods, necessitating effective delignification.
Acetone extractives (2.9%) and ash (1.64%), are manageable
during PHK pulping which minimize interference during
bleaching, and viscose fibre production.

Overall, the high a-cellulose content, combined with
acceptably extractives and ash, positions Hibiscus rosasinensis
stem as a promising non-wood feedstock for dissolving-grade
pulp. Moderate hemicellulose and lignin levels are manage-
able with established pre-treatment and pulping strategies used
for other herbaceous sources, supporting its potential for
utilization into regenerated cellulose fibres.

3.2 Dissolving-grade pulp production from Hibiscus
rosasinensis stem

The Hibiscus rosasinensis stem was effectively converted into
dissolving-grade pulp through prehydrolysis kraft (PHK) pulp-
ing and bleaching processes. The pulp yield obtained after PHK
pulping was 34.7% and after bleaching the final with 31.2%
yield.

© 2026 The Author(s). Published by the Royal Society of Chemistry
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Table 1 Chemical composition of Hibiscus rosasinensis stem
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Sr. no. Parameters Hibiscus rosasinensis stem Eucalyptus wood chips
1 Holocellulose (%) 76.9 + 0.9 73.9 + 0.5
2 Hemi cellulose (%) 21.3 £1.0 21.8+1.3
3 Alpha cellulose (%) 52.4 + 1.7 45.7 £ 1.2
4 Acid insoluble lignin (%) 16.6 £ 1.0 272+ 0.6
5 Acetone extractives (%) 2.9+ 0.1 1.9+ 0.1
6 Pentosan (%) 11.3 £ 0.4 16.2 + 1.2
7 Ash (%) 1.64 + 0.1 0.68 + 0.1
8 Acid insoluble (ppm) 394.8 £ 16.2 100.7 £ 9.7
9 Calcium (ppm) 1072.5 + 34.8 707.7 £ 21.2
10 Copper (ppm) 2.4+0.1 1.5+ 0.4
11 Iron (ppm) 11.6 + 2.5 12.4 + 2.0
12 Magnesium (ppm) 552.9 £ 21.00 210.3 £ 7.4
13 Manganese (ppm) 2.4+ 0.1 324 +4.8
14 Sodium (ppm) 449.8 + 38.3 62.2 +2.9

The resulting pulp exhibited high cellulose purity, indicating
efficient removal of hemicellulose and lignin components. The
bleached pulp exhibited an o-cellulose content of 95.2%,
hemicellulose content of 4.8% and intrinsic viscosity of 458 mL
g ! (Table 2). These values fall within the typical range required
for dissolving-grade pulp intended for viscose fibre production.

High alpha cellulose content is a fundamental requirement
for dissolving-grade pulp, as non-cellulosic constituents can
adversely affect cellulose reactivity and solubility during viscose
processing. The low residual lignin content of the pulp
confirmed adequate delignification, which is particularly
important for viscose manufacturing because residual lignin
can interfere with xanthation and result in non-uniform fibre
regeneration. The intrinsic viscosity of the pulp suggested
a degree of polymerization suitable for viscose fibre production,
balancing sufficient chain length for fibre strength with
adequate solubility during dissolution.

Compared to conventional wood-based dissolving pulps, the
Hibiscus rosasinensis stem pulp demonstrated comparable

chemical characteristics, despite originating from a non-wood
agricultural residue. This highlights the effectiveness of the
applied pulping and bleaching strategy in upgrading Hibiscus
rosasinensis stem biomass to dissolving-grade pulp quality. The
results confirm that Hibiscus rosasinensis stem, which has
received limited attention in regenerated fibre research, can be
processed into high-purity cellulose suitable for industrial fibre
applications.

3.3 Suitability of Hibiscus rosasinensis pulp for viscose
processing

The reactivity of the dissolving-grade pulp is a critical parameter
determining its suitability for viscose fibre production. The
Hibiscus rosasinensis pulp blend showed good alkali accessi-
bility during steeping, leading to uniform formation of alkali
cellulose. The pressed alkali cellulose exhibited an alkali
content of 15.31%, cellulose content of 32.30% and density of
176 g 17! The viscose dope formed with the alkali cellulose
exhibited acceptable properties of cellulose content of 9.68%,

Table 2 Chemical composition of unbleached pulp and bleached pulp produced from Hibiscus rosasinensis stem

Sr. no. Parameters Unbleached pulp Bleached final pulp
1 Yield (%) 34.7 £ 0.2 31.2 +£ 0.2

2 Holocellulose (%) 97.5+ 0.2 99.2 + 0.1

3 Hemi cellulose (%) 8.4+ 0.1 4.8 £0.1

4 Alpha cellulose (%) 91.6 + 0.2 95.2 £+ 0.1

5 Pentosan (%) 4.21 £ 0.0 1.98 + 0.01
6 Intrinsic viscosity (mL g~ ) 950 + 6.9 458 + 4.6

7 Kappa number 14.8 £ 0.1 NA

8 Whiteness —7.57 £ 0.1 87.7 £ 0.2

9 Brightness 29.52 + 0.2 94.13 + 0.2
10 Yellowness 40.68 £ 0.3 2.87 £0.03
11 Ash (%) 0.308 £ 0.0 0.128 £ 0.01
12 Acid insoluble (ppm) 138 £1.7 126 £ 1.15
13 Calcium (ppm) 3218.8 £ 27.7 32.72 £ 0.7
14 Copper (ppm) 13.82 £ 0.2 0.28 &+ 0.01
15 Iron (ppm) 45.19 £+ 0.7 10.64 + 0.17
16 Magnesium (ppm) 75.92 + 0.8 9.14 £ 0.12
17 Manganese (ppm) 24.08 + 0.3 0.22 + 0.01
18 Sodium (ppm) 732.65 + 7.2 0.7 £ 0.01

© 2026 The Author(s). Published by the Royal Society of Chemistry
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Table 3 Alkali cellulose and viscose dope properties

Parameter Analysis stage Results
Alkali (%) Alkali cellulose 15.31 + 0.1
Cellulose (%) Alkali cellulose 32.30 £ 0.23
Density (gram per liter) Alkali cellulose 176 + 3.46
Alkali (%) Viscose dope 4.78 £ 0.01
Cellulose (%) Viscose dope 9.68 + 0.04
Alkali to cellulose (ratio) Viscose dope 0.496 £ 0.0
Viscosity (Ball fall in seconds) Viscose dope 59 + 3.06
Filterability Viscose dope 92 + 2.65

alkali content of 4.78% thus acceptable alkali to cellulose ratio
of 0.496 for spinning and regeneration. The properties of alkali
cellulose, viscose dope characteristics, are summarized in Table
3.

Efficient steeping is indicative of effective removal of
residual non-cellulosic components. During xanthation, the
pulp readily reacted with carbon disulphide, forming cellulose
xanthate that dissolved uniformly in dilute sodium hydroxide
solution. The formation of a homogeneous viscose dope
without visible undissolved particles suggests favorable pulp
reactivity and accessibility of hydroxyl groups. The dope was
filtered to remove any undissolved particles before deareation.
This behavior is comparable to that observed for conventional
dissolving pulps derived from hardwood or softwood sources.
The viscose dope exhibited stable viscosity and satisfactory
ripening behavior, indicating controlled depolymerization and
molecular rearrangement. Proper ripening is essential to ach-
ieve optimal spinnability and fibre uniformity. The results
indicate that cellulose derived from Hibiscus rosasinensis stem
responds well to conventional viscose processing parameters,
without requiring major process modifications.

3.4 Fibre spinning and regeneration behavior

Wet spinning of the viscose dope produced continuous reg-
enerated fibres, demonstrating the spinnability of Hibiscus
rosasinensis-based viscose solution. The absence of frequent
filament breakage during spinning indicates good dope
homogeneity and appropriate coagulation behavior in the
spinning bath. The fibres regenerated smoothly in the coagu-
lation bath, suggesting effective cellulose regeneration and
molecular reorganization. The washing and neutralization steps
successfully removed residual chemicals, resulting in clean
regenerated fibres. Visual observation of the fibres indicated
uniform appearance without obvious surface defects, further

Table 4 Mechanical properties of viscose fibre

Parameter Results

Whiteness (Berger) 79.73 £ 0.3
Brightness (% ISO) 83.20 £ 0.5
Viscosity (mL gm ™) 203.4 + 1.4
Denier (den) 1.21+£ 0.0
Tenacity (gpd) 2.64 £+ 0.0
Elongation (%) 17.92 + 0.1
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confirming the suitability of Hibiscus rosasinensis stem pulp for
fibre formation. The successful fibre regeneration from Hibiscus
rosasinensis stem pulp represents a significant outcome of this
study, as it confirms that this underutilized biomass can be
transformed beyond pulp production into value-added regene-
rated textile fibres.

3.5 Physical and mechanical properties of Hibiscus
rosasinensis-based viscose fibre

The mechanical properties of the regenerated viscose fibres
derived from Hibiscus rosasinensis stem pulp were evaluated to
assess their potential for textile applications. The fibres
exhibited a tensile strength of 2.64 gpd and elongation at break
of 17.92%, as summarized in Table 4.

The fibres exhibited tensile strength and elongation at break
values within the typical range reported for regenerated cellu-
lose fibres. The observed tensile strength reflects the degree of
polymerization of the starting pulp and the molecular orienta-
tion achieved during fibre regeneration and stretching. While
regenerated cellulose fibres generally exhibit lower strength
than natural fibres, the mechanical performance of the Hibiscus
rosasinensis-based viscose fibres suggests adequate intermo-
lecular bonding and chain alignment. The elongation behavior
of the fibres indicates good flexibility and amorphous character,
which are desirable properties for viscose fibres used in apparel
and home textiles. Any minor variations in mechanical perfor-
mance compared to commercial viscose fibres may be attrib-
uted to inherent differences in non-wood fibre morphology or
slight variations in cellulose chain length distribution. Overall,
the mechanical results confirm that viscose fibres produced
from Hibiscus rosasinensis stem dissolving pulp possess suffi-
cient structural integrity for potential textile use.

3.6 Characterization of dissolving grade pulp and viscose
fibre

The dissolving grade pulp and regenerated viscose fibre were
characterized using scanning electron microscopy (SEM), X-ray
diffraction (XRD), differential scanning calorimetry (DSC),
thermogravimetric analysis (TGA) and FTIR to elucidate the
structural, morphological, chemical, and thermal trans-
formations occurring during the viscose regeneration process.
The fibres were also characterised for tenacity and elongation,
dyeing performance.

3.6.1 Morphological characterization by scanning electron
microscopy (SEM). SEM micrographs of the Hibiscus rosasi-
nensis pulp and viscose fibers produced from the Hibiscus
rosasinensis dissolving-grade pulp are shown in Fig. 1. The pulp
fibres appeared flattened and ribbon-like, with rough, striated
surfaces, collapsed lumens, and fibrillar textures indicative of
native microfibril bundles (Fig. 1a and b), the regenerated
viscose fibres, however, exhibited lobed cross-sections,
smoother surfaces, and a characteristic skin-core structure-
comprising denser, more oriented microfibrils in the outer
skin and more porous regions in the core-arising from spin-
neret extrusion followed by acid coagulation.

© 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig. 1 Scanning electron microscopic images of (a) HR dissolving grade pulp 930 x magnified (b) HR dissolving grade pulp 2100x magnified (c)

HR viscose fibre longitudinal view (d) HR viscose fibre cross section.
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Fig.2 XRD image showing crystallinity profile transition from Hibiscus
rosasinensis pulp to viscose fibre.

The longitudinal surface exhibits a smooth appearance with
fine, parallel striations running along the fiber axis, which is
typical of fibers regenerated via the viscose wet-spinning
process (Fig. 1c). The cross-sectional images reveal a distinct
multilobal (serrated or lobed) morphology with 4-6 lobes
(Fig. 1d). The multilobal geometry increases the specific surface
area, potentially enhancing moisture regain, dyeability, and
comfort properties in textile applications.

© 2026 The Author(s). Published by the Royal Society of Chemistry

3.6.2 Crystalline structure by X-ray diffraction (XRD). The
XRD pattern of the Hibiscus rosasinensis pulp and regenerated
viscose fibers is presented in Fig. 2. XRD analysis confirms the
transformation, showing a shift from the native cellulose I
structure to cellulose II, along with a drop in crystallinity. The
pulp exhibited characteristic peaks at 26 for 15.1°, 16.8°, and
22.5°, corresponding to a crystallinity index (CrI) of 58.8%. In
contrast, viscose fibre showed peaks at 12.2°, 19.6°, and 21.8°,
with a lower Crl of 48.9%, reflecting disruption of the native
crystalline domains during dissolution and partial recrystalli-
zation during regeneration.

The observed CrI and pure cellulose II pattern demonstrate
that the Hibiscus rosasinensis stem pulp source provides cellu-
lose with suitable molecular weight distribution and purity for
effective regeneration, yielding a crystalline structure equivalent
to conventional viscose fibers.

3.6.3 Differential scanning calorimetry (DSC) and ther-
mogravimetric analysis (TGA). DSC and TGA analyses (Fig. 3; 3a:
pulp, 3b: viscose fibre) revealed distinct differences in thermal
stability between HR pulp and HR viscose fibre. Both materials
exhibited moisture evaporation endotherms between 50-120 °©
C, with viscose fibre showing higher intensity and peak
temperature due to its greater moisture regain. At elevated
temperatures, decomposition endotherms occurred at higher
onset for pulp (330.8 °C) compared to viscose fibre (312.4 °C).
TGA results corroborated these findings: pulp demonstrated
superior thermal stability with a decomposition onset of 330.8 ©
C and a char residue of 8.4% at 600 °C, whereas viscose fibre
decomposed earlier at 312.4 °C with a char residue of 6.2%.
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Fig. 3 DSC & TGA images of (a) HR pulp and (b) viscose fibre.
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Fig. 4 FTIR spectrum of the HR pulp and viscose fibers.

The observed decomposition behaviour arises from funda-
mental structural differences between HR pulp and HR viscose
fibre. HR pulp, characterized by high o-cellulose content and
crystallinity, decomposes predominantly via depolymerisation
and levoglucosan formation. This pathway is endothermic,
requiring heat absorption to disrupt the ordered hydrogen-
bonded lattice of cellulose I. However, HR viscose fibre,
largely amorphous due to the regeneration process, undergoes
random chain scission, dehydration, and oxidative char-
forming reactions. These pathways are exothermic, releasing
heat during decomposition. Thus, the endothermic nature of
pulp and the exothermic nature of viscose fibre directly reflect
their respective supramolecular architectures and dominant
degradation mechanisms.
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3.6.4 Fourier transform infrared spectroscopy (FTIR). The
FTIR spectra of Hibiscus-derived pulp (HR pulp) and Hibiscus
viscose fibre (HR viscose fibre) are shown in Fig. 4. Both exhibit
characteristic cellulose absorption bands as a broad O-H
stretching peak at 3600-3100 cm ' (indicating hydrogen-
bonded hydroxyl groups), C-H stretching at 2900 cm™*, absor-
bed water at 1640 cm™', CH, bending at 1430 cm™', C-H
bending at 1370 cm™', C-O-C asymmetric stretching at
1160 cm™ ', C-O stretching at 1050 cm ', and PB-glycosidic
linkage at 897 cm ™.

The spectra are largely similar, confirming the cellulosic
composition is preserved post-regeneration. However, subtle
differences are evident: the O-H band in HR viscose fibre is
broader and slightly shifted to lower wavenumbers, reflecting
disrupted hydrogen bonding and a transition from crystalline
cellulose I (in pulp) to more amorphous cellulose 1II (in fibre).
Intensity variations in the fingerprint region (1500-800 cm %),
including sharper peaks in the pulp and more pronounced
fluctuations in the fibre, suggest changes in molecular orien-
tation and crystallinity induced by the viscose process (disso-
lution in NaOH/CS, and acid regeneration).

These findings align with reported transformations in reg-
enerated cellulose," validating the efficacy of Hibiscus pulp
conversion into viscose fibre. The minimal deviations under-
score the material's potential for high-quality textile applica-
tions, with no unexpected impurities detected.

3.7 Dyeability and coloration performance of viscose fibre

Dyeability is a critical performance parameter for regenerated
cellulose fibres intended for textile applications. The Hibiscus
rosasinensis-based viscose fibres exhibited effective dye uptake
when subjected to conventional dyeing processes. Dyeing was

Table 5 Dyeing performance of Hibiscus rosasinensis-based viscose fibre

Sr. no. Analysis interval Viscose fibre used Dye L* a* b* K/S
1 Day 1 Control Reactofix red HE3BI 49.91 63.46 1.60 100
2 HR viscose fibre Reactofix red HE3BI 48.74 61.52 0.38 103
3 Day 30 Control Reactofix red HE3BI 48.73 61.90 1.61 100
4 HR viscose fibre Reactofix red HE3BI 48.88 62.13 0.82 103
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carried out using a reactive dye-Reactofix Red HE3BI at
a concentration of 2%, with a material-to-liquor ratio of 1 : 20.

Uniform coloration was observed across the fibres, con-
firming consistent fibre morphology and efficient dye diffusion
throughout the fibre structure. Colour strength (K/S values) was
measured immediately after dyeing and again after 30 days to
evaluate dye durability. The results indicated that the shade
remained stable over time, suggesting strong dye-fibre affinity
and minimal fading. These findings establish the baseline
dyeability and durability of HR viscose fibres. Future work will
extend this evaluation by conducting interday and intraday Lab
studies, enabling a more rigorous comparison of colour
performance between Hibiscus rosasinensis viscose fibres and
commercially available viscose fibres. Such analysis will provide
deeper insights into the durability of dye absorption and the
long-term stability of coloration. The results summarized in
Table 5.

The high dye affinity of the fibres can be attributed to the
hydrophilic nature of viscose and the abundance of accessible
hydroxyl groups in regenerated cellulose. These functional
groups facilitate strong interactions between fibre and dye
molecules, resulting in good colour depth and uniformity. The
dyeing results confirm that viscose fibres produced from
Hibiscus rosasinensis stem pulp are compatible with commonly
used dye classes for regenerated cellulose fibres. Importantly,
no adverse effects on dye uptake or shade uniformity were
observed due to the non-wood origin of the cellulose. This
demonstrates that Hibiscus rosasinensis-based viscose fibres can
be processed using standard textile dyeing protocols without
additional treatment requirements.

3.8 Significance of Hibiscus rosasinensis stem as a novel and
sustainable cellulose source

One of the key highlights of this work is the exploration of
Hibiscus rosasinensis stem as a relatively underutilized source of
dissolving-grade pulp, offering new potential for regenerated
fibre production. Most existing studies focus on wood, bamboo,
or commonly used agricultural residues, while Hibiscus rosasi-
nensis stem remains largely unreported in the context of viscose
fibre manufacture. The successful conversion of Hibiscus rosa-
sinensis stem into dissolving-grade pulp and subsequently into
viscose fibre demonstrates its potential to contribute to
sustainable fibre production. Utilizing Hibiscus rosasinensis
stem adds value to agricultural by-products, reduces depen-
dence on forest-based resources, and supports the development
of circular bioeconomy practices. The confirmation of fibre
quality through dyeability further strengthens the practical
relevance of this work, as it demonstrates not only fibre
formation but also end-use performance relevant to the textile
industry.

Overall, the SEM, XRD, DSC, TGA and FTIR analyses collec-
tively demonstrate that viscose fibers spun from the novel
source exhibit morphology, crystallinity, and chemical compo-
sition comparable to standard wood-derived viscose rayon.
These results support the potential of this non-wood/alternative
lignocellulosic resource as a sustainable feedstock for the

© 2026 The Author(s). Published by the Royal Society of Chemistry
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viscose industry, contributing to reduced reliance on forest
resources and enhanced circularity in textile production.

Collectively, the results demonstrate the good quality of di-
ssolving grade pulp produced from Hibiscus rosasinensis stem
and successful conversion of dissolving pulp into regenerated
viscose fibre. It exhibits morphology, crystallinity, and chemical
composition comparable to standard wood-derived viscose
rayon. The viscose process disrupts the hierarchical structure of
native cellulose I, producing cellulose II with reduced crystal-
linity, modified hydrogen bonding, a distinct skin-core
morphology, and slightly lower thermal stability. These struc-
tural modifications contribute to viscose's enhanced moisture
regain, dyeability, and flexibility, while maintaining adequate
performance for textile applications-consistent with established
literature on regenerated cellulose production.

4 Conclusion

This work establishes Hibiscus rosasinensis stem as a novel and
technically viable non-wood feedstock for dissolving-grade pulp
and viscose fibre production. The key advance lies in demon-
strating a complete, integrated pathway from raw biomass to
dyed fibre under conventional viscose processing conditions,
confirming compatibility with established industrial tech-
nology. Importantly, the regenerated fibres retained mechanical
integrity and dyeability, showing that the non-wood origin does
not compromise cellulose structure or functional group
accessibility.

By introducing ornamental plant stem waste into the viscose
value chain, this study expands the material base for regene-
rated cellulose fibres and supports diversification away from
wood-derived pulps. The findings contribute to sustainable
polymer processing and circular bioeconomy strategies,
offering both environmental and economic benefits. Future
work will focus on process optimization, life-cycle assessment,
structure-property correlations, and scale-up toward industrial
application, thereby strengthening the case for Hibiscus stem
as a renewable resource in textile fibre manufacture.
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