Pre prints.org

Article Not peer-reviewed version

The Physicochemical Method Uses
Industrial Leftover Hemp Fibre Cellulose
to Make Micron-Sized Hemp Powder

Sarker Md Shamim , Yonghe Huan, Linli Gan , Shangyong Zhang i

Posted Date: 28 December 2023
doi: 10.20944/preprints202312.2166.v1

Keywords: leftover hemp fibre recycling process, chemical treatment with cellulose, making a micron-sized
powder, average particle size

E Preprints.org is a free multidiscipline platform providing preprint service that
;':IF is dedicated to making early versions of research outputs permanently
; available and citable. Preprints posted at Preprints.org appear in Web of
E-'-ﬂr Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/3328724
https://sciprofiles.com/profile/3330690

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 December 2023 doi:10.20944/preprints202312.2166.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

The Physicochemical Method Uses Industrial
Leftover Hemp Fibre Cellulose to Make
Micron-Sized Hemp Powder

Sarker Md Shamim 12, Yonghe Huan ’, Linli Gan '? and Shangyong Zhang *

! Wuhan Textile University, School of Textile Science and Engineering, Wuhan, China, No.1 Sunshine
Avenue, Jiangxia District, Wuhan 430200, China; ssharker525@gmail.com (S.M.S); 2903423518@qq.com
(Y.H); 1247690340@gg.com (L.G); 1989029@wtu.edu.cn (S.Z)

2 State Key Laboratory of New Textile Materials and Advanced Processing Technologies, Wuhan, China,
No.1 Sunshine Avenue, Jiangxi District, Wuhan 430200, China

* Correspondence: Corresponding author e-mail: 1989029@wtu.edu.cn

Abstract: One of the most widely available and extensively produced varieties of industrial hemp, which
generates a substantial amount of consumer-increasing waste in the form of hemp cellulose. In this study,
recycling with a compressed and high-speed method that combines crushing and alkali treatment effectively
converts leftover hemp fiber into ultrafine powder. The SEM (Scanning Electron Microscopy), AFM (Atomic
Force Microscope), FTIR (Fourier-transform Infrared Spectroscopy), and XRD (X-ray Diffraction) examined the
original morphology of hemp fiber treated with alkali, fiber heated to 200 °C, and crushed powder. Particle
size, crystallinity, fiber surface, and strength increased and decreased. It became apparent that fiber strength
decreased, and fiber roughness significantly increased after alkali treatment. Fiber increased significantly, and
crystallinity decreased after crushing. It was simple and effective for converting the leftover hemp fiber into
micron-sized powder. In about 3 to 5 minutes, approximately 1 kg of dry ultrafine powder with a particle size
of 10.44um was produced. This production method will significantly enhance future industrial applications of
waste hemp fiber.

Keywords: leftover hemp fibre recycling process; chemical treatment with cellulose; making a
micron-sized powder; average particle size

1. Introduction

Worldwide production indicates a range of 32,140 ha to 142,883 tonnes, resulting in an average
yield of 4.45 tonnes ha! [1]. Extensive regional cultivation ranges and various uses. The top three
countries by production area for hemp production, according to FAO Stat (2018), are North Korea

(21,247 ha), France (12,900 ha), and Canada (555,853 ha) [3] In 2019, the industrial hemp market is
expected to be valued at USD 4.71 billion worldwide [2]. Currently, more than 30 countries are
involved in the Global Hemp Trade, and almost 651 tons fall within the legal framework for cannabis
and textile consumption. Rapid product growth generates millions of tons of textile waste annually
[3]. Studying the percentage of short fibers in hemp fiber, which are often removed during the
production of hemp yarn and fabric, is one method. Notably, Hemp Fiber has a short Fiber, hemp
stalk, and yield, with a percentage of roughly 7.72%,40%, and 60% waste. Moreover, the rate of total
waste from opening to spinning can range from 8.5% to 18%. Considerable destruction of natural
resources has resulted in significant financial losses as well. Furthermore, it causes environmental
issues such as water and soil pollution [4,5]. There are concerns about these severe circumstances
worldwide. Because of this, it must be addressed effectively and efficiently. Utilize leftover cellulose
polysaccharide fibers to create a valuable product [6,7]. The textile industry would have enormous
revenue potential if these waste fibers could be recycled [8].

Hemp waste recycling techniques can be broadly classified into physical and chemical methods.
Particle technology was considered a topic worthy of independent study before the mid- 1960s [9]. It
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became apparent that the materials displayed certain modifications after being processed into an
ultrafine powder, including surface area, surface energy, activity, and interface characteristics [10,11].
Possessing an in-depth knowledge of ultra-fine particles and their properties, ultrafine powder has
been the focus of processing equipment development. It is widely utilized in various industrial fields,
including composite materials, chemicals, biology, catalysis, and medicine, demonstrating extensive
applications [12,13]. Hemp ultrafine powder is used for reinforcing composites; hemp fibers have
several advantages over synthetic fibers and can be effectively employed in many applications[14],
such as biofuel, agricultural, animal bedding, industrial and automotive, bridgeable plastics, textile,
paper, construction material, food, beverage, cosmetic and personal care products. The
macromolecular polysaccharide hemp cellulose comprises 3-1, 4 glycosidic linkages, and D-glucose.
It is a type of covalent bond. Three components contribute to the high chemical reactivity of cellulose,
a polysaccharide hydroxyl group — OH [2]. According to their chemical solid bonds, orientation,
crystallinity, and high levels of polymerization, producing ultrafine powders from leftover hemp
fibers is difficult. There are two ways to make cellulose powders: mechanical and chemical [15]. Toxic
and complex chemicals are usually used in chemical reactions that produce fine powder [16,17]. A
few research investigations have been made on mechanical and chemical milling of wool and silk
powder [13,18]. The cotton and wool powder with a particle size of around 60pum and 40pm were
produced using freeze-milling and millstone milling techniques. The processing of the fibre into dry
powder for 1 kilogram took approximately 1.5 hours[8,15].

In this work, hemp fibres were first treated with acid to affect their morphology and make it
easier for them to break into an effective powder before they were crushed. Ultimately, after 3 to 5
minutes, roughly 1 kg of dry powder with a particle size of about 10.44um was produced. This
approach's dry ultrafine hemp crushed powder output and efficiency were significantly higher than
ball milling, cutting milling, bead milling, millstone, and spray drying techniques. This method has
a lot of potential for future production utilization.

2. Experiment

2.1. Materials

Wasted hemp fiber from Wuhan Hemp Biological Technology Co., Ltd, and Sulfuric acid
(H2SO4) from Wuhan Jiangbei Chemical Reagent Co., Itd. The XL-06B mixer and refining agent YK
were purchased from Kekai Fine Chemical Shanghai Co., Ltd, China. Ethanol absolute (C2H60) was
purchased from Sinopharm Chemical Reagent Co., Ltd.

2.2. Acid Treatment and Modification of hemp Fiber

First, place a beaker containing 200 ml of boiled deionized water into 100°C water baths for.
Then, 2 g/L sulfuric acid raw material, 1 g/L YK agent, and 10 gm of leftover untreated hemp fiber
were (cut to 2 mm x 3 mm) were sequentially added to the beaker. The bath ratio was 1:20. After
heating the beaker for 1 hour, wash the hemp fiber 7-8 times because the YK agent creates more foam,
and the pH value was 7. Next, use a padding machine or hand roller to remove excess water. Finally,
hemp fiber was placed in the oven and baked at 200 °C for 1 hour. On the other hand, the powder
was prepared for AFM to be dissolved using C2H60 at 39.82 g/L and hemp powder at 0.70 g/L for
30 minutes. The acid modification process illustrated in Figure 3(b)

2.3. Modified Hemp Fiber on a Crusher Efficiently

Firstly, hemp cellulose was cut from 2 mm to 3 mm, and small scissors were used before chemical
treatment. About 1 kg of modified hemp fiber with a short length was used in a small Chinese
Medicine crusher XL-06B (Aashia Company, China). It has a high-quality lid with 3 blades: the 1-
crushing blade, which helps to crush fiber, is enormous and the 2-bottom slight edge is for grinding
hemp cellulose, while the 3-cutter head cuts yarn into small pieces. It has a power of 1100 watts, a
voltage of 220 volts, a fineness of 200, and a speed of 25000 revolutions per minute. By running at
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high capacity, hemp cellulose was broken. As a process, it took 3 to 5 min to crush around 1 kg of
ultrafine hemp powder. The crusher instruction manual appears in Figure 1.

Open/Lock
>

Tools

Head 4 l-Crushing
blade

o

Switch

Figure 1. Crusher instruction Manual.

2.4. Characterization

Utilizing a scanning electron microscope (SEM, JSM-7800, Japan Electronics, Tokyo, Japan), the
morphology of hemp fiber, following its coating with gold powder, was examined. An accelerating
voltage of 5 kV and a magnification of 5000 times were used.

The surface roughness of hemp fiber and powder was measured before and after acid treatment
using an atomic force microscope (AFM, model number SPM-9700 Shimazu, Japan). The process
involved converting hemp powder into a liquid using ethanol (C2H60) for 30 minutes. A scanning
area of 5um x 5um with a 2x2,um? zoom was used to measure each sample.

Fourier-transform infrared spectroscopy (FTIR; type IRT Racer-100; Kyoto, Japan; SHIMADZU
CORPORATION) 4 ¢m™! was used for spectral resolution. The samples were analyzed in the
nitrogen atmosphere using the Total Reflectance (ATR) mode. Forty scans were performed on each
piece.

After treatment and milling, the hemp fiber was subjected to an X-ray diffraction (XRD) study
using an X' Part Pro MPD (PA Analytical, Almelo, The Netherlands) to determine if there was a
crystalline alteration. The theta testing range was 0°C—40°C, and the scan rate was 5 °C / min. The

degree of crystallinity in a sample is determined by the crystallinity index (CI) [19].
CI(%)z(IZOIO;;am) X 100 (1)
2

where I, is the minimal peak intensity of the amorphous phase at about 17.1°, and I,4, is the peak

at 20 angle intensity of the crystalline phase at about 22.5°.
3. Result and Discussion

3.1. Change in the Morphology of Hemp Fiber Before and After Crushing

The SEM images shown in Figure 4(a-h) depict OHF, MHF, THF, and HP, demonstrating
modified hemp fiber surfaces after acid, temperature, and powder treatments. The process was
highly magnified. Figure 4(a) shows that the original hemp fiber surface was slightly uneven
compared to the acid treatment. Figure 4 (b) After the rougher alkali treatment surface, the strip gully
was bigger and breakable. Concentration sulfuric acid can effectively penetrate the cellulose
structure, destroy the orderly accumulation of molecular chains, and break the hydrogen bonds
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inside cellulose [20]. Figure 4(c) After treatment with 200°C high temperatures and acid, fiber surfaces
are weaker and more fragile. However, the texture of the etched hemp fiber surface differed from the
appearance of the original hemp fiber surface. On the other hand, in Figure 4 (e-h), the low
magnification picture OHF (a) appears smoother than that of the MHF(e) and THF(g). This effect
demonstrated how light scattering at various levels on a uniform fiber surface altered the fiber's luster
[21]. In Figure 4 (d-h), there were more imperfections and uneven edges on the crushed powder
surface than on the fiber. Dry hemp fiber material is ground more finely. Generally, as particles
become finer, the particle shape tends to be rectangular and more uniform [22]. Since untreated hemp
fiber cannot be ground using the method of this study to make a fine powder, there is no original
hemp powder sample for SEM image comparison.

Figure 2. Hydrolysis reaction.

b
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Figure 3. The process makes a powder without the acid test and with the acid test.
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Figure 4. High magnification of (a)original hemp fiber OHF, (b)modified hemp fiber MHF,
(c)temperature hemp fiber THF, (d) hemp powder HP, and low magnification (e)OHF, (ff/MHF,
(g)THF, (h)HP .

3.2. Surface Roughness of Hemp Morphology After Treatment and Crushing

Three-dimensional (3D) AFM pictures of hemp fibers at various temperatures and powders are
displayed in Figure 5 (a—h). The surface features bumps, and there is an uneven distribution for every
sample. Here, the result of the surface roughness total area for (a-e) OHF at 25um is Ra: 270.365nm,
Rz: 1.30pum, Rp: 615.901nm, and the scanning scale was Sum x 5um. The results can still be used as a
reference when comparing various samples on the same scanning scale because they display layers
of unevenness in different models. After chemical treatment (b-f) MHF, Ra, Rz, Rp was 109.491nm,
846.889um, 423.870nm, showing orderly minimum roughness, and here the Ra value decreases. This
indicates that the extensions' heights were significantly more consistent than those of OHF, THF, and
HP. Sulfuric acid could dissolve lignin, hemicellulose, and pectin, among other non-cellulosic fiber
components. The cellulose fiber in hemp was hydrolyzed and oxidized by sulfuric acid [23]. This
may influence the fibers' mechanical and physical properties, such as stiffness, strength, fineness, and
moisture absorption. Hydrolysis can decrease the fiber diameter of [24]. (c-g) THF, after 200°C,
fiber roughness increased. Ra, Rz, Rp were orderly 125.854nm, 1.33um, 686.299nm. Fiber surface
roughness can be affected by temperature [25]. (d-h) HP had orderly Ra, Rz, Rp of 376.507nm,
2.692um, 1.483nm. Therefore, upon etching, the degree of cellulose surface cracking was identical,
and the cellulose surface's protuberance height tended to be more homologous than that of OHF. On
the other hand, the HP had the highest roughness (d-h) because of The High-speed operation using
different kinds of blade-focused powders, which were randomly sheared and crushed in various
directions [26]. It was hard to ensure uniform crushing of each point on the surface of the powder
[26,27].
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Figure 5. 5umx5um AFM scanning images of (a) original hemp fiber OHF (b) modified hemp fiber
MHEF (c)temperature hemp fiber THF (d) hemp powder HP, And (e)OHF (f)MHF (g)THF (h)HP.

3.3. Using the Crusher Effect as a Basis Analyze the Strength Loss of Modified Hemp Fiber

Extraction of modified hemp fiber using a single fiber strength tester proved difficult due to its
significant strength loss and breakability during 200°C and alkali treatment. It has a clear appearance
in SEM Figure 4 MHF, THF fibers are more fragile. Therefore, acid-containing and non-acid-
containing fibers underwent both treatments and were combined using the same crusher to make a
powder. It can be shown in Figure 3 (b). After the alkali treatment and high temperature, the original
gray hemp fiber turns brown, and without acid, it looks like ash black. So, the alkali treatment process
essentially destroys the strength of the hemp fibers, making them more easily pulverized into micron-
sized powder. From this process of crushing raw hemp fiber, it was clear that the original residual
hemp fiber was solid and challenging to overcome, making a powder with this method. On the other
hand, as shown in Figure 2 (a), sulfuric acid breaks down the cellulose fibers into smaller particles.
One of the most common chemical treatments is acid hydrolysis. Sulfuric acid can effectively
penetrate the cellulose structure of hemp at high concentrations, disrupting the orderly stacking of
molecular chains and breaking hydrogen bonds within cellulose [28]. The essence of using sulfuric
acid to obtain nanocellulose is to break the 1-4 glycosidic bonds between cellulose macromolecules
and remove the amorphous regions of cellulose [29].H+ generated by sulfuric acid damages
glycosidic linkages in cellulose macromolecules during acid treatment and heating at 200°C. Since
glycosidic linkages are acetals, they become unstable when exposed to high temperatures and acids.
Acting as a catalyst, the acid can lower the activation energy of glycoside bonds and accelerate the
hydrolysis of cellulose. Due to hydrolysis, cavities were formed on the fiber's surface, as shown in
the SEM images, resulting in reduced surface light reflection. As a result, the luster of the thread was
soft and the strength low [30,31]. Also, the crusher rotates at three high speeds blades. Weak in hemp
fiber strength, hemp fibers break down and become fine under mechanical conditions. Actions
including pressure, torsion, and force Between soft fibers and three different types of blade friction,
as shown in Figure 1. As a result, the sample was crushed smoothly and became finer, as presented
in Figure 3. (b).
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4. Crystallinity of Hemp Fiber and Powder

Normalized XRD patterns of OHF, MHF, THF, and HP are presented in Figure 6 (a). The
dispersion peak of OHF is maximum at about 22.5° and low is 16.3°. After sulfuric acid treatment
MHF showed new heights at 14.8 °and 22.5 °appeared and much weaker. This demonstrates the
modification in the crystalline area. After 200°C temperature THF and crushed Hemp powder HP
graph showed peaks 14.70° and 22.5°compared to OHF, and MHF was low. Therefore, the four
samples showed peaks at around 14.70°, 14.80°, 16.30° and 22.5°. Different crystal faces have other
properties, such as hydrophilicity, hydrogen bonding and interfacial interactions. There are four
possible crystal faces for cellulose (100), (110), (1bar [28]0)), and (010) [32]. The calculated CI based
on peak intensity ratio, the OHF, MHF, THF, and HP crystallinities were 59.65%,89.55%,79.37% and
78.81%, respectively. MHF showed high crystallinity. Higher CI values indicate higher order and
alignment of cellulose chains, which may result in higher mechanical strength, thermal stability, and
biodegradability of hemp fibers [19,33]. It can be deduced that hydrous ions first attacked the
cellulose molecules on their surface before penetrating the easily reactive amorphous area. The
hydrolysis of the amorphous region was made worse by the acid's impact. While it may also etch
crystallites, the amorphous zone is more affected. Therefore, the hydrolysis of the undeveloped area
often improved the crystallinity [34,35]. On the other hand, Crushing rollers can produce cleaner
fibers when hemp is spun at more than 400 rpm, resulting from finer particles of whole bran [36].
Using High-speed 25000 r/min crushing, and alkali treatment produced a decrease in HP crystallinity.
The crusher can have a small crystallite size, significantly reducing the crystalline fraction. Given that
the hemp fiber is crushed and progressively gets the combined pressures of shear and compression
mostly destroys shorter, crystalline structures. It concluded that the fine. Therefore, it can be assumed
that with a similar crushing process, High-speed crushing also mainly reduces Fiber crystallinity.
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Figure 6. (a) XRD and (b) FTIR result of original hemp fiber (OHF), modified hemp fiber (MHF),
temperature hemp fiber (THF), and hemp powder (HP).

4.1. Powder Particle Size and Surface Area

O (i) exe |- 2] @

where oD is the standard deviation, and D is the mean particle size. Figure 7(a) shows an example of
a typical fitting of the log-normal distribution function to the particle size distribution histogram in
the annealed sample [37] . After manually calculating the sizes of the powders' particles using SEM
pictures, the average particle sizes were 10 .44um and the standard deviation was 1.20, statistically
evaluated using histograms. The XL-06B at crushing time was 3 to 5 minutes. Friction and shearing
forces were applied randomly to the powder because of the high speed and pressure. Figure 7 (a)
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shows how uneven and rough the powder surfaces are. Most powder particles have a triangular
shape and size of roughly 10%,30%,20%16.7% and 23.3%, respectively.

Av. size(D)=10.44pm
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Figure 8. Particle size (um) a, and Surface area (um) b.

4.2. Composition Characterization of the Hemp Powder and Fiber

The FTIR spectra in Figure 6 (b) have been normalized for better analysis of chemical
modification of modified hemp fiber and powder. Generally, all four curves present similar peak
positions; this means after some characteristic group changes, Alkalinity changes, temperature, and
crushing process the peaks at 933cm,1504cm-'and 3734cm?. The main components of hemp fiber
are cellulose and hemicellulose. Corresponding to C-O,C= C and hydroxyl groups O-H strong
bonds, respectively, During hydrolysis, the -1,4-glycosidic link is broken through the cellulose
process, which has little impact on the strength of the C-O and O-H bonds [8]. Cellulose is a
polysaccharide, and its high chemical reactivity is reached for three reasons Hydroxyl group O-H,
which causes high tendency during crosslinking chemical change [2]. High crystalline cellulose is not
easily hydrolyzed, while hemicellulose has a low energy, random, amorphous structure. With
cellulose, hemicellulose Microfibrils cross-link to attach to cellulose, which makes up around 20% of
plant biomass [38]. MHF and THF showed a slight change curve. OHF indicates that the chemical
composition and temperature of the hemp fiber have changed after modification. The reaction is the
hydrolysis of cellulose in hemp fiber, which breaks the glycosidic bonds between glucose units and
produces nanocellulose, a nanomaterial with improved properties [28]. Also, the intensities of the
four peaks are significantly reduced after modification.

5. Conclusions

The sulfuric acid modified the leftover hemp cellulose. YK agent to aid dilution into the fiber.
Using SEM AFM and XRD pictures, the hemp fibers surface. After treatment, it became rougher, and
after 200 °C, it became significantly harsher. Crushing into hemp powder, the modified hemp fiber's
crystallinity increases significantly and decreases after the powder. According to FTIR, the modified
fiber substantially decreased strength and was more easily crushed than the original untreated hemp
fiber. Eventually, a laboratory crusher produced approximately 1 kg of dry powder with a particle
size of 10.44um in 3 to 5 minutes. This work presents a more efficient method of crushing hemp
cellulose fibers into micron-sized dry powders. It could decrease the time and cost of producing
cellulose powder while promoting the utilization of cellulose powder across various industries.
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