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Abstract — Hemp fiber has very high flexural strength and strong moisture absorption, which is usually used in the textile and 
paper industry. However, because of the short fiber in the hemp fiber, it is not suitable for direct use, and it should be used in the 
processing of textile producing by the alkali treatment. Even so, hemp fiber is not widely used in clothing, especially underwear, 
mainly while the fiber is hard, what may cause the thorn feeling for wearing hemp cloths. This study focuses on the influence of the 
alkali treatment on the composition and structure of hemp fiber.  
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I. INTRODUCTION 

Cannabis (Maracese) is an annual herb, which is also 
called in hemp, Latin name is Cannabis satival. China is the 
main producing country for hemp fiber. The production of 
hemp fiber is all over the country, especially in North China. 
The hemp in the north is whiter and more flexible than the 
south of China. In recent years, China has accounted for the 
production of cannabis in the world cannabis production for 
about 13/, which is on the first place in the world. 

Hemp fiber is different from cotton fiber. Hemp is a non 
pure cellulose fiber. The main chemical composition is 
cellulose. At the same time, there are different degrees of 
hemicellulose, lignin, pectin and wax and other concomitant 
[1]. At present, the main method for using hemp in the 
industrial field is chemical method, which uses the fruit of 
the raw hemp [2]. Through the alkali treatment to hemp fiber 
can man remove the original hemp in the fruit gum 
ingredients, in order to achieve the industrial requirements of 
the quality of hemp fiber [4].   

However, this kind of treatment also has some 
disadvantages. Under the normal temperature and normal 
pressure, the speed is slow and the removal of the resin is 
less, but the separation of the fiber is poor. The production 
rate is high, and the length of the process is longer [3]. With 
high temperature and high pressure for boiling, the speed is 
fast [2]. 

In addition to a number of high quality and low quality, 
the fiber is lower, the length of the process is shorter. The 
degumming process consumes a large amount of chemical 
raw materials and energy, high labor intensity, high energy 
consumption, and high production costs. The harmful 
chemical composition of the treated wastewater is not easy to 
recover, and the color of the wastewater is very easy to 
pollute the environment. Exit drawback, strong alkaline, 
organic acid, alkali and other complex components may 

damage to the hemp fiber, which will destroy the internal 
structure of the fiber and lignin. The stability of organic acid 
is high, so the removal of lignin by acid leaching is not 
totally ideal. 

II. METHODOLOGY 

A. Composition and Structure of Hemp  

1)  Composition of hemp fiber 
Hemp fiber belongs to natural cellulose fiber, containing 

mainly cellulose and other cellulose materials, such as 
pectin, lignin element, semi cellulose, waxy fat, ash, heavy 
metals and phenolic substances, etc [5]. 

Hemp fiber mainly comes from hemp lotus cortex, the 
main component of hemp fiber is leather fiber element, semi 
cellulose, pectin, lignin, water soluble substance, fat content 
and ash, etc [4]. The fineness of the fiber is as long as that of 
the hemp fiber, which is close to the cotton fiber. And the 
ends of the cell are close to the blunt, so the hemp fabric 
feels soft and comfortable. The layer of material is woven 
into a net with the presence of chemical bonds, such as semi 
cellulose and hemp fiber. The quality and the pectin exist 
mainly in the single fiber between the cell, and the single 
fiber is set up. The degree and length of the flax are 
equivalent to the fiber spinning process. The content of hemp 
fiber is lower, and the content of cellulose is lower, too. 

Cellulose is kind of the macromolecule carbohydrate, 
which is the main component of plant cell wall composition 
[6]. Cellulose is insoluble in water and neutral solvent. 
Alkaline has a case of acid to hydrolysis that is produced 
from the hydrolysis of cellulose, then the intensity has 
gradually weakened, or even disappeared, in case of copper 
liquid can be expanded and dissolved [7]. Cellulose and 
lignin in plant cell walls are closely linked to each other, and 
the mixture of the two plants is called the semi-cellulose [5].  
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Lignin is one of the main components of the plant cell 
wall, which is found in the cell membrane and cell wall. 
Xylem and phloem tissue of the hemp plant lignin mainly 
exists in flax stem. Pectin is a complex carbohydrate 
containing lactose hydrolysis acid, which is in a clayey state. 
The heavy metal elements are the high polymer coagulation 
in plants and animals, especially the metal ions are the core 
of the metal ions. The results showed that the content of 
heavy metal ions and the heavy metal ions in the hemp fiber 
are also in the hemp fiber. After many years of research, 
people know that there are many kinds of chemical 
substances in the plant, including many kinds of phenolic 
substances, which are unique to the hemp plant. Among the 
various phenolic substances, the most important elements are 
THC, CBD, CBN, CBG and CBC [7]. 

Many researchers suggest that the hemp fiber cross 
section is slightly oval or polygonal. The crimp fiber’s 
surface is usually rough with minor fibrillar centers having 
slender cavity, and with the surface of the fiber longitudinal 
distribution of cracks and pores connected. After tearing, 
people found that among the fibers are glue residue, 
reticulation structure such as glial and short fiber. Hemp and 
flax fiber cell forms are similar. The cell is extremely small 
in the middle of the fiber diameter. Several kinds of phloem 
fibers are shown in Figure 1. 

 

 

  Figure 1. Several kinds of phloem fibers 

The color of hemp fiber is slightly yellow, and after 
bleaching, it is white and shiny to a specific variety of fiber. 
Then its color and variety has relationships with its growth 
conditions and processing technology, etc. Hemp, fiber flax 
and ramie are all bast fiber. The morphological 
characteristics of these kinds of hemps are shown in Table 1. 

He also made a deep study of the tensile stress of 
dislocations in single marijuana shadow ah, the tensile test 
using a camera with micro measuring instrument. The results 
show that the dislocation of the fiber gradually disappears 
with the increase of the applied tension, but the dislocation 
of the fiber is in the fiber. 

He also proposes a method for quantifying the number of 
dislocations in the hemp fiber, which is based on the 
application of polarized light microscopy and an image 
analysis tool. The occupied area and fiber area ratio is 
considered to be dislocation in the fibers of content. The 
elastic modulus of the fiber is affected by the dislocation of 
the fiber, and the stress strain of the fiber can be explained 
by the nonlinear geometric effect and the semi cellulose 

yield in the dislocation region. In addition, due to the 
increase in the diameter of the fiber, the elastic modulus is 
caused by the increase of the dislocation angle. 

TABLE  I  MORPHOLOGICAL CHARACTERISTICS OF HEMP, FLAX AND 
RAMIE 

Items Hemp Flax Ramie 
Plant stem 
/cm 

Height 180-250 70-130 160-210 
Thickness 1.6-5.7 0.2-0.5 1-1.6 

Distribution of single 
fiber in the phloem 

Cross 
sections of 
10-40 fiber 
cells into 
bundles, 
spaced by 
thin cell 

Cross 
sections of 
20-80 fiber 
cells into a 
fiber 
bundle, 
apart from 
a thin cell 
septum 

Cross sections 
of 20-50 fiber 
cells are 
gathered into 
bundles, 
parenchyma 
cells are easy 
to be 
decomposed 
into single 
cells. 

Percentage of single 
fiber 

22 35 95 

Percentage of single 
fiber bonding 

78 60 15 

Single 
fiber 
length/mm 

General 8-55 15-60 65-255 
The 
longest 

50 120 600 

Single fiber diameter 
/ μm 

15-17 15-25 25-85 

Single fiber length 
diameter ratio 

750 1050 2000 

 
 

 
Figure 2. Dislocation in the hemp fiber 

Leonard Y treated hemp, sisal, jute and kapok fiber with 
alkali, in order to shout the chemical modification. The 
characteristic peak position of each fiber after alkali 
treatment is shown in table II. 

They find after alkali treatment on the fibers, the number 
of hydrogen bon of the fiber decreases, which leads to the 
increasing of its concentration of cutting. Within this range 
of the peak intensity changes are demonstrated.  
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TABLE II  INFRARED TRANSMISSION PEAK POSITION OF FIBER AFTER 
ALKALI TREATMENT 

Key type Hemp (cm) Sisal (cm) Jute (cm) Kapok (cm)
-OH Stretching 
vibration 3445-3448 3445-

3446 
3445-
3475 3405-3420 

C-H Stretching 
vibration 2890-2900 2950 2915-

2998 2915-2920 

C=O 
Stretching 
vibration 

-- -- -- 1745 -- 

C=C 
Stretching 
vibration 

1635-1655 1635 1635-
1655 -- 

C-H Bending 1384-1386 1386 1385 1385 - 1385
C-H Bending 1245-1250 -- -- Reduced
C-C Stretching 
vibration 1000-1165 1000-

1165 
1000-
1165 1000-1165 

C-H Stretching 
vibration 890-895 890 895 898 

-OH 665-675 -- 665 608-667

 
2)   Structure of  hemp  fiber 

Hemp fiber is a natural plant phloem fiber. The main 
component is cellulose. Hemp fiber contains more 
hemicellulose, lignin and pectin components. Cellulose is the 
most abundant natural polymer on the earth. It is a linear 
macromolecule which is coupled by a large amount of 
glucose, which is arranged in the crystalline region. The 
hydrogen atom in the crystal is arranged in the vertical 
direction of the six-ring structure. The molecular formula of 
hemp fiber is (C6H10O5)n. Figure 3shows the structure of 
cellulose. 

 

 
Figure 3. Structure of cellulose 

In addition to a variety of phenolic substances, hemp 
fiber also contains a variety of trace elements. These 
components combine in a variety of ways with the cellulose. 
They are the main source of polymer fiber aggregation. The 
performance of the fiber will have a certain impact. Hemp 
fiber has a variety of trace elements. Spectral analysis of 
trace element ray diffraction is shown in Figure 4. 

 

Figure 4. EDS analysis of trace elements in hemp fiber 

B. Experimental Materials and Methods 

Hemp fiber is provided by the Shanxi oasis Textile Co., 
Ltd. The chemical medicines include sodium hydroxide, 
sulfuric acid, sodium phosphate and sodium sulfate. First of 
all, the impurity of the fiber is removed in the low 
concentration of sulfuric acid solution with 50℃. After full 
washed it is respectively treated in the 7, 10, 13 and 20 g/L 
sodium hydroxide solution for 1, 2 and 3 hour under the 
temperatures of 80 ℃ and 100 ℃. Lye can be added for 
sodium phosphate, sodium sulfate and other additives, in 
order to strengthen the degumming effect. The quality rate of 
all bath experiment processes is 20 to 1. At the end of the 
experiment the fiber will be fully washed to remove residual 
alkali. The samples were treated with JSM-5600V scanning 
electron microscope. The test distance of this microscope is 
10 mm. Its operating voltage is gradually increased to 10 kV. 
At last we can use it to observe the fiber amplification for 
2000 times and 3000 times the longitudinal section image. 

Fiber has been lied in the humidity room under the 
temperature of (20±2 ) ℃ and the humidity of 65%±2% for 2 
days. The strength of the hemp fiber has been tested through 
the XQ-2 testing strength testing instrument. The test length 
is 1cm. Each specimen has been measured at least 100. The 
measurement of fiber bending modulus is the instrument of 
the invention of the textile materials technology team from 
Dong Hua University. After degumming the hemp fiber has 
been separate washed with ether and ethanol. It is at last 
humidified in constant temperature in the humidity. 

III. RESULTS AND DISCUSSION  

A. Surface Morphology of Fiber  

Figure 4 shows that the fiber is in the 13 g/L NaOH with 
the temperatures of 80℃ and 100  under the condition of 
alkali scouring and electron micrograph for 2 hours. 
According to Figure 5 (a), the fiber diameter under the 80℃ 
condition is thick. Between fibers there is a obvious glial 
connection. In Figure 5 (b), fiber is smaller in diameter with 
smooth surface. We can see a trend of separation between 
the fibers. Under the same concentration of lye, as the 
temperature increased, a chemical bond between the fibers is 
gradually destroyed. 

 

 
(a) 80℃ 
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(b) 100  

Figure 5. Scanning electron microscope of hemp fiber with different 
temperatures 

 

 
(a) 1h 

 
(b) 2h 

 
(c) 3h 

Figure 6. Scanning electron microscope of hemp fiber with different time 
lengths  

 

 
(a) 10g/L NaOH 

 
(b) 13g/L NaOH 

Figure 7. Scanning electron microscope of hemp fiber with different 
concentrations  

Figure 6 shows that the fiber is treated with a 13 g/L 
sodium hydroxide solution at the temperature of 100℃ for 1, 
2 and 3 h. According to figure 6, we can find that the fiber 
surface becomes smooth with the increase of processing 
time. And non wax and pectin, cellulose is removed 
gradually. But when time increases to a certain extent, the 
fiber surface is rough indication. With the increase of time, 
an increase of lye and non crystalline regions of contact, 
open the hydrogen bonds between cellulose and fiber more 
easily into the edge of the amorphous and crystalline regions, 
between this part of the fiber resin is removed, the fiber 
surface becomes rough (as shown in Figure 6 (c)). Figure 7 
shows that with the increase in the concentration of 
treatment, the surface of the fiber has been gradually 
removed from the semi cellulose, so the surface becomes 
smooth. 

B. Analysis of Fiber Bending Modulus 

Figure 8 shows the process of a single fiber bending test. 
With the bending process, the end of the fiber is gradually 
bending. From table III we can find, fiber diameter reduces 
gradually and the bending modulus of fiber decreases 
significantly more. 
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Figure 8. Bending process of single fiber  

TABLE III  BENDING PROPERTIES OF FIBERS 

Concentration Average diameter 
(μm)

Bending modulus
(GPa)

8 21.56 12.18
10 19.35 6.35
15 17.96 3.26
21 17.37 0.66

IV. CONCLUSION 

This study focuses on the influence of the alkali 
treatment on the composition and structure of hemp fiber. 
The temperature, time and concentration of the alkali have an 
influence on the hemp fiber.  

Hemp fiber is a kind of fiber as the main component of 
the textile fiber, its internal molecular arrangement of the 
state is a very complex mixed structure. Cellulose is a 
polymer compound with a certain number of -C6H10O5 by 
1, 4-β. The fiber is arranged in parallel with the basic parallel 
of the fiber. A part of the larger molecules are arranged in a 
regular order, but the other part is arranged in a random 
order, which is an amorphous region. A large number of 
fibers can be run through multiple crystalline domains and 
many amorphous regions. The molecular ends may remain in 
the crystalline region or in the amorphous regions. However, 
there is no obvious interface between the crystalline regions 
and the amorphous regions, so that the hemp fiber is a mixed 
structure with the crystalline region and amorphous region. 

Hemp phloem fiber is thin and long. Both ends are very 
thin, but intermediate is rough, which is called single cell. 
The single fiber is tubular. The surface has a section. It is 
very rough, but not regular polygon. The center has a cavity, 
which is connected with the fiber surface. These gaps can 
absorb moisture in the air, so that the hemp fiber has strong 
moisture absorption. And the gap is connected with the 

cavity and the hole, which also makes the hemp fiber have 
strong moisture absorption. 

With the increase of processing time of adding alkali to 
hemp fiber, the surface of the fiber will gradually become 
smooth. However, when the time increases to a certain 
degree, the fiber surface is rough indication. The reason is 
with increase of time, the contact of lye and non crystalline 
regions is increasing, which opens the hydrogen bonds 
between cellulose. It makes the fiber more easily move into 
the edge of the amorphous and crystalline regions. And this 
part of the fiber between glial will be removed, so that the 
fiber surface becomes rough. As the concentration increases, 
the surface of the fiber will be removed and the surface 
becomes smooth again. 
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