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To extend the applications of cattail fibers in the textile, engineering and apparel industry, the morphological structure and
properties of cattail fibers were tested and analyzed. The morphology was examined with a scanning electron microscope
(SEM) and an optical microscope. The results show that the cross-sections of the cattail fibers were in the shapes of "�" or "Y"
or ">–<"; the fiber length and fineness were mainly in ranges of 2.25–10.65 mm and 10–15 μm, respectively; there were about
56 fibers in a cattail cluster. The moisture-regain rate and mass ratio of the resistor of cattail fibers were measured to be 7.57 %
and 1012.5 �·g/cm2. In this case, the composition of the cattail fiber was similar to that of the kapok fiber. In addition, its pH
value was found to be 6.7, which is harmless to the human body and the pectin content of the cattail fibers was found to be
1.013 %, which is similar to the cotton fibers. Furthermore, the acid resistance of the cattail fibers is better than their alkali
resistance.
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Avtorji prispevka so testirali in analizirali morfolo{ko strukturo in lastnosti rogoznih vlaken, da bi raz{irili njihovo uporabo v
tekstilni industriji in in`enirstvu. Morfologijo vlaken so analizirali pod opti~nim in vrsti~nim elektronskim mikroskopom (SEM;
angl.: Scanning Electron Microscope). Raziskave so pokazale, da so vlakna v preseku razli~nih oblik: "�"," Y " ali ">–<";
dol`ina vlaken je bila ve~inoma med 2,25 mm in 10,65 mm in debelina (premer) med 10 μm in 15 μm. V vsakem rogoznem
svitku (stroku) je okoli 56 vlaken. Vsak strok se navla`i s pribli`no 7,57 % vode in ima specifi~no elektri~no upornost pribl.
1012,5 �·g/cm2. Sestava njihovih vzorcev je bila podobna sestavi vlaken kapokovca. Poleg tega imajo vlakna pH vrednost 6,7,
kar je ne{kodljivo za ~love{ko telo. Izmerjena vsebnost pektina v rogoznih vlaknih je bila 1,013 %, kar je podobno kot v vlaknih
bomba`a. Nadalje avtorji ugotavljajo, da je odpornost vlaken proti kislinam bolj{a kot njihova odpornost proti bazam.

Klju~ne besede: rogozna vlakna, morfolo{ka struktura, lastnosti

1 INTRODUCTION

Cattail is also called typhalatifolia, calceolaria, wild
candle, typhaangustifolia, etc.1 The genus is largely
distributed in the northern hemisphere where it is found
in a variety of wetland habitats. In "Compendium of
Materia Medica", there are some records on the cattail.
They show that cattail functions as a sedative and
tranquilizer, clearing internal heat and cooling the blood,
which is good for children and adults.2 As a natural plant
fiber, cattail fiber is abundant, cheaper, biodegradable
and environment-friendly.3–4 Due to the disadvantages of
being short, light, hard to collect, easily broken, etc.,
cattail fibers are not effectively and fully used which
leads to a waste of the resources.5–6 The morphological
characteristics and basic properties of the fibers play
important roles in their utilization,7 i.e., the morpho-
logical characteristics directly determine the essential
application aspect of a textile fiber, and the basic
properties directly determine the processing and staining
method of the fiber.

At present, most research works in engineering
relating to cattail fibers focus on oil absorption using the
water-proof and oil-absorption characteristics of the wax
attached to the surface of the cattail fiber.8–14 However,
the research on the aspects of textile and clothing,
especially on the morphological characterization and
basic properties is rare.

This research not only focused on the cattail fiber’s
morphological characterization, including the fiber
length, the fiber number contained in a cluster, the fiber
fineness, etc., but also investigated the essential proper-
ties such as specific resistance, moisture regain, acid and
alkali resistance, pH and pectin content. All the findings
can provide a more solid theoretical basis for an ex-
ploitation and utilization of the cattail fiber in the field of
textile and clothing.

2 EXPERIMENTAL PART

2.1 Materials

The raw material of cattail fibers was collected from
a lake in the Songjiang district, Shanghai City, China.
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The fibers for testing were from mature plants, whose
spikes naturally burst as shown in Figure 1.

2.2 Morphological characterization

2.2.1 Morphological structure

Cattail fibers were observed with a video microscope
(KH-1000 3D, Hirox-USA, Inc., USA), ordinary optical
microscope (CXR2, Labomed, USA), and scanning
electron microscope (SEM) (DXS-10A, TM3000, Hita-
chi, Japan).

2.2.2 Cattail-fiber length

The millimeter scale, tweezers and a blackboard were
used for measuring the cattail-fiber length. With the
tweezers, some cattail fibers from the end and middle
parts of the spike of a cattail were placed on the
blackboard, measured on the millimeter scale one by
one, and their length values were recorded separately. A
group of fibers was used to analyze the fiber length, and
the mid-value was taken as the average length. Then, the
fiber with a spacing of 0.3 mm was sub-filed. The
standard deviation and coefficient of variation (CV %)
were used for describing the fiber-length dispersion
status as shown in Equations (1) and (2):
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where S is the standard deviation; X is the value of each
fiber from the group; X is the average value of each
group; f is the number of the measured fibers; i is the
group spacing; d’ is the assumed square set distance; n is
the total fiber number.

2.2.3 Cattail-fiber fineness

The shape of the cattail fiber is not a single tubule but
a bifurcated structure. Several bifurcated fibers gather
into a cattail cluster. Thus, fiber fineness is defined as the
average fineness of the cattail fibers in a cattail cluster.
An optical microscope (CXR2, Labomed, USA) was
used for the fineness observation and the fineness of
cattail fibers was tested in accordance with GB/T10685-

1989 Wool – Determination of fiber diameter – Projec-
tion microscope method.

2.2.4 Cattail’s single fiber in a cluster

A fiber cluster was removed from a mature spike of
cattail and cut through its tail section; then the fibers
were distributed on the blackboard. By counting the
cattail fibers, the number of the fibers contained in the
cluster was determined. We used the video microscope
(KH-1000 3D, Hirox-USA, Inc., USA) to observe the
cattail fibers.

2.3 Properties

2.3.1 Moisture-regain and specific-electrical-resistance
tests of cattail fibers

We tested the moisture-regain rate for the cattail
spike in the standard state according to GB/T 9995-1997
Determination of the moisture content and moisture
regain of textile – Oven-drying method.

A 50-g fiber sample was obtained and kept under the
standard atmospheric condition for more than 4 hours (a
temperature of 20 °C±2 °C, relative humidity of 65 %±2 %).
A sample with a weight of 15 g was weighted with an
electric balance (Mitsubishi Co., Ltd., Japan, 0.01g).
Then we tested their resistance with a YG321 specific-
electrical-resistance tester. Three parallel experiments
were set up to ensure the accuracy of the results.

2.3.2 Infrared-spectroscopy analysis

According to the characteristic absorption peaks in
the infrared spectrogram, we could recognize the che-
mical bond of the fiber and identify the main ingredients
in the cattail fiber using a USA Nicolet 5700 infrared
spectrometer.

2.3.3 pH test

The pH of the cattail fiber and kapok fiber was
measured and analyzed in accordance with GB/T 7573
Textiles – Determination of pH of an aqueous extract.

2.3.4 Analysis of the acid and alkali resistance of
cattail fibers

We had 50 fiber samples of 1 g. We used water for
the solutions with different concentrations of H2SO4 and
NaOH where the concentration gradient was 5 %. Then
we put the fibers into different solutions for one hour,
washed them 3 to 4 times with distilled water, naturally
air dried them and observed the changes of the fibers and
solutions. We used CH3CH2OH as the solvent to obtain
different degrees of the H2SO4 concentration.
CH3CH2OH was used because cattail fibers can be
completely infiltrated in CH3CH2OH, but not in water.
Then we observed the change in the acid-resistance
properties of the solutions with different H2SO4 con-
centrations in the same experiment conditions. The
experiment processes and conditions for NaOH were the
same as those for H2SO4.
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Figure 1: Images of cattail and cattail fibers (a: cattail; b: cattail
fibers)



2.3.5 Pectin in cattail fibers

Using the carbazole chromogenic method to deter-
mine the pectin content in the cattail fibers, the standard
curve of the pectin concentration/absorbance was first
drawn. A 2-mL amount of pectin with a mass fraction of
0.25 % was diluted in 50 mL of water. Then, we marked
13 pieces of tubes and filled them separately with 6 mL
of H2SO4. We injected different volumes of pectin and
water into the tubes and cooled the tubes down by
putting them into an ice-water bath. After the cooling,
we put them into a boiling-water bath for 15 min and
then cooled them down again. We injected 1 mL of 0.15
% carbazole anhydrous ethanol and put the samples into
an 85 °C water bath for 30 min to keep the color. Then
we took them out and cooled them down. We tested the
absorbance at 535 nm and drew the carbazole pectin
standard curve, determining the absorbance at 535 nm
with vertical coordinates, as shown in Figure 2. If the
pectin content is x and the tested absorption of the cattail
fiber is A, the calculation of pectin is made with
Equation (3):
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3 RESULTS AND DISCUSSION

3.1 Morphological characterization

3.1.1 Morphological structure

Morphological structure of cattail fibers is shown in
Figure 3. It is very similar to the shape of eiderdown or
a flower. There are three parts of the structure: the cattail
seed, the single fiber and the cattail-fiber stem. Between
the stem root and the top, there are several single fibers
in the middle part and the part called the root. There are
about 40 to 50 single fibers in the first root. There are
fewer than 3 roots in the cattail-fiber stem. As shown on
Figure 3c, the longitudinal surface of the cattail fiber is
not smooth as there are several points on the single fiber
that are similar to bamboo; these points stick out signifi-
cantly so that the surface of the single fiber is not
smooth. However, the surface is smooth between these
points. As there are many such points, the diameter of

the cattail fiber is not uniform. Figure 3e shows that the
cross-sections of cattail fibers exhibit a special � form or
Y form or >–< form. The special structure of cattail
fibers allow the fibers to keep a large quantity of silent
air.

3.1.2 Cattail-fiber length

All parts of a cattail-fiber length are shown in Figure
4. It can be observed that the length of the terminal part
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Figure 4: Cattail-fiber-length probability density distributionFigure 2: Carbazole pectin standard curve

Figure 3: Morphological structure of cattail fibers



of the cattail fiber is in a range of 2.25–8.65 mm, and the
concentrated-distribution length is in a range of
6.25–8.25 mm. The first half of the curve is gentle, while
the rest is quite steep. In addition, the end spike of the
cattail is distributed dispersedly and its average length is
6.7 mm. However, the length of the middle part of the
cattail fiber is concentrated from 5.45 mm to 10.65 mm.
At 8.25–9.85 mm, the fibers exhibit a concentrated
distribution and the curve has an approximately normal
distribution. The average length is 8.90 mm. Meanwhile,
the length distribution of the end spike of the cattail
impacts the whole length dispersion. Above all, the
cattail fiber can be distributed at the length of 2.25–10.65
mm and the curve exhibits an approximately normal
distribution at the length of 6.25–9.85 mm. In general,
the length distribution for the cattail fiber is dispersive
and its average length is 7.9 mm.

3.1.3 Cattail-fiber fineness

On Figure 5, it can be observed that the fineness of
the terminal part of the cattail fiber ranged from 10 μm to
22.5 μm; there were mainly two distribution sections,
10 μm to 12.5 μm and 12.5 μm to 15 μm, which was a
large dispersion and the fiber exhibited a scattering
distribution. The fineness of the middle part of the cattail
fiber was different from 10 μm to 27.5 μm, and the
fineness of the fiber was mainly divided into three
sections: 10 μm to 12.5 μm, 12.5 μm to 15 μm and 15 μm
to 17.5 μm. The dispersion was larger than for the
terminal fiber of the cattail stick. The total fineness of
the cattail fiber ranged from 10 μm to 27.5 μm and it was
mainly divided into three sections: 10–12.5 μm, 12.5–15
μm and 15–17.5 μm. The average fineness of the terminal
fibers was 13.35 μm and the fibers were also very
dispersive. The total fineness distribution of the cattail
fibers was mainly influenced by the middle-section
fibers. The total fineness of the cattail fibers was mainly
divided into two sections, 10 μm to 12.5 μm and 12.5 μm
to 15 μm, and 52 % of the terminal cattail fibers were in

a range of 10–12.5 μm, being more concentrated and
thinner than the middle-section cattail fibers. The
distribution of the middle-section cattail fibers was more
dispersive and the fineness was bigger.

3.1.4 Cattail’s single fibers in a cluster

Distribution of single fibers in the cattail is shown in
Figure 6. A piece of cattail contains about 30–80 single
fibers. The average number of single fibers in a cluster is
56. It can be seen that the distribution of the single fibers
contained in one cattail cluster is random.

3.2 Properties

3.2.1 Moisture-regain and specific-resistance test for
the cattail spike and cattail fiber

The moisture regain of the cattail spike was 4.78 %
under the atmospheric static condition, while the mois-
ture regain of the cattail fiber was 7.57 %. The fibers
were closely packed in the cattail spike, which was bad
for the water absorption and release. Therefore, the
moisture regain of the cattail fibers was larger than that
of the cattail spike but smaller than that of the cellulose
fibers, which have a higher water-absorption ability.15

The mass-ratio resistance of the cattail fibers was
1012.5 �·g/cm2, which was smaller than that of the
common fibers.15 It was difficult for the cattail fibers to
build up static electricity so that the influence of static
electricity could be ignored.

3.2.2 Infrared-spectroscopy analysis

As shown on Figure 7, the results of the infrared
spectroscopy of the cattail fibers were very similar to
those of the kapok fibers, exhibiting the typical vibration
mode of fibrin and hydrocarbon. The widest peak,
3363 cm–1, could be linked to the stretching vibration of
anti-free -OH, given that the waxiness of the cattail
fibers was very higher. The peaks at 2925.3 cm–1 and
2846.7 cm–1 corresponded to the stretching vibration of
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Figure 5: Cattail-fiber-fineness probability density distribution Figure 6: Number of single fibers contained in a cattail cluster



CH2 and CH3 and were related to the existence of the
vegetable wax.16 These two obvious heavy-vibration
peaks show that the waxiness was very high. According
to a report,17 the waxiness of cattail fibers was 10.64 %,
which was much higher than those of the kapok fibers
and cotton fibers. The absorption band was caused by the
stretching vibration of C=O, which existed in ketone,
carboxyl, ester and xylan of 1731.2 cm–1, 1381.8 cm–1

and 1249.5 cm–1 lignose. There were three more obvious
peaks near 1602.9 cm–1, 1510.1 cm–1 and 1457.0 cm–1,
connected with the stretching vibration of C=O and C=C
in lignin.18 The peak value at 1036.9 cm–1 of the stron-
gest band showed the stretching vibration of C-O in
cellulose, hemicelluloses and lignose, all indicating that
the cattail fiber is a kind of cellulose fiber.19

3.2.3 pH test of cattail fibers

Taking the average pH value of the cattail-fiber water
extraction as the test data involved a pH precision of 0.1.
After the test, the pH value of the cattail fiber was 6.7,
which conformed to the standard product pH value
required by GB18401. It is harmless for direct human
touch so this pH is safe and comfortable for the human
body.

3.2.4 Analysis of the acid resistance and alkali resist-

ance of cattail fibers

The cattail fibers were kept in solutions for one hour
as shown in Table 1. Then, they were taken out and
dried. The obtained results for the cattail fibers from dif-
ferent acid or alkali solutions are presented in Figure 8.

The color and morphological changes of A11 to A16
were not obvious, but the colors of A17, A18 and A19
all changed immediately from sepia to black; the shape
changed from fiber into powder. These phenomena indi-
cated that proportions of 0 % to 45 % of H2SO4 make no
obvious damage to the fibers, but when the level of
H2SO4 is above 45 %, obvious damage is made to the
fibers; and when the level of H2SO4 reaches 65 %, the
fibers become carbonized and finally change into
powder, which means that the molecular structure of the
fibers is also changed.

Table 1: Ratios of different solutions

Code
%

A1
H2SO4/ H2O

A2
NaOH/ H2O

A3
H2SO4/C2H5OH

1 0/100 0/100 5/95
2 5/95 5/95 10/90
3 15/85 10/90 15/85
4 25/75 15/85 20/80
5 35/65 20/80 25/75
6 45/55 – 30/70
7 55/45 – 35/65
8 60/40 – 40/60
9 65/35 – 45/55

10 – – 50/50
11 – – 55/45
12 – – 60/40

Not only the color but also the morphology of A21 to
A25 was changed obviously. The cattail fibers changed
from being fluffy to tight and finally they became pow-
der; the color changed from yellow to sepia. Analyzing
these phenomena, we find that when the level of NaOH
reaches 20 %, the fibers become powder; but once the
level exceeds 20 %, the fibers are completely dissolved
and the color of the solution becomes blood red.

The morphology and color of A31 to A34 were
changed to a smaller degree. However, the color of A35

J. ZHANG et al.: MORPHOLOGICAL CHARACTERIZATION AND PROPERTIES OF CATTAIL FIBERS

Materiali in tehnologije / Materials and technology 52 (2018) 5, 625–631 629

Figure 8: Obtained results for cattail fibers in different acid or alkali solutions

Figure 7: Infrared spectra of: a) cattail fibers, b) kapok fibers



to A310 changed from sepia to black. The color of A311
and A312 became black and morphologically the fibers
changed into powder, similar to A19, as illustrated in
Figure 8.

The limiting concentration was 60 %; all the fibers
were dissolved and the color of the solution was black
when this concentration was higher than 60 %. Taking
water or CH3CH2OH as the solvent, the acid-resistance
level showed no obvious change and 65 % of the fibers
changed into powder. Taking water or CH3CH2OH as the
solvent, the level of acid resistance showed a larger diffe-
rence as the color of the cattail fibers changed obviously,
its value being 55 % when taking water as the solvent
and 25 % when taking CH3CH2OH as the solvent.

Taking water as the solvent, the acid-resistance de-
gree of the cattail fibers was higher than the alkali-resist-
ance degree. When a sample changed to powder under
the same conditions, the degree of H2SO4 was 65 %, but
the degree of NaOH was 20 %.

Applying the infrared-spectrum analysis to A11,
A19, A25, after having kept them in a 65 % degree
H2SO4 solution for one hour, it was found that the color
of the cattail fiber became black and its shape changed
into powder, but the internal molecular structure was not
destroyed and the characteristic group was still in place.
After having kept the cattail fiber in a 25 % degree
NaOH solution for one hour, not only the color and the
shape changed, but also the internal molecular structure
changed and the original group was also decomposed. In
conclusion, the cattail fiber was acid-resistant but not
alkali-resistant.

3.2.5 Pectin in cattail fibers

We put a 1.5-g cattail fiber into a weighing bottle,
heated it at 105 °C to a constant weight, cooled it down,
then cut the fiber sample into pieces and put them into a
250-mL three-necked bottle, filled the bottle with a
100-mL 0.5 % (NH4)2C2O4 solution, making use of
reflux condensation. We kept the sample in boiling water
for 1.5 h, then took it out using filtering, used a 3-mL
solution to transfer it into concentrated H2SO4 and mixed
the solution well. After it cooled down in ice water, we
kept it in boiling water for 15 min, took it out and cooled
it down again in ice water. After having filled in a
0.15 % carbazole anhydrous ethanol solution and mixed
it well, we heated it for 30 min in a stable 85 °C tempe-
rature solution until it changed its color. We took it out
and cooled it down, compared it with the blank solution
and analyzed its absorbency with an ultraviolet-visible
light spectrophotometer under a 535-nm wavelength.
According to the standard curve, we calculated the
amount of pectin and reconverted the results into the
percentage of the glia content.

The result of the tested absorption of the cattail fiber
was 1.381, so it could be calculated that the pectin mass
of the cattail fiber was 1.013 %. It was equal to the
kapok fiber and cotton fiber.

4 CONCLUSIONS

(1) The structure of the cattail fiber was very similar
to eiderdown or the flower shape. The single-fiber
surface of the cattail fiber was not smooth, and on every
single fiber, there were points, which were similar to
bamboo; these points were smooth, but they caused the
appearance of the single fibers to be uneven. The cross-
sections of the cattail fibers exhibited the special � form
or Y form or >–< form.

(2) The differences in the length between the two
ends of the cattail fiber and its middle part were very
large. Comparatively speaking, the two end fibers were
very short and significantly scattered, but the length of
the middle section of the fiber was more concentrated. In
conclusion, the length distribution of the cattail fiber was
dispersed. The fineness distribution of the end cattail
fiber was more concentrated than the middle-part fiber,
and the middle-part fiber was very thin. The middle-part
fiber distribution of the cattail stick was more dispersed
and the fineness was thicker. The number of fibers in a
cattail flower fiber was from 30 to 80 and the average
value was 56. The distribution of fibers in the cattail
flower fiber was random within the limits. The moisture
regain of the cattail stick was 4.78 %, but the moisture
regain of the cattail fiber was 7.57 %; the moisture regain
of the cattail stick was smaller than that of the cattail
fiber. The mass ratio of the resistor of the cattail fiber
was very small, much smaller than that of a usual fiber.

(3) The contents of the cattail fiber and cotton fiber
were similar; they were a kind of cellulose fiber. The pH
value of the cattail fiber was 6.7; therefore, it was
harmless for a direct human touch. Taking water as the
solvent, the acid-resistance level of the cattail fiber was
higher than the alkali-resistance level. When the samples
changed into powder under the same conditions, the
level of H2SO4 was 65 %, but the level of NaOH was
20 %. Thus, we could confirm that the cattail fiber was
acid-resistant, not alkali-resistant. The absorption of the
cattail fiber was 1.381, so the pectin content in the cattail
fiber was 1.013 %, but the pectin content in a usual
cotton fiber also was around 1 %.
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