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Investigation of the properties
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of composite basalt fiber
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In this paper, the ecological degradation filter material was prepared by mixing natural
coniferous wood fiber and basalt fiber, and the relationship between material structure,
filtration rate, pore size and fiber content was studied. The results show that when the
spunlace pressure is too high, the vertical and horizontal strength drops faster. The basalt
fiber composite needle-punched filter material has excellent acid resistance. The basalt
coated filter media has high filtration efficiency, good air permeability, high breaking
strength and good filtration performance.
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BunpobyBannsa BiaactuBocTell (iabTpPyrHOUoOro marepiagy iz KOMIO3UTHOrO 6a3aJbTOBOrO
BoaoxkHa. Fuyong Tang, Hua Li

V¥ ui#i crarTi eKonoriunui Marepiaiu, mo GinesTpye, 6yB IPUTOTOBJEHUH WMIIAXOM 3MIiITy-
BaHHA HATYPaJbLHOTO XBOMHOTIO JEPEBHOTO BOJIOKHA i 6a3aIbTOBOTO BOJOKHA, i 6YB BUBUEHUH
B3a€MO3B’A80K MIiK CTPYKTypolo Marepiamy, mBugkictio dinbrparii, posmipom mop i
BMicToM BoJIOKHA. PedynbraTu mOKasyloTh, L0 KOJAU THUCK CIAaHJeNCy 3aHAATO BeJUKUH,
BePTUKAJIBHA TA TOPUBOHTAJIbHA MIITHICTH majae IBuUAIIe. KOMIO3UTHUI TOJKOIPOOGUBHUIT
dinbTpyrounii MaTepian 3 6a3aIbTOBOTO BOJIOKHA Mae BiAMIHHY KucaoTocTiiikicts. @insTpy-
unil Martepian 3 6a3aIbTOBUM MOKPUTTAM Mae BHCOKY edeKTHBHicThL dinbrparrii, xoporry
IOBiTPOIPOHUKHICTL, BUCOKY MiIlHicTh Ha po3puB i xopolri xapaxkTepucTuku GinbTparrii.
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1. Introduction

In recent years, people pay more and
more attention to high temperature resis-
tant basalt fiber in the field of filter

materials.
In this paper, natural coniferous wood

fiber and basalt fiber are compounded to
prepare ecological degradation filter ma-
terials; the relationship between material
structure, filtration rate, pore size and
fiber content is studied, which provides
some experimental basis for basic theoreti-
cal research and industrialization research
of composite fiber filter materials.
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2. Experimental

2.1. Basic characteristics and properties
of basalt fiber

Basalt fiber is an engineering material
with excellent properties such as flame re-
tardant, corrosion resistance, high tempera-
ture resistance, low hygroscopicity, small
elongation, etec. [1]; it is applied to sound
absorption materials, friction materials in-
stead of asbestos, and reinforcement of
highway pavement [2]. It can prevent swel-
ling of materials caused by water ingress,
and can be used for filling and reinforcing
dams, fiber cement products, etc. However,
there is little research on the surface charac-
teristics and chemical stability of basalt fiber
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in acid-base medium [15]; moreover, no
study of its structure has yet been reported.

2.2. Composition characteristics of basalt
fiber and function of oxide

In crystalline minerals, isomorphic sub-
stitution of elements is widespread, which
is the main factor causing a change in the
chemical composition of minerals. Isomor-
phism means that in the process of mineral
crystal formation, the position of a certain
particle (ion, atom, complex anion or mole-
cule) of the crystal is occupied by a particle
which lattice constant is slightly different
without changing the crystal structure type
[3]. In mineral crystals, the isomorphic sub-
stitution is common, but the substitution of
particles is not arbitrary. Some particles
can be substituted for each other, while oth-
ers can’t. The number of substitutions be-
tween some particles is not limited, and oth-
ers are limited to a certain range.

Under different external conditions, sub-
stances with the same chemical composition
can generate minerals with different inter-
nal structures, shapes and physical proper-
ties. This phenomenon is called homogene-
ous polymorphism [4, 5]. In the homogene-
ous polymorph, each mineral is called a
homogeneous polymorph variant, and each
of them is an independent mineral species.
For example, under various temperature
conditions, many homogeneous polymorphs
can be formed, while all the chemical com-
ponents of homogeneous polymorphs are
silicon dioxide.

2.3. Testing materials and instruments

Filter materials were four kinds of nee-
dle-punched filter materials, namely, poly-
ester needle-punched felt, glass fiber needle-
punched double-sided felt, basalt fiber com-
posite needle-punched felt and Fumeisi
high-temperature resistant composite nee-
dle-punched felt.

The Acid-base treatment solution con-
sisted of nitric acid (2 mol/L), hydrochloric
acid (2 mol/L), sulfuric acid (1 mol/L) and
sodium hydroxide solution (2 mol/L).

Instruments: a BPG-9100BH high tem-
perature drying oven; a dynamic filter ma-
terial performance tester; a JSM-5610LV
scanning electron microscope with a high
vacuum mode resolution of 3.0 nm, mag-
nification of 18X~300000X, accelerating
voltage of 0.5 kV ~ 30 kV. The filter per-
formance test method and sample prepara-
tion are in accordance with the relevant
requirements of GB/T 6719-2009.
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Sample pretreatment

The surface of the basalt fiber filter ma-
terial was modified by finishing agent tech-
nology. Steps are as follows:

(1) Firstly, the test filter material sam-
ple is pretreated at high temperature to re-
move the interference of chemical sub-
stances on the surface of the original filter
material fiber; (2) Various modified raw
materials are converted into sizing agent
according to a certain proportion, and then
the sizing agent is evenly coated on the
surface of the sample of the test filter ma-
terial after high-temperature pretreatment;
then it is subjected to high-temperature
heat treatment again and cooled to normal
temperature.

(3) After surface modification, the sam-
ple of test filter material is put in an oven
at a constant temperature of 400°C for
24 h, then taken out and cooled to normal
temperature.

24. Manufacture of filter test piece

The beating method provides pulp with-
out long fibers. The steps are as follows:

(1) Firstly, the required weight of the
dry pulp board is calculated according to
the water content in the dry pulp board
(generally between 6-8 %), the required
mass ratio of plant fibers, the pulp concen-
tration and beating degree; then the pulp
board is soaked in a certain amount of clear
water for more than 6 hours.

(2) The soaked pulp board is torn into
small pieces of 25 mmx25 mm and slowly
added into the beater. It takes about 3 ~
5 min to dissolve them.

(3) During the beating process, at certain
intervals, it is determined whether the beat-
ing degree of the pulp reaches the expected
pulp degree. The beating is continued until
the required beating degree.

Web quality, such as mass deviation per
unit area, unevenness, fiber ratio, color
matching and fiber arrangement direction,
directly affects the appearance and perform-
ance of nonwoven materials. Fiber defects
cannot be repaired in post-processing, but
sometimes they are enlarged and exposed.
There are two ways of netting in nonwoven
production system: dry netting and wet net-
ting. Among them, dry-laid web can be divided
into mechanical carding web and air-laid web.

According to the characteristics of the
fiber and the final use of the product, me-
chanical carding and air-laid were chosen in
this experiment, and through the compari-
son between them, the air-laid method was
finally chosen. In order to improve the
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utilization rate of basalt fiber, the mixture
ratio of basalt fiber/Nomex is 50/50 by air-
laying, and the phenomenon of low cohesion
of air-laid fiber can be compensated by the
following reinforcement process.

2.5. Test method

2.5.1. Mechanical property test of basalt
fiber

Basalt fiber is a high-strength and high-
modulus rigid fiber, which is characterized
by small deformation, high strength and
easy brittle fracture. Therefore, its strength
and elongation test method differs from
that for ordinary flexible fiber, mainly in
sample preparation and error correction. In
particular, basalt fiber is relatively thin,
although its fracture stress is relatively high,
but its tensile fracture strength is relatively
small. During the operation process, espe-
cially during the clamping process, the intro-
duced compression, bending, torsion or non-
axial tensile force may damage or destroy the
fiber, resulting in test errors.

In order to accurately and reliably test
the strength of basalt fiber, this experiment
adopted a method for measuring the tensile
strength and modulus testing of high modu-
lus monofilament. The process is as follows:

(1) Cutting paper cards with windows;

(2) Preparing glue;

(3) Sticking basalt fiber;

(4) Curing the binder;

(5) Preparation of a tensile specimen.

2.5.2. Acid and alkali resistance test

Samples of four kinds of filter materials
in vertical and horizontal directions were
placed into acid solutions with different
concentrations, kept at 80°C for 72 hours,
taken out, washed and dried to assess the
change of tensile properties. The used acid
solutions were: nitric acid (2 mol/L), hydro-
chloric acid (2 mol/L) and sulfuric acid
(1 mol/L).

Then the samples of four kinds of filter
materials in vertical and horizontal direc-
tions were placed into three beakers con-
taining the 2 mol/L sodium hydroxide solu-
tion; and after 24 hours, 48 hours and
72 hours respectively, they were taken out,
rinsed and dried to evaluate the change of
tensile properties with the treatment time.

2.5.3. Filtration velocity measurement

Using the device for testing the filtering
ability of the filter material, ambient air
enters the pipeline from the inlet of the test
pipeline, passes through the tested filter
material and flowmeter, and is sucked off
by the suction pump. The resistance of the
filter material is directly read by the digital
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micro-pressure meter connected to the meas-
uring points before and after the filter ma-
terial. The filtration -classification effi-
ciency is calculated by the mass concentra-
tions of particles with different sizes on the
front and back sides of the filter material,
which are read by two Grimm portable dust
particle monitors arranged in front of and
behind the filter material [6].

The biggest feature of this experiment is
that the mass concentration and number of
dust particles from 0.23 um to 20 pm in
dusty gas can be directly measured by in-
struments. The single-factor experiment on
this subject is to measure the filtration ef-
ficiency in a pure state.

Test method for the dust holding capac-
ity of the filter material: generate dust
evenly every two minutes at an air speed of
1 m/min and a dust amount of 0.59/min.
Under conditions of stationary filtration,
the air speed is low, and the structure of
the dust layer does not change, which can
be roughly considered as the natural state
of the pile, and there is a linear relation-
ship between the time and the thickness of
the dust layer. The main parameter tested
in this experiment is the efficiency of filter-
ing and classification, which is shown as

follows:
C,-¢C
n; = (1012] 100%, @

where C;, C, are, respectively, the mass con-
centrations of particulate material with a cer-
tain particle size in the pipeline before and
after the measured filter material, kG/m3.

In this experiment, four particle sizes of
0.5 um, 1 um, 2 um and 5 pm were selected
to analyze the filtration efficiency of the
product.

2.5.4. Air permeability

Moisture permeability, water permeabil-
ity and water resistance are collectively re-
ferred to as permeability. Nonwovens for
different uses have different requirements
for permeability. In this topic, according to
the application of high-temperature resis-
tant filter materials, we mainly study the
air permeability of materials, mainly by
measuring their air permeability, porosity
and pore size distribution [7].

The principle of the test on air perme-
ability is as follows: a pressure difference
of 128 Pa is added on both sides of the test
material, and when the flow is steady, the
air flow through the sample of unit area per
unit time is measured in mm/s, and the test

Functional materials, 29, 4, 2022
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is repeated at least 10Ntimes at different
parts of the same sample.

Porosity is defined as the percentage of
pore volume in the total volume of materi-
als. Typically, porosity is defined as:

Ve Py (2)
q>_1—7b_1—p—s_[1—m/(p-5)].

Among them: V, is the solid volume of
sample (m3); p, is the solid density of sam-
ple (g/m?); V, is the apparent volume of
sample (m3); p, is the apparent density of
sample (g/m?2); m is the mass area ratio
(g/m2); p is the raw material density
(g/m3); 8 is the material thickness (m).

The directly measurable data of basalt
fiber nonwovens are areal density, thickness
and void ratio formula:

¢=100[1-m/p - 3] (3)

Among them: m is the mass area ratio
(g/m2); p is the raw material density
(g/m3); 8 is the material thickness (m).

In this experiment, a multi-function pore
size meter is used to test the pore size: the
maximum pore size can be obtained by
measuring the pressure at the beginning of
the gas flow; this is generally determined
by the size of the first bubble when testing
the material, i.e. the size of the pores at the
point of the bubble.

The method of average fluid pore size
means that under the action of pressure
gradient, the gas flow increases rapidly
with an increase in the pressure difference
from the first bubble on the surface of the
sample. When the pressure difference
reaches a certain value, and the ratio of the
flow through the wet sample to that of the
dry sample of the same area is equal to 1/2,
this pressure difference is called the aver-
age flow pressure difference; and the calcu-
lated equivalent capillary diameter is called
the mean flow pore size or the mean fluid
pore size [8, 9].

3. Results and discusion

3.1. Analysis of breaking strength and
elongation test results

The materials studied in this paper are
mainly used in the filtration of flue gas and
dust, and the service life of the filter mate-
rials is limited due to the constant physical
and chemical exposure during operation.
The breaking strength and elongation of the
material is an important index to measure
the life of the high-temperature resistant
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Fig. 1. Influence of spunlace pressure and
areal density on longitudinal and transverse
strength of products.

filter material. Generally speaking, high
temperature resistant filter materials should
have higher strength and lower elongation.

In this paper, the tensile properties of
high temperature resistant filter materials
are studied by changing the parameters of
the spunlace process. The specific test re-
sults and analysis are as follows.

It can be seen from Fig. 1 that the longi-
tudinal breaking strength curves of samples
I, IT and IIl are similar, each with a maxi-
mum breaking strength peak. The spunlace
pressure of sample I is 162 bar, that of ma-
terial II is 200 bar, and that of material III
is 183 bar. At the same time, it can be seen
that the breaking strength of the material
increases with an increase in the spunlace
pressure before the critical point, and de-
creases with an increase in the spunlace
pressure after the critical point.

The transverse strength curves of the three
samples are slightly different. With an in-
crease in the spunlace pressure, the strength
of the material I does not increase, but some-
what decreases, while that of material II and
III increases first and then decreases.

As can be seen from Fig. 2, as the speed
of the net curtain increases, the vertical
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Fig. 2. Influence of conveying speed of net
curtain on longitudinal and transverse
strength of products.

and horizontal strength of the product in-
creases.

The main reasons for the analysis are as
follows: according to the analysis of the lon-
gitudinal and transverse strength of the
product by the spunlace pressure and spun-
lace number, it can be seen that the longitu-
dinal and transverse strength of the fiber
web with the areal density of 460 g/m?2 is
higher, when the spunlace pressure is
150 bar and the spunlace number is less
than 4.

In this experiment, the pressure reached
210 bar, and the number of spunlace chan-
nels exceeded 4 channels. In this case, in-
stead of improving the entanglement be-
tween fibers in the material and between
fibers and base cloth, basalt fibers would be
damaged, and the surface of the web would
be wrinkled and stagnant.

When the speed of the conveying curtain
is increased, the time for the web to be
impacted by spunlace is shorter, and the
damage of high-pressure water to the web is
reduced.

3.2. Influence of different beating degree
and basalt fiber content on the filtration rate

The relationship between filtration speed
and pore size is shown in Figs. 3, 4.

When other conditions are constant, dif-
ferent beating degrees directly affect the
sizes of various pore sizes of filter materi-
als, and then affect the filtration rate. It
can be seen from Fig. 8 that the trend of
change in the relationship between the
maximum pore diameter and the average
pore diameter and the filtration rate is ba-
sically the same, that is, it decreases with a
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Fig. 3. Relationship between the pore size
and filtration speed at different beating de-
grees.

decrease in the pore diameter, and the fil-
tration rate obviously slows down after a
decrease in the pore diameter to a certain
extent.

When other conditions are constant, dif-
ferent basalt fiber content affects the pore
size of the filter material, and then affects
the filtration rate of the filter material. It
can be seen from Fig. 4 that the effect of
the basalt fiber content on the filtration
rate of the filter media is basically the same
as that of beating degree, but the trend of
change is obviously different from that for
different beating degrees; this shows that
the degree of beating and the content of
basalt fiber affect the filtration rate differ-
ently. Even with the same pore size, the
filtration rates are different, which shows
that the increase in the beating degree has
an important effect on the filtration rate.

From this point of view, for basalt fiber
composite filter media, adding a small
amount of basalt fiber can increase the fil-
tration rate, but increasing the content of
basalt fiber has no obvious effect on the
filtration rate, so we should consider reduc-
ing the beating degree to improve the filtra-
tion rate.

The experimental results and the analy-
sis of the above data show that the filter
media filtration method provides traditional
deep filtration, and the filtration efficiency
should be affected by the filter media fibers
and fine particles in depth. In the primary
stage of filtering, particle separation occurs
inside the fiber layer, and then particle
separation on the surface takes place. With
an increase in the filtration time, the dust
grows into dendrites, and bridges are

Functional materials, 29, 4, 2022
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Fig. 4. Relationship between the pore size

and filtration rate at different basalt fiber
content.

formed between fiber meshes. The dust
layer deposited on the surface of the filter
material is used to realize filtration, which
is a filtration method integrating adsorp-
tion, inertial collision, interception, and
diffusion effects [10].

3.3. Acid-alkali contrast

In order to compare the acidity and alka-
linity of the filter materials, inorganic acids
were chosen with the same concentration of
hydrogen ions of 2 mol/L. The breaking
strength retention rates of needle-punched
filter materials after three kinds of acid
treatment can be averaged, and the com-
parison charts of breaking strength reten-
tion rates of four kinds of filter bags after
acid-alkali treatment for 72 h were ob-
tained, as shown in Fig. 5 and Fig. 6 respec-
tively.

As can be seen from Figs. 5 and 6, the
strength retention rate of four kinds of fil-
ter materials after acid solution treatment
is more than 96 %. However, the strength
retention rates after alkaline solution treat-
ment are all less than 77 %, so the acid
resistance of the four filter materials is ob-
viously greater than the alkali resistance.

In addition, it can be seen that in the
longitudinal and transverse directions, the
strength retention rate of the basalt fiber
composite needle-punched filter material
treated with NaOH is slightly higher than
that of other three filter materials, so its
alkali resistance is slightly better than that
of other three filter materials.

3.4. Air permeability of coated filter
media

The measurement of porosity is an indi-
rect measurement. Non-woven filter materi-
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Fig. 5. Comparison of longitudinal breaking
strength retention rate of needle-punched ma-
terials after acid-alkali treatment.

als make it possible to evaluate the effi-
ciency of filtration by porosity. The larger
the porosity, the smaller the resistance of
the filter material to the fluid flow. Poros-
ity is directly related to the structural char-
acteristics of the filter material, that is, the
density, areal density and thickness of the
material.

The air permeability directly affects the
fluid resistance of the fiber filter material,
the difficulty of dust removal and the
amount of energy consumption. If the air
permeability is good, the fluid resistance is
small, and the lower the energy consump-
tion, the better the dust removal effect. The
test results of air permeability of coated
filter media are shown in Fig. 7.

It can be seen from Fig. 7 that 10 coated
filter materials have the highest air perme-
ability with and without a film; the air per-
meability with and without a film is over
220 mm/s, and the air permeability with a
film is almost twice that without film, fol-
lowed by 7 and 4 coated filter materials
with better air permeability, 1 and 2 coated
filter materials with the worst air perme-
ability, and the air permeability of front
and back surfaces is within 75 mm/s.

Ten kinds of the coated filter media
adopted the same coating process, so the
influence of a film on air permeability can
be neglected. The difference of air perme-
ability is mainly caused by the difference in
the porosity of basalt woven fabric due to
the difference in the base fabric organiza-
tion and the change of gas flow resistance
when passing through the woven fabric,
which leads to the difference in the air per-
meability between different coated filter
materials.
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Fig. 6 Comparison of transverse breaking
strength retention rate of needle-punched ma-
terials after acid-alkali treatment.

4. Conclusion

In this paper, natural coniferous wood
fiber and basalt fiber were compounded to
prepare an ecological degradation filter ma-
terial; and the relationship between the ma-
terial structure, filtration rate, pore size
and fiber content was studied. Based on a
large number of experiments and studies,
the following conclusions are drawn:

(1) The strength and elongation of the
studied filter material are comprehensively
influenced by the base cloth and the upper
and lower layers of webs. With an increase
in the spunlace pressure, the vertical and
horizontal breaking strength of samples
with three different areal densities first in-
creased and then decreased. The higher
areal density, the higher the breaking
strength of samples. At the same time, it
was found that the lower areal density of
samples, the faster the vertical and horizon-
tal breaking strength decreased when the
spunlace pressure was too high.

(2) The acid resistance of the basalt com-
posite needle-punched filter material is ob-
viously better than the alkali resistance,
and it is suitable for use under high tem-
perature and acid conditions.

(3) The relationship between the pore
size and filtration rate shows that the trend
of change in the pore size and filtration
rate is basically the same under different
beating degree, and this trend of change is
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basically the same under different basalt
fiber content. However, when the basalt
fiber content reaches the percolation thresh-
old, the influence on the filtration rate will
decrease, so the beating degree can be re-
duced to improve the filtration rate.

(4) The fabric structure has a great in-
fluence on the air permeability of the coated
filter material. Under the same compound-
ing process, the air permeability of 10
coated filter materials is the best, exceeding
220 mm/s.
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