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HayuHno-ucciiejoBarenbckiii HHCTUTYT BBICOKOTEXHOJIOTMYHBIX MaTepuajoB W Impoieccos, bxomarn,
Nuanus

B nacmosuwee epems wupokoe npumenenue noaryuunu KOMROIUMbL, APMUPOBAHHbIE HAMYPATbHBIMU
BOOKHAMU (IKOKOMNO3UMbl). B omauuue om cmexioniacmuxos, onu noogepaicenvl 6uooezpadayuu u
be38pednbl 01 OKpydicaiouell cpeobvl, UMEIOm HUZKYI0 CIMOUMOCMb U NIOMHOCHb, He GblOeNsIom
BPEOHBIX BeWjecms npu 2opeHul U PACWenisiomcs Mukpoopeanusmamu. Ilpednoscena Hoeas mexmo-
02Ut NPOU3BOOCMEA U3 KPACHO3EMA OU00e2paOUpPyemMo2o OHCYMOBONIOKOHHO20 MAMEPUANA C BbICO-
KUMU  NPOYHOCMHLIMU U PAOUAYUOHHO-3awumnbiMy ceolicmeamu. Oyenenvl NPOHUYAEMOCHb €20
PEHM2eHOBCKUMU TYYAMU, CIMAMU4ecKds NPpoOYHOCHb Npu paspvlee u useube, a maxce yoapuas
npounocmo. IIposedenvl mukpocmpykmyphoie uccieoosanus. Ilonyyennvie pe3yiomanst nOOMeepaic-
0aiom nepcnekmueHOCMb NPeONoHCEHHOU MEXHONOUU NPOUIEOOCNEA U3 OAHHO20 MAMEPUANA 3AWUN-
HBIX nauenell 0l peHMeeHOBCKUX KAOUHemos u 0py2020 000py008aHus paouayuOHHOU 3Auumal.

Knrouegwvle cnosa: xpacHbIil 1IJIaM, PEHTTEHOBCKOE HM3JIyu€HHE, HETOKCUYHOCTD, 3aTyXaHHe,
JUKYTOBOE BOJIOKHO, apMHPOBaHUE, OMOIETpaIalys.

Introduction. The importance of all the types of radiations in living beings’ life is
well known. For example, work without using X-rays radiation in diagnostics X-rays and in
CT scanner room is beyond imagination. But along with their usefulness, they have severe
harmful effects, if not taken care and for the same one should use radiation protection
materials. Although researchers have developed various traditional materials using
compounds of lead, tungsten, barium, rare earth in the matrix of concrete and polymers for
radiation protection material [1, 2], but due to their certain drawbacks like toxicity, heavy
cost etc. there is an urgent need to develop an alternative methodology for developing
non-toxic and economical radiation protection material.

Further, from the environmental stringent rules and regulations, increased
environmental awareness and societal needs, excessive use of petroleum resources, have
also attracted the material scientist and researchers towards eco-friendly, biodegradable,
green materials and have encouraged them for developing advanced eco-friendly composite
materials which are compatible with the environment. Further, the natural fiber reinforced
biodegradable composite material gives better properties over other traditional composites,
which uses conventional reinforcing fibers like Kevlar, glass, carbon. In recent years the
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use of natural fibers (NF) as reinforcement in composites had increased as these natural
fibers reinforced composites have potential to save the environment from pollution due to
their ultimate disposability property and are also titled as eco-composites. NF are low cost,
low density, high toughness, biodegradability, renewability, reduced tool wear (nonabrasive
to processing equipment), more energy recovery, carbon dioxide neutral when burned and
are present abundantly in nature [3].

Broadly the NFs are classified as leaf, bast, seed, and fruit depending on the origin.
Among this bast and leaf (hard fiber) types of fiber are commonly used in composite
application [4, 5]. Examples of bast fibers include hemp, jute, flax, ramie and kenaf.
Mohanty et al. [6] have reported that the NF reinforced composites have potential to
replace glass fiber reinforced composites. NEC Corp. (Tokyo, Japan) and UNITIKA
(Tokyo, Japan) has announced the joint development of kenaf fiber-reinforced PLA [7].
Further, it is well-known fact that the major constituents of the natural fibers are cellulose,
hemicellulose and lignin and the Mechanical properties of the NF are determined mainly by
the cellulose content and microfibrillar angle. A high cellulose content and low microfibril
angle are desirable properties of a fiber to be used as reinforcement in polymer composites.
Among all natural fibers, jute is the most inexpensive, useful and commercially available
fibers. Jute fiber consists of about 65-70% cellulose, 13.6-20.4% hemicellulose, and 8%
microfibril [8]. The constituents of jute fiber reveal that it can be a potential candidate for
reinforcement in bio-composites. Further, as the jute fiber has good biocompatibility with
varying polymers including thermoplastics, e.g., polyethylene, polyvinyl chloride, and
polypropylene as well as thermosets like unsaturated polyester and epoxy resin, they can be
successfully used as reinforcement in developing advanced, non-toxic, biodegradable
material. Enormous work has been reported related to the development of polyester
composites, in a varying matrix using jute fiber reinforcement.

Further, among various industrial waste, red mud is an aluminum industry waste and
approximately two tones of red mud are generated for every tone of aluminum production
from about 85 alumina plants all over the world and thus leading to the generation of about
77 million tons waste is generation [9, 10]. Red mud waste is a best suitable and
appropriate multi-component resource material for developing multi-phases containing
shielding material as it inherently contains varieties of elements, namely iron, titanium,
aluminum, silicon, calcium, magnesium, and sodium etc. Researchers have reported the use
of red mud-based polyester composites. For example, Verma et al. [11] has reported the
development of advanced, X-ray radiation shielding panels by utilizing red mud-based
polymeric organic shielding gel type material. Akinci et al. [12] have shown the use of red
mud with polyester resin. Bindal et al. [13] have reported the development of glass/jute
fibers reinforced polyester composite. Considerable research work has been carried out on
the development of radiation shielding material utilizing industrial waste, but to the best of
our knowledge, no work has been reported regarding the development of advanced,
non-toxic, biodegradable, jute fiber reinforced, X-ray radiation protection materials by
utilizing red mud-based gel.

Taking into account all the above-mentioned factors, the objective of the current study
is the Improvement of strength and radiation protection properties of biodegradable jute
fiber reinforced material by utilizing red mud-based gel. The process involves the use of
multi-elemental; multicomponent processed red mud-based gel. Furthermore, for the
fabrication of advanced X-ray shielding composite panels, the closed molding system has
been applied using hand lay-up manual technique using jute fiber reinforcement. The
developed polymeric organic gel can easily be used and molded in desired shapes and
dimensions for its wide application spectrum. Compression molding, pultruding and resin
transfer molding, vacuum molding etc. are among the list of many techniques which are
available in the market for the manufacturing of composites, but the hand lay-up manual
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technique is one of the cheapest, casiest and simplest ways of fabricating the composites.
By this technique, one can fabricate very large, complex parts with reduced manufacturing
times and can get the sample of desired dimensions [14].

Thus, the present study deals with the improvement of strength and radiation
protection properties of biodegradable jute fiber reinforced material in the form of panels,
by utilizing red mud-based gel and their morphological characterization along with
radiation protection and mechanical properties.

1. Experimental.

1.1. Materials and Methods.

1.1.1. Chemicals. Red mud was obtained from Hindustan Aluminum Company
(HINDALCO) Renukoot, India and was used unaltered. The chemical composition of red
mud was determined by using conventional wet chemical analysis method [15] and the
result shows the presence of Al,Os, Fe,0s, SiO,, TiO,.

Barium sulfate, carbon powder, methyl ethylketone peroxide (MEKP) and cobalt
octoate were procured from Rankem. The matrix material was unsaturated polyester resin
(UPR) of 205 LV codes, which is thermoplastic resin and was supplied by Satyam
polymers, Gujarat, India. Jute fiber mats were obtained from local market. All the
chemicals were used as such without further purification.

1.1.2. Procedure. The black colored tailored shielding precursor powder of red mud
was obtained as reported earlier in our previous work [11]. Further, the developed shielding
powder was thoroughly blended with unsaturated polyester resin to form a dilatant resin
mixture which was further compounded with methylethyl ketone peroxide and cobalt
octoate to form a thick viscous radiation shielding gel-based material. It was then placed in
a closed mold fabrication system with a gel coating, using hand layup manual technique.
The jute fiber layer as reinforcement was manually fitted in-between the viscous shielding
gel-based material and was pressed for 4 h using 25 kg load. The samples were de-molded
and result in the formation of newly advanced biodegradable radiation protection material
in the form of panels. Subsequently, the samples were covered with thin plastic film and
cured at 60°C in an oven for 24 h. Different formulations of advanced, non-toxic,
biodegradable, jute fiber reinforced, X-ray radiation protection materials in the form of
panels were prepared by varying the amount of jute fiber reinforcement layer as shown in
Table 1 below. The process is schematically shown in Fig. 1.

1.2. Characterization.

1.2.1. Scanning Electron Micrographs. The scanning electron micrographs of red
mud, tailored shielding powder of red mud, Jute fiber as such and advanced, non-toxic,
biodegradable, Jute fiber reinforced, X-ray radiation protection material in the form of
panels were examined using a JEOL model JEM-35-CF scanning electron microscope. The
samples were mounted on aluminum stubs using carbon tape and then coated with a thin
layer of platinum to prevent charging before the observation.

1.2.2. X-Ray Radiation Shielding Attenuation Properties. The X-ray radiation shielding
attenuation properties of advanced, non-toxic, biodegradable, jute fiber reinforced, X-ray
radiation protection material in the form of panels were studied using Nomex Multimeter
from PTW. The readings are taken from the range of 40 to 100 kVp. The X-ray machine
used for testing is DX 525 — a 500 mA, 125 kVp X-ray machine of Wipro GE make.

1.3. Mechanical Properties.

1.3.1. Flexural Strength. The standard test method, ASTM D790-17 [16], for flexural
properties of developed advanced, non-toxic, biodegradable, jute fiber reinforced, X-ray
radiation protection material in the form of panels have been used. The flexural strength
was carried out as per the American society for testing and materials standards [16]. In this
test at the middle of the sample, when a load is applied, then the sample become bends and
thus breaches.
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Table 1
Different Formulations and Properties of Developed Advanced, Non-Toxic, Biodegradable,
Jute Fiber Reinforced, X-Ray Radiation Protection Material in the Form of Panels

No. Characteristic Advanced material in the form of panels
1 Weight (g) A B
a | Red mud-based black colored tailored 900 1600
shielding precursor powder
b Unsaturated polyester resin (UPR) 500 855
c Jute fiber reinforcement 324 544
d | Advanced panels 1724 3024
2 Dimensions (cm) 30x30x 0.5 30x30x 1
3 Density (g/cm’®) 2.6 2.9
4 Colour Black Black

Tailored precursor Red mud-based Jute fiber Advanced,
powder gel reinforcement non-toxic,
biodegradable,
jute fiber
reinforced,

X-ray radiation
protection panel

Fig. 1. Scheme of the proposed preparation process of panels.

1.3.2. Tensile Strength. The standard test method, ASTM D 638-14 [17], for tensile
properties of developed advanced, non-toxic, biodegradable, jute fiber reinforced, X-ray
radiation protection material in the form of panels have been used. The tensile test was
carried out on tensometer, as per the American society for testing and materials standards.
The test specimens are prepared as per ASTM D638-14 (33X 6X4 mm) [17]. The load was
applied to the sample when they were held in the grip and the corresponding deflections are
noted. The load is applied until the specimen breaks and then the ultimate tensile strengths
are noted.

1.3.3. Impact Strength. The standard test method, ASTM D256-10 [18], for impact
strength property has been used to test the developed advanced, non-toxic, biodegradable,
jute fiber reinforced, X-ray radiation protection material in the form of panels. The impact
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strength was carried out as per the American society for testing and materials standards
[18]. Using this test, the energy needed to break the sample is noted, which is used to
measure the toughness and the yield strength of the sample. The sample was loaded in the
testing machine and the pendulum was allowed to move until it breaks.

1.3.4. Water Absorption Test. The developed advanced, non-toxic, biodegradable, jute
fiber reinforced, X-ray radiation protection material in the form of panels were completely
immersed into the water bath at 25°C to test water uptake. The weight of the samples was
recorded after different contact times. Samples were wiped carefully to remove surface
water before weighing. The increase in the weight of the wet sample determines the extent
of water uptake. The amount of water uptake was monitored periodically up to 25 min.
Water uptake is determined using the standard equation [19].

2. Results and Discussion.

2.1. Advanced, Non-Toxic, Biodegradable, Jute Fiber Reinforced, X-Ray Radiation
Protection Material in the Form of Panels.

2.1.1. Dimensions. The jute fiber reinforced advanced, non-toxic, biodegradable
X-ray radiation shielding material in the form of panels were cast to obtain the panel of the
dimensions 30X 30X 0.5 cm and 30X 30X 1 cm, respectively, as mentioned in Table 1.

2.1.2. Density Analysis. The density of both the jute fiber reinforced advanced,
non-toxic biodegradable X-ray radiation shielding material in the form of panels were
calculated and is reported in Table 1.

2.2. Morphological Studies.

2.2.1. Scanning Electron Microphotography (SEM). The SEM exhibiting microstructure
of red mud as such and tailored shielding precursor powder of red mud, jute fiber and
developed panels has been studied. The microphotographs exhibiting microstructure of red mud
as such confirms the presence of multi-elemental constituent present in it and tailored shielding
precursor powder of red mud having multi-component, multi-phase and multi-layered
structure having shielding properties as reported in our earlier work [11]. Further, the
scanning electron microphotograph of jute fiber is shown in Fig. 2a which showed it to be
thick and curved in nature. They have different morphological features, as compared to
glass fibers.

A typical cross-sectional, fractured scanning electron microscopy images of developed
non-toxic, biodegradable radiation shielding panels were examined to study the fracture
surface morphology, interfacial properties along with adhesive tendency between the two.
As displayed in Fig. 2b below the scanning electron microscopy analysis of fracture
surfaces illustrates the wonderful interaction between the jute fiber reinforcement and red
mud-based alkaline matrix.

Fig. 2. SEM of jute fiber (a) and processed red mud loaded matrix (b).
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Excellent dispersion of red mud-based shielding loaded advanced matrix and good
jute fiber-matrix adhesion is observed in the SEM micrograph. Clean and smooth surfaces
of pulled out jute fiber can also be seen in the SEM image. Also, the smooth and uniform
upper surface is observed in developed biodegradable radiation protection panels.

It is reported in the literature [20, 21] that for strong bonding between matrix and jute
fibers reinforcement and for better mechanical properties of the developed material, the jute
fiber is given proper chemical treatment, especially in alkaline solution, before being used
as reinforcement for making composite materials. Here, the red mud-based shielding loaded
advanced matrix is in-situ alkaline in nature and consist of varying ceramic shielding
phases, strong chemical bonding occurs between lignin present in jute fiber and alkali in
advanced matrix as reported in literature and is shown in chemical reaction below:

Lignin + NaOH ™ - —lignin — Na.

The chemical reaction involves a breakdown of the network in jute fiber by hydroxide
(OH" ) ions and thereby forming a strong interaction in the developed non-toxic,

biodegradable radiation shielding panels. Individually the strength of jute fiber will
deteriorate, but we obtained the advanced, biodegradable radiation shielding panels with
better mechanical strength due to bonding between them.

2.3. X-Ray Attenuation Test of Developed Material in the Form of Panels. The
developed biodegradable, non-toxic, jute fiber reinforced, radiation shielding panels were
tested for narrow beam X-ray attenuation characteristics by exposing to diagnostic X-ray
radiations in the intensity of incident X-ray radiations in the range of 40 to 100 kVp for
20 mAs with the X-ray dose used was 5502 uGy without shielding panels. The results
obtained were calculated and depicted in Table 2 and Fig. 3.

Table 2
Percentage Attenuation in Developed Material at Different Energies of X-Ray
No. Percentage X-ray radiation dose (kVp)
attenuation
40 60 80 100
1 A 98 90 85 82
2 B 99 96 90 88

In advanced, non-toxic, biodegradable, jute fiber reinforced, X-ray radiation protection
panel A, the attenuation percentage was found to be 98 to 82 and in another radiation
protection panel B, attenuation percentage was found to be 88 to 99 when 40 to 100 kVp
energies of X-ray is applied. It can be easily evaluated from the results that both the types
of biodegradable, non-toxic protection panels gives the excellent X-ray radiation protection
properties.

Due to the ceramic processing of the red mud with barium sulfate and carbon powder
at 1300°C various chemical reaction takes place which leads to the formation of varieties of
ceramic phases with multi-elemental compositions and multi-layered crystal structures like,
silicates of barium, iron, titanium, namely, bafertisite in tailored shielding powder, which
has shielding properties. Thus the tailored shielding precursor powder of red mud, which
was chemically formulated and mineralogically designed — multi-component — multi-phases
was successfully be utilized for making advanced radiation protection panels with jute fiber
reinforcement.
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Fig. 3. Attenuation in panels A and B at different energies of X-ray.

Thus, the developed advanced, non-toxic, biodegradable, jute fiber reinforced, X-ray
radiation protection panels can be used successfully for the construction of X-ray diagnostic
CT scanner rooms to provide adequate shielding against X photons.

2.4. Mechanical Properties. The developed advanced, non-toxic, biodegradable, jute
fiber reinforced, X-ray radiation protection panels with varying jute fiber reinforcement
were tested for various mechanical properties as per ASTM.

2.4.1. Flexural Strength. The flexural strength of the biodegradable, non-toxic
shielding panels have been calculated. The test results are depicted in Fig. 4, which shows
that the flexural strength of jute fiber reinforced shielding panel B is higher than other
reinforced shielding panel A. This is due to the fact that the flexural strength depends on
the quantity and durability of reinforced jute fiber which has been used for their fabrication.
As, the fiber is capable of transferring the greater stress between the loaded shielding
matrix and reinforced jute fiber and, thus, results in a better flexural strength of the
developed biodegradable, non-toxic shielding panels.

Flexural strength (kg/cm?)

Advanced, non-toxic, biodegradable, jute fiber reinforced,
X-ray radiation protection panels

Fig. 4. Flexural strength of developed panels.

2.4.2. Tensile Strength. Figure 5 shows the tensile strength with varying jute content in
the sample. The tensile strength is found to increase on increasing the percentage of jute
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content in the developed radiation protection panel. At low fiber content, the composites
showed poor tensile strength because of more matrix content and low jute fiber content,
which ultimately leads to low load transfer capability.

2.4.3. Impact Strength. The loss of energy during impact is the energy absorbed by the
sample. For studying the toughness of the developed biodegradable, non-toxic shielding
panels the impact strength was studied and the result is depicted in Fig. 6. We get good test
results which may be due to the fact that jute fiber being natural fiber contains an excellent
amount of cellulose and lower microfibril angle which results in better work of fracture in
impact testing. As the fiber provides strength for the developed shielding panel and the jute
fiber percentage in the panel B is more than A, thus, the non-toxic, radiation, protection
panel B gave better impact strength than the non-toxic, radiation protection panel A.
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Fig. 5. Tensile strength of developed panels.
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Advanced, non-toxic, biodegradable, jute fiber reinforced,
X-ray radiation protection panels

Fig. 6. Impact strength of developed panels.

2.4.5. Water Absorption Test. Water uptake of fractured, advanced, non-toxic,
biodegradable, jute fiber reinforced, X-ray radiation protection panels were measured by
immersing them in water for about 25 min at the room temperature of 25°C. After constant
time intervals of five minutes, the samples were taken out of the water, dried and their
weight gain was calculated. In samples A and B, water uptake was found to be about 17 to
24% after initial 5 min, whereas about 34 to 42% water uptake was found after 25 min. Due
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to the easy penetration of water molecules through the pores of the fractured edge of the
sample, the rate of water absorption during initial few minutes is more in comparison to the
rest of the time. Water uptake of the panels depends on the water absorption properties of
the jute fiber, red mud-based shielding matrix and also on interfacial adhesion. Although
the jute fiber is hydrophilic in nature, i.e., having the greater affinity towards water, the red
mud-based shielding matrix is hydrophobic in nature, so the developed X-ray radiation
protection panels are not so sensitive to water.

Toughening mechanisms increased the properties of developed jute fiber reinforced
advanced shielding panels. Further, the jute fibers reinforced protection panels B reported
the higher mechanical properties due to the strong jute fibers which also helped in
transferring the red mud-based polymeric shielding loaded matrix to share the load, i.e.,
greater stress-transfer from the matrix to the jute fibers. Also the jute fibers have chemically
reacted with alkaline tailored shielding powder having multi-components, e.g., like barium
silicate, barium titanate etc. of red mud-based polymeric shielding loaded matrix so as to
form a strong bond between them and thereby increasing the mechanical strength to the
developed advanced non-toxic radiation shielding panels as reported in literature [22].

Therefore, these observations indicate that the jute fiber woven developed radiation
protection panels can be used as potential material to reinforce composites due to their
non-toxic good mechanical properties.

The fabrication of newly advanced non-toxic, biodegradable radiation protection
panels has been developed successfully by utilizing red mud, an industrial waste. In this
novel process ceramic treatment of red mud powder has been developed with barium
sulfate and carbon powder as an additive and reducing agent. to obtain black colored
tailored radiation shielding precursor powder. The multi-component, multi-elementals
multiphase present in red mud tetragonal anatase and rutile — tetragonal, hexagonal
cancrinite, cubic hematite and orthorhombic boehmite chemically reacts which results in
the formation of alkaline black coloured tailored radiation shielding precursor powder of
red mud powder having important shielding phase like bafertisite, barium silicate etc. as
confirmed by XRD and SEM analysis [11]. This alkaline tailored powder was then blended
with the unsaturated polyester resin having MEKP as catalyst and cobalt octoate as a
promoter in it, where simultaneously and synergistically chemical reactions occurs among
the various chemical ions present in tailored powder and polymeric matrix to develop a
shielding precursor gel as reported in the literature. The shielding gel was then converted
into hard solid by the process of chemical cross-linking between different chemical ions,
which leads to the formation of tightly bounded three-dimensional structure giving strength
to the polymeric block. This designing of molecular moieties leads to explore black color
dilatant gel having multifunctional characteristics and was used for developing advanced
X-ray protection panels using jute fiber reinforcement by utilizing simple, hand lay-up
manual technique.

The developed advanced non-toxic, biodegradable, jute reinforced radiation protection
panels can be used as enclosures, partitions or walls as they are easy to handle and can be
assembled in X-ray and CT scanner rooms where patients and technician, are easily
exposed to X-ray radiation.

Conclusions. Based on the results of the present studies, carried out for the
improvement of strength and radiation protection properties of biodegradable jute fiber
reinforced material by utilizing red mud-based gel following conclusions can be drawn:

1. The results obtained represent the fundamental starting point for utilization of
industrial waste namely, red mud as resource material thereby its ceramic processing leads
to tailored shielding precursor powder, which was blended with polyester resin to form
thick viscous gel type material used for development of advanced, non-toxic, biodegradable,
X-ray radiation protection materials by using jute fiber reinforcement.
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2. The X-ray radiation protection materials were developed in the form of panels by
using closed mold fabrication system, with hand layup manual technique with jute fiber
reinforcement of different dimensions, i.e., 30X 30X 0.5 cm and 30X 30X1 cm.

3. The developed X-ray radiation protection materials gave excellent results for the
various energies of X-ray photons, i.e., 40, 60, 80, and 100 kVp and, therefore, can be
successfully used as radiation protection material.

4. The composition of B is giving better shielding attenuation results than B as it is
having the higher density.

5. The developed advanced, X-ray radiation protection material also gave excellent
results for their mechanical properties as per the standard method of ASTM and found to
possess the same strength to the conventional protection material used, as required by the
ASTM standards.

6. Although the sample B showed better strength than sample A probably due to the
presence of more percentage of jute fiber reinforcement which is responsible for transferring
the red mud-based polymeric shielding loaded matrix to share the load, i.e., greater
stress-transfer from the matrix to the jute fibers.

7. The scanning electron microphotographs of developed advanced, X-ray radiation
protection material were studied to examine and strong interaction between the jute fiber
reinforcement and red mud-based alkaline matrix has been observed.

8. Both the developed advanced X-ray radiation protection material in the form of
panels showed simultaneously better results for X-ray radiation protection and mechanical
properties and thus can be successfully used in X-ray and CT scanner rooms where patients
and technician, are exposed to X-ray radiations.

9. The process has successfully utilized and save the cost of chemicals like iron,
titanium compounds which are inherently present in red mud otherwise required for making
radiation protection materials with the required strength.
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Pe3zwome

Ha cporosni mmpoke 3acToCyBaHHsS OTPUMAaIM KOMIIO3MTH, apMOBaHI HaTypajJbHUMH BO-
JIOKHAMU (€KOKOMITO3UTH). Ha BifMiHY BiJl CKJIOTJIACTHKIB, BOHU CXMJIBHI 10 Oiomerpagarii
1 HEIIKI/UTMBI JJI1 HABKOJHUIIHHOT'O CEPEOBUINA, MAIOTh HU3bKY BAapTICTh i HIUTBHICTH, HE
BUJUIAIOTH IIKIJJIMBUX PEYOBUH IIPU TOPIHHI 1 PO3LICIUIIOIOTHCS MiKpoopraHizaMamu. 3a-
MIPONIOHOBAHO HOBY TEXHOJIOTII0 BUPOOHHMIITBA 3 YEPBOHO3EMY 3[aTHOTO A0 Oiomerpamartii
JUKYTOBOJIOKOHHOTO MaTepially 3 BUCOKMMH MIIHICHUMH Ta pajialiiHO-3aXUCHUMHM BIlac-
TUBOCTAMH. OI[IHEHO MPOHUKHICT HOro PEHTIeHIBCHKMMH IMPOMEHSIMH, CTaTHUHY Mill-
HICTh TIPU PO3PHUBI i 3TWHI, a TaKOXK yHapHy MilHicTe. [IpoBeneHO MIKpOCTPYKTYpHIi
nociipkeHHs. OTpUMaHi pe3ysbTaTH HiITBEPKYIOTh MEPCIEKTHBHICTD 3alPOITOHOBAHOT
TEXHOJIOTIi BHUPOOHUIITBA 3 IHOTO MaTepialy 3aXMCHHUX TIaHeJIeH IS PEHTTeHIBChKHUX
KaOiHeTiB Ta IHIIOTO OOJIATHAHHS PAJiamiifHOTO 3aXHUCTY.

1. Y. I Akkurt, H. Akyildirim, B. Mavi, et al., “Photon attenuation coefficients of
concrete includes barite at the different rate,” Ann. Nucl. Energy, 37, No. 7, 910-914
(2010).

104 ISSN 0556-171X. Ilpobremvt npounocmu, 2017, Ne 5



Improvement of Strength and Radiation Protection Properties ...

2. J. P. McCaffrey, H. Shen, B. Dowton, and E. Mainegra-Hing, “Radiation attenuation
by lead and nonlead materials used in radiation shielding garments,” Med. Phys., 34,
No. 2, 530-537 (2007).

3. G. Bogoeva-Gaceva, M. Avella, M. Malinconico, et al., “Natural fiber eco-composites,”
Polym. Composite., 28, No. 1, 98-107 (2007).

4. H. L. Bos, K. Molenveld, W. Teunissen, et al., “the Compressive behaviour of
unidirectional flax fiber reinforced composites,” J. Mater. Sci., 39, No. 6, 2159-2168
(2004).

5. S. Misra, M. Misra, S. S. Tripathy, et al., “The influence of chemical surface
modification on the performance of sisal-polyester biocomposites,” Polym. Composite.,
23, No. 2, 164-170 (2002).

6. A. K. Mohanty, L. T. Drzal, and M. Misra, “Engineered natural fiber reinforced
composites: influence of surface modifications and novel powder impregnation
processing,” J. Adhes. Sci. Technol., 16, No. 8, 999—1025 (2002).

7. http://www.compositesworld.com/news/cwweekly/2006/marchnews.

. G. . Williams and R. P Wool, “Composites from natural fibers and soy oil resins,”
Appl. Compos. Mater., 7, Nos. 5-6, 421-432 (2000).

9. R. S. Thakur and S. N. Das, Red Mud: Analysis and Utilization, PID and Wiley
Eastern Ltd., New Delhi, India (1994).

10. R. U. Ayres, H. John, and A. Bjorn, “Utilization of the wastes in the new millennium,’
MRSI Bull., 7, 477-480 (2010).

11. S. Verma, S. S. Amritphale, and S. Das, “Development of advanced, X-ray radiation
shielding panels by utilizing red mud-based polymeric organo-shielding gel-type
material,” Waste Biomass Valori., 8, No. 6, 2165-2175 (2017).

12.  A. Akinci, H. Akbulut, and F. Yilmaz, “The effect of the red mud on polymer
crystallization and the interaction between the polymer-filler,” Polym.-Plast. Technol.,
46, No. 1, 31-36 (2007).

13. A. Bindal, S. Singh, N. K. Batra, and R. Khanna, “Development of glass/jute fibers
reinforced polyester composite,” Indian J. Mater. Sci., 2013, Article ID 675264
(2013), DOI: 10.1155/2013/675264.

14. J. P. Davim, P. Reis, and C. C. Antonio, “Experimental study of drilling glass fiber
reinforced plastics (GFRP) manufactured by hand lay-up,” Compos. Sci. Technol., 64,
No. 2, 289-297 (2004).

15. G. H. Jeffery, J. Bassett, J. Mendham, and R. C. Denney, Vogel’s Textbook of
Quantitative Chemical Analysis, 5th edn, John Wiley & Sons Inc., New York
(1989).

16. ASTM D790-17. Standard Test Methods for Flexural Properties of Unreinforced and

Reinforced Plastics and Electrical Insulating Materials, ASTM International, West
Conshohocken, PA (2017).

17. ASTM D638-14. Standard Test Method for Tensile Properties of Plastics, ASTM
International, West Conshohocken, PA (2014).

18. ASTM D256-10. Standard Test Methods for Determining the Izod Pendulum Impact
Resistance of Plastics, ASTM International, West Conshohocken, PA (2010).

19. B. Bose, Effect of Water Absorption on the Mechanical Properties of Jute Fiber
Reinforced Polymer Composites, BSc Thesis, Bangladesh University of Engineering
& Technology (BUET), Dhaka, Bangladesh (2005).

il

ISSN 0556-171X. IIpobaemvr npounocmu, 2017, Ne 5 105



S. Verma, S. S. Amritphale, and S. Das

20. M. Rokbi, H. Osmani, A. Imad, and N. Benseddiq, “Effect of chemical treatment on
flexure properties of natural fiber-reinforced polyester composite,” Procedia Engineer.,
10, 2092-2097 (2011).

21. E. F. Rodrigues, T. F. Maia, and D. R. Mulinari, “Tensile strength of polyester resin
reinforced sugarcane bagasse fibers modified by etherification,” Procedia Engineer.,
10, 2348-2352 (2011).

22. M. J. Bagnell and W. R. Ivy, Radiation Shielding Structures, US Patent No. 4514640.
Valid since April 30, 1985.

Received 21. 03. 2017

106 ISSN 0556-171X. Ilpobremvt npounocmu, 2017, Ne 5




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


