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Ðàçðàáîòêà áèîäåãðàäèðóåìîãî äæóòîâîëîêîííîãî ìàòåðèàëà ñ âûñîêèìè

ïðî÷íîñòíûìè è ðàäèàöèîííî-çàùèòíûìè ñâîéñòâàìè

Ñ. Âåðìà, Ñ. Ñ. Àìðèòôàë, Ñ. Äàñ

Íàó÷íî-èññëåäîâàòåëüñêèé èíñòèòóò âûñîêîòåõíîëîãè÷íûõ ìàòåðèàëîâ è ïðîöåññîâ, Áõîïàë,

Èíäèÿ

Â íàñòîÿùåå âðåìÿ øèðîêîå ïðèìåíåíèå ïîëó÷èëè êîìïîçèòû, àðìèðîâàííûå íàòóðàëüíûìè

âîëîêíàìè (ýêîêîìïîçèòû). Â îòëè÷èå îò ñòåêëîïëàñòèêîâ, îíè ïîäâåðæåíû áèîäåãðàäàöèè è

áåçâðåäíû äëÿ îêðóæàþùåé ñðåäû, èìåþò íèçêóþ ñòîèìîñòü è ïëîòíîñòü, íå âûäåëÿþò

âðåäíûõ âåùåñòâ ïðè ãîðåíèè è ðàñùåïëÿþòñÿ ìèêðîîðãàíèçìàìè. Ïðåäëîæåíà íîâàÿ òåõíî-

ëîãèÿ ïðîèçâîäñòâà èç êðàñíîçåìà áèîäåãðàäèðóåìîãî äæóòîâîëîêîííîãî ìàòåðèàëà ñ âûñî-

êèìè ïðî÷íîñòíûìè è ðàäèàöèîííî-çàùèòíûìè ñâîéñòâàìè. Îöåíåíû ïðîíèöàåìîñòü åãî

ðåíòãåíîâñêèìè ëó÷àìè, ñòàòè÷åñêàÿ ïðî÷íîñòü ïðè ðàçðûâå è èçãèáå, à òàêæå óäàðíàÿ

ïðî÷íîñòü. Ïðîâåäåíû ìèêðîñòðóêòóðíûå èññëåäîâàíèÿ. Ïîëó÷åííûå ðåçóëüòàòû ïîäòâåðæ-

äàþò ïåðñïåêòèâíîñòü ïðåäëîæåííîé òåõíîëîãèè ïðîèçâîäñòâà èç äàííîãî ìàòåðèàëà çàùèò-

íûõ ïàíåëåé äëÿ ðåíòãåíîâñêèõ êàáèíåòîâ è äðóãîãî îáîðóäîâàíèÿ ðàäèàöèîííîé çàùèòû.

Êëþ÷åâûå ñëîâà: êðàñíûé øëàì, ðåíòãåíîâñêîå èçëó÷åíèå, íåòîêñè÷íîñòü, çàòóõàíèå,

äæóòîâîå âîëîêíî, àðìèðîâàíèå, áèîäåãðàäàöèÿ.

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, easiest 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 Al2O3, Fe2O3, SiO2, TiO2.

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.

Improvement of Strength and Radiation Protection Properties ...
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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 (33 6 4� � 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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T a b l e 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

shielding precursor powder

900 1600

b Unsaturated polyester resin (UPR) 500 855

c Jute fiber reinforcement 324 544

d Advanced panels 1724 3024

2 Dimensions (cm) 30 30 0 5� � . 30 30 1� �

3 Density (g/cm3) 2.6 2.9

4 Colour Black Black

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

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



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 30 30 05� � . cm and 30 30 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.
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Fig. 2. SEM of jute fiber (a) and processed red mud loaded matrix (b).

Improvement of Strength and Radiation Protection Properties ...



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 �Gy without shielding panels. The results

obtained were calculated and depicted in Table 2 and Fig. 3.

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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T a b l e 2

Percentage Attenuation in Developed Material at Different Energies of X-Ray

No. Percentage

attenuation

X-ray radiation dose (kVp)

40 60 80 100

1 A 98 90 85 82

2 B 99 96 90 88
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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.

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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Fig. 3. Attenuation in panels A and B at different energies of X-ray.
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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.

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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Fig. 5. Tensile strength of developed panels.

Fig. 6. Impact strength of developed panels.
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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., 30 30 05� � . cm and 30 30 1� � 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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Ð å ç þ ì å

Íà ñüîãîäí³ øèðîêå çàñòîñóâàííÿ îòðèìàëè êîìïîçèòè, àðìîâàí³ íàòóðàëüíèìè âî-

ëîêíàìè (åêîêîìïîçèòè). Íà â³äì³íó â³ä ñêëîïëàñòèê³â, âîíè ñõèëüí³ äî á³îäåãðàäàö³¿

³ íåøê³äëèâ³ äëÿ íàâêîëèøíüîãî ñåðåäîâèùà, ìàþòü íèçüêó âàðò³ñòü ³ ù³ëüí³ñòü, íå

âèä³ëÿþòü øê³äëèâèõ ðå÷îâèí ïðè ãîð³íí³ ³ ðîçùåïëþþòüñÿ ì³êðîîðãàí³çìàìè. Çà-

ïðîïîíîâàíî íîâó òåõíîëîã³þ âèðîáíèöòâà ç ÷åðâîíîçåìó çäàòíîãî äî á³îäåãðàäàö³¿

äæóòîâîëîêîííîãî ìàòåð³àëó ç âèñîêèìè ì³öí³ñíèìè òà ðàä³àö³éíî-çàõèñíèìè âëàñ-

òèâîñòÿìè. Îö³íåíî ïðîíèêí³ñòü éîãî ðåíòãåí³âñüêèìè ïðîìåíÿìè, ñòàòè÷íó ì³ö-

í³ñòü ïðè ðîçðèâ³ ³ çãèí³, à òàêîæ óäàðíó ì³öí³ñòü. Ïðîâåäåíî ì³êðîñòðóêòóðí³

äîñë³äæåííÿ. Îòðèìàí³ ðåçóëüòàòè ï³äòâåðäæóþòü ïåðñïåêòèâí³ñòü çàïðîïîíîâàíî¿

òåõíîëîã³¿ âèðîáíèöòâà ç öüîãî ìàòåð³àëó çàõèñíèõ ïàíåëåé äëÿ ðåíòãåí³âñüêèõ

êàá³íåò³â òà ³íøîãî îáëàäíàííÿ ðàä³àö³éíîãî çàõèñòó.
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