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Composites capable to absorb thermal neutrons have been developed on the basis of resol type matrix-bisphenol-
formaldehyde oligomers, in which thermally modified natural sorbents - diatomite and boron carbide were used as
fillers. In particular, we used boron carbide with a dispersion of up to 50 microns (B4+C) and modified diatomite of
Kisatibian origin (Georgia), of the same dispersion. To obtain the polymer matrix we used bisphenol, which contained
norbornane type groups: 4,4’-(2-norbornyliden)-diphenol, 4,4’-(hexahydro-4,7-methylenindan-5-yliden)-diphenol
and 4,4’-(decahydro-1,4,5,8-dimethylennaft-2-yliden)-diphenol. Oligomers were obtained through interaction of
bisphenols with formaldehyde. Technological schemes and parameters have been offered for matrix and modified
diatomite. Composites of various compositions have been considered. Composites which contained 40 mass%o thermo-
reactive oligomers revealed optimal mechanical and thermal-physical characteristics. The results of the study have
shown that the composite, which does not contain a component that captures thermal neutrons, practically does not
weaken the neutron flux. With an increase in the content of such a component in the samples, we observe a noticeable
decrease in the flux density. It should be noted that all these composites are heat-resistant up to 400 °C.
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INTRODUCTION some facilities, such as manned spacecraft,
mobile nuclear facilities, efc. Polymer materials
have advantages in terms of lightness and
processing compared to metal materials and
concrete. For these reasons, the demand for
polymer-based shielding materials is gradually
increasing in certain areas (for example, in the
field of spacecraft, mobile shielding devices,
etc.).

In some experimental and theoretical studies,
it has been reported that inorganic functional
fillers with excellent radiation protection
properties can improve the characteristics of
polyethylene as a protective material, its thermal
stability and mechanical properties [5, 11]. A
typical polymer-based composite protective
material is polyethylene with lead and boron.
Boron carbide (B4C) is widely used as a neutron
absorber in a polyethylene matrix due to its high
thermal neutron absorption cross section [12—14].

In addition, rare earth metal oxides [15] (for
example, Gd»03, Sm,0s, efc.) gradually attracted
considerable attention of scientists and were used
for research and development of radiation-
resistant materials due to their high neutron

Polymers and the composites on their base are
widely used in various branches of science and
technology, including nuclear one. In special
literature we come across a series of works where
such composites are considered for their
application in the specific spheres such as
absorption of thermal neutrons, namely in the
sphere of the constructions for biological
protection, which are the sources of neutron
irradiation and the inseparable parts of the
aggregates.

Numerous experimental and theoretical
studies have shown the presence of many varieties
of shielding materials for attenuating or absorbing
neutrons and gamma rays, such as metal-based
materials (for example, lead-based, aluminum-
based, lead/lead oxide/tungsten/bismuth
composites, etc.) [1,2], polymer composites
[3-6], concrete, boron/boron oxide composites
(e.g. boron carbide, boron nitride, boric acid, etc.)
[7-9]. Neutron and gamma protection devices of
nuclear facilities made of traditional materials
(for example, concrete, metal-based materials,
etc.) are heavy and bulky [10]. These
disadvantages and limitations limit their use in
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absorption cross-section, high atomic numbers,
and environmental friendliness [16].

However, all the fillers used in these works
are commercial reagents, their microstructure,
particle size and specific surface area cannot be
controlled.

There is no universal material of this type,
which can be used under any exploitation
condition. Such materials are selected according
to specific technical requirements. Therefore,
expansion of nomenclature of such materials is a
rather urgent task.

With this in view, on the basis of resol type
matrixes - bisphenol formaldehyde oligomers, we
have obtained polymer composites in which
thermally modified natural sorbent, diatomite and
boron carbides, were used as fillers.

Thermally modified diatomite is interesting
since it contains active amorphous silica and is
light, porous, cheap material. Such composites
could be wused under various environment
conditions, in the constructions of facilities for
collective protection against various origin and
intensity (En<0.5eV) thermal neutrons. As
known, materials used in the facilities for
collective protection against thermal neutrons
ought to satisfy a series of demands. They must
be characterized by the necessary mechanical

strength, capacity to absorb neutrons, high
radiation, chemical and thermal stability, and
must be characterized by the stability of these
parameters in the exploitation process.

Matrix of polymer composites-resol type
thermo-reactive oligomer is the chemical and
radiation resistant material [17-19]. The very
characteristics of diatomite used for upgrading of
resol type oligomer’s mechanical and physical
properties markedly exceed the characteristics of
the matrix, while the component that regulates the
capacity for neutron absorption of the
composites - boron carbide is the universally
known reactor material.

EXPERIMENTAL

Materials and methods. We used boron
carbide (B4C) in a dispersion of up to 50 microns
and diatomite of Kisatibian origin (Georgia) as
the starting material. The modified diatomite was
of the same dispersion as boron carbide.

Characteristics of diatomite. Natural
diatomite contains 3.5-8.0 % associated water.
Dehydration process is carried out by heating in
the air, at 150 °C, within 1.5 hour. Table 1 offers
composition of thermally modified diatomite in
oxide form under optimal conditions (450 °C, 4 h).

Table 1. Chemical composition of thermally modified diatomite in oxide form (mass %)

Composition Mass %
Si0, 92.03
AL O3 4.05
CaO 1.27
F6203 1.05
MgO 0.12
R>O 0.18
Losses at heating 1.3

R =K, Na etc.

As seen, at thermal modification the chemical
composition of diatomite suffers changes. At this
moment organic admixtures are burnt and
porosity increases from 75 to 85%. Macropore
capacity changes within 0.7-2.4 cm*/g, 0.3-1.6 mem
effective radius. Presence of such filler (as
diatomite) in the boron-containing composite will
probably contribute to long-term exploitation of
constructions, since such residual pores will
partially absorb helium which is released at the
°B(n, a)'Li reaction, which will exclude swelling

of the material and hence, deterioration of its
properties.

A study on thermal modification process of
diatomite was performed over an electro-vacuum
device. Diatomite content was determined by the
chemical method. Spectroscopic study was
carried out by a UR-20 type device.

Table 2 offers initial component composition
of the considered polymer composites. On the
basis of these compositions, by the compression
compounding, we prepared the samples, which
were used in further studies.

ISSN 2079-1704. X®TT1. 2026. T. 17. Ne 1



Polymer composites containing diatomite and boron carbide that are capable to absorb thermal neutrons

Obtaining a polymer matrix. To obtain the (decahydro-1,4,5,8-dimethylennaft-2-yliden)-
polymer matrix we wused bisphenol, which diphenol.
contained norbornane type groups: 4,4’-(2- Oligomers were obtained through interaction
norbornyliden)-diphenol,  4,4’-(hexahydro-4,7- of bisphenols with formaldehyde:

methylenindan-5-yliden)-diphenol and 4.4’-

HO R— OH + 4cm,0 NHOH
C3H,0H
RY R!
— HODR—QOH +  4H,0
R R!
@ C@ T KK ¥
; bl

R'= -H; -CH,0H ; -C;H,0H
Reaction was carried out in isopropyl alcohol.

Table 2. Initial component composition of polymer composites, mass%

No Resole Thermally modified diatomite Boron carbide
1 60 5 35
2 60 10 30
3 50 20 30
4 50 10 40
5 40 20 40
6 40 30 30
7 20 30 50
8 20 20 60
Synthesis of 4,4'-hexahydro-4,7- diphenol was synthesized according to the
methylenindane-5-ylidene)diphenol. 4.4- following scheme:

hexahydro-4,7-methylenindane-5-ylidene)

~H _H
o OH g, oH_10]
—»‘-
H,S04 K,Cr,04

(a) (b) (¢

— O === g Ob

(d) (©)

The product (b) is obtained by hydration of a condenser and a thermometer, a mixture of
dicyclopentadiene (a) with 25% H>SO4 as 300 g H2SO4 of 25% and 264 g of dicyclo-
follows: in a round bottomed flask equipped with pentadiene is heated for 4 hours. At the end of the

ISSN 2079-1704. X®TT1. 2026. T. 17. Ne 1 5



G.Sh. Papava, I.A. Chitrekashvili, K.G. Ebralidze et al.

reaction, the product is washed with hot water,
then with a dilute solution of caustic potassium
and again with hot water. The product is left
overnight over Na;SO4 and distilled, collecting a
fraction boiling at 55-58 °C (6 millimeters of
mercury).

The resulting product is hydrogenated in an
autoclave at 125°C over a nickel Renei catalyst,
oxidized and condensed with phenol. The yield of

U CH;COOCH = CH,

(a)

bisphenol is 75 % of the theoretical, the melting
point is 219-221 °C (according to literature data
—220-222 °C).

Synthesis 4,4'-(decagydro-1,4:5,8-
dimethylennaft-2-ylidene)diphenole. 4.4-
(decahydro-1,4,5,8-dimethylennaft-2-ylidene)
diphenol was synthesized according to the
following scheme:

H H
0COCH; H, ©©<OCOCH3 KOH
(b)

KzCl‘zO']
(¢)

To obtain the product (a), the initial
components (cyclopentadiene and vinyl acetate)
are taken in a ratio of 3 : 1. The reaction is carried
out in an autoclave at 230 °C for 14 hours. Then
the reaction product is processed according to the
method described for bisphenol II (4,4-
(hexahydro-4,7-methylenindane-5-ylidene)
diphenol). The yield of bisphenol is 70 % of the
theoretical, the melting point is 234 °C (according
to literature data — 243-245 °C).

Buthyl mercaptan was used as a catalyst.
After completion of the reaction isopropyl alcohol
was isolated from the mixture by distillation. The
obtained methylol derivative was dried under the
vacuum at 50-60 °C.

Testing of composites. We used cylindrical as
well as prism type samples obtained by
compression compounding of composites. Their
testing for the capacity to absorb thermal neutrons
and long-term exposure of samples to radiation to
such neutrons was carried out on the device of
neutron-activation  analysis  (En=0.025¢V,
No = 2.5x10° n/cm?/s), according to the specially
developed method. Measuring error equaled to 10—
16 %. We observed that the bigger the absorption
coefficient, the higher the accuracy of measuring.

Mechanical strength of the samples was
measured on a Dynstat.

On the basis of the carried out studies we
determined  optimal terms for thermal
modification of diatomite, its composition and
properties. Technology for obtaining composites

was developed; some physical-mechanical and
radiation properties of the obtained composites
were studied in a rather wide range of composite
component concentrations.

RESULTS AND DISCUSSION

As already mentioned, to obtain the polymer
matrix, we used bisphenol, which contains groups
of the norbornane type: 4,4’-(2-norbornylidene)-
diphenol, 4,4’-(hexahydro-4,7-methylenindane-
5-ylidene)-diphenol, and  4,4’-(decahydro-
1,4,5,8-dimethylennaft-2-ylidene)-diphenol.

1.
HO/_—\/\,\ /i/ )— OH
4,4'-(2-norbornylidene)-diphenol
2.

ANAL

4,4'-(hexahydro-4,7- methylenindane-5-
y y
ylidene)-diphenyl
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3.

A

Veon

Bisphenol-aldehyde oligomers are formed at
the interaction of norbornan type card groups
containing polycyclic bisphenols and aldehyde
components. At first we obtain bisphenol
methylol derivatives, which are transformed into
oligomers. At their further hardening they form
resites. Mechanism of resol oligomer hardening
might be able to present according to the

4,4'-(decahydro-1,4,5,8- dimethylenenaphth-2- following scheme:

ylidene)diphenol
—R@OH —R OH —R: OH
|
CH,OH ?Hz
-H,0;5 RIOH I -CH,0 CH,
CH,OH CH,
R OH -R OH
' |
CH,OR! ; I
2 CH,0 CHy
-
R = .
; ’
R! = C;Hy-

Table 3 shows the characteristics of methylol derivatives of bisphenols.

Table 3. Characteristics of methylol derivatives of bisphenols

Molecular weight

The structure of the (determined The content of The content of Gelatinization
methylol derivative of ebuliosconically in OH groups by methylol groups, time at 200—
bisphenol pieatly Verley,% % 220 °C, min
acetone)
R
<@ OH> 344 11.3 29.9 5
R 2

UK:K P; 425 9.5 26.2 5
2
R
R
m<Qm> 426 7.7 24.6 5
R 2

R:H; -CHzOH; -CH20C3H7
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To obtain a resol type oligomer, a sample of a
methylene derivative was heated to 180-200 °C
for 10—15 minutes before melting. When the melt
began to solidify, it was subjected to heat
treatment at a temperature of 250 °C for 1 hour.
Preliminary experiments consisted in extracting a
dispersed sample of resin from boiling acetone for
5 hours, showed that it does not contain low
molecular weight products and that so the curing
process is almost complete.

In the composite diatomite is not a neutral
component. On its surface, as well as in its pores
there are active silanol groups =Si—OH, which
interact with reactive methylol groups of resol
oligomers. This interaction can be presented in the
following form:

=Si—OH + HOCH,— — =Si—O-CH,- + H;O.

Chemical bond is created between diatomite
and resol, which is stable and conditions high
physical and mechanical properties of the
composite. IR spectroscopy studies proved that at
this time absorption bands characteristic for -OH
groups at the 3750 cm™' zone completely
disappear. Resol oligomers of diatomite macro
pores at the compression treatment of composites

Table 4. Some characteristics of composites

undergo structurization and macromolecules are
formed, which due to their big size are unable to
leave the pores without rupture of chemical bonds
of the created structurized oligomers. This, to a
certain extent, conditions high physical-
mechanical indices of the created composite.

Boron carbide does not form chemical bond
with the matrix, but its grains have high specific
surface and because of it, they jointly with the
weak molecular bond forces with polymers are
capable to create high mechanical clutch forces.
Therefore, joint application of the modified
diatomite and boron carbide provides obtaining of
the composites possessing high indices.

Table 4 offers some charactetistics of
polymer composites. As seen from the table data,
optimal physical-mechanical characteristics are
inherent to the composites containing up to
40 mass % thermoreactive oligomers. Their
mechanical strength at bending reaches 95 MPa.
Therefore for the future studies we selected only
the composites containing matrices of this
concentration, in which the content of boron
carbide ranged from 10 to 55 mass %, and the
content of thermally modified diatomite — from 5
to 50 mass %.

Composition No

Characteristics 1 ) 3 4 5 6 7 3
Fluidity (mm) 180420 173423 160+30 1704£30 155435 145435 125435  135+£35
Resiliency
(kJ/m?) 10.0 8.5 12.0 10.0 13.0 12.0 7.0 7.5
Strength at
bending (MPa) 60 60 90 80 95 95 70 70

Table 5 offers the results obtained in the
process of testing of these compositions for
absorption capacity with respect to thermal
neutrons. Just for the comparison Table 4 offers
two kinds of composites. Both compositions
contained 40 mass % polymer matrix. In one of
them the remaining 60 mass % was thermally
modified diatomite, and in the other was boron
carbide.

As seen from the table data, the composite
that does not contain a component that captures
thermal neutrons practically doesn’t weaken
neutron flux. At the increase of content of such
component in the samples we observe marked
weakening of flux density. Of course, at the long-
term exploitation terms these indices will be

deteriorated due to burning-out of boron from the
composition, but the rate of deterioration will
depend on the radiation source capacity. It should
be stated that all those composites are thermally
stable up to 400 °C.

Long-term testing of the samples at the above
given neutron energy and current density (integral
dose equalled to 5.04x10' n/cm?) showed that
mechanical strength of the composites at bending
(it is more sensitive parameter towards
irradiation) practically was not altered. Mass loss
was not significant either. This refers to the fact
that the accumulated dose is not enough yet for
destruction of polymer matrix and for changing of
macro-properties of the filler mineral.

ISSN 2079-1704. X®TT1. 2026. T. 17. Ne 1
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Table 5.Influence of composite composition on absorption capacity of thermal neutrons

Test duration Rate of irradiation

No Sample composition Thickness (mm) .
(min) decrease
1 40 mass % TRO + 60 mass % TMD 6 20 1.05
40 mass % TRO + 30 mass % TMD
2 + 30 mass % B4C > 20 17.00
40 mass % TRO + 50 mass % TMD
+ 10 mass % B4C > 20 8.06
40 mass % TRO + 40 mass % TMD
3 + 20 mass % BiC 5 20 12.27
40 mass % TRO + 20 mass % TMD
4 + 40 mass % B.C 5 20 23.00
40 mass % TRO + 10 mass % TMD
6 + 50 mass % BsC 5 20 31.02
40 mass % TRO + 5 mass % TMD +
7 55 mass % ByC 5 20 37.15
8 40 mass % TRO + 60 mass % B4C 6 20 39.00
TRO-thermo-reactive oligomer; TMD-thermally modified diatomite
CONCLUSIONS e [t was proved that the composites

e Processes for obtaining of the resol type
bisphenol-formaldehyde oligomer and for
thermal modification of natural diatomite have
been studied.

e We wused Kisatibi (Georgia) origin
diatomite as the starting material, up to 50 mecm
dispersion boron carbide (B4C) and modified
diatomite of the same dispersion.

e To obtain the polymer matrix we used
bisphenol, which contained norbornane type
groups:  4,4’-(2-norbornyliden)-diphenol,4,4’-
(hexahydro-4,7-methylenindan-5-yliden)-
diphenol and 4,4’-(decahydro-1,4,5,8-
dimethylennaft-2-yliden)-diphenol. Buthyl
mercaptan was used as a catalyst.

e Polymer compositions are considered,
which contain 20-60 % oligomer, 5-30 mass %
thermally modified diatomite and 30—60 % boron
carbide.

ISSN 2079-1704. X®TT1. 2026. T. 17. Ne 1

containing 40 mass % matrix are characterized by
optimal mechanical indices. Their mechanical
strength at bending reaches 95 MPa. They are
thermally stable up to 4000 °C.

e [t is shown that the ability of composites to
absorb thermal neutrons (En = 0.025 eV) depends
on the concentration of boron carbide in them.
With an increase in the boron concentration in
composites from 30 to 60 %, the intensity of the
neutron current decreases by 17—40 times.

e [t has been shown that an increase in the
diatomite content in the composition (in
accordance with a decrease in the boron carbide
content) reduces the absorption capacity of
thermal neutrons to a certain extent, but
significantly increases the physico-chemical
properties of the composition. A significant
improvement in physical and mechanical
properties is a necessary prerequisite for the
operation of samples under heavy mechanical
load and for a long time.
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IoniMepHi KOMIO3UTH, 110 MIiCTATH AIATOMIT Ta Kap6ia Oopy,
3aTHi MOTJIMHATH TEIUIOBI HEHTPOHHU

I'.I. Manasa, [.A. Yirpekamsiii, K.I'. Eopamunze, H.C. I'enamsini, K.T. ApuBan3e,
H.C. Joxrypimsini, P.I'. Jlimapreniani, H.C. Xorenamsini

Inemumym ¢hizuunoi ma opeaniunoi ximii imeni Ilempe Menixiweini, Toinicokuili depacagHuil yHigepcumem
syn. A. [lonimkoscwkoi, 31, Toinici, 0186, I py3is

Pospobneno kxomnozumu, 30amui nociuHamu meniosi HeUMpoOHU, HA OCHOSI olicomepie mampukrc-dicgheHon-
Gopmanvoecio pe3onvhoeo muny, 6 SKUX sIKk HANOBHIEAYI BUKOPUCHOBYBANUCS MEPMIUHO MOOUPIKOBAN NPUPOOHI
copbenmu — diamomim ma xap6io 6opy. 30kpema, guxopucmosygascs kapoio bopy 3 oucnepcHicmio 0o 50 Mikpou
(B4C) ma moougixoganuti diamomim Kizamubcvkozo noxodxcenns (I pysis) maxoi s ducnepcii. /s ompumanns
nonimepnol mampuyi euxopucmogysagcs Oicenon, sKuil micmug 2pynu  Hopbopuanogozo muny: 4,4°-(2-
HopOopHinioen)-ougenon, 4,4 °-(eexcaziopo-4,7-memunenindan-5-inioen)-ougpenon ma  4,4’-(0exaciopo-1,4,5,8-
oumemunenapmans-2-inioen)-ougenon. Onicomepu ompumano 63aemodicio Oicghenonie 3 Gopmanboe2ioom.
3anpononosano mexuonoeiuni cxemu ma napamempu Ois MAMPUKCHO20 MA MOOUPIKoeanozo diamomimy.
Pozenanymo xomnosumu piznozo cknady. Komnosumu, wo micmunu 40 mac. % mepmopeakmusHux oaicomepis,
NPOOEeMOHCIMPYBAIU ONMUMAIbHI MeXauiyHi ma mennogizuuni xapakmepucmuku. Pesynemamu Oocniodcenms
NOKA3AIU, WO KOMNO3UM, AKUL He MICMums KOMHOHEHMd, WO 3aXONIIE Menjiosi HeumpoHU, NPAKMUYHO He
noc1aboe HellmpoHHULL NomiK. 3i 30i1bUeHHAM 8MICIY MAK020 KOMNOHEHMA Y 3pA3KAX CHOCMEPi2aembCs NOMImHe
3HUdHCEHHA winbHocmi nomoxy. Cnio 3asHayumu, wjo 6ci yi komnozumu € mepmocmitikumu 0o 400 °C.

Knrouosi cnoea: bicghenon, popmanvoezio, onicomep, pesons, mampuys, oiamomim, kapoio 6opy
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