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WccnepoBaHue CBOUCTB

HaHOMoAMhMLMPOBaHHOro maTepuana cepuu Aépuc

[puBeaeHbI pesynbTaTbl MCCeA0BaHMIA CBOMCTB HAHOMOANMMLIMPOBAHHOMO U30NALMOHHOrO MaTepurana cepun Abpuc, NpeacTaBnsoLLEero co60i NOMMEpPHYHO
KOMMO3MLMK Ha OCHOBE CUHTETUHECKNX Kay4yKOB, MUHEPANbHbIX HANOMHUTENeN, NnacTudukaTopa n yrnepoaHbIX HAHOTPYOOK. YCTaHOBNEHO, YTO Hanbonee
CWIbHOE BANSIHWE YrNepoAHble HAHOTPYOKM B NOMMMEPHON KOMMO3NLM Ha OCHOBE CUHTETUHECKMX Kay4yKOB OKa3blBAOT HA ANEKTPUYECKIE CBOICTBA

11 MEXaHMYECKYH MPOYHOCTb HAHOMOAUMLMPOBAHHOMO MaTepuana. Mony4eHHble AaHHbIE MOKA3bIBAKT NEPCMeKTUBHOCTb NPOBEAEHNS AAbHENLLMX paboT

C YrepOAHbIMU HAHOTPYBKaMK C LiENbI0 MOBbILIEHNS 3G)DEKTUBHOCTI MATEPUANOB U M3AENNIA, NOMMOLLAKOLLMX 31EKTPOMArHUTHOE N3NYYeHNe.

KntoyeBble cnoBa: nonumepHas KOMNO3WULKS, YrNepofiHble HAHOTPYOKIA, NPOYHOCTb, ANIEKTPONPOBOAHOCTb, 3aLLNUTA OT 3NIEKTPOMArHUTHOO U3NYYEHIS.
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Research in Properties of a Nano-Modified Material of Abris Series

Results of the study of properties of the nano-modified material of Abris series, which is a polymer composition on the basis of synthetic rubbers, mineral fillers, a plasticizer, and carbon
nano-tubes, are presented. It is established that the most strong influence of carbon nano-tubes in the polymer composition on the basis of synthetic rubbers is on the electrical properties
and mechanical strength of the nano-modified material. The data obtained show the perspectivity of conducting further works with nano-tubes with the purpose to increase the efficiency of

materials and products absorbing the electro-magnetic radiation.
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Cpeau pasinuyuHbIX MyTel YJydIllleHUs] CBOMCTB TOJM-
MEPHBIX CTPOUTEIbHBIX MaTepuaoB Haubosee d3hdeKTuB-
HBIM MOXET CTaThb TOHKOIMCIIEPCHOE HaHOHAIMOJHEHUE,
HarpaBJIeHHOE Ha YJIydllleHUe CTPYKTYPbl U CBOWCTB caMoOit
MOJMMepHO# MaTpulbl [1-5].

B mocnennue romel HabMOmaeTCs 3HAYUTEIBHBINA TPO-
rpecc B 00JacTU UCCAEAOBAHMIA U pa3pabOTKU IMOJIUMEP-
HBIX HAaHOKOMIT03UTOB. [IpumMeHeHue mist MoauUKalU
MOJUMEPOB HAHOYACTUI] Pa3JIMYHON TPUPOAbI B KpaiiHe
HeOONBIINX KoJmJyecTBax (10 5 Mac. %) MO3BOJIWIIO CyIle-
CTBEHHO YJIYYIIUTb LEJbI Psii CBOMCTB MTOJTUMEPHBIX KOM-
no3uuuii — aeopMallOHHO-TIPOYHOCTHBIE, Ta300apbep-
HbI€ CBOIMCTBA, OrHECTOMKOCTb, JICKTPUYECKYIO U TEIJI0-
ITPOBOIHOCTE [6].

CormracHo pa3JIMYHBIM UCCISIOBAHUSM YIJICPOAHbIC Ha-
HoTpyoku (YHT) BbInesiioT Kak HanboJiee rmepcrieKTBHbIA
BUI MoAM(rKaTOpa, TTO3BOJISIOIINI CO3/1aBaTh MAaTePUAJIBI C
MPUHIIMTTMATBHO HOBBIMU WJIM 3HAYUTEIBLHO YIIyIIIIeHHBIMU
cBoiictBamu [7—9]. OtkpsiTbie B 90-x rr. XX B. YHT obnana-
IOT caMU T0 cebe YHUKATbHBIMU XapaKTepruCTUKaMU: 00JIb-
IIOM MPOYHOCTBIO B COYETAHUU C BHICOKUMHU 3HAUCHUSIMU
YIIpyroit nedopMalnu, XOpoulei 3JIeKTPOIPOBOIHOCTLIO 1
aJICOPOLIMOHHBIMU CBOMCTBAMU, CTIOCOOHOCTBIO K XOJIOTHOM
SMMCCHU JIEKTPOHOB 1 aKKYMYJTMPOBAHMIO Ta30B, XMMUYIe-
CKO M TepMUYECKOI CTaOMJIBHOCTBIO U T. . BHeIpeHHbIe B
noauMmepHylo Matpuily YHT obecrieunBaloT ee aJaeKTpo- U
TEIJIONTPOBOIHOCTh, MX MOXHO paccMaTpvMBaTh KakK HaHO-
npoBoaHuku. YHT yBenuuuBaroT nMpoBOAMMOCTb B COTHU
pa3 cuibHee OOBIYHBIX JOOABOK, UCITOIb3YEeMbIX VIS TIOBBI-
IIeHNs TTPOBOAMMOCTH MaTepuaioB. biaronapsi BBeIeHUIO
Jaxke B oueHb Majbix KonndecTBax YHT dopmupyercst 00b-
€MHasl 3JIeKTPOIIPOBOIHAS CTPYKTYpa, MPOBOJUMOCTb KOTO-
poii Topasao BhIIIE, YeM TMPU UCTIOJIb30BAHUU TPAAUILIMOH-
HBIX caXkeBBbIX 100aBoK [10].

Fine filling and nano filling, aimed at improving the
structure and properties of the polymer matrix itself can be
the most effective ways among the various ways to improve
the properties of polymer construction materials [1—5].

In recent years, there has been significant progress in the
research and development of polymer nanocomposites.
Application for modification of polymers of nanoparticles of
different nature in extremely small quantities (up to 5 wt. %)
made it possible to significantly improve a number of proper-
ties of polymer compositions — deformation-strength, gas
barrier properties, fire resistance, electrical and thermal con-
ductivity [6].

According to various studies in recent years, carbon
nanotubes (CNTS) are identified as the most promising type
of filler, allowing the creation of materials with fundamen-
tally new or significantly improved properties [7—9].
Discovered in the 90-ies of the last century CNTS possess
unique characteristics: high strength in combination with
high values of elastic deformation, good electrical conduc-
tivity and adsorption properties, and the ability to cold emis-
sion of electrons and the accumulation of gases, chemical
and thermal stability, etc. Introduced into the polymer ma-
trix CNT provide its electrical and thermal conductivity,
they can be considered as nanowire. CNT increases conduc-
tivity hundreds of times stronger than conventional additives
used to increase the conductivity of materials. Due to this,
CNT forms a volumetric conductive structure with the in-
troduction even in very small quantities, which allows to
achieve the conductivity of polymers with a significantly
smaller share of CNT compared to traditional soot addi-
tives [10].

It is known that polymer composites (PC) with conduc-
tive fillers are attractive for problems of electromagnetic
protection. The ability of the medium to absorb electromag-
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HaHoTexHO/I0THH B CTPOHUTE/IbCTBE
MNokazatenb XapakTepucTuku matepuana Abpuc P3tn-01
Indicator Parameters of Abris RZtp-01
Copnepxanve YHT, mac. % _ 1 2 3 6
The content of CNTS,% (by weight)
TexHonorus N3roToBNeHUS CwmeLueHWe Ha BanbLax
Manufacturing technology Mixing in rollers
YcnoBHas NPoOYHOCTL Npu pacTsxeHunn, MlMa
Conditional tensile strength, MPa 0.83 0,91 0,988 12 2,97
0,
OTHOCMTeﬂbHoe yAJIMHEHWe npu pa3pbise, % 9 67 60 48 08
Elongation at break, %
bkocTb, 20°C, pagnyc 3akpyrieHns opyca 15 Mm TpewwmH HeT | TpewwmH HeT | TpewwH HeT | MukpoTpewwHbl | TpewmHbl
Flexibility, 20°C, the radius of curvature of the beam 15 mm No cracks No cracks No cracks Micro cracks Cracks
3
FinoTHOCTe, r/cu 2,4 2,37 2,35 2.36 2,37
Density, g/cm
3HayeHne CBMHL0BOro 9KBMBaeHTa Npy HanpsXXeHnn Ha
peHTreHosckoli Tpybke 100 kB, mm Pb. TonwmHa matepvana 2 MM 029 _ _ _ 028
The value of lead equivalent at the voltage on the x-ray tube 100 kV, ’ !
mm Pb. Material thickness 2 mm
[LunanekTpuyeckas npoHmuaemocTs € npu 20°C )
Dielectric permittivity, €, at 20°C 591 ! 9,39 13,81 1,35
TaHreHc yrna AVIINEKTPU4ECKVX MOTEpb 0,02 0,038 0,126 0,499 138,7
The tangent of an angle dielectric losses
YnensHoe 06bemMHoe anekTpuyeckoe conpoTusnexne npu 20°C,
Om-cMm 1,3x10* 1x10* 2,8%10% 1,8x10* 1,2x10°
Specific volumetric electrical resistance at 20°C, Om.cm

W3BectHO, uTo nonuMepHbie koMno3uThsl (I1K) ¢ mposo-
NSUIMMUA HAMOJHUTENSIMU SIBJISIIOTCS TIEPCTIEKTUBHBIMM JIJISI
3a/1a4 2JIEKTPOMAarHUTHON 3aiuThl. CIMOCOOHOCThH Cpelbl
MOIJIOLIATh AIEKTPOMArHUTHOE U3JTyYeHUE ONPEIETISIETCS e
9JIEKTPUUECKMMU U MAaTHUTHBIMU CBOMCTBaMU, K KOTOPBIM
OTHOCSTCS yAeJdbHas 3JeKTPOIIPOBOAHOCTD, AMAJIEKTPUYIC-
CKasl 1 MarHUWTHAas MTPOHUIIaeMOCTh. [TorionieHue 2aeKTpo-
MAarHUTHO HEPruy MPOUCXOAUT 3a CYET NUDJIEKTpUye-
CKHX, MATHUTHBIX TTOTEPh U MOTEPh Ha MTPOBOJUMOCTb, KO-
TOpbI€ TMbBITAIOTCS MaKCUMU3UPOBATh [UISl TOCTUKEHMUS
MakcuMyMa 3((eKTUBHOCTY 3KpaHupoBanus [11, 12].

000 «3aBog repMeTU3UPYIOLINX MaTepPUAIOB» CIelra-
JIM3UPYETCSl Ha BBIMYCKEe MPOAYKIIMH, TMpeaHa3HauYeHHOMI
IUJIS1 3aLIUThI PA3IMYHBIX OOBEKTOB OT HETATUBHOTO BO3ACH-
CTBUSI OKpYy>Kartoliiei cpenbl. B iHeiike BbITycKaeMoit mpo-
JyKIIMU Hapsiy ¢ FTepMeTUKAaMU MpeCTaBIeHa TTPOAYKIIUS C
pamro- U paaralimoOHHO-3aIUTHEIMU CBOMCTBAMM: MaTepH-
aJ ISl 3aIIMTHI OT JIEKTPOMATHUTHBIX M3JydeHuir AOpuc
OMU TV 2291-013-52471462—2009 u paguaiioHHO-3a-
U THBIA Matepuan Aopuc P3 TY 6990-012-52471462—2009.

Llesibio HacTosiEe pabOTHI SIBUJIOCH UCClieloBaHue (pu-
3UKO-MEXaHUYECKUX, dJEKTPODU3UUECKUX, 3alUTHBIX
CBOWCTB MOJUMEPHOTO KOMITO3UIIMOHHOTO Marepuajia ce-
pun AGpUC ¢ yIiaepoOaHBIMU HAHOTPYOKaMU B 3aBUCUMOCTU
OT WX COMepKaHMUSI.

B kauecTBe HAaHOKOMMOHEHTa MPUMEHSUIMCh MHOIO-
CJIOiiHBIE YIJIepOnHble HAHOTPYOKU Kopropauuu Arkema
(®panHnus), MOTydYeHHBIE METOJIOM TUIA3MEHHO-TYTOBOTO
HU3KOTEMIIEPATYPHOTO MUPOJIM3a. YTIepOoaHble HAHOTPYO-
KM (PUCYHOK, a) TIPEACTaBIISIIOT COOO0M arperaThl B BUIE IO~
puctbix rnodyn pasmepamu 400—900 mMxm. EauHuuHbIE
YHT mnmusoit ot 1 10 15 MKM MMEIOT BHEIIIHUI AUAMETP OT
10 no 15 HM (pucyHoK, 6). CpemHsisl HachlITHas TJIOTHOCTh
rpaHyJsiTa coctasiset 50—150 kr/m> [13].

B kauecTBe MOMMEPHO MaTPUILIBI TSI TIOJy4eHUST 00-
pAa3IoB MCTOIb30BAIM KOMITO3UIIMM HA OCHOBE CMHTETUYE-
CKMX KaydyKoB OOIlero HazHauyeHus. B cucremy BBOAMIU
MUHepalibHble HanoJHuTe . KoMmo3uiumu, cocTosiiye u3
CUHTETMYECKUX KayuyKOoB, TulacTuduKaropa, MUHEpaJIbHbIX
HAMOJHUTENEN U YIJIepOAHbIX HAHOTPYOOK CMEIIMBAIU Ha

) i ,
W e aldi, B e i . TN
BHeLwHWiA BUA, rpaHyn MHOrocnoiHelx YHT npu yBenuuenun X100 (a); cko-

nnenve YHT npu ysenuuenun x5.10% (b)

Appearance of granules of multilayer CNTs at an increase of X100 (a), and
the accumulation of CNTs with an increase of X5:10% (b)

netic radiation is determined by its electrical and magnetic
properties, which include electrical conductivity, dielectric
permittivity and magnetic permeability. The absorption of
electromagnetic energy is due to dielectric, magnetic and
conductivity losses, which are trying to maximize the maxi-
mum screening efficiency [11, 12].

“Sealing Materials Plant” LLC specializes in materials
production intended for protection of various objects from
negative impact of environment. We produce both sealants
and products having radiation — protective properties: mate-
rial for protection against electromagnetic radiation Abris
EMI TU 2291-013-52471462—2009 and radiation-protec-
tive material Abris RZ TU 6990-012-52471462—2009. The
aim of this work is to study the physical, mechanical, elec-
tro-physical, protective properties of polymer composite
materials Abris with carbon nanotubes depending on their
content.

As a nanocomponent, multilayer carbon nanotubes of
Arkema Co. (France), which were obtained by plasma arc
arc low-temperature pyrolysis, were used. Carbon nano-
tubes (Fig. a) are aggregates in the form of porous globules
with dimensions of 400—900 pm. Single CNTs with a
length of 1 to 15 um have an outer diameter of 10 to 15 nm
(Fig. b). The average bulk density of the granulate is
50—150 kg/m? [13].
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BaJIbllax IO CTAHAAPTHOI TexHoJioruu. Mcnbitanus obpas-
1I0B M3TOTOBJIEHHBIX MOJUMEPHBIX KOMIIO3UTOB, MOAUGbU-
uuvpoBaHHbIX YHT, 1 olleHKa X TEXHUYECKUX U TEXHOJOTU-
YeCKHX MapaMeTpOB BBIMOJHSIJINCH CTAHIAPTHBIMU METOIA-
Mu. [TosyuyeHHBIE pe3yIbTaThl MIPEICTaBACHbI B TAOIMIIE.

ITpoBeneHHbIE UCCIENOBAHUS TTIOKA3aIU CIIeayOIIee:

— CBOWMCTBA MOJMMEPHBIX KOMITO3ULIMI HA OCHOBE CUHTE-
TUYECKMX KayuyyKOB OOIIETO Ha3HAYEHUSI MOXKHO CYILIECTBEH-
HO U3MEHSITh ITyTEM BBEICHUS YIJIEPOAHBIX HAHOTPYOOK;

— MO Mepe YBEJIMYCHUSI COAEPXKAHUS YIICPOAHBIX Ha-
HOTPYOOK B ITOJMMEPHO# KOMITO3UIIMY HA OCHOBE CUHTETH-
YEeCKMUX KayuyyKOB YBEJIWUYMBAECTCSI MX apMUpYIOIIee aei-
CTBME U 3JIEKTPOIIPOBOTHOCTb KOMITO3ULINK;

— BBejieHMe 6% YIepOIHbIX HAHOTPYOOK B COCTaB pa-
IHUAIMOHHO-3alIUTHOTO Matepuaia Adopuc P3tn-01 mpu-
BEJIO K 3HAYMTEJIbHOMY YIIPOYHEHUIO COCTaBa — OoJjiee Yem
B JIBa pa3a, OJJHAKO MPU 3TOM CHU3UJIUCH ie(popMallMOHHbIE
CBOICTBAa KOMIO3UTOB, TMPU TPOBEACHUM MCIBITAHUI Ha
rMOKOCTb MOSIBUIUCH TPEIIUHDbI;

— HauboJiee CUIbHOE BIMSIHUE YIJIEPOJHbIE HAHOTPYOKU
OKAa3bIBAIOT Ha 2JIEKTpUYECKHEe CBOMCTBA HAHOMOAUDUIIN-
POBAaHHOTO paJAMallMOHHO-3alIAUTHOTO Marepuasa AOpuUc
P3tn-01, yBenuuuBasi 3JeKTPONPOBOAHOCTh MaTepuaa.
[Tpu yBenuueHUM coepKaHusl yriIepoOIHbIX HAHOTPYOOK 10
6% yBeIMUMBAIOTCS TIOKA3aTe M TaHTeHCa yIia TU2JIEKTPH -
YECKUX IMOTEePb, AMINEKTPUUYECKass MPOHUIIAEMOCTb U Ha
MOPSAIOK YMEHbIIAETCs MoKa3aTesb yAeJIbHOIO 00beMHOTO
3JIEKTPUYECKOTO COMPOTUBIICHUS;

— IoKazaTeJib «CBUHIIOBBIN SKBMBaJCHT» HAHOMOAU(DU-
LIMPOBAHHOTO paaMaliMOHHO-3al[MTHOTO MaTeprana AGpuc
P3t-01, xapakTepu3yiouuii OJIOMIeHUE PEHTTEHOBCKOTO
U3JTYYEeHUS, OCTAJICS HA YPOBHE LITATHOTIO.

HccnenoBanus mokasaau MEPCHEKTUBHOCTb MPOBeE/e-
HUS JaJbHEUIIMX paboT ¢ YrJIepOAHBIMU HAaHOTPYOKaMu c
11eJIbI0 TTOBBbILIEHUST 3(PHEKTUBHOCTU MaTepUaIoB, MOTJI0-
IIAIOIIMX 2JIEKTPOMArHUTHbBIE U3JyYeHME, a TakKe paspa-
0OTKM M3IOeINii KOMIUIEKCHON paauo- M pagdalMOHHOM
3alUThI MEPCOHANIa U TEXHUKHU, PabOTAIOIIMX B YCIOBUSX
MOBBIIIEHHOTO (hOHA MOHU3UPYIOLIETO U DJAEKTPOMATHUT-
HOTO M3JTyYCHMUSI.
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The compositions based on general-purpose synthetic
rubbers were used as a polymer matrix for obtaining samples.
Mineral fillers were introduced into the system. Compositions
consisting of synthetic rubbers, plasticizer, mineral fillers and
carbon nanotubes were mixed on rollers using standard tech-
nology. Tests of samples of the made polymeric composites
modified by UNT, and an assessment of their technical and
technological parameters were carried out by standard meth-
ods. The results are presented in the table.

Studies have shown that:

— the properties of polymer compositions based on
General purpose synthetic rubbers can be significantly
changed by introducing carbon nanotubes;

— as the content of carbon nanotubes in the polymer
composition based on synthetic rubbers increases, their rein-
forcing effect and the conductivity of the composition in-
creases.

— the introduction of a 6% carbon nanotubes to the ra-
diation protective material Abris RZtp-01 has led to a signifi-
cant hardening of the composition, more than 2 times, but at
the same time decreased the deformation properties of the
composites, when tested for flexibility, cracks;

— the strongest influence of the carbon nanotubes affect
the electrical properties of nano-modified radiation-shield-
ing material Abris RZtp-01. With an increase of carbon
nanotubes up to 6% to the content, the performance of the
dielectric loss tangent increases, the dielectric permeability
decreases and the volume electrical resistance index decreas-
es by an order of magnitude;

— the indicator “lead equivalent” nano-modified radia-
tion-shielding material Abris RZtp-01 characterizing the
absorption of x-ray radiation remained at the level of the
staff.

The study indicators the prospects of further work with
carbon nanotubes in order to improve the efficiency of mate-
rials that absorb electromagnetic radiation, as well as the de-
velopment of complex radio products, and radiation protec-
tion of personnel and equipment operating in high back-
ground ionizing and electromagnetic radiation.
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