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L BopoHekcKuii rocy1apCTBEHHbIN YHUBEPCHTET MHKEHEPHBIX TEXHOJIOTHH, np-T Pesoonuu, 19, r. Boponex, 394036, Poccus
Pedepar. AxryaneH NMOHCK 100aBOK, IIOBBIIIAIOMIX H3HOCOCTOMKOCTh PE3UHBL. M3BECTHO, 4TO BBEACHHE B KaydyK IHOJIBIX KOPYHIOBBIX
mukpocdep (HCM) cHmkaeT H3HOC PE3MHOBBIX wu3fenuil. OIHOPOAHOE pacHpeNelicHHe Malloro KOJNHM4YecTBa MHKpocdep B Kaydyke
TPAJMIMOHHBIM «CYXHM» CMELICHHEM B PE3MHOCMECHTENE WIN Ha Bajblax 3aTpyaHeHo. OCylecTBIsUIOCh BBEICHHE MUKpOcdep B KaydyK Ha
CTaauM €ro BBIACNCHNS U3 JaTekca. PaboTa 3akmoyanacsk B otOope 3arycturenei, criocooHsix yaepxkusate HCM B kayaykoBom satekce CKH-
18CHT na cTajuu ero KoaryJisiiiiy, U OLleHKe (PU3MKO-MEXaHHYEeCKHX MoKa3aTesei pe3unbl B npucyTcTBiun HCM. Onpenenim yaepiKuBaroiyro
crocoOHOCTh 3aryctuteneid nonuakpmwiamuiaa (ITAA), kapooxcumeruniesutonosst (KMLI) n nonmueuamnosoro cnupra (IIBC). Koarynamposanu
3arylIeHHBIH JIaTeKC B IPUCYTCTBUH MUKpocdep MOIMMEpHBIM KOATYJIIHTOM M CepHOH kucnoTol. Ilpyu HanonHeHuH nonimMepa MukpocdepamMu
IPEIIOYTUTENBHO HCIOIB30BaTh 3arycTurens [TAA. Beixox mMuxpocdep B Kaydyke Ipu Hcnonb3oBaHud 3arycrureneit [TAA, KMIT u IIBC
cocraBun 71,1, 66,5 1 38,7% coorBercTBeHHO. OnpeeNeHb! (HU3NKO-MeXaHNIeCKHe oKa3aTeny pe3unsl Ha ocHoe CKH-18CHT B npucyrcrBun
MHKpocdep, BBEIEHHBIX KaK «CyXHM» CIIOCOOOM B KaydyK, TaK M Ha CTa[JUH €ro BbleneHus u3 narekca. [Ipucyrcreue mukpocdep B KoiH4yecTse
4,4-4,7% mac. Ha KaydyK, He BIMSJIO Ha TBEPAOCTb M 3IACTUYHOCTH II0 OTCKOKY PE3HHBL IIOATBEpKIEHO, 4TO MPUCYTCTBHE MUKpochep, B
0COOEHHOCTH BBEJICHHBIX HA CTa UK BBIICICHHS KaydyKa U3 JIaTeKca, 00ECIIeUBAeT yBEIMICHHIE COPOTHBIICHIUS HCTUPAaHHUIO. B cBOIO ouepens,
HPUCYTCTBHE MUKpOChEp B KaydyKe cO ClIeaMy MoJIMaKpHaIaMia 00ecrednsIo yBeJIuyeHUe COPOTHBIICHUs PE3HHBI pa3aupy, Moayis pu 100
1 200% yIIMHEHUH NIPH YMEHbIICHUH OTHOCUTENBHOIO YIIMHEHNUS IIPH pa3phIBe.
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Summary.Search for additives that increase the wear resistance of rubbers is relevant. It is known that the introduction of hollow corundum
microspheres (NCM) into rubber reduces the wear of rubber products. The uniform distribution of small amounts of microspheres in rubber by
traditional "dry" mixing in a rubber mixer or on rollers is difficult. Microspheres were introduced into rubber at the stage of its separation from
latex. The work consisted in the selection of thickeners capable of holding the NSM in rubber latex SCN-18SNT at the stage of its coagulation,
and evaluation of physical and mechanical properties of rubbers in the presence of NCM. The retention capacity of thickeners of polyacrylamide
(PAA), carboxymethylcellulose (CMC) and polyvinyl alcohol (PVA) was determined. Thickened latex was coagulated in the presence of
microspheres with polymeric coagulant and sulfuric acid. When filling the polymer with microspheres, it is preferable to use a PAA thickener. The
yield of microspheres in rubber using thickeners PAA, CMC and PVA was 71.1, 66.5 and 38.7% , respectively. The physico-mechanical
characteristics of rubbers based on SKN-18SNT in the presence of microspheres introduced both as a "dry" method in rubber and at the stage of
its isolation from latex are determined. The presence of microspheres in an amount of 4.4-4.7% by weight. on rubber, did not affect the hardness
and elasticity of rebound rubbers. It has been confirmed that the presence of microspheres, especially those introduced from the latex rubber release
stage, provides an increase in abrasion resistance. In turn, the presence of microspheres in rubber with traces of polyacrylamide provided an
increase in the resistance of rubbers to tearing, the modulus at 100 and 200% elongation with a decrease in the elongation at break.
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Brenenne €ro BBIJCIICHUS M3 JlaTeKca W M3YYCHHE CBOWMCTB

ByTa/eH-HUTPIIbHBIE KayIyKH 110 COBOKYTI- pe3UHBl HAa OCHOBE OYyTaaHCH-HUTPUIBHOTO
HOCTH CBOMX CBOMCTB SBIIIFOTCSA HE3aMCHHUMBIM KaydyKa B PHCYTCTBHH MHKpOCHep.
MaTepHAaIoM JIjIsl IPOU3BOICTBA MacIOOEH30CTONKOM MaTepHajibl M METOABI

pe3WHBI CHenuaibHOro HasHadeHus. [lpumanue
pe3uHaM MOBBIIIEHHON U3HOCOCTOMKONCTH BBEIE-
HUEM TOJIBIX KOPYHIOBBIX MHKpoc(hep COXpaHseT
CBOIO aKTyaJIbHOCTB [1-6].

Heas padoTbl — oTpaboOTKa JIIEMEHTOB
TexHoiorun HamonHeHust kaydyka CKH-18CHT
MOJIBIMU KOPYHIOBBIMU MUKpOC(epaMu Ha CTaaun

B pabote ucronb3oBaics OyTaaueH-HUTPAIIb-
Helii kayayk CKH-18 CHT mno TV: 22 9441-057-
05766793.05 (conmepxanme HAK 18 %) B BuAC
Kay4qyKOBOT0 JIaTeKca ¢ CyxuM octaTkoM 19,9 % mac.

Jlarexc xayuayka CKH-18CHT cunTe3npoBan
B IIPUCYTCTBUH dMYJbraropa cynbdonona HIT-3.
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IMonsre xKopyHmoBeie Mukpocdepsr Hollow
Corundum Microspheres (HCM-S) mo TY 3988-
002-30693519 -2015 mpouseeneusr OO0 «Kut-
Crpoii CII6», cocTosii U3 TeTa- U adb(haoKkcuaa
amomunus (Al O3) W uMenn XHUMHYECKYIO
guctoty 99,6 % [7].

Panee oOHapykeHO, YTO KOPYHIOBBIE Cepbl
B KoJmyecTBe 5 % Macc. MOBBIIAIOT H3HOCOCTOM-
KOCTb PE3MHOBBIX U3enuii [7].

OIHOpPOIHOE pacIpeieieHHe Majloro KOoJu-
4ecTBa MHUKpochep B KaydyKe TPaaHIHOHHBIM
«CYXHM» CMEIICHHEM B PE3UHOCMECHUTEIC WU
Ha BaJblax 3aTpyaHEeHO. BBenenue Mukpochep
B Kay4yyK Ha CTaJUHM €r0 BBIJICICHUS W3 JlaTeKca
o0Jjerdaer pacrpeaeneHne MEKpocdep.

INepBoHayabHO MPOBOJKICS OTOOP 3aryCTH-
Tenel, CIIOCOOHBIX YJIePKHUBATh MOJIbIe KOPYHIOBbIC
mukpocthepsr (HCM) B marekce CKC-18CHT
Ha CTa/INU KOATYIISIIHH.

HcnpIThIBAIM  3aryCTUTENH: TOJHAKPHIIA-
mua (ITAA), kapbokcumermnesonosy (KMILI),
nosuBuHWIOBHIH criupt (ITBC).

3arycturens — BOJIHBIA pacTBOop [IAA
¢ xoHneHTpanueit 9,8% mac. ToMOTeHU3UPOBAIH

JI0 TIOJTy4eHHsI OJJHOPOJHON Macchl. 3aTeM B HEro
MOPIMAMU  J00ABISUTM JIaTeKC. B monydeHHyIo
OJTHOPOJIHYIO MacCy 3arymeHHOro JiaTeKca MpH
NiepeMeIMBaHUH BHOCHJIM KOAryJISIHT — HUTPO(IIOK
(MOMMAMMETHITIMATIXIOPUT  aMMOHHS, CYXOii
ocrarok 3,36% Mmac.) u 3aTeM MOAKUCIISUIA CEPHOM
KHCJIOTOM KOHIeHTpaIuei 2% mac.

YCcTaHOBNIEHO, YTO NPHU MOBBIICHUH JI03U-
posku 3arycturenst ¢ 0,013 o 0,025 r/r monumepa
BO3pacTaia BI3KOCTh Jiarekca. OOpa3oBaBIIHECS
3epHa KOaryioMa UMenn OONbIINK pa3Mmep, a ce-
PYM CTAaHOBWJICS HEMPO3pavyHbIM. [Ipu 03upoBKe
sarycturens 0,050-0,075 r/r monumepa BSI3KOCTh
JaTeKkca yBeJIMYWIIaCh 3HAUYUTEIHHO, a KOaryJIoM
COXpaHWUII 3epHUCTOCTH (Tabnuna 1).

OnrrMarbHbIE JO3UPOBKH 3arycTutereit KML]
u [IBC (10% mac.) onpenelieHbl B IPOBEICHHOM
paHee uccienoBanu [8].

[MopsioK MPUroTOBIICHUS 0OPA3IIOB MOIUMEpa
B nipucyTcTBiH HCM ¢ pa3nmiaHbIME 3aTyCTUTEIISIMA
CBOJIUIICS K CIIEIYIOLIEMY.

BBojannm Mukpocdepsl Ha MoTMMep JIaTeKca
u3 pacueta 5% Ha Kaydyk.

Tabonuma 1.

Bausaue AO3HUPOBKU 3aryCTUTCIIA ITAA Ha BSI3KOCTH JIaTeKCa U XapaKTep Koaryaanuunu

Table 1.

Influence of the dosage of the thickener PAA on the viscosity of the latex and the nature of the coagulation

]j[o31/1p031<a 3aryCTuTeIIsL B JIATCKCE
Dosage thickener in latex
pacTBOpa Ha IOJIUMeEp I/T, | yAelbHAasl, I/T oNIUMepa
solution per polymer g/g specific, g/g polyme

H3meneHue BI3KOCTH 3arymeHHoro JaTrekca
Change in viscosity of thickened latex

Tum xoarymroma
Type of coagulum

05 0,013 He mMensiiacs | did not change 3CpHHUCTHIH | grainy
1 0,025 YBEJIMYMIACh He3HaYMTENbHO | increased slightly | 3ephucTslii | grainy
2 0,050 Bo3pacraia | increased 3EpHHCTBIN | grainy
3 0,075 YBEIMYUIIACh 3HAUUTEIILHO | increased significantly | 3epHuUcCTHIH | grainy

Pacnipenensimi Mukpocdeps! B 3aryCTHTENSX
JI0 OXHOPOMHOW Macchl. Jl00aBISIM TOPITUSIMU
JIATEKC, PAaCIpeelisis ero B 3aTyCTHTENE TI0 BCEMY
o0BemMy. B monmyueHHyI0 3arymeHHy0 cMech CHa-
Yayia BBOAWJIM KOAryJsIHT — HUTPOQIIOK W 3aTeM
pacTBOp CEpHOM KUCIIOTHI.

OO0pa3upl KoaryitoMa TPOMBIBAIHA BOJOM,
cyurmi nipu temmepatype 40 °C B Teuenne 2 cyT.

HaBeckn kayuyyka cxuranm B MyQenbHOU
TIeYH 711 OTIpENIeNIeHHsI COoJIepKaHusi MEKpocdep.

VYcraHoBNIeHO, YTO BBIXOA MHKpochep
B KaydyKe IpU HCIOIb30BaHuM 3arycrureneii [TAA,
KMII u IIBC cocraBun 71,1, 66,5 u 38,7% macc.,
COOTBETCTBEHHO. Jlydine Bcero yaep:KuBan
Mukpocdepsl 3aryctutenu [TIAA u KMLI.

B nmanpHetlinem ¢ yueToM norepu 1/3 Muk-
pocdep Ha cTaanu BbIICICHHS KaydyKa U3 JIaTeKca
BBOAMIHN HE 5, a 1% mac. Mukpocdep Ha moiruMep
B COYETaHUU C HaBecKoM Arupona 1 u3 pacuera
0,7% wmacc. Ha TONUMeEp JaTeKca.

324

PenienTypbl PUTOTOBJICHHUS PE3MHOBOM CMECH
MIpHUBEJICHBI B Ta0OIHIIE 2.

CrannaptHbli  oOpazeny 0e3 MuKpocdep
roroBuwn B coorBercTBuu ¢ 'OCT P 54556-2011
«Kayuyku OyTragueH-uurpunbabie (NBR)».

Kontposbnblii 00pasen; pe3nHOBOH cMecH
IIPU «CYXOM» BBEICHUU MHUKpOChep B KaydyK
TOTOBWJIM clienyromumM obpaszoM. Kaydyk mmactu-
UPOBAIM Ha JTA0OPATOPHBIX BAIbIAX B TCUCHHE
2 muH. Bo Bpems mnacTukanyy BBOAMIM MHKPO-
ctheprl. 3aTeM KaydyK TEPEHOCHIN B 3aKPBITHIN
MHUKpOCMecHUTeNb. [lepemMenuBamy ¢ oCTaJbHBIMU
WUHIPEUCHTAMH B TEUCHUE: OKCHUJT ITMHKA — 3 MUH,
CTeapuHOBast KUCIOTa — 2 MUH, KalTakC — 2 MHH,
TEXHUYECKUH yriaepo] — 9 MuH.

PexuM paboThl MEKpOCMECHUTEIS: TEMIIEpa-
Typa HadaneHas 110, koneunas — 126 °C (camo-
pasorpes), CKOPOCTh BpamieHus potopa 50 06/MuH,
macca rpysa — 600 r. Cepy BBOAWIM B MAaTOYHYIO
CMech Ha XOJIOIHBIX BajbliaX 2 MUH.
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Tabnuna 2.

PerenTypsl PUrOTOBIICHHS PE3HHOBBIX cMeceit (% Mac.) B MPUCYTCTBUH MUKpOCchep

Table 2.

Recipes for the preparation of rubber compounds (% by weight) in the presence of microspheres

HaumenoBanue pe3nHOBOI cMecH U criocoba BBeJeHUs] MUKpocdep:
The name of the rubber compound and the method of introducing microspheres:

Ha CHOBAHTIE K Ha CTaJuH BbIICIICHUS
HHPFIEe;H:H:; CranpaptHas MHKPOCESS;;;%;’XO@) at the stage of allocation
Ingredients name Oes muipocep CMEIIIeHHE C KMIn CIAAn
_ Stan_dard Control with microspheres MEKpochepamu | MUKpochepamu
without microspheres et " | with CMC and with PAA and
Dry" mixing - -
microspheres microspheres
Kayuyx CKH-18CHT

Rubber SKN-18 SNT 616 616 42,04 616

Muxkpochepbl

0,

% Macc. Ha KayJyK) ) 31 1,94 31

Microspheres

(% mass to rubber)
Texuudeckuit yrnepon 11234
Technical Carbon P 234 323 323 21,99 323
Oxcupt nmaKa | Zinc Oxide 3,23 3,23 2,19 3,23
CTeapI/IHO}?a}I Kuenora 0,07 0,07 0,66 0,07
Stearic acid

Karrrake | Captax 0,97 0,97 0,66 0,97
Cepa | Sulfur 1,3 1,3 0,88 1,3

Kayuyk ¢ Mukpochepamu, BBEICHHBIMU
Ha CTaJMH BBIJICIICHUS JIATEKCA, IJIACTUIIMPOBAIN
Ha BaJbllaX B TCUCHHE 2 MUH. 3aTEM Kay4yK 3arpy-
Kalll B MUKPOCMECUTEIh U JIOOABIISUTH OCTAIbHbIC
KOMITOHCHTBI: OKCH/I IIWHKA — 3 MUH, CTCapUHOBas
KHCJI0Ta — 2 MHMH, KalTakC — 3 MUH, TEXHUYECKHUI
yriepoa — 3 MuH. PexxuM paboThl MHKPOCMECH-
Tens: Temreparypa HadanbHas 110, koHeuHas
(camopazorpe) — 126 °C CckOpOCTh BpAIICHUS
poropa 50 o6/muH, macca rpy3a — 600 r. Cepy
BBOJIMJIA Ha XOJIOIHBIX BaJIblIaX 2 MHUH.

Bce 00pasnbl BYJIKaHW30Ball B COOTBET-
ctuu ¢ 'OCT P 54556-2011 npu Temmepatype
150 °C B teuenue 40 MuH.

PesynbTaThl u 00cyxI1eHne

VYCTaHOBIIEHO, YTO MPUCYTCTBHE MHKPO-
ctep B xonmyectBe 4,5-4,8% mac. nmpakTUYCCKH
HE BIMSJIO HAa TBEPAOCTh M IJMACTUYHOCTH 1O OT-
CKOKY JJIsl pe3uHbI 0e3 MuKpochep U ¢ MUKpocde-
paMU [pU «CyXOM» cMelneHnd (Tabnuma 3, 4).

Brenenne mmkpochep ¢ ITAA Ha cramum
BBIJICTICHUS YBEIMYMIIO MOAYJTb pe3unbl ipu 100 u
200% yanuMHEHUH TPH COXPaHEHUH NPOYHOCTU
IIpH pa3pbiBe Ha ypoBHE 0Opasia 6e3 MuKpocdep.

Tabnuna 3.

Brusiaue crioco6a BBenennss HCM B kaydyk Ha TBEpJOCTh PE3UH

Table 3.

Influence of the method of introducing HSM into rubber on the hardness of rubbers

Teepnocts o 1llopy A, y. en.:
HanmeHoBaHHe pe3HHOBOH CMECH ¥ CIIOC00a BBEICHUS MUKpochep Shore A hardness, y. unit:
The name of the rubber compound and the method of introducing microspheres Cpens. Makc. MuH.
Average Max. Min
Crangapthas 6e3 mukpocdep | Standard without microspheres 71 72 69
KonrponbHas ¢ MUKpocdepamMy, «CyX0e» CMEllICHUe
. - L 70 71 69
Control with microspheres, "dry" mixing
C mukpocdepamu u ITAA, Ha cTaguu BbIIEICHUS 72 73 71
With microspheres and PAA, in the isolation stage
C mukpochepamu u KMII, Ha cTaauu BelAEICHUS 67 70 62
With microspheres and CMC, in the isolation stage
Jlnst cBsizu ¢ pepakuueii: post@vestnik-vsuet.ru 325
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TaOnuua 4.

BausHue crocoba BBCICHUA HCM B Kay4dyK Ha 3JIaCTUYHOCTb PE3UH

Table 4.

Influence of the method of introducing HCM into rubber on the elasticity of rubbers

. ONacTHYHOCTH 10 OTCKOKY, %0
HaumenoBanue pe3rHOBOM cMecH U criocoba BBC/ICHHUS 1\_/II/II<pO_C(1)ep Elasticity in rebound
The name of the rubber compound and the method of introducing microspheres Cponr. | Average | Maxe, | Max. | M, [ Min

CranznaprHas 6e3 mukpocep | Standard without microspheres 32 33 32
KontponbHas ¢ MUKpochepamy, «CyXoe» CMEIIEHUE 32 32 32
With microspheres, "dry" mixing

C mukpocdepamu u [TAA, Ha cTaguy BbIAEIEHUS 3 34 32
With microspheres and PAA, in the isolation stage

C mukpocdepamu u KMLI, Ha cTaguy BbIIEIEHUS 36 38 36
With microspheres and CMC, in the isolation stage

[Ipy 5>TOM CHH3WIOCH OTHOCHTEIHHOE
YIUTMHEHWE TIPH Pa3pbIBE 110 MPUYMHE MTPUCYTCTBUS
cienos ITAA B xayuyke (Tabuma 5, 6).

Beenenne mukpochep Ha cTanu BeIICIICHHS B
npucytctBu KMII cHM3UIIO MOIyJib pPE3UHBI
mpu 100, 200, 300% ymivMHEHUH W MPOYHOCTH
MIPH pa3pbIBe IPU COXPAHEHWH OTHOCHUTEIHLHOTO U
OCTaTOYHOTO yJUTHHEHHS TIPU pa3phIBe.

YcraHoBIeHO, YTO BBeIeHHE MHKpochep
Ha CTaJuM BBIJENEHHS B mpucyrctBuu [IAA
obecreumio NmojiaTopa — JIByKpaTHOE yBEIHUEHHE
CONPOTHUBIICHHUS PE3UHBI pa3aupy (Tabiuua 7).

[NokazaHo cyIIecTBEHHOE MOBBIIIIEHHE COMPO-
THBJICHHS M3HOCY PE3HHBI, COAEPKAaIle MHKPO-
cdepbl, BBEJICHHbIC HA CTAIMH BBIJICTICHNS MOJIMMEpa
u3 narekca ¢ [TAA (tabnura 8).

Pesuna, coneprkarias Mukpochepbl, Xapak-
TepU30BaJIaCh HAMMEHBIICH CTeleHbI0 HaOyXaHHs
B Tonyosie (Tabauna 9) ¥ HaHOOIBIINM YPOBHEM
KOHIICHTPAIIMH TIOTIEPEYHBIX CBsizeil 1/a (B ocoOeH-
HOCTH cO ciedamu ITAA). D10 0OBSICHHUIO POCT
MOJTyJIsl M IPOYHOCTH MU paspeise pe3ud ¢ HCM.

Cnenpr 3aryctutenss KMI[ B xaydyke pe3uH
TIOBBICHJIO CTETIEHR MX HaOyXaHus B Bojie (Tabmuma 10).

TaOnuna 5.
Bimsinue crioco6a BBenenns HCM B kaydyk Ha yIpyro-mpoYHOCTHBIE TIOKA3aTeNN PE3UHBI
Table 5.
Influence of the method of introduction of HCM in rubber on elastic-strength parameters of rubber
I . Monyns, Mna IIpounocrs,
AUMCHOBAHHEC PE3MHOBON CMECHU U criocoba BB.e,Z[eHI/IH 1\_41/11<po_ctbep Mo dUl e MPa Mma
The name of the rubber compound and the method of introducing microspheres Mo | Moo | Mo | Strength, MPa
Cranmaprhas 6e3 mukpocdep | Standard without microspheres 129 | 21,2 | 280 30,0
Make. | Max. 16,7 | 259 | 31,1 36,3
Mum. | Min. 8,0 | 150 | 233 24,1
Konrposbhast ¢ Mmukpochepamu, «cyxoey cmeruenre | With microspheres, "dry” mixing | 10,2 | 21,6 | 26,7 26,7
Makc. | Max. 16,5 | 26,9 | 319 319
Mus. | Min. 6,3 | 157 | 215 21,7
C muxpocdepamu 1 KMII, Ha craguu BeiaeneHust
With microspheres and CMC, in the isolation stage 72 | 1491216 22,3
Makc. | Max. 78 | 172 | 23,6 24,8
Mum. | Min. 58 | 116 | 183 21,2
C mukpocdepamu u [TAA, Ha cTauu BbIACICHUS 18 | 223 _ 301
With microspheres and PAA, in the isolation stage ' ' '
Makce. | Max. 265|352 | - 36,1
Mum. | Min. 131 | 233 | - 25,0

Tabnuna 6.

Bmusiaue crioco6a BBenennss HCM B kaydyk Ha Je()OpMaIMOHHBIC CBOHCTBA PE3UHBI

Table 6.

Influence of the method of introducing HSM into rubber on the deformation properties of rubber

HaumenoBan#e pe3nHOBOW CMeCH | criocoba

Ornocurensroe | Relative

BBeeHns Mukpocdep | The name of the rubber YV nnuaenue npu paspsise, % | OcTaTouHOe YIUTHHEHNE Hocle paspbiBa, %
compound and the method of introducing microspheres Elongation at break, % Residual elongation after rupture, %
CrangaptHas 6e3 MUKpocdep 253 1
Standard without microspheres
KontponbHas ¢ MUKpochepamu, «CyX0oe» CMEIIECHUE 250 1
With microspheres, "dry" mixing
C mukpocdepamu 1 KMII, Ha craguu BeiaeneHust 262 1
With microspheres and CMC, in the isolation stage
C mukpocdepamu u [TAA, Ha cTauu BbIICICHUS 192 2
With microspheres and PAA, in the isolation stage
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TaOnuua 7.

Biusinue cnioco6a BBegenns HCM B kaydyk Ha CONPOTHBIIEHUE PE3UHBI pa3Iupy

Table 7.

Influence of the way of introduction of HCM in rubber on resistance of rubber to tearing

. Conporusnenue pasnupy, kH/m
HaumenoBanue pe3nHOBOM cMecH U criocoba BBE/ICHHA 1\_/II/II<pO_C(1)ep Resistance tearing, kN /m
The name of the rubber compound and the method of introducing microspheres Cpon. | Average | Maxe, | Max | M, | Min
CranznaprHas 6e3 mukpocep | Standard without microspheres 29 37 23
KontponbHas ¢ MUKpochepaMu, «CyX0e» CMEIICHHEe 35 46 5
With microspheres, "dry" mixing
C mukpocdepamu 1 KMII, Ha craguu BeiaeneHuUst 30 38 20
With microspheres and CMC, in the isolation stage
C mukpocdepamu u [TAA, Ha cTauu BbIICICHUS 49 66 33
With microspheres and PAA, in the isolation stage
TaOnuua 8.

BausHue crocoba BBCICHUA HCM B Kay4dyK Ha COIIPOTHUBJIICHUC PE3NH U3HOCY

Table 8.

Influence of the way of introduction of HCM in rubber on rubber resistance to wear

HaumeHoBaHue pe3anHOBOI cMecH | crioco0a BBeJIeHUsT MUKpochep Hctupaemocts, cM3/kBT
The name of the rubber compound and the method of introducing microspheres Tearability, cm3 / kW

CranpaptHas 6e3 mukpocdep | Standard without microspheres 175
KonTponbHas ¢ MUKpochepamu, «CyX0oe» CMELICHHE

. - L A 113
With microspheres, "dry" mixing
C mukpocdepamu 1 KMII, Ha cTaanu BbIIEICHUS 171
With microspheres and CMC, in the isolation stage
C mukpocdepamu u [TAA, Ha cTauy BBIIEICHUS 100
With microspheres and PAA, in the isolation stage

TaOnuua 9.

Biusiaue criocoba BBCACHUA HCM B Kay4yK Ha CTCIICHb HanyaHm{ " CIIMBKHU 06pasu013 PE3MHBI

Table 9.

Influence of the method of introducing HCM into rubber on the degree of swelling and cross-linking of rubber samples

HaumeHnoBaHue pe3nHOBOI cMecH U criocoba

Crenens | Degree

the method of introducing microspheres swelling in

BBezenus mukpocdep | The name of the rubber compound and | naGyxanus B Tonyone, % |  cumBku Bynkanusara (1/a)

toluene, % | crosslinking of vulcanizate (1/0)

Standard without microspheres

CrannaptHas 6e3 MUKpochep 137 0.007

With microspheres, "dry" mixing

KoHTposeHast ¢ MUKpochepaMH, «CyX0e» CMEIICHHE 114 0,009

With microspheres and CMC, in the isolation stage

C mukpocdepamu u KM, Ha ctamuu BbIACICHHS 122 0,008

With microspheres and PAA, in the isolation stage

C mukpocdepamu u [TAA, Ha cTaguu BbIICICHHS 105 0,010

Taomnuma 10.

Bnusiaue cnoco6a BBefienuss HCM B kayuyk Ha HaOyxaHue pE3UH B BOJIE

Table 10.

Influence of the method of introducing HSM into rubber on the swelling of rubbers in water

HaumeHoBaHMe pe3MHOBOM cMecH U c1I0c00a BBEJIEHUsI MUKpOCchep Crenens HaGvxa o3 one. %
The name of the rubber compound and the method YXAHHA PESMHEL B BOLC, 70
. . . Degree of swelling of rubbers in water, %
of introducing microspheres
CrannaptHas 6e3 mukpocdep | Standard without microspheres 6,3
KonrponbHas ¢ MUKpocdepamu, «CyX0e» CMEIlECHUe 39
With microspheres, "dry" mixing '
C mukpocdepamu 1 KMII, Ha cTaanu BbIIEICHUS 10.2
With microspheres and CMC, in the isolation stage '
C muxpocdepamu u [TAA, Ha cTanuy BbIIEICHUS 67
With microspheres and PAA, in the isolation stage '
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3akiIouyeHue

C nenbio yaep:KaHHs TSDKENBIX MUKpocdep
B JIaTEKCE B MPOIECCE KOATYIISAINH OCYIICCTBICHO
3arylieHHe JIaTeKca MOJIUMEPHBIMH BOJOPaCTBOPU-
MBIMH KOJUTOMJIAMH. Y CTAHOBJICHO, YTO HAHOOJIbLIAs
CTENeHb YyIep)KaHusl MUKpocep B 3arymieHHOM
narekce obecrieYrBal MOMHAKPUIIAMU] ¥ KapOOKCH-
METHIILEIUTION03A.

OtpaboTaH  TEXHOJOTHMYECKHH  PEXHUM
Koaryysinuu 3arymeHHoro sarekca CKH-18CHT
MOJIMMEPHBIM KOAryJSIHTOM U CEPHOM KHCIIOTOM.
JocTurHyTa cremeHb yAep)KaHus MHKpocdep
B Kayuyke a0 71,1%.
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[NoaTBep:xaeHO, YTO MPUCYTCTBHE MUKpPOCHE,
B 0COOCHHOCTH BBEJICHHBIX Ha CTaJIMU BBIICICHHUS
KaydyKa M3 JlaTekca, o0ecrieurBaeT yBEIHMYCHUE
CONPOTHUBIICHUS UCTUPAHHIO.

B cBoto ouepenp, npucyTcTBre MHKpochep
B Kay4yKe CO CJIeJaMH MOJIMaKpUaIaMiia 00ECTICUHIIO
YBEJIMYCHHE COMPOTHUBICHUS PE3UHBI pa3Iupy,
moayist ipu 100 u 200% ynmuHeHUH MpH YMEHb-
HICHUW OTHOCUTENHLHOTO YIUIMHEHHS TIPH Pa3phIBe.

Munck, 1-12 ¢espans 2017 r. BITY, 2017. C. 113-114.

10 Camopoxkos B.3., 3enunckas E.B. Hcnonbs3oBanue
MHUKpochep B KOMIIO3MIMOHHBIX Marepuanax // Becrauk
UpI'TY. 2012. Ne 9 (68), C. 201-205

11Qian X. et al. Synthesis of hollow
polysaccharide microspheres with hierarchically porous
structure in alkali/urea mixture through freeze-drying
/Materials Letters. 2018.

12 Roosen J. et al. Shaping of alginate—silica hybrid
materials into microspheres through vibrating-nozzle
technology and their use for the recovery of neodymium
from aqueous solutions // Industrial & Engineering
Chemistry Research. 2015. V. 54. Ne. 51. P. 12836-12846.

REFERENCES

1 Prokopchuk N.R., Checkers Zh.S., Kasperovich A.V.,
Tashlykov 1.S. Modifikaciya svojstv ehlastomernyh
kompozicij [Modification of properties of elastomeric
compositions]. Minsk, BSTU, 2012. 217 p. (in Russian)

2 Zhuravleva S.N. Research of wear resistance of
lip seals used in drives of technological equipment. Novye
materialy i tekhnologii v mashinostroenii [New materials
and technologies in mechanical engineering]. 2013. no. 17.
pp. 33-38. (in Russian)

3 Zhuravleva S.N. Increasing wear resistance of lip
seals for rotating shafts. Novye materialy i tekhnologii v
mashinostroenii [New materials and technologies in mechanical
engineering]. 2014. no. 19, pp. 53-58. (in Russian)

4 Salaev M.A., Kashina E.M., Noskova L.A. Hollow
corundum microspheres in the production of rubber mixtures.
Rezinovaya promyshlennost': syr'e, materialy, tekhnologii
[Rubber industry: raw materials, technologies: reports of the XXII
scientific-practical conference]. 2017. pp. 87-89 (in Russian)

5 Ashmarin N.F., Krasnova E.V., Egorov E.N.,
Koltsov N. et al. The Influence of hollow corundum
microspheres on the properties of rubbers based on carbon-
chain rubbers. Vse materialy. Ehnciklopedicheskij
spravochnik [All material. Encyclopedic reference book].
2018. no. 2. pp. 23-26. (in Russian)

6 Whole P.E., Khodakova S.Ya., Surikov V.l
Properties of rubber-modified hollow corundum microspheres
of aluminum oxide. Aktual'nye problemy sovremennoj nauki
[Actual problems of modern science: materials of the VI
Regional scientific-practical conference with international
participation]. Omsk, 2017. pp. 59-63. (in Russian)

7 Chumakova L.l., Skorikov M. Yu., Stepanyan T.G.,
Morozov M.V. et al. Thermal characteristics of liquid
ceramic heat-insulating material based on aluminosilicate,
and sodium borosilicate microspheres. Sovremennye
nauchnye issledovaniya i innovacii [Modern scientific
researches and innovations]. 2016. no. 1. Available at:



Becmuux BTYHIIT/Proceedings of VSUET, III. 80, Ne 3, 2018

http://web.snauka.ru/issues/2016/01/62263 (in Russian)

8 Koroleva E.V., Polyakova E.A. Study of the latex
coagulation process in the presence of thickeners on a synthetic
basis. Materialy studencheskoj nauchnoj konferencii za 2016
god [Proceedings of the student scientific conference for
2016]. Voronezh, UGUET, 2017. pp. 113. (in Russian)

9 Sedykh V.A., Karmanova O.V., Koroleva E.V.
Choice of the agent of interfacial combination at filling of BNC.
Tekhnologiya organicheskih veshchestv [Technology of
organic substances: theses of reports of the 81st scientific and
technical conference of the faculty, researchers and graduate
students (with international participation), Minsk, February 1—
12,2017], BSTU, 2017. pp. 113-114. (in Russian)

CBEJEHUSI Ob ABTOPAX

Banepmii A. CeapbIX K.T.H., JOLEHT, Kadeapa XUMUH 1 XUMU-
YeCKOI TEXHOJIOTHH OPraHMIECKUX COSIMHEHNH U IepepaboTKu Mo-
JIMMEpPOB, BOpoHEKCKUI rOCy1apCTBEHHBIN YHUBEPCUTET MHKEHED-
HBIX TexHOJOruH, mp-T PeBomormm, 19, r. Boponex, 394036,
Poccus, cdxva@mail.ru

Ouasra B. KapmanoBa 1.T.H., IOLEHT, Kadepa XUMHAU U XUMU-
YECKOH TEXHOJOTUM OPTaHUYECKHX COETHHEHUH U mepepaboTKu
noMMepoB, BopoHeXCKHil TOCynapCTBEHHBI YHHBEPCUTET HHIKE-
HEpHBIX TexHoJNorui, np-T PeBomormu, 19, r. Boponex, 394036, Poc-
cust, karolga@mail.ru

Exartepuna B. KoposeBa acniupanr, kageapa XUMHA 1 XUMH-
YeCKOI TEXHOJIOTHH OPraHMIECKIX COSIMHEHNH U IIepepaboTKu Mo-
JIMMEPOB, BOPOHEXCKUIT rOCYIapCTBEHHBIN YHUBEPCUTET MHIKEHED-
HBIX TexHonorui, np-r PeBomowmu, 19, r. Boponex, 394036,
Poccus, katrakoroleva@gmail.com

KPUTEPHI1 ABTOPCTBA

Bce aBTOPHI B paBHOfI CTCIICHU IPUHUMAJIN Y4aCTUEC B HAlTUCAHUN
PYKOIIUCH U HECYT OTBETCTBEHHOCTD 3a I1aruat

KOH®JIUKT NHTEPECOB
ABTOpBI 3asBIBIIOT 00 OTCYTCTBUH KOH(IIUKTA HHTEPECOB.
MNOCTYIIUJIA 14.07.2018

NPUHSATA B IIEYATD 11.08.2018

Jlnst cBsizu ¢ pepakuueii: post@vestnik-vsuet.ru

10 Samorokov V.E., Zelinskaya E.V. Use of
microspheres in composite materials. Vestnik IrGTU [Bulletin
of IrSTU]. 2012. no. 9 (68),. pp. 201-205. (in Russian)

11Qian X. et al. Synthesis of hollow
polysaccharide microspheres with hierarchically porous
structure in alkali/urea mixture through freeze-drying.
Materials Letters. 2018.

12 Roosen J. et al. Shaping of alginate-silica hybrid
materials into microspheres through vibrating-nozzle
technology and their use for the recovery of neodymium from
aqueous solutions. Industrial & Engineering Chemistry
Research. 2015. vol. 54. no. 51. pp. 12836-12846.

INFORMATION ABOUT AUTHORS

Valeriy A. Sedykh Cand, Sci. (Engin.), associate profes-
sor, chemistry and chemical technology of organic compounds
and polymer processing department, VVoronezh state university of
engineering technologies, Revolution Av., 19 Voronezh, Rus-
sia, cdxva@mail.ru

Olga V. Karmanova Dr. Sci. (Engin.), professor, chemistry and
chemical technology of organic compounds and polymer pro-
cessing department, VVoronezh state university of engineering
technologies, Revolution  Av., 19 Voronezh, Russia, ka-
rolga@mail.ru

Ekaterina V. Koroleva graduate student, chemistry and chemi-
cal technology of organic compounds and polymer processing de-
partment, Voronezh state university of engineering technolo-
gies, Revolution Av., 19 Voronezh,
Russia, katrakoroleva@gmail.com

CONTRIBUTION

All authors equally participated in the writing of the manuscript
and are responsible for plagiarism

CONFLICT OF INTEREST
The authors declare no conflict of interest.
RECEIVED 7.14.2018

ACCEPTED 11.8.2018

329



	Введение
	Материалы и методы
	Результаты и обсуждение
	Заключение
	Литература
	References

