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Annomayun. Memooom mexanoxumuueckol axmugayuu OvLiu NOIYYeHbl 00Pa3ybl HOAUIMU-
JIeHA HU3K020 0ABIeHUst NPUBUMO20 KAPOAHOJIOM C PA3IUYHbIM codepaicanuem Kapoanona. Onpede-
JleH noKasameib meyeHus: pacniasa Noay4eHHuIX 00pasyos. Ycmanosnenvl 3aKOHOMEPHOCNU GlIUSL-
HUSL COOEPACAHUSL KAPOAHONA U UHUYUAMOPA 8 OCMABe PEeaKyUOHHOU CMeCU HA meKyuyecmb NoJy-
YeHHO20 cOnoauMepa.
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Abstract. Samples of cardanol-grafted low pressure polyethylene with various cardanol con-
tents were obtained by the method of mechanochemical activation. The melt flow rate of these sam-
ples was determined. The regularities of cardanol and initiator content effect on the obtained co-
polymer fluidity were established.

[Tonmatrnen Hu3koi Hu3koro maBneHus (IIDOHJ]) uam moOAuATHIIEH BBICOKOW TUIOTHOCTH
(IT9BII) mmpoxo MpUMEHsETCST B Pa3HOOOPA3HBIX OTpACisAX UYeIOBEUeCKOH aesrenbHOCTH. Eire
OJIHUM TEPCIEKTUBHBIM HAIPaBICHUEM €ro MPUMEHEHHs MOrjia Obl CTaTh TPEXMEpHas Ieyarb 1o
Meroay nocinoitHoro Hamasienus (FDM) [1]. [Ipumenenne [19H/] B 3T0i TeXHOIOTUM MOTIIO OBI
CYILIECTBEHHO PACIIUPUTH HOMEHKJIATYPy MOJIy4aeMbIX N0 HEH M3IENHM, YIydlIuTh UX JKCILTyaTa-
[MOHHBIC CBOWCTBA U CHU3UTH CEOSCTOMMOCTHh WX W3rOTOBJICHHS. OIHAKO CEroJHS MPUMEHEHHE
[I9H/] B 3D-neyaTu cTankuBaercs ¢ psAoM TpyAaHocTe. OQHOW U3 TaKUX TPYIHOCTEH SIBIsETCA
HEJIOCTaTOYHO BBICOKAs TEKY4eCTh pacIlulaBa JaHHOTO IOJMMepa, 00yCIOBICHHAsE €ro BBICOKOM
CTENEHbI0 KpUCTAIMYHOCTH. [loaTOoMy, nns monHoueHHod uHterpauuu [I9HJ[ B oTpacie Tpex-
MEPHOH TeUaTH BaXKHOM 3aJaueil sSBISETCS MOBBIINICHUE er0 TeKYYeCTH, KOTOPOe Obl B CBOKO OYe-
penb He MPUBENO K MageHUI0 (U3MKO-MEXaHUYECKHX CBOMCTB moimMepa. MccnempoBanus, mpose-
nennsle Ha kapeape TLBII u I1IT Ypansckoro rocyaapcTBEHHOTO JIECOTEXHUYECKOTO YHUBEPCHUTE-
Ta, ToKa3anu, 4To 3(H(HEeKTUBHBIM CITOCOOOM TMOBBIIIEHUS TEKYYECTH MOJUAITUIICHA BBICOKON TUIOT-
HOCTH SIBJISIETCSI IPUBUBKA K HEMY KapJaHoJia METOJ0M MEXaHOXUMHUYECKOM akTuBaiuu [2].

Kapaanon 3to ankundeHon npupoaHoro mpoucxoxaeHus (puc.l), numeronuii B 60KOBOM 3a-
MECTUTEJIE OT OJHOU JI0 TpeX JBOUHBIX cBsizeil. Kapmanon siBisieTcsi moOOYHBIM MPOIYKTOM TIEpe-
paboOTKH OpEXOB KEIIbI0 U OCHOBHBIM KOMIIOHEHTOM, COJAEp)Kalumcsi B ux ckopayme [3,4]. Nwme-
IOTCSI AKCTIEPUMEHTAJIbHBIE JJAHHBIE O BO3MOKHOCTHU TOJIMMEPHU3AIMK KapJaHoJIa O JBOWHBIM CBsI-
35iM OOKOBOT'O 3aMECTHUTENS 10 PAAUKAILHOMY U HOHHOMY MEXaHU3MY U €ro TUIacTU(UIUPYIOLIEeM
addekre [5-10].

OH

=

Puc. 1. CrpykrypHas popmyna kapaaHosa

[lenpro HacToOsIICH PAOOTHI SIBISLIOCH WCCIICIOBAHUE NMPUBUBKH KapJAaHOIA K TMOJUITHIICHY
HU3KOTO JaBJICHHUS, MT0JIPa3yMeBaroIIee YCTAHOBICHUE 3aKOHOMEPHOCTEH BIMSHUS HA STOT MPOLIECC
COJIep’KaHHs B PEaKIMOHHOM CMEeCH WHHUIMATOopa paJuKallbHOTO Tumna (mepokcuja OeH3ousa) u
MacCOBOM JIOJIM IPUBHUTOTO KapJaHoJa B COCTaBe MOMyuyeHHOro comonumepa. [lonb3ysck HapaboT-
KaMH TIPEJIBIIYIINX UCCIICTOBAaHUHN, B KAUSCTBE KPUTEPHS YCIICITHOCTH IPUBUBKU KapIaHOJIa TIPH-
HSUTM BeTTMYMHY M3MEHEHHUs Toka3atens Tekydectu paciasa ([ITP) momydenHoro conomumepa mo
CpPaBHEHHUIO ¢ UCXOAHBIM 00pa3iom [IDH/I.

B paGote ucnonb3oBaliics monudTUICH HU3KOro fasienus mapku 273-83 (TOCT 16338-85)
npousBoauteib OAO «Ka3zaHbOprcuMHTE3» M KapJaHOJ TEXHUYECKUU, mpepoctaBieHHbd OAQO
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ONEeKTPOHHbIN apxuB YIJITY

«Ypanxumiuiact». XapaKTepuCTHKa UCIIOJIB30BAHHOTO B padoTe Kap/aaHola nmpuBeeHa Tadmure 1.
B xauecTBe nHHMIMaTOpa OBLT HCTOIB30BaH nepokcua 6en3omna Texanueckuit ('OCT 14888-78, 1-
i copt). [IpuBHBKa KapAaHOa K MOJUITUICHY OCYIIECTBIISIACh METOAOM MEXaHOXMMHYECKON aK-
TuBauu B JaboparopHor menpHUIEe IKA All Basic. [Toka3arens Texkydectu pacruiaBa (ITTP) uc-
noJjn3yeMbix B padote nmommumepoB u JAIIC onpexnensuics Ha npudope MUPT-A (I'OCT 11645-73)
npu Temnepatype 190 0C, BHyTpeHHeM nuamerpe kanwuisipa 2,095 mm, Harpy3kax 49 u 98 H.

Taobnuma 1
CBolicTBa UCTIOIB30BAaHHOTO B paboTe KapaaHoa
HanmenoBanue nmokaszarens 3HaueHue
MaccoBasi 10151 HEJIETy4rX BEUIECTB, %0, HE MEHEE 99,5
BsizkocTh nuHamuueckast mpu 2Oi10C, cllz 67,2
ITmoTHOCT NpHU ZOiloC, r/em’ 0,928
IToka3zaTens npeaomiIeHHs Npu 20+1°C 1,512

Jlnist M3ydeHus BIMSIHUS COJEpXKaHMS KapJaHojia M MEepOKcHIa OCH30miIa B PEaKIMOHHON
CMECH Ha TOKa3aTeJb TEeKy4eCTH paciulaBa MOJYYEHHOTO COMOJIMMEpa ObLT MPOBEIEH TPEXypOBHE-
BB TIOJHBIN IBYX(aKTOPHBIN dKcnepuMeHT. O0JacTu M3MEHEHUS! BXOJIHBIX (DaKTOPOB B TPOBE-
JIEHHOM DKCIIEPUMEHTE MpEACTaBiIeHbl B Ta0. 2. [InaH m pe3ynabpTaThl SKCIIEPUMEHTA MTOKa3aHbl B
Tabm. 3.
TaOnuua 2
OO6nacTb U3MEHEHUsI BXOAHBIX (PaKTOPOB

HatypanbHble 3HaUeHHUS BXOIHBIX (haKTO-
Bxoisie haxTops poB (Zj) Ipu UX CIEAYIOLTUX H(.)pMaJ'II/IBO—
BAaHHBIX 3HAYCHUSX (Xj)
xi=-1 xi=0 xi=+1
0 -
CogepxaHnue kapaaHomna, % mac. OT Mac 0.5 1.5 2.5
ChI cMecH (Z31)
o
Cogepxanue nepokcuaa 6enzonna, %o 0.25 0.5 0,75
Mac. OT Macchl cMecH (Zp)
Tadmuua 3
[Tnan 1 pe3yabTaThl IKCIICPUMEHTA
Ne Ompira | Xy, | Xo, | Z1,% | Z2,% [TP, r/10 Munyr
npu P=49H | npu P=98H

1 -1,0 | -1,0 5 0,25 0,144 0,683

2 -1,0 1 0,0 5 0,5 0,134 0,6802

3 -1,0| 1,0 5 0,75 0,139 0,6803

4 00 1|-1,0| 15 | 0,25 0,1714 0,8575

5 0,0 | 0,0 15 0,5 0,191 0,8626

6 0,0 | 1,0 15 | 0,75 0,193 0,9997

7 1,0 | -1,0| 25 | 0,25 0,2165 0,9505

8 1,0 | 0,0 | 25 0,5 0,2716 1,807

9 1,0 | 1,0 | 25 | 0,75 0,179 0,9096

[To nanabv Tabn. 3 B mporpamme STATISTICA 10 6bu1 npoBenéH MHOTO(AKTOPHBIN per-
PECCHOHHBIN aHAIU3 PE3yJbTATOB SKCIEPUMEHTA C JOBEPUTEIbHOU BeposTHOCTHIO 0,95 mpu mo-
CJIEZIOBATENIbHOM HCKJIFOUEHUH U3 YPaBHEHHs PErPecCUU €ro YJICHOB C HE3HAYMMBIMH KOA(PPHUIIH-
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eHTamu. HannydimnMm u3 afeKkBaTHBIX AJ1s JOBEpUTENbHOM BeposiTHocTH 0,95 ypaBHEHu perpeccun
IPUHUMAIIOCh YPaBHEHHE C MAaKCHMaJIbHOM BEIMYMHON HOPMHUPOBAHHOIO Kod(duuueHTa nerep-
vuHarme (R,Y) ¥ MEHHMATbHON BETHYMHONH BHIGOPOYHOrO CTAHZAPTHOrO OTKJIOHEHHS OCTATKOB
(cranmapTHOM omMOKoif). BeIOpaHHbIe HaMITyUIlINe YPaBHEHHs PETPECCUU I N3YUYEHHBIX CBOMCTB
oOpa3uos JIIKT 1 ux craTuctuueckne XapakTepUCTUKH PUBEEHBI B Ta0I. 4.
Ta0mnuua 4
Craructuueckue XapakTepUCTHKH MOJIYyYEHHBIX YPaBHEHUN peErpeccuu

VpaBHEHHE Perhec- HopmupoBaHHBIi BribopouHoe cTaH-
CroticTso P CHHP P K09 HUIHEEHT fe- | JapTHOE OTKIOHE-
TepMunauuy R,’ HHE OCTATKOB
ITTP npu Harpyske N
49H, /10 MuHyT 0,12+0,0042%Z, 0,644 0,026
ITTP npu narpyske N
98H, /10 MunyT 0,12+0,027%Z, 0,375 0,275

Jannble Tabs1.4 moka3bIBAIOT, YTO BCIEACTBUE OOJBIIEro pa3dpoca 3HAYCHH, HE yIANOCTh
CO3/aTh MaTeMaTHYECKYI0 MOJEIb C BBICOKON JOCTOBEPHOCTHIO OMHUCHIBAIOIIYIO 3aBUCHUMOCTbH I10-
Ka3aTesl TEKYYeCTH paciylaBa COMOJIMMEpPa KapAaHoJa U MOJIUATUIIEHA BBICOKOM INIOTHOCTH OT CO-
Jep>KaHUs KapAaHoja M MepoKcHaa OeH3ousia B peakimoHHOM cMecu. OO0 3TOM TOBOPUT HUBKOE
3HaYeHHe HOPMHUPOBAHHOTO Kod(dduuuenta nerepmunanuu (0,375) U JOCTATOYHO BBICOKOE 3HAUe-
HUE TIoKa3aTes cranaapTHoi ommoku (0,275). Ograko B o6oux ciydasx (ITTP mpu Harpyske 49 u
98 H) perpeccuoHHbIN aHaIM3 MOKa3ald CTATHCTUYECKYI0 HE3HAUYMMOCTh KOX((UIIMEHTa, OMHUCHI-
BAIOLLET0 BIMSHUE CO/IEPKAHUS B PEAKIIMOHHON CMecH IepoKcHia OeH3ouma.

Takum o6pa3oM, B paccmoTpeHHoM untepBaiie ot 0,25 10 0,75 % OT Macchl cMECH MPHUCYT-
CTBUE NepoKcHia OEH30MIa HE OKa3bIBAeT BIUSHUE HA TEKYyYECTh pacliaBa MOJyYEHHOTO COIOJIH-
Mepa U Kak cleicTBre Ha 3QGEKTUBHOCTH MPoIlecca MPUBUBKU.

Pesynprarel ucnblTaHni mokaseiBaroT, 4yto IITP Bo3pactaer ¢ yBenumdeHHEM COaEpkKaHUS
KapAaHona B cocTaBe cononumepa. [IpuBuBka kapaanona k [IDH]] sBisiercs s pexkTUBHBIM crioco-
OOM CHIXKEHMSI BA3KOCTHU €ro paciuiaBa. TakuM criocoOoM, MOXKHO ocTuub yBenuueHus [ITP B 2 u
Oonee pas.

Cnucok JuTeparypbl

1. MopaenupoBanue MeToaOM TochoiHoro Hamnasienus (FDM).
http://3dtoday.ru/wiki/FDM_print ([laTa oopamenus: 7.05.2017)

2. llIxypo A. E. Binusanue conep:kaHusi KapJaHoja B MOJMMEPHOM MaTpHIlE Ha CBOWCTBA
npeBecHO-ToIuMepHbIX komno3uTos/ A. E. Illkypo, B. B. I'myxux, H. M. Myxu#n, U. I'. T'puropos, O.
@. Hlumos, O. B. CtosHoB / BectHuk Ka3aHckoro texHosornueckoro yuusepcurera . - 2012, - T.
15.-Ne 22. - C. 97-100.

3. Talbiersky, J. Phenols from Cashew Nut Shell Oil as a Feedstock for Making Resins and
Chemi-cals / J.Talbiersky, J.Polaczek, Rajaraman R., Shishlov O. // OIL GAS Europeen Magazine.
-2009. - Ne 1. - P. 33-39.

4. o, O.®. CuHTe3, CBONCTBA U MPUMEHEHNE MPOTYKTOB MOJUKOH/ICHCAIIUN Kap aHO-
na ¢ popmanbaerugom (063op) / O.@.1lumnos, B.B.I'myxux // Xumust pacTUTETBHOTO CHIPbS. -
2011.-Ne 1. - C. 5-16.

5. Chen, Q. Preparation of Polypropylene-graft-Cardanol by Reactive Extrusion and Its Com-
posite Material with Bamboo Powder / Q.Chen, H.Xue, J.Lin // J Appl. Polym. Sci. — 2010. — V.
115.—-P. 1160-1167.

6. Antony, R. GPC Studies on The Cationic Polymerization of Cardanol Initiated by
Borontrifluo-ridediethyletherate / R.Antony, C. K. S.Pillai // J. Appl. Polym. Sci. - 1990. - V. 41. -
No. 7-8. - P. 1765-1775.

Pexxum pocryma:

81



7. John, G. Grafting of bio-monomers. 1. Cat-ionic graft copolymerisation of cardanol using
borontri-fluoridediethyletherate onto cellulose / G.John, C. K. S.Pillai // Polym. Bull. - 1989. - V.
22.-No 1. - P. 89-94.

8. Manjula, S. Kinetics and Mechanism of Oligomerization of Cardanol Using Acid Catalysts
/ S.Manjula, V. G.Kumar, C. K. S.Pillai // J. Appl. Polym. Sci.- 1992. - V. 45. - No. 2. - P. 309-315.

9. Glukhikh, V. Aushértungsverhalten von Phenol-Cardanol-Formaldehyd-Harzen / V.
Glukhikh, O. Shishlov, J. Talbiersry // Holztechnologie. - 2010. - V. 51. - Bd. 1. - S. 22-26.

10. [ummos, O.®. Bnustaue oTBepauTeneli Ha KWHETHKY OTBEPXKIACHUS PE30JIbHBIX (HDEHOJI-
kapaanon-popmanpaerugaeix cmon/ umnuioB O.®., baynuna H.C., I'myxux B.B. // Bectnuk Ka-
3aHCKOr0 T€XHOJIOrnYeckoro yuusepcurerta. - 2012. - T.15. - Ne 6. - C. 38-41.

YK 661.666.4:676:678.83

YTUJIA3ZALUA MOJUMEPHBIX OTXO/10B IEJLIIOJIO3HO-BYMAXKHOM
HNPOMBIIIVIEHHOCTHU HA ITIPUMEPE OTPABOTAHHBIX ITOJIMD®UPHBIX
CETOK BYMATI'OAEJIATEJIbHBIX MAIIINMH

HlymkoBa Mapuna I'ennaabeBHa,
MarucrTpant, PI'bOY BO «IlepMckuii HAMOHAJIBHBIN MCCIEA0BATEIbLCKUM MOJTHTEX-
HUYeCKHUii yHuBepcurer», T. [lepmb, E-mail: shushkovam@gmail.com

HInpunkuna Exarepuna CepreeBHa,
KaH/I. TEXH. HAYK, TOLEHT,
®I'BOY BO «IlepMcKuil HANMOHAJIBHBIN HCCJIEI0BATENbCKHIA MOJUTEXHUYCCKNH YHU-
BepcuTeT», I. [lepmn, E-mail: e-pashukova@mail.ru

Knrwouesvie cnosa: ompabomannas nonudsupnas cemxa, 2e0meKCmuibHblli Mamepua, Kap-
Oonuzam, MUeHOCYIbhOHAMbI, AKMUSHbBLE YU, NOPUCMASL CMPYKMYPA, COPOYUOHHASE AKIMUBHOCTb.

Annomayusn. Ilpeocmasnensvi pe3ynbmamsl UCCIE008AHUN NO YMUIUZAYUU OMXO008 OMpa-
OOMAHHBIX NOAUIPUPHBIX CeMOK OYMa2o0elamenbHblX MAWUH YeLnt0103H0-0YMANCHBIX Npeonpu-
AMUU, NPOAHATUSUPOBAHbI UX DUIUKO-XUMUYECKUE C8OUCMBA Ol OANbHelue20 UCNONb308ANHUS 6
Kawecmee 2e0MeKCMuIbHbIX Memapuios. Buinonnenvl ucciedosanus no noayieHuio Kapoouuzama
u3 06paszyos ompabomanHol nOIUdIPUPHOU cemku. Buinonnenvl ucciedosanus nopucmou cmpyx-
mypel U COpOYUOHHOU AKMUBHOCMU NOJYYEHHbIX 00pa3yos. Ycmawnosneno, umo nonyuennvie 00-
pasyvl KapboHu3ama Mo2ym Oblmb UCNONL3068AHbl 8 KAUecmee Cblpbsi OJi NPOU3800Cmed copoeH-
moe.
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Abstract. The results of research on the utilization of wastes of waste polyester meshes of pa-
per-making machines of pulp and paper enterprises are presented, their physico-chemical proper-
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