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Pedepar. B pabore mnpuBeneHbI pe3yiabTaThl OLEHKH JecTpyKuuu mnonmdTmieHa Mapku [IBJ (I13), momuduuumpoBaHHOTO
MPOOKCHAAHTAMU — KapOOKCHUIAaTaMH jkelle3a, MeAu M KobanbTa (B KonuuecTBe 1,5 Macc. %) NMpH YCKOPEHHOM TEPMHUYECKOM U
yIbTpadHoNIeTOBOM cTapeHHu B TeueHue 192 vacoB. OreHKa ASCTPYKIUH B KOHTEKCTE IKOOE30MaCHOCTH BKIIFOYANA YCTAHOBICHHE
CTETICHH COOTBETCTBUS HccienyeMbix Marepuanos TpedoBanHmssM [[OCT 33747-2016 «Oxcobuopasznaraemasi ymakoBKa», COTIaCHO
KOTOpOMYy KpUTepueM 3(P(PEKTHBHOCTH OKCOOMOPA3IO0KEHHs MONUONE(HHOB MOXET SBISATHCS CHIDKCHHE TPOYHOCTH U
OTHOCHTEIBHOTO YUTMHEHHS IIPH pa3pbIBe 00pasiia MpH yCKOPEHHOM CTApeHUH, a TAKKe KOJTNIECTBEHHOE OIpe/eTIeHNE BBIICICHUS
(opmanbeTHIa IPU TEPMOAECTPYKINH MOAU(UIMPOBAHHOTO MPOOKCHAaHTaMu 1D i cpaBHEHUS ¢ MOKa3aTeIsIMU MPEAEIbHO-
JOMyCTUMOH KOHIEHTpamuu. B paboTe m3ydeHBI peosornueckre MOKa3aTeld MaTepHaloB M MPOBEACHA CPaBHUTEIbHAs OIEHKA
CHIDKEHHUS BSI3KOCTH pAcIlaBa M CHIDKEHHS OTHOCHUTENBHO Y/UIMHEHHS MPH Pa3pblBeé B IMHAMHUKE YCKOPEHHOTO TEPMHUYECKOTO U
YIBTPapHOIECTOBOTO CTaPEHUS] MOAUGHUIMPOBAHHOTO MpoOoKcHIaHTamu [I1D B BeIOpaHHOM BpeMEHHOM HHTepBase 192 waca
BO3JCHCTBUSI. YCTAaHOBIEHO CHI)KEHHE OTHOCHTENBHOTO YUIMHEHHs IpU paspeiBe I10, comepikalero MpOOKCHAAHT Ha OCHOBE
kobanbTa, Ha 94% mpU TEepMHUYECKOM CTapeHHH B TedeHHMH 192 wacoB, m Ha 46% — mpu ynerpadmoneroBoM. s 11D,
MOANGHUIPOBAHHOTO KapOOKCUIIATOM MEAH, 3TU 3HAUCHUS] COCTABHIM COOTBETCTBEHHO 64 u 33%, mmst 10, MomudumupoBaHHOrO
kapOokcunaroM sxene3a — 35 u 40% coorBercTBeHHO. CHIDKEHHE MPOYHOCTH Ha 95% OT mepBOHAYaIbHOTO 3HadeHUs 3a 192 gaca
BO3JIEUCTBUS TEMIEPATyphl OBLIO JOCTUTHYTO y 00pasia, MOIU(UIMPOBAHHOTO KOOANBTOM, YTO MOATBEPIKAAECT €T0 COOTBETCTBHE
T'OCT 33747-2016. J1na ocTadbHEIX 00pa3loB CTENCHb CHI)KEHHS MPOYHOCTH B BEIOPaHHOM BPEMEHHOM HHTEpPBAJC HE MO3BOJISET
JIaTh OIIEHKY COOTBETCTBHS yKa3aHHOMY CTaHIApTy. Beinenenue popManbaeriga npu TepMUIECKOM CTapeHUH B TeueHne 192 gacos
Ha 1 r obpasua I1D, MomudumMpoBaHHOro KapOokcumatoM KobanbTa, coctapuno 0,051 mr/m3, ans I1D, MoauduIMpOBaHHOTO
kap6okcunatom meau — 0,032 mr/m3, ans 11D, moauduumuposanHoro kapOokcumatoM skene3a — 0,034 mr/m?. YcraHoBieHO
npesbinienue [1/1K ¢opmansaernna B Bo3aymiHo#H BeITsDKKe [1D ¢ kapOokcrnaToM kobanbsTa B 1,2 pa3a npu TepMUYECKOM CTapeHHU
6osee 96 wacoB u B 1,5 pa3za mpu TepMuueckoM crapeHun 6osiee 192 yacos. 3adhukcupoBaHO CHIKEHUE BA3KocTu [1D, comeprkaiero
MPOOKCUIAHT Ha OCHOBE KoOanbTa, Ha 90% MpU TEPMUUECKOM CTapeHuH B TeueHuu 192 vyacos, 1 Ha 10% — mpu ynbTpaduoIeTOBOM.
T 115, MoauduIUpOBaHHOTO KapOOKCHIATOM MEOH, OTH 3HAYCHHS COCTABHIM COOTBETCTBEHHO 9 u 2%, mia IID,
MOAN(HUIIPOBAHHOTO KapOOKCHIIATOM jKelie3a — 8 1 S5 % COOTBETCTBEHHO.
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Summary.The paper presents the results of the evaluation of the destruction of polyethylene LDPE (hereinafter-PE), modified by
prooxidants based on iron, copper and cobalt carboxylates (in the amount of 1.5 mass. % ) with accelerated thermal and ultraviolet
aging for 192 hours. The assessment of degradation in the context of environmental safety included the determination of the degree of
compliance of the materials with the requirements of state standard 33747-2016 "Oxo-biodegradable packaging", according to which
the criterion of the efficiency of oxobiodestructionpolyolefins may be a decrease in strength and elongation at break of the sample at
accelerated aging, as well as the quantitative determination of the release of formaldehyde during thermal degradation modified with
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prooxidants PE for comparison with the maximum permissible concentration. The rheological parameters of the materials were studied
and a comparative assessment of the melt viscosity reduction and reduction with respect to elongation at break in the dynamics of
accelerated thermal and UV aging of the PE modified with prooxidants in the selected time interval of 192 hours of exposure was
carried out. A decrease in the relative elongation at rupture of PE containing cobalt - based prooxidant by 94% at thermal aging for
192 hours, and by 46% at ultraviolet was established. For PE modified with copper carboxylate, these values were 64 and 33 %,
respectively, for PE modified with iron carboxylate — 35% and 40%, respectively. The reduction of strength by 95% of the initial value
for 192 hours of temperature exposure was achieved in a sample modified with cobalt, which confirms its compliance with state
standard 33747-2016. For other samples, the degree of strength reduction in the selected time interval does not allow to assess
compliance with the specified standard. The release of formaldehyde during thermal aging for 192 hours per 1 g of the PE sample
modified with cobalt carboxylate was 0.051 mg/m3, for PE modified with copper carboxylate — 0.032 mg/m?, for PE modified with
iron carboxylate — 0.034 mg/m?. Installed excessive concentrations of formaldehyde in air hood PH with the carboxylate of cobalt 1.2
times under thermal aging 96 hours and 1.5 times the thermal ageing of a maximum of 192 hours. The reduction of the viscosity of PE
containing cobalt — based prooxidant by 90% at thermal aging for 192 hours and by 10% at ultraviolet was recorded. For PE modified
with copper carboxylate, these values were 9 and 2 %, respectively, for PE modified with iron carboxylate — 8 and 5%, respectively.

Keywords:oxodegradable polyethylene, the prooxidants, destruction, environmental safety

Beenenue CaHWTapHBIM HOpPMaMm, TakK U JUI BEIpaOOTKH
peKOMeHAaIMHNno Oe30macHON  3KCILTyaTalluH,
HampuMep, M0 OrpaHUUYEHHUIO YCIOBHUN XpaHEHMS
B IOMEUICHUSIX C MOBBILIEHHOW TEMIEPATypOu.
JlaHHBIE O KONMYECTBEHHOM BBIIEIECHUN TOKCHY-
HBIX TPOJYKTOB pa3l0okKeHHs OKcOopa3iaraeMbIX

MOJTHOIe(PHHOB HEOOXOAMMBI TS Pa3padOTKH TEXHHU-

[Iupokoe pacmpocTpaHeHUE OKCOpasiarae-
MBIX TUICHOK, HAOJIOJaeMoe B TOCICHAHEE BpeMs
Ha PbIHKE YIaKOBOYHBIX MAaTepHaJIOB, Tpedyer
OLCHKHN UX COOTBETCTBUA HOPMATHUBHBIM JJOKYMCHTaAM
Ha OKCOOMOpa3araeMyro yrakoBKY, a TAKXKe UCCIIe-
JIOBaHUs1 0E30MaCHOCTH JIIS YeJIOBEKa M OKPYKAKOIICH

CpeIbl, B YaCTHOCTH, U3yUeHHUS TUHAMHUKH 00pa3o-
BaHUS TOKCHYHBIX MPOJYKTOB JACCTPYKIIUH.

I'OCT 33474-2016 «Oxcobuopasnaraemas
YIIAaKOBKa» TpeOyeT CHWKEHUS TIPOYHOCTH MaTepHalia
10 95% mpu TepMUYECKOH WM YJbTpa(HoIeToBOM
JECTPYKLMH B TeUeHUE 45 CyT, IPU 3TOM MaTepuai
JIOJKEH OBITHL Oe30maced U HETOKCHYEH.

N3BecTHO, uTO MOAMGHKAIHS TOIHOISHHUHOB
COJIIMU METAJUIOB TIEPEMEHHON BaJICHTHOCTH CITO-
COOCTByeT WX yCKOpeHHOH aerpamarwm [1, 2, 3],
MpH 3TOM TPOIECC PA3JIOKEHUS HAYMHASTCS
C OKHUCIIUTEJIbHOM JIECTPYKIIMM OCHOBHOM IMOJIH-
MepHOH 1ien [4], B pe3ysibTaTe KOTOPOH moiuMep
(dparMeHTHpYyeTCs  C U3MEHEHHEM  OCHOBHBIX
CBOWCTB (HampuMep, MosBISAeTCS THAPOPUIEHOCTD
1 ciocoOHOCTh K Omonerpamanun) [5]. Ipomecc
COINPOBOXKIAETCS  BBIICJICHUEM Ta3000pa3HbIX
MPOJYKTOB JIECTPYKIIUM, B TOM YHUCJIC KETOHOB,
aIBAETUIOB | TIp. [6, 7].

[oenenune mommyTIeHa (119), Mmogudum-
POBaHHOTO TPOOKCHIAHTAMH Ha OCHOBE KapOOKCH-
JIATOB KOOaJIbTa, MEIM M JKEJe3a, Ha MPEIMET COOT-
BETCTBUS BBIIICYKAa3aHHOMY CTaHIApTy paHee He
OBLIO MTOJIPOOHO OMHCAHO B TUTEPAType U TpeOyeT
JIOTIOJTHUTEIIEHO M3YYEHUSI.

[IpoBeneHre KOppenmsIUu MEXIy THOTepen
MPOYHOCTH U IOTEpel BA3KOCTH OKCopasjarae-
MOTO MOJIMATHIICHA TaKKe paHee He M3y4alioch
Y PEJCTABIIAET HHTEPEC JUIsl ITOATBEPIKIACHHUS
3¢ HEKTUBHOCTH IECTPYKLIUH.

N3ydeHne TOKCHKOJIOTHYECKHX TIOKa3are-
Jiel MOAU(HUIIMPOBAHHOTO MPOOKcUaaHTaMu 119
HE00X0IMMO KaK JUIsl yCTAHOBJICHUS COOTBETCTBHS

Jnist cBsi3m ¢ pepakiueii: post@vestnik-vsuet.ru

YECKUX pCHICHI/I_ﬁ 110 X MUHMMU3AIINY, HAIIpUMEp,
BBEJICHUE B PELENTYpPYy 100aBOK-NPOOKCHUAAHTOB
WHTMOUTOPOB,  AHTUOKCHAAHTOB  WJIM APYTHX
(YHKITMOHATBHBIX TEXHOJIIOTHYECKIX JT00aBOK.

Heas padoTbl — ompeneneHUe CTENEHH
nectpykuuu [13, MOTUpUIMPOBAaHHOTO TPOOKCH-
JaHTaMH Pa3InYHON MPUPOJBL, IO IOTEPE MoKa3a-
TeJsl OTHOCUTENBHOTO YAJIMHEHHs IIPH Pa3phiBe
WO CHIDKEHUIO TMoKazarenss A(PQGEeKTHBHOM
BSI3KOCTU B IMHAMHKE YCKOPEHHOI'O TEPMUYECKOTO
U yNbTpa(UOIETOBOTO  CTapeHHs IS OLICHKH
COOTBETCTBHS CTAHAAPTaM Ha HKOYIIAKOBKY; OIpe-
JieJieHHe TOKCUYHOCTH MaTepuala Mo MoKa3aTelto
BBIJIEJICHUS (hOpMabAETHIA.

B 3agaun nccnepoBanus BXOIUIIO:

— MoJTy4eHre 00pasiioB okcopasnaraemoro 119,
MOIU(PHUUMPOBAHHOTO MPOOKCHIAHTAMHU — Kap-
OOKCHIIaTaMU Kese3a, MeM U KoOalbTa;

— W3y4eHHe JUHAMHUKH JIECTPYKIMU OKCOpas3-
nmaraemoro [1D Mo mokazateno OTHOCHUTENLHOTO
YJUIMHEHUS [IPU Pa3pbIBE B YCIOBUSAX YCKOPEHHOTI'O
TEPMUYECKOT0 U YJIBTPa(HOIETOBOTO CTapeHHS
B TeueHne 192 u;

— U3Y4YeHHE AMHAMHUKHN CHWXCHHS BSI3KOCTH
okcopasnaraemoro [ID B ycIoBHSX YCKOPEHHOT'O
TEPMUYECKOTO U YJILTPadHOIETOBOTO CTapeHHS
METOAOM KalWUISIPHOW BUCKO3UMETPUH H MPOBE-
JCHHE KOPpEJSIMKA IOJNYYEHHBIX  3HAuYeHHH
C TMOKa3aTesIMH MTPOYHOCTH;

— KOJIMYECTBEHHOE OTpesielieHne (opMabe-
THJIa B BO3IAYIITHOHN BBITSDKKE OKcopasnaraemoro 119
B IMHAMHUKE TEPMOAECTPYKLIMH C OLIEHKOH COOTBET-
CTBUSI IPEJEIBHO JOMYCTUMON KOHLIEHTPALIMH.
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Marepuajabl 1 METOAbI

B ONBITHO-TIPOM3BOJCTBEHHBIX  YCIOBHAX
000 «Bexropnonumep» ObLIM MONyYeHB 3 00-
pasia oKcopasiaraeMbIX IUIEHOK (pUCYHOK 1) Ha
ocHoBe noiusTuiieHa mapku [IB/] ¢ cogepxanuem
00aBKU-TIPOOKCHIaHTa B KoaudecTse 1,5 macc. %:

e oOpazerr Nel- okcobuopaszmaraemas
IUICHKA C KapOOKCHIIATOM JKeJie3a,

e oOpaserr Ne2— okcoOuopasmaraemas
TUIeHKa ¢ KapOOKCHIIATOM MEIIH,

e oOpaserr Ne3 — okcoOuopasmaraemas
TIeHKa ¢ KapOOKCHIaTOM KOoOanbTa.

Pucynox 1. OOpa3msr  okcopaszmaraemoro 11D ¢
collepKaHreM mpookcuaanta 1,5 mace. %

Figurel. Samples of polyethylene containing prooxidant
1.5 wt. %

OO0pa3tibl MOJTYYAH ITyTEM HPSIMOTO CMEIIICHHST
B JIOIACTHOM cMecuTene rpanyin 119 u nopomkoo6-
pa3HOi  JOOABKU-TIPOOKCHIAHTA C ITOCIEAYIOIINM
9KCTPY3HOHHO-BBITYBHBIM ()OPMOBAHHEM TUICHKH.

Omnpenenenne OTHOCUTEIBHOTO YJTMHEHHS
NPH pa3pbIBe MOAM(DULIMPOBAHHOTO IPOOKCUIAHTAMHI
[12 B nMHAamMMKe TepMHUYECKOW M yabTpadHOIETOBOM
nectpykiun nposoamiu o I'OCT 11262-80.

Omnpenenenue mokaszaresieldl BS3KOCTH TPO-
BOJIMJIOCH METO/IOM KaITMJUIAPHON BUCKO3UMETPUU
¢ nomopto peomerpa «Smart RHEO-1000» ¢ npo-
rpammMubIM obecrieueHreM «CeastVIEW 5.94 4Dy,

Onpenenenue coaepxanus GopMabaeriia
B BO3JIYIITHOH BBHITSDKKE MoauduiuposanHoro 13
npoBoaunock B coorBeTcTBUM ¢ ['OCT 22648-77
«[lnactmaccel. MeToibl onpeesieHus TUTHeHnYe-
CKHX TI0Ka3aTeme».

VYCKOpeHHOE TepMHYECKOeH yabTpaduose-
TOBOE CTapeHrue 00pa3loB MPOBOAMIM COIJIACHO
I'OCT 33747-2016.
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PesyabTaTel M 00cyKIeHHE

B coorBerctBun ¢ I'OCT 33747-2016
«Okcobuopaznaraemasi yHakoBKa» TPOLEHTHOE
VIJIMHEHHE NpPU PACTSDKEHWW IUICHKH JOJKHO
ObITh He Oonee 5% mocie 45 mHel Bo3meHCTBUSA
(t. e. 1000 1), mepUOANIHOCTD KOHTPOJIS: KaXKIbIe
48 1 aist 00pa3LOB U3 MOJIMITUIICHA.

W3BecTHO, yTO MOAM(UKALINS TOTUITHIICHA
METaJIaMH [IEPEMEHHON BaJICHTHOCTH B YCIIOBHSX
YCKOPEHHOT'O TEPMUYECKOr0 CTapeHHUsl CIOCO0-
CTBYET CHMKEHHIO IIPOYHOCTHBIX MoKazaTenel [§].
B pabote [9] omucaHo BiMsHUE cTeapara | Kap-
Ookcumata  Kene3a  HA TEPMOOKHUCIUTENBHYIO
JECTPYKLUIO ITOJINATUIIEHA, IOKA3aHO yBEJIMUEHHE
WHJEKca JeTpafalliy TP MOBBILICHUH COACPKaHUs
MPOOKCHAAHTA B NOJMMEPHON MaTpHIIe.

B Tabnwmme 1 mnpencraBneHa AMHAMUKA
CHIDKECHHS OTHOCUTEIBHOIO yIUIMHEHHA HpHU
paspbiBe MOAMMUIMPOBAHHOTO MPOOKCHUAAHTAMHU
[1D B muHaAMKMKE TEPMUYECKOH U YJIBTPaHOICTO-
BOU JECTPYKLIHUH.

W3 tabmuiel 1 BHAHO, YTO IO ITOKA3ATEIIIO
OTHOCUTENPHOTO  YIUIMHEHHMS TIpH  pa3phiBe
obpaszer [19, mMoauduIMpoBaHHBI KapOOKCHIIa-
TOM KoOalbTa, TMOKa3aJl CHWKEHHE NPOYHOCTH
Ha 94% 3a 192 4 Bo3melcTBUS TeMIEpaTyphl,
HO IpU yIbTPa(HOIETOBOM CTAPEHUHU 3TOT IOKa-
3aTenb cHU3MICS nuib Ha 46%. s oopasua 119,
MOJTU(PHUIMPOBAHHOTO KapOOKCHUIATOM MEIH, 3TH
3HaueHus coctaBunu 64 u 33%, s 119, monnudu-
LUPOBAHHOTO KapOOKCHIIaTOM *xenesa, — 35 u 40%
COOTBETCTBEHHO.

CHmxeHne npoyHocTy Ha 95% oT nepBoHa-
YaJILHOTO 3Ha4YeHHd 3a 192 4 Bo3neiicTBHA TeMIle-
patypsl ObLJIO ZOCTUTHYTO Y 00pa3ua, Moauduu-
pPOBaHHOTO KOOAIbTOM, HYTO MOJATBEPIKIAET €r0
cootBerctBue ['OCT 33747-2016. [yt ocTadpHBIX
00pa3LoB CTENEeHb CHIKEHUsI IPOUYHOCTU B BBIOpaH-
HOM BpPEMEHHOM HHTEpBaJle HE MO3BOJSIET JaTh
OLIEHKY COOTBETCTBUA YKa3aHHOMY CTaHIApTY.

N3BeCTHO, 4TO IpH JECTPYKLMH [TOJIMMEPOB
B OCOOCHHOCTH OKCOOMOpPAa3araéMblX HPOHCXOIHUT
CHIDKEHHE HUX MOJEKYIsIpHOH Macchel [10], dTO
BJIMSCT HA PEOJIOTHIECKUE TIOKAa3aTeNIn MaTepraa,
B YaCTHOCTH, Ha 3P(PEKTUBHYIO BA3KOCTb.

Ha pucynke 2, 3 noka3aHa TuHaMHUKa CHIKe-
HUS 3G PEKTUBHON BA3KOCTH MOAWU(DHLIMPOBAHHOTO
npookcuaanTamu I1D B ycnoBHsX YCKOPEHHOIO
TEPMHYECKOTO H YIbTPAa(QHUOIETOBOTO CTapeHHUS
B TeueHue 192 u.
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Tabnuna 1

[oka3arenu OTHOCHTENBHOTO YIUIMHCHHUS TIPU Pa3phiBe MOAUGUIIMPOBAHHOTO MPOOKCHIAHTAMH MOJIHATHIICHA B
IIHAMIKE TEPMUYECKOH U yIbTpaduOIeTOBOM AECTPYKINU

Table 1.

Indicators of relative elongation at break of polyethylene modified by prooxidants in the dynamics
of thermal and ultraviolet degradation

CpeniHee 3HaYCHHE T10 5 OTBITHBIM 00pa3iiamM
Bpems Average value for 5 prototypes
YcnoBus gecTpyKuun Bo3zekicTeus, 4 | 119 +kapbokcunar | I1D +xapbokcunar | 113 +kap6oxcunar 13 6e3
Conditions of destruction Exposure time, KoOasbTa MeH xKesesa MPOOKCH/IaHTa
hours' PE +a carboxylate | PE +a carboxylate | PE +a carboxylate PE without
cobalt's coppers gland of prooxidants
0 255 252 248 256
Tepmudeckoe crapeHne 48 252 259 272 266
pThermal o P 96 195 275 256 254
£eing 144 114 225 211 231
192 15 90 160 222
0 242 239 245 260
VYisrpaduosneroBoe 48 246 263 275 270
cTapeHue 96 251 258 250 275
UV aging 144 165 195 213 258
192 130 160 146 241
£ 250 2 250
= =
= F*iﬂ%ﬁ = 4
£ 5 200 S — £y M0 *\l\.
2 'z 9
2.2 150 22 207
a3} [aa]
z z 5 S
s g 220
é 100 é
= = X NX
2 50 2 210 *
= = \
E =
0 . 200
0 48 96 144 192 0 48 96 144 192
B II3 Ge3 mpookcHaaHTa PE without prooxidants Bpe:\ISI. Hachl BTID &e3 npookcHaaHTa PE without prooxidants Bpe‘Mﬂ_ Hachl
~ . time, hour ~ . time, hour
TI3 + kapGokcHtar koGadpTa PE + carboxylate Co TID + kapSokcIaT kodatpTa PE + carboxylate Co
II3 + kapGokcwrar Mean PE + carboxylate Cu I + KapGoKcIIaT MelH PE + catboxylate Cu
£ II3 + kapOoKcHIaT ;xelle3a PE + carboxylate Fe £ TI3 ~ kapSokcHTIaT xele3a PE + carboxylate Fe
Pucynox 2. JluHamuika CHIDKeHHS d(QQektuBHOM Pucynok 3. Jlunamuka cHwkeHus 3ddexkTuBHOM

BSI3KOCTH MOAMGUIMPOBAHHOTO MpooKcuaantamu [10
NPU YCKOPEHHOM TEPMHYECKOM CTapEHHU

Figure2.The decrease of the effective viscosity of
polyethylene with Pro-oxidants during accelerated
thermal aging

Ha ocHOBaHWM TONYyYEHHBIX PE3yIbTATOB
MOXXHO CJeNaTh BBIBOJ, YTO TPU TEPMHUYECKON
W ynbTpaduoIeTOBON JIECTPYKIUKM TOJIHATHIICHA,
MOoaU(UIIMPOBAHHOTO KapOOKCHIATaMU KOOAIbTa,
MEJM W oKene3a, HaONIoJaroTcs — pa3lIndHbIC
MEXaHU3Mbl Pa3JIOKEHUsI: TIPU TEPMOJICTPaJIaIH
MPOCIEKUBACTCS IUIABHOE CHHXKEHHE BS3KOCTH,
anpu yiIbTpaduOICTOBONW-IETpadaliil  CHAaYaja
HabJronaeTCs MOBBIIEHUE BSI3KOCTH, YTO, BUANMO,
CBSI3aHO C MEPErpYNIHUPOBKON OOKOBBIX 3BEHLEB
MOJIMMEPHOH 1IeNH, U TOJIbKO Mocie 96 4 Bo3aeit-
CTBHSA IPOUCXOANT €€ CHIKECHHUE.

Jlnst cBsi3u ¢ penakuueit: post@vestnik-vsuet.ru

BA3KOCTH MOIM(DHUIMPOBAHHOTO MpooKcHaaHTamu 110
IPH YCKOPEHHOM YJIbTPadHOIETOBOM CTapEHUN

Figure3. The decrease of the effective viscosity of
polyethylene with Pro-oxidants during accelerated
UVaging

IloBenenue mareprasa B yCJIOBUSIX YCKOPEH-
HOTO TEPMHYECKOTO CTAPEHUs TPH TEMIlepaType
60 °C mMuUTHpYET €ro pa3MeIlCHHE Ha MOJMTOHAX
TBO, aTakke B IOMEIICHHUSIX C HOBBIIICHHOMN
TEMIIEPATypPOH, UYTO MO3BOJISIET MPOBECTH OLEHKY
CTETICHH BBIJIENIEHNS TOKCUYHBIX MPOAYKTOB Je-
CTPYKIMU B MPOU3BOJCTBEHHBIX YCIOBUSIX WIH
B YCIIOBHSIX OKPY’KarOLIEH Cpenbl.

B Tabnuiie 2 mokazaHbl pe3ynbTaThl OMpe/Ie-
JIeHUs cofepkaHus GopMalbAeruia B BO3AYLIHON
BBITSDKKE ~ MOAM(DHUIIMPOBAHHOTO  Pa3TUIHBIMU
npookcumanTamu [0 B AuHaAMuKE YCKOPEHHOM
TEPMOAECTPYKLUH.
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Tabnuna 2.

KOHHGHTpaHHH (I)OpMaJ'II)Z[eFI/I)Ia, MK/ M3, B BOBL[ymHOﬁ BBITSKKC MOL[I/I(i)I/IIII/IpOBaHHOFO IMPOOKCHUJaHTaMHU 115
B IMHAMUKE TEPMUICCKOI'O CTAPpECHUA

Table 2.
Concentration of formaldehyde, pg/m?,in air extract of polyethylene with Pro-oxidants in the dynamics of thermal aging
Bpewms geiictBust TemmnepaTypsl, 9
Tll}ggcr’gggiﬂ;i;s The duration of the temperature, hours'

0 48 96 144 192
be3 npookcunanta | Without prooxidant 0 1 4 7 10
Kapboxkcunar xenesa | The gland carboxylate 5 5 18 25 34
Kap6oxkcunar menu | The carboxylate of copper 3 6 20 23 32
Kap6okcunar xobansta | The carboxylate of cobalt 15 29 42 48 51

0 48 96 144 192
BpemMA lt:l)l\[OUl\‘IlC.'ll'llt!.'LbHOfi ACCTPYKIIHH 1achl
time of thermo-oxidative degradation, hour
m N3 polyethylene
N3 + kapBokcunat megu PE + carboxylate Cu
M 13 + kapBokcunart wenesa PE + carboxylate Fe
W N3 + Kapbokcunat KoBansTa PE + carboxylate Co

Pucynox 4. Kparnocts npessiienus [1JK dopmansae-
THa B BO3MYIIHON BBHITSDKKE MouduimpoBaHHoro 1139
B IMHAMUKE TEPMOJECTPYKLIUU

Figure4. The multiplicity of excess of maximum
permissible concentration of formaldehyde in air extract
of polyethylene with Pro-oxidants in the dynamics
of thermal aging

KpaTtHOCTh npeBbIlIEHHs NPEAETBHO-A0IY-
crumoii  koHueHtparmu (ITAK) ¢opmansaernna
B BO3JIyITHOHM BHITSDKKE MoauduiuposanHoro 13
B 3aBHCHMOCTH OT IIPUPOABI MPOOKCHUIAHTA H
BPEMEHHU TEPMOOKHUCIUTENIBHON JECTPYKLIMU BU3Y-
anu3upoBaHa B BHUJE IUarpaMMmbl Ha pUCYHKE 4,

JUTEPATYPA

1 Nikolic M., Gauthier E., George K., Cash G. et
al. Antagonism between transition metal pro-oxidants in
polyethylene films // Polymer Degradation and Stability.
2012. V.97.Ne 7. P. 1178-1188.

2 Kopuarma B.U., IlporacoB A.B., MenpHOBa
M.C., Xau C.JI. u np. Mopdotorust UMIOPTHBIX 100aBOK,
WCIIONB3YeMBIX TPH TOJYYSHUH OKCOOHMOopasiaraeMbIX
nonuonepunos // Bectauk BI'YUT.2017. Ne 1. C. 227—
231. doi:10.20914/2310-1202-2017-1-227-231

3 Fontanella S., Bonhomme S., Koutny M.,
Husarov L. et al. Comparison of the biodegradability of
various polyethylene films containing pro-oxidant
additives // Polymer Degradation and Stability. 2010. V.
95.Ne 6. P. 1011-1021.

4 Reddy M. Oxo-biodegradation of Polyethylene.
2008. 183 p.

356

= 16 1
O

S

- Z 14

ES Ls12 ¢

s = & naK

B35 £3 1

4 H ZE

B2 E2o0s 4

v B ’

2d 2.

B Z %S 06

A §~ég ’

52 EE 04 {7

=] %35

= TE 0.2

E ‘E‘S

s g

2 5 0
!

n3 kotopoir BumHO, 49to IIJIK dopmamsaernna
B BO3AYIIHON BHITKKEe [ID ¢ kapOokcmmatom
KoOanpTa mpeBbllieHa B 1,2 pa3za mpu TepMuye-
CKOM crapenuu 6osiee 96 4 u B 1,5 pa3a — ipu tep-
MHYECKOM CTapeHuu Oomee 192 4.

3akiIouyeHue

3a 192 4 TepMUYECKOrO CTapeHUs MOITBEP-
skero cootBerctBre ['OCT 337472016 okcopasna-
raemoro [13, MomupUIMPOBAaHHOTO MPOOKCHUIAHTOM
Ha OCHOBE KOOaJbTa.
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