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Kparak cagp:xaj

[Ipojexar mon akpoHumoM ,,GreenCleanS” uma 3a 1uJb J1a pa3BHje HOBY TEXHOJOTH]Y 3a
YKJIalakhe 0CMOATOMHOT MOJIEKYJIa €JIEeMEHTapHOT CyMIIOpa, Sg, U3 MUHEPATHUX U30JallMOHUX
yipa. Ilon akponumom GreenCleanS pa3Bhja ce JEIMHCTBEHA TEXHOJIOTHja 3acHOBaHA Ha
HUCKO-TEMIIEPAaTypHOM EKOJIOIIKOM TpEeTMaHy, Koja HE eMuTyje 3arahjeme 0K H3y3eTHO
e(uKacHO yKJama eJIeMEHTapHU CYMIOp M3 MHUHEPATHHUX M30JAI[MOHUX YJba, 38 Pa3IHKy Of
nocrojehux TexHONOTHja y CBETY, Koje MOry OMTH emuTepu 3arahema (YKOJIUKO CY Y YJbY
MPUCYTHH TIOJUXJIOPOBAaHU OMGMEHUIIN), HE YKJIamajy €JIEMEHTApHU CYMIIOp M IITaBHUIIE
CTBapajy ra Kao HyC-pOAYKT TMOCTyIaka peakTuBalyje agcopOeHara koju ce kopucte. Pa3Boj
OBE TEXHOJIOTH]€ 32 YKJIamhamkhe eIEMEHTAPHOT CyMITOpa U3 TpaHC(hOopMaTOPCKUX yiba 00yxBaTa
TpeTMaHe W30JIAIIMOHHUOT YJba Y JIAOOPATOPHjUCKUM yCIOBHMA U HA MUJIOT MOCTPOjeHhY HAKOH
yera he ycienuTy AEMOHCTpalldja pa3BHjeHE TEXHOJOTH]E Y WHIYCTPUJCKOM OKPYXEHY Ha
TepeHy y MobumHoM moctpojerby MHctutyra Hukona Tecna. Iloctymak je 3acHOBaH Ha
MPUMEHU Majie KOJIMYWHE YEeCTHIla TBokha Ha 4MjOoj TMOBPIIMHM j€ JETIOHOBAaH Oakap, Kao
KJby4HE KOMIIOHEHTE pEareHC CMeIlle Koja je IUCIeproBaHa Yy TOJIMETHIICH IIIUKOINY.
WHTeH3MBHUM MellamheM HaBEJCHE PeareHc CMeIlle ca MUHEPATHUM H30JIallHOHUM YJbEM MPU
teMneparypama HWkuM oxn 100°C nonasum 1o NMOTHYHOr yKiIamama Sg M3 yJba. Bucoka
e(UKaCHOCT TMOCTYNKA, Tj. YKIAmame Sg O] MOYETHUX 15 MI/KT 10 HMBOA HCIIOA T'PAHMIIE
JeTeKIIr]e, TOCTUTHYTA je YHOTpeOOM Masie KOJIMYMHE PeareHC CMelle Y OJHOCY Ha Macy yiba
<(0,2 mac.%), y mabopaTOpHjCKUM YCJIOBMMAa M Ha MUJIOT HOCTpojewmy. I[IpuMeHoM oBor
MOCTYIIKA ¥ HAKOH 3aBpIITHE o0pajie ca afcobeHTuMa y3 Cyliewke U punrpupame 100ujajy ce
M30JIallMOHA yJba ca MOOOJbIIAaHUM (PU3UUKO-XEMH]JCKUM U eNIEKTPUYHUM KapakTepucTUKaMa
MOTO/IHA 32 Jajby ynorpely y eHeprerckum TpaHchopmaropuma. PazBojem GreenCleanS
MOCTyMKa JAecyldypusannje U UHHTETPAIMjOM Ca MPETXOJHO Pa3BHjEHOM U MATCHTHUPAHOM
TEXHOJIOTH]OM 32 YKJIambame MOJUXJIOPOBAaHUX OM(EeHnIa K KOPO3UBHUX TMOEH3WI AuCynduia
dbopmupahe ce jeguHCTBEHAa MYATH()YHKIIMOHAIHA TEXHOJOTHja YHjOM NpUMEHOM he OuTH
OoMOTyheHO CUMYNITaHO YKJIAEHhe CBUX HEKEJbCHUX eIHbEHha U3 MUHEPATHUX N30JIAI[HOHUX
yspa. OBa TEXHOJIOTH]ja MPECTaBJba 3HaYajaH HAMpEIaK y OIHOCY Ha mocTojehe mocTymke Koju
Mory OuTH 3araljuBauu WM Hee(pUKACHH Yy YKIIamarmy eJIeMEHTapHOr CyMIlopa, Mpyxajyhu
U3y3eTHO e(hUKaCHO peliemhe ca MUHUMATHUM €KOJIOIIKUM YTHIIajeM Ha KUBOTHY CPE/IMHY.

KibyuHe peun: eneMeHTapHU CyMIIOP, KOPO3UBHHU CYMIIOp, 3€JieHa TEXHOJIOTH]a, EHEPTreTCKU
TpaHchopMaTopu, MUHEPATHO H30IALMOHO YJIbeE.
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Bbuorpaduja npenaBaua

Hp Jenena Jlykuh, qumi. MHX. TEXH. 3anocieHa je y MHCTUTyTy
Huxona Tecna, beorpan, Cpouja o 1996. ronune. PykoBoaumnarg
je Crenjanu3oBaHe J1a00paTopHje 3a HCIUTUBAKE U30JIaALMOHOT
yJba U Manupa, akpeauToane npema /SO 17025. Ayrtop je nmpeko
20 nmybnuKanyja y ICTaKHYTHUM 4aconucuma u npeko 50 pagosa
Ha wMehyHapogauM U nomahum koH(epeHnujama. baBu ce
aHAJIM30M M30JIAI[MOHOT yJba U MANUpa U JUjaTHOCTUKOM CTamka
€HEepreTcKuX TpaHcPopMmaropa, CTapemHEeM HU30JIAllMOHOT yJba U
LEeNy103¢ M HWHOBaljamMa y o0JacTh TNPUMEHE XEMHjCKUX
ﬂ i TEXHOJIOTHja y TPeTMaHy M30JIallMOHUX Yiba. [IpoHana3zau je aBa
' perucTpoBaHa mareHTa y oBoj obmactu. Bonuna je Bumie ox 20
HCTpaXUBauKuX mpojekara. Mcrakaytu je wian mehynapomnor xomutera CIGRE, Ouna je
yinad y oko 20 CIGRE SC D1, SC A2 u I[EC TC 10 WG paaHux rpyna u pykoBoJauiall JABe
panue rpynie y IEC TC 10 u CIGRE. TpenytHo pykoBoau pagHom rpynom CIGRE WG D1.76:
,,Tests for the verification of quality and ageing performance of cellulose insulation for power
transformers” u CIGRE SC A2 — Power Transformers: ,,Silver Corrosion in Transformers”.
Jenena Jlykumh je ngemerar Cprickor HalMOHaTHOT KomHUTeTa y  MelyHapogHom
ENEKTPOTEXHUYKOM KomuTeTy Texnwuku xomurer 10 (JEC TC 10) — Onyuam 3a
enexkrporexunuke npumene u /[EC TC 10 xo-opuuup 3a Besy CIGRE SC A2.
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Abstract

The project under the acronym “GreenCleanS” aims to develop a new technology for removing
elemental sulfur, in a form of eight atom molecule of suphur, Sg, from mineral insulating oils.
Under the acronym GreenCleanS, a unique technology is being developed based on low-
temperature eco-friendly treatment, which does not emit pollution while efficiently removing
elemental sulfur from mineral insulating oils, unlike existing technologies worldwide which
can be pollutant emitters (if polychlorinated biphenyls are present in the oil), do not remove
elemental sulfur, and, moreover create it as a by-product of the reactivation procedures of the
adsorbents used. The development of this technology for removing elemental sulfur from
transformer oils will involve treatments of insulating oil under laboratory conditions and at a
pilot scale experiments, followed by a demonstration of the developed technology in
operational environments on-site at the mobile facility of the Nikola Tesla Institute. The
procedure is based on the application of a small amount of iron particles coated with copper on
its surface as a key component of the reagent mixture which is dispersed in polyethylene glycol.
Intensive mixing of the reagent mixture with mineral insulating oil at temperatures below
100°C enables the complete removal of Sg from the oil. High process efficiency, the removal
of Sg from the initial 15 mg/kg to levels below the detection limit, is achieved by using a small
amount of the reagent mixture relative to the oil mass (<0.2 wt.%), in laboratory conditions
and on a pilot scale experiments. Applying this process and subsequent treatment with
adsorbents, insulating oils with improved physical, chemical and electrical characteristics are
obtained, suitable for further use in power transformers. Integration of the GreenCleanS
desulfurization procedure with a previously developed and patented technology for removing
polychlorinated biphenyls and corrosive dibenzyl disulfide will create a unique multifunctional
technology enabling simultaneous removal of all unwanted compounds from mineral insulating
oils. This technology represents a significant advancement over existing procedures that can
be pollutants or inefficient in removing elemental sulfur, providing an extremely efficient
solution with minimal environmental impact.

Keywords: elemental sulfur, corrosive sulfur, green technology, power transformers, mineral
insulating oil.
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