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The article presents the results of laboratory studies of perfluoroethylisopropyl ketone capable of operating under negative temperatures.

Materials and methods

A synthetic substance of the ketone series, the study of physical and

chemical properties.
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BBeaeHune

MHoroo6pa3sue TMnoB GypoBbIX pacTBOPOB
U MX peLenTyp, C OAHOW CTOPOHbI, MOKa3blBaeT
OFPOMHbIN apCceHan pelleHunii, No3BoNAWNN
ycnewHo npoBoANTb paboTbl N0 CTPOUTENLCTBY
CKBaXMWH NpaKTM4yeckn B N06bIX reonornye-
CKMX 1 Tepmobapuyeckux ycnosuax. C Apyroi
)K€ CTOPOHbl, TaKoe MHOXeCTBO BapKaHTOB
rOBOPUT O CNOXHOCTU (DU3NKO-XMMUYECKNX
NpoLeccoB, NPOUCXOAALLNX KaK BHYTpU reTe-
pOreHHbIX CUCTEM, TaK U NPU B3aUMOAENCTBUM
MPOMbIBOYHOTO areHTa € MuHepanamu, cnaH-
LLamMu, NNacToBbIMU BOJAMM, YrNE€BOAOPOAAMM
M MPOYUMU KOMMOHEHTAaMW FeoNornyecKoro
paspesa. VimeHHO npv B3anmopaencTBmm ¢ KOM-
MOHEHTaMM1 FOPHbIX MOPOJ MPOUCXOAAT YC/O0-
BUSA, onpegenstolme 6e3aBapuitHOCTb NpoLec-
ca bypeHus, nocnepytoliee KayecTtBo Kpenwu
CKBaMWHbI U €€ LO0Nr0BEYHOCTb.

Vicxoas 13 HeobxoaumocTy npejoTBpatye-
HUA OCNOXHEHWIT BbIpaboTaH NoAXoA K nogbopy
TMna BypoBoro pacTBopa, OCHOBAHHbIN Ha ero
MHEpTHOCTU. [IpOCTbIMM NpUMepamy TaKoro

noAxoAa ABAAKTCA BCKPbITUE HedTeHaChILEeH-
HOro nnacrta HedTAHbLIM PAacTBOPOM UM pasby-
prvBaHWE CONEBbLIX OTNOXEHWUWA COMEHACHILLEH-
HOW XuAKoCTblo. [pM NomoLLK yaensHOro Beca
ULKOCTU MOXKHO YaCTMYHO CKOMMNEHCMPOBaTb
nepepacnpejeneHue ropHoro AaBneHus, Takxe
HEeManoBaXHbIM ABNSETCA COXpaHEHWE Temne-
paTypHoro pexuma. M3yyaemas TexHonorus
KPWUOreHHOro BypeHus oCHOBaHa Ha MCMONb-
30BaHMM BypoBOro pacTBopa C OTpULaTeNbHO
TemnepaTtypowu, YTo TaKKe COOTBETCTBYET JaHHO-
My noAxoAy, eciu paccmaTtpuBatb GypeHue mH-
TepBanoB, C/OXKEHHbIX MHOTONIETHUMU Mep3bl-
MU NOPOAAMU.

CyuiecTByeT ¥ Apyroi noaxoA, KOTOPbIi
3aK/4YaeTcs B ynpaBaeHWU npoleccamu B3a-
MNMOLENCTBUA CKBAXWUHHOW XWUAKOCTU 1 FOPHOM
nopoabl. McknioyawTca npouecchl, Begyuiue
K HapYLUEHWIO YCTONYMBOCTY CTEHOK CKBAXMUHBI,
1 HaobopoT, hopMUPYIOTCA 1 3anycKaloTca B3a-
MMOJENCTBUSA, NOBbILANLWME NX YCTONYUBOCTD.
Mpu oTpuuUaTenbHbIX TemnepaTypax NopoBas
UAKOCTb cnocobHa K ha3oBomy Nnepexoay, Tem

CaMbIM BNUsASA Ha NPOYHOCTHbIE U DUNBTPALMOH-
Hble CBOWCTBA NPUCKBAXMHHON 30HbI MaccuBa
TOPHbIX MOPOA.

O6beKT U MeToAbl UCCNeA0BaHUI

B HacTosiLee BpemMsA LOCTATOYHO LIMPOKO
NPYMeHNMbl PacTBOPbl Ha YrNeBOLOPOLHOW
OCHOBe, ANCNEPCHON CPeaoi KOTOPbLIX ABNAET-
cA HedTb, AU3enbHOE TOMIMBO, MUHEpabHOe
macno. B 3apy6exHoi NpakTuKe y HEBOAHbIX
6ypoBbix pactBopoB (NADFs) B kauecTBe oc-
HOBbl NPUMeEHAETCA [M3eNbHOE TOMIMBO WK
CUHTETUYEeCKME YrneBOAOPOAbl, @ B KayecTse
aucnepcHon asbl — pacconsbl, aLeTatbl, HUTPa-
Tl M rAnKonu. [na perynnpoBaHua dunbtpa-
LIMOHHbIX, PEONOrMYeCKNX CBOMCTB PacTBOPOB
MCMOAb3YIOT Pa3NnyHble XMMUYeCcKue 06aBKU.
Mo 3aknyeHnam dopyma MexayHapoLHOW
Accoumnauumun npousBoautenein Hedt u rasa
(OGP) B KayecTBe 0CHOBbI Haubonee npUMeHu-
Mbl CUHTETMYECKME HU3KO- UAN HE3HAUYUTENb-
HO-apoMaTU4YeCcKne KULKOCTU, a TaKkKe BbICO-
KOOUMLLEeHHble MUHepanbHble Macna, KoTopble
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umetoT 6onee HU3KWMIA TemnepaTypHblid anana-
30H NPUMEHEHNSA.

Kpome BbICOKOW NOXapoonacHOCTY AaHHbIX
peuenTyp, 3KONOrMYECKON ONaCHOCTM U COX-
HOCTW B YyNpaBieHNN CBONCTBAMM OHU HEe MOTYT
B MOMHON Mepe pewuTb Npobaembl yCTONYNBO-
CTV CTBOMIA CKBAXMWHbl U KayecTBa CTPOUTENb-
CTBa B LlenoM. TaKKe CTOUT OTMETUTb, YTO YCNYru
10 CONPOBOXAEHMIO BYPEHUA C NMpUMEHEHneM
YrNeBOAOPOAHBIX MPOMbIBOYHbIX CUCTEM BECH-
Ma CYLLeCTBEHHbI MO CTOMMOCTU U MOTYT JOCTU-
ratb AecATKOB MUANMOHOB py6nei Ha CKBaXMU-
Hy. Takum 06pa3om, MOUCK HOBbLIX PeLIeHUi
B 0671aCTV NPOMbIBKM CKBAXWH OCTAeTCs Becbma
aKTyanbHbim [1].

TexHonorus KpuoreHHoro OypeHus [1]
npeAycmaTpuBaeT Co3jaHne B CKBaXWUHE OTPU-
LaresbHoii Temneparypsl, Ans Yero Heobxoanm
MOUCK ¥UAKOCTe Ha 6e3BOHON OCHOBE C HU3-
KOV TeMnepatypoi kpuctannmsaymu. NMpumeHe-
HVEe [aHHON TEXHONOrMM, NPU MOATBEPKAEHNM
cBoert 3 EeKTMBHOCTM, MO3BONUT NPeAoTBpa-
TUTb OCHOBHbIE BUAbI OCIOXHEHUIA Npu CTpoO-
UTENbCTBE CKBAXMWH, 0COBEHHO XapaKTepHble
[N paiOHOB 3aNeraHns MHOFONETHUX MeP3bIX
nopoz [2]. B nepcneKTMBe TEXHONOTMS KPUOTEH-
HOro GypeHusi MOXeT CTaTb PEBOJMIOLNOHHOW,
obecneynB BO3MOMHOCTb OypeHUs CKBAXMWH
B OCJ/IOXHEHHbIX YCIOBUAX MO CNOXHbLIM TPaeK-
TOPUAM, 1 B HEKOTOPbIX Cy4anx 06/1erynTb KoH-
CTPYKLMIO CKBAXMH.

[ns npefoTBpaLieHUs pacTenaeHuns ropHbix
nopoa v KaBepHooGpa3oBaHUs NPeANnoNOKUM
NpUMeHEHNe NPOMbIBOYHOW XKUAKOCTH C OTPU-
LatenbHo Temnepatypoit. [lpu 3Tom BO3MOXKHO
COXpaHeHMe eCTECTBEHHO TemnepaTypbl pyH-
ta (o1 0 g0 -8 °C) BNNOTL A0 500 M, a TaKKe elle
Gonbluee MoHWKeHMe TemnepaTypbl B CTBONE
CKBAXWHbI A1 NPeA0oTBpaLLeHNs AanbHeNLEero
obBana nopog.

B KauecTBe pacTBOPOB C HU3KOW UHTEHCUB-
HOCTblO TennoobmeHa NPUMEHUMbI PacTBOPbI
coneii. Conesble pacTBOPbI UMEKT MOHUKEHHYIO
TemnepaTtypy 3amep3aHus, KoTopas MOXeT [jo-
cturatb MuHyc 55 °C. HecmoTpa Ha, Ka3anocb
6bl, Npuemnembie TemnepartypHble CBOIICTBA,
MUMEITCSA W HeraTvBHble MOMEHTbI, KOTOpble 3a-
KN0YaloTCA rNaBHbIM 06pa3oM B MOHMKEHHON
Temnepatype nnaBNeHuUs NbAa, a TaKKe B Mo-
BbILEHHOW KOpPpO3MKn MeTannos u ap. lMpouecc
pacTeniieHus Mep3/bix MOPOA B Cpefe cose-
BOro pacTtBOpa NMpu OTpuULaTeNnbHbIX TeMnepa-
Typax MOXHO O0ObACHUTL ruaparauuein NOHOB
B MOBEPXHOCTHOM C/l0€, YTO, BO-NEPBbIX, CO-
NPOBOX/AAETCA BblAENEHNEM TENNA, BO-BTOPbIX,
MOHM3aLMsA MOBEPXHOCTHOTO C/lOS NPUBOAUT
K CHUXeHMI0 TemnepaTtypbl KpucTannmsauum
BOAbl. VIHTEHCMBHOCTb rMApaTaLMOHHbIX Mpo-
ueccos 6yaer nponopumMoHanbHa KOHLeEeHTpa-
UKW cONell Ha KOHTAaKTUPYIOLLEA NMOBEPXHOCTM
CKBAXUHHOM XWUAKOCTW 1 TOPHOI NMOPOZbI.

[nsa OypeHus CKBaXMH BO AbAax npu-
MEHEHME KUAKOCTEW C OTPULATENbHbLIMM

CropocTe HCNapeHWA,
(Mmn/fcex)* 105
w
o
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Temneparypa, *C

Puc. 2. Mpacgpuk 3asucumocmu ckopocmu ucnapeHus (pmopkemoHa

om memnepamypel

Fig. 2. Graph of the dependence of the rate of evaporation

of fluoroketone on temperature

Temnepatypamu ABAAETCA HE06X0AMMOCTbIO.
Texnonorna RAID npepycmartpuaeTr UCNONb-
30BaHMe B KayeCTBe MPOMbIBOYHbIX XWUAKO-
cTer CuMHTeTMYeckoro npogykra ESTISOL 140,
He cMmellvBatoLLerocs ¢ BoAon. [laHHoe Belye-
CTBO AABNAETCA NOXapoonacHbIM, C Temnepary-
pon BcnblwkK 75 °C, HecMOTpA Ha TemnepaTtypy
3amep3anua 1o muHyc 90 °C. Takxe cyliecTsyer
OMbIT MPYMEHEHNA XNaA0HOB, B YaCTHOCTU K-
apoxnopdTopyrnepoga — HCFC-141b, KoTopbIii
6bin 3anpeLyeH B NPOMBbILINEHHOCTH KaK Belye-
CTBO, paspyliatoliee 030HOBbIN C0W. YHUBEp-
cutetom CLUA (IDDO) 6bina ncnbiTaHa XUAKoCTb,
rie OfHMM M3 KOMMNOHEHTOB ABNAETCA Belle-
ctBo HFE-7100, npeacTasnstowee co6oi cmech
ABYX HEOTAENMMbIX W30MEPHbIX XUMUYECKUX
BelecTB: MeToKCMHOHadTOopu3obyTaHa U Mme-
TOKCMHOHadhTOp6yTaHa. JKCNepUMEHTanbHble
ncnbitanua M. FepacumoBa nokasanu, 4YTo cu-
cTema TepseT cTabunbHOCTb B ONpefeneHHbIX
TemnepaTtypHbix ycnosusax [1].

B HacToslee Bpema paccmatpusaeTca uc-
noNb30BaHNe B Ka4eCTBe NPOMbIBOYHOIO areHTa
CrneunanbHoro CMHTETUYECKOro BellecTBa KeTo-
HOBOro pAfa — NeppTop3TUIN30NPONUNKETO-
Ha. B 06LEM NOHATUW KETOHbl NPEACTaBAAT
co60i opraHuyecKkne CoeAMHEHUs, KOTOpbIe CO-
Aepxat Kap6oHUnbHyto rpynny (atom yrnepoaa,
ABOWHYI0 CBA3@HHYI0 C aTOMOM KUCA0POAa), KO-
Topas ABNAETCA OLHOCBA3HOW C ABYMA yrieso-
AOPOAHBIMK Fpynnamu, NONyYEHHbIMU XUMUnYe-
CKUMU peaKLUAMN OKNCNEHNA, TUAPONU3a U Ap.
OKMCNEeHNeM BTOPUYHbIX CMUPTOB. TUNUYHbIE
npeAcTaBUTeNN KETOHOB: aLeTOH, aleTOyKCyC-
Has Kucnota, 6eta-ruapokcnbyTupar. KeToHbl
yNOMUHAITCA B OpraHu4yecKoi Teopun obpa-
30BaHuA HeTU. B monekyne nepdropatunnso-
nponunKeToHa BCe aTOMbl BOAOPOAA 3aMeHeHbl
Ha NPOYHO CBA3AHHbIE C YINEePOLHON peLleTKon
atombl Topa (puc. 1). Takue cBoiicTBa fenatoT
BELLeCTBO MHEPTHLIM BO B3aUMOLENCTBIM C APY-
MMy monekynamu [3].

B hn3nyeckom NoHMMaHWK BeLLecTBO Npu
HOpPMasbHbIX YCNOBUAX NpeAcTaBaser coboii
6eclLiBETHYI0 MPO3payHylo XUAKOCTb co cnabo-
BblpaXXeHHbIM 3aNaxoMm, KoTopas TAxenee BOAbI
B 1,6 pasa, aBnaetca 3PMeKTUBHbIM AUINEKTPU-
KOM, C 3NeKTpUYeCcKon NpoHuLaemocTbio 2,3.
TemnepaTypa KuneHus 3TOro BelecTBa npu
nasneHuu 1atm coctasnset 49,2 °C, Temnepary-
pa 3amep3aHuna — munyc 108 °C, yto no3sonaer
€ro 1cnonb3oBaTb NMpU OTpULATENbHbIX Temne-
patypax. bnarogapa monekynapHomy CTpOeHUo
BELLeCTBO He CMeLUNBAETCA C BOLOW U He B3au-
MmopfeicTByeT ¢ 60NbWMHCTBOM OpraHUYyecKux
1 HeopraHuyecKkux coeanHeHun. He paspywa-
€T 030HOBbIN C/I0N. BelwecTBo NMeeT BbICOKUIA
KO3 hULMeHT 6e30NacHOCTU, MUHUMANbHYIO
TOKCMYHOCTb, KOTOPas OCHOBaHa Ha HU3KON
pacTtBopumocTi (hTOPKeTOHOB B Boje. M3 3Kc-
nepTHoro 3akntouvenus ®bY3 LleHTpa rurmeHbl
W 3nuaemuonoruu B BnagmmupoBcKoit obna-
CTV 3@ NOANUCBIO 3aM. TaBHOro Bpaya: 3anax,

NnatHocTe, Krim?
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Puc. 1. MonekynapHasa cmpykmypa
nepgmopamuausonponunkemoHa
Fig. 1. Molecular structure

of perfluoroethylisopropyl ketone

6ann — He 6onee 1; MHAEKC TOKCUYHOCTU, % —
70-120, YTO OTHOCUTCA K Manon TOKCUYHOCTU;
pasgpaxatouiee aeictene, 6ann — Ha KowHble
NOKPOBbI 1 CIM3UCTbIE 06010YKMN — O—4; CEHCU-
6unusnpyliee gencrene — otcyTcTeme. [laHHoe
BeLLeCcTBO MCMOMb3yeTcAs B CUCTemax Moxapo-
TyLWEeHNA B KayeCTBe OrHeTylallero BeLLecTsa,
MO3TOMY MOXHO YyTBEPXAaTb, YTO OHO He ropto-
4ye 1 He B3PbIBOOMACHO.

NccnepoBaHus DU3NKO-XUMUNYECKNX
cBOMCTB NepdTOpPITUAM3ONPONUIKETOHA Gbln
nposeaeHbl B nabopatopumn LleHTpa nepcnek-
TUBHbIX WCCNELOBAaHUA W WHHOBALMOHHbIX
pa3paboToK TIOMEHCKOrO WHAYCTPUANbHOrO
yHUBepcuTeTa. B pamkax uccnefgoBaHumi Ha nep-
BOM 3Tane M3y4yanucb: CKOpocTb ha3oBoro ne-
pexoaa B raszoobpasHoe COCTOsfHWE, 3aBUCU-
MOCTb MAOTHOCTM U KMHEMATUYECKON BA3KOCTU
OT Temneparypbl.

OnpezeneHne cKOpocTu ncnapexus drop-
KeToHa MpoBOAWMIUCL B KONBGax C pasnuyHbI-
MU BHYTPEHHUMW JMameTpamu, 4YTO MO3BO-
ANNO YCTAHOBUTb 3aBUCUMMOCTb OT NjoWaam
MOBEPXHOCTN KOHTaKTa C BO3AYLHOW CPpeioMn.
/I3yyanocb KOHLEHTPUPOBAHME U BO3SMOXHOCTb
KOHAEHCMPOBAHMA HacCblILeHHbIX NapoB dhTop-
KeTOHa B YC/NOBMAX [BMXKYLLECA BO3A4YLIHON
Macchl, B CTATUYECKUX YCNOBMAX M Npubaun-
KEHHbIX YCNOBUAX NOAOBHBIX HANUYUIO TUAPO-
3atBopa (puc. 2). N3meHeHune u noaaepxaxue
TemnepaTypbl 3KCNePMMEHTa OCYLLeCTBAANOCH
C MOMOLLbIO XUAKOCTHOTO TepMocTaTta [4].

i3mepeHna no onpejeneHnio NAOTHOCTU
(hTOpPKETOHA NPOBOANANCH NPU PA3NNYHBIX TEM-
neparypax (puc. 3). lns oxnaxaeHvs Beuiectsa
[0 Temnepatypbl -15 °C npumeHsanca Kpuotep-
MOCTaT, a fanbHeiilee HarpesaHwe obpasua
OCYLLEeCTBAANOCH XWUAKOCTHbIM TEPMOCTATOM.
3HayeHre NAOTHOCTU OMpeaenanocb ¢ NOMo-
wbto apeomeTtpos AOH-1 [4].

OnpepeneHne KUHeMaTU4yeCKOW BA3KOCTM
OCyL,ecTBNANOCL Ha BuUcKo3umeTpe BIK-4
(D = 0,37 mm) [5]. ViameHeHuMe 1 nogaepiaHue
TemnepaTypbl 3KCNePMMEHTa OCYLLeCTBAANOCH
TaKe C NpUMeHeHNEeM XNAKOCTHOro TepmocTaTa
(pwc. 4).

i} 5 10 15 20 25

Temnepatypa, "C

Puc. 3. [paguk 3asucumocmu naomHocmu gpmopkemoHa

om memnepamypsl (004cHa 6biMb NPAMAs,)

Fig. 3. Graph of dependence of fluoroketone density on temperature
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Fig. 7. Interaction of fluoroketone with a clay pot (beneficiated bentonite)

Fig. 4. Graph of the dependence of the kinematic viscosity of fluoroketone

on temperature

Ha BTOpom 3Tane nccnegoBaHuil npoBoau-
JINCb IKCMIEPUMEHTbI MO OMPEAENEHU0 Hanuuus
B3aUMOZAeNCTBUA (TOPKETOHA C XWAKOCTAMMU
pasnMYHOro MNPUPOAHOTrO MPOUCXOKAEHNSA:
AUCTUNNVPOBAHHOW BOJOW, Cbipoi HedTblo
W pactutenbHbiM macnom (puc. 5). O6pasubl
NOABEPraAnCh MexaHWYecKoMy nepemellnBa-
HUIO NabopaTopHbIM WNaTeNeM, a 3aTeM HafeX-
HO 3aKpennanucb Ha nnathopme HACTONbHOTO
werkepa M3-6500 1 B TeyeHne 15 MUHYT aKTUB-
HO NepemeLnBamnCh.

Mo pe3ynbTaTam 3KCMEPUMEHTOB BblAB/E-
HO, YTO XWAKOCTU HE CMELWWBAKTCA KaK B Yn-
CTOM BUAe, TaK 1 NPU HaM4YUN HEKOTOPbIX pac-
NpPOCTPaHEHHbIX 3MybraTopoB (HaTpuUin naypun
cynbdaHon). B cuny BbICOKON NAOTHOCTU (hTOp-
KETOH KOHLEHTPUPYeTCA Yy OCHOBaHUA KOnbbl,
BbITECHAA MEHEE MNOTHYI0 KUAKOCTb.

Mpwn po6aBneHnn reneobpasytolero areH-
Ta B cucTeMy GTOPKETOH-3IMyNbraTop-sosa 06-
pa3oBbIBAETCA HeycToiymBan neHa (puc. 6 a),
KoTOopas ObICTPO paspywaerca ¢ TeYeHUem
BpPeMEHM, ofHaKo ¢ fobaBneHnem macna pac-
TUTENbHOTO MPOUCXOXAEHNUA topmupyeTca
ycTOoM4YMBas BA3KaA NeHHas cucTema, Kotopas
He paspyllaeTcs npu ycnoBuu obecneyeHus
repMeTMYHOCTU CoCyAa XxpaHeHus (puc. 6 6).

Takxe B mpouecce MCCNeAOBaHWA pac-
cmMaTpuBanoch B3aMMOAeNCTBME (GTOPKeTOHA
1 6eHTOHMTOBbLIX rAUH (mapku MBMB). Mpwu
pobaBneHnn GTOpKETOHa B MEPHbIN LUNHAP,
coaepxawmin rauHonopowok (5 rpamm),

N panbHenwem nepemewnBaHnm He npo-
ncxoguno 06pa3OBaHVIH CyCcneH3nn: rnuHa

KOHUEHTPUPOBanach y OCHOBAHWUA UMAUHAPA,
BbITECHASA (DTOPKETOH B BEPXHIOK 4aCTb cocyaa
(puc. 7 a). B npouecce nepemelnBaHna rmHa
ocefiana Ha CTeHKax UMANHAPA, HO MO OKOHYa-
HUM 3KCMEPUMEHTA 0CTanacb B UCXOAHOM CO-
cTosHuu (puc. 7 6).

Takwe 6bin nMpoBefeH TecT no HaGyxaHuio
ranHonopotwka NBMA (Bbix. 18,0 M?/T) Ha dTop-
KeToHe. Pe3ynbTaT OKasancs HyneBbIM.

[na  nonydeHus amynbcumM  QTOpPKe-
TOH CMeWnBancA C PasiMyHbIMU CIMPTAMK
1 pacTBOpUTENAMK:

® PTOPKETOH pacTBOpsieTCs B pacteoputene

HE®PAC C2 80/120. ins obpasoBaHusa pac-

TBOpa HeT Heo6X0ANMOCTY B MEXAHNYECKOM

Bo3aencteun. MNpu BBEAEHUM (BTOPKETOHA

WNpMLEeM OH PAaBHOMEPHO pacnpejensieTcs

no o6bemy pactsoputens, He 06pasys BUAM-

MO rpaHnubl pasgenequs das (puc. 8 a);

® Npu BBEAEHUN BTOPKETOHA B COCYA C U30-

NPONWUIOBbLIM CMNUPTOM MOSBAAETCA BU-

AMMas rpaHuua paspena ¢as, HO npw

MEXaHWYyeCcKoM nepemelnBaHu uinu npu

MCMONb30BaHUN LWeKepa MONYYEHHbI

pacTBoOp 0CTaeTcs OAHOPOAHbIM. B mpo-

Lecce CMeWnBaHNUsA BewecTB Bblfensercs

3Ha4YNUTENIbHOE KONMYECTBO rasa, 4to Ciy-

MUT AOKA3aTeNbCTBOM MPOTEKAHUA MEXAY

[BYMSs BeU|eCTBAMM XMMUYECKON peaxuum

(puc. 8 6);

® STUNEHTIMKONbL He BCTyNaeT B peaKuuio
¢ (hTOPKETOHOM, OAHAKO MPU UCMONb30Ba-

HUM WeiKepa npoucxoaut obpasoBaHue

MEeNKOAMCNEPCHON 3MYyNbCUM, KOTOpas

CO BpemeHem pacnajaercsi Ha UCXOAHble

KOMMOHeHTbI (puc. 8 B);

e npu gobasneHuu MIT (NOANITUNEHTANKONb)

n pesopuuHa obpasyercs ropasgo 6onee

cToiiKas amynbcua (puc. 8 1).

[anbHeiwas 3agadya  3akawyaercs
B nosbope MOBEPXHOCTHO-AKTUBHOIO Belye-
ctBa (MAB). MepcneKTUBHbIM TaKXe ABNAETCA
cOo3/aHNe 3MyNbCUN HA OCHOBE (BTOPKETOHa.
[ns 3T0r0 Heo6X0AMMO oCywecTBUTL noabop
amynbratopa. Mocne Bbibopa coctaBa amyJib-
cun B nabopatopun LleHTpa nepcnexkTMBHbIX
MccnefoBaHnin U MIHHOBALMOHHBIX pa3paboTok
TIOMEHCKOTO MHAYCTPUANbHOTO yHMBEpCHUTETA
6yayT OCylecTBEHbl JanbHelle UCCNeA0Ba-
HWA pacTBopa ANs Mep3/biX NOPOA, B TOM YKC-
Nle CTPYKTYPHO-MexaHnyecKne, peonormyeckme
1 GuUNbTPaLMOHHbIE CBOICTBA, a TaKKe ynpas-
NeHNEe UMU.

Utorn
Ha OCHOBaHMM MONYYEHHBIX 3KCMEPUMEH-
TaNbHbIX [JaHHbIX MOXHO cAenatb cnegylwline
BbIBO/bl:
® M/I0THOCTb (hTOPKETOHA CYLLECTBEHHO YBe-
JINYNBAETCA C YMEHbLIEHNEM TeMMepPaTypbl,
YTO OrpaHMYMBaET ANaANasoHbl AOMYCTUMbIX
Temnepatyp NpUMeHeHUs B KayecTBe npo-
MbIBOYHOM HUAKOCTH;
® PTOPKETOH MHEPTEH K NNACTOBbIM dlonaam
11 FOPHBIM MOPOAAM (B 4AaCTHOCTM B OTHOLLE-
HUU BEHTOHWUTOBBIX FWUH KaK K UCTOYHUKY
OC/IOXHEHWI, CBA3AHHbIX C UX TMApaTaumne
1 HabyxaHuem);

Puc. 5. CmeweHue yucmeix #cudkocmed:

a — ¢pmopkemoH + okpaweHHas 800a;

6 — pmopkemoH + cbipas Heghmo;

8 — (hmopkemoH + pacmumenbHoe Macsao
Fig. 5. Mixing clean liquids:

a - fluoroketone + colored water;

6 — fluoroketone + crude oil;

8 — fluoroketone + vegetable oil

Puc. 6. 06pa3osaHue neHHbIX cucmem 8 npucymcmsuu pmopkemona:

a — dobasneHue 2eneobpasyrouje2o azeHma 8 cucmemy ¢pmopKkemoH-
Imynbeamop-800a ¢ 06pa3osaHuem Heycmolyusol neHsl;

6 — 2eneobpazyrowuli azeHm + cucmema pmopKemoH-myb2amop-800a
+ pacmumesnsHoe Macno ¢ 06pazosaxuem ycmoiiyusol 8A3K0L neHbl

Fig. 6. Formation of foam systems in the presence of fluoroketone:

a —adding a gelling agent to the fluoroketone-emulsifier-water system
with the formation of an unstable foam; 6 — gelling agent + fluoroketone-
emulsifier-water + vegetable oil system with the formation of a stable

viscous foam
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Puc. 8. CmewusaHue ¢gmopkemoHa co cnupmamu

Fig. 8. Mixing fluoroketone with alcohols

e 06nafaeT HU3KON TemnepaTypon KpucTan-
nusauum (-108 °C), asnsercs UHIM6UTOPOM
TENNoBbIX Peakunini 1 UMeeT HU3KMIA Knacc
onacHocTu [6].

BbiBOADI

MpoBeneHHbIE nccnefoBaHua no3BoNAT
NPeAnonoXUTb, YTO NpKU [anbHenwem usyye-
HWU  CBOWCTB  NepdTop3TUAU30NPONUIKETOHA
BO3MOXHO CO3AaHve MPOMbIBOYHON MMAKOCTU
AN KpUOreHHoro BypeHus, KoTopas Mo3BOaWT

ENGLISH

MWHMMU3MPOBATb PUCKU BO3HWKHOBEHWA OC-
JIOXKHEHWIA, CBA3@HHBIX C pacTenseHnem TONWu
MHOrONETHEMEP3MbIX NopoA. B panbHeiiwem
nnaHupyloTca paboTbl No 6onee AeTanbHOMY MC-
Clle[0BaHNI0 NpoLeccoB ncnaperns (B ocobeH-
HOCTU MpOBeAEHUEe TECTOB NpK OTpULATENbHbIX
Temnepartypax), onpefeneHunto nIoTHOCTU Belye-
cTBa B Gonee WWPOKUX npejenax Temneparyp,
nof6opy amynbratopa Afs co3aaHnsa yCTonunBoii
3MYNbCUU M PEAreHTOB AN NPUAaHUA He0OX0AM-
MbIX TapameTpoB NPOMbIBOYHOMN HKUAKOCTH.
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Results

Based on the obtained experimental data, the following conclusions can

be drawn:

e the density of fluoroketone increases significantly with decreasing
temperature, which limits the range of permissible temperatures for

use as a flushing fluid;

o fluoroketone is inert to formation fluids and rocks (in particular,
in relation to bentonite clays as a source of complications associated

with their hydration and swelling);

Conclusions

The studies carried out suggest that further study of the properties

of perfluoroethylisopropyl ketone can create a drilling fluid for cryogenic

drilling, which will minimize the risks of complications associated with
thawing of permafrost strata. In the future, work is planned on a more

detailed study of evaporation processes (in particular, testing at negative

temperatures), determining the density of a substance in a wider range
of temperatures, selecting an emulsifier to create a stable emulsion and

reagents for imparting the necessary parameters of the flushing fluid.

® has a low crystallization temperature (-108 °C), is an inhibitor
of thermal reactions and has a low hazard class [6].
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