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BBEJAEHUE

Kak mnoxasplBaeT MUpOBasi NPAKTHUKA, OCHOBHOM IPUYMHON HEIOCTHKCHUS
IUTAHUPYEMOTO J1eOuTa HEPTH SBISETCS 3arpsi3HEHUS MPU3a00HHOM 30HBI TUIacTa U3-
3a HEraTMBHOI'O BO3/eWcTBUsS OypoBoro pactopa. JlaHHbIl npouecc 00ycClIOBIEH
BO3/ICIICTBUEM (MIbTpaTa pacTBOpa Ha NOPOIy-KOJUIEKTOp. BcenenctBue sToro
BO3JIEHICTBHE MPOUCXOIUT pa30yxaHUe NOPOAbl U YMEHbIIEHHE NpoHUIaeMocTH. [lpu
ATOM HETAaTHBHYIO POJIb TAK € UTPaeT U TBepaas ¢a3za OypoBOro pacTBopa, KOTopas
3aKyNOPUBAET KaHAJIbI, 10 KOTOPBIM MOET MPOUCXOAUTh (PUIbTpALs HEPTH.

B nocnennee Bpemsi HaumOONBIIMM HMHTEPECOM O0IaJal0T OE3TJIMHHUCTHIE
OypoBblE€ pacTBOpbl C J00aBKaMuU OHOINOIMMEPOB, TaK KaK OHHU, Kak IpaBuio,
COJIep>KaT UHTUOUTOP HAOyXaHUS TJIMH, TaK K€ OHU 00JIaal0T JOBOJIBHO OOIIMPHOM
00J1aCThIO IPUMEHEHHS.

Lenpto  maHHOM  pabOTBl  ABIAETCS  OLEHKAa  (QUIBTPALMOHHBIX U
PEOJIOTUYECKUX CBOMCTB OE3MIIMHUCTBIX OHMOIMOJIMMEPHBIX OYypOBBIX pPacTBOPOB B
3aBUCUMOCTH OT KOHLEHTpPAIMU U Pa3HOBUIHOCTU Kpaxmana.

B kayecTBe 00BEKTa MCCIEIOBAHUA PACCMATPUBAIOTCS PEOJOTUUYECKHE H
(GuIbTpalMOHHbIE CBOMCTBA, a MPEAMETOM HCCIIEIOBAHUS SBIISETCA OC3IJIMHUCTHIN
OHMOIIOIMMEPHBIN OYPOBOI PacTBOP.

[IpakTnueckas 3HaunmocTh pe3ynbTaToB BKP HampaBimena Ha Bblgauy
PEKOMEHIalluu MO ONTUMAaJIbHOM KOHUEHTPAaUUU W MOAM(PHUKAIUMN KpaxMaJbHOTO

arcHra.



1 Ananu3 3arpsi3HeHUs NPU3a00HON 30HBI IJIACTA

3arpsi3HEHHE TPOJYKTUBHBIX IIJJACTOB OYpPOBBIM pPacTBOPOM BO BpeMms
OypeHHs] HETaTUBHO CKa3bIBACTCSI Ha 3allyCKe CKBAXXMHE M TMOCIEAYIOIEH ee
sKcIUTyatanuu.  ['eodusnyueckne  WCCAEAOBAHHWS  TMOKa3bIBAlOT, 4TO B
HU3KOMPOHUIIAEMOM  KOJUIEKTOpe (QuibTpaT OypoBOrO pacTBOpa MPOHUKAET
3HAYUTEIBHO TIy0Xe, 9YeM B BBICOKOTPOHHUIIAEMOM KOJUIEKTOpPE. ITO OOBICHACTCS
BpeMeHeM 00pa30oBaHUs TJIMHUCTON KOpku (pucyHok 1). B komiekTope ¢ HU3KOU
MIPOHUIIAEMOCTHIO (QUIIBTPAIIMOHHAS KOPKA 00pa3yeTcst MeJIEHHee, MEHee MpoYHas u

JIETKO pa3pylliaeMa MEXaHUYECKUM BO3EHCTBUEM OYpOBOTO MHCTPYMEHTA.

Pucynox 1 — O6pazen GpunbTpariioHHON KOPKU

OunbTpanysa U3 IiacTa B CKBOXHHY U U3 CKBOKHWHBI B IUIACT MIPU OypeHUU
HU3KOTIPOHUIIAEMOTO  KOJUIGKTOpa TMPOMCXOAUT M3-32 OTCYTCTBHUS  IPETrPaJIbI
(MOMYyTPOHUTIAEMOM TIIMHUCTON KOPKH), 00beM (UIBTPYIOMICHCS KUIKOCTH 3aBUCUT
OT JUTUTETLHOCTH TIPOIIecca W BEJIMYHMHBI MEepernaja JaBJICHUS B CUCTEME «CKBaKHWHA-
wiact». s yMmeHbIIeHHs MaHHOTO o0beMa IeNecOo0O0pa3sHO CHHU3UTh BEIUYUHY
penpeccur 10 MHUHUMyMa, a [JIi TIOJIHOTO TPEAOTBpAIICHUS 3arpsi3HCHUS
npu3ab0IHOM 30HBI TTacTa HEOOXOUMO CO37aTh HE3HAUYNTEIIBHYIO JICTIPECCHIO.

Ha pucysnke 2 npezicraBieHa MOJieib CTpOEHUE TPU3a00MHON 30HBI IJIACTA.



=" :3 TEEE T F ¥ n Re

|n—‘|

Re

R

o

A

Pucynok 2 — Mogens ctpoenus [I311: 1 - crenka cTBona CKBaXKUHBIL; 2 -
[JIMHKUCTAs KOpKa; 3 - 30Ha KOJbMaTaluu; 4 - 30Ha MPOHUKHOBEHUS (pUiIbTpaTa
OypOBOI0 pacTBOpa; 5 - HETPOHYTHI MaCCUB TOPHOM MOpoibl; R - paauyc

IPOHUKHOBEHUS (husbTpaTa OypOBOrO pacTBOPA; I'C - pauyC CKBAKUHBI.

@akTOophl, BAUSAIONINE HA CTeNeHb 3arpsizHenus [1311:

- pasHulla AaBjieHUN (3aboitHOro u miactoBoro). C pocTrom Tmepemnaaam
JaBJieHUE TIyOMHA MPOHUKHOBEHUS (PUIIBTpATa YBEIMUNBACTCS.

- INIOTHOCTH (C OJTHOM CTOPOHBI IJIOTHOCTh OYPOBOTO PacTBOpa JOJIKHBI ObITh
BBICOKOUW JIJIsl IPEOTBPAIICHUH O0BaJIOB, OCBINEH CTEHOK CKBAXXUH U ISl CO3JIaHUS
MPOTUBOJABIICHUSI HA TUIACT, C JIPYrodl CTOPOHBI, OypOBOW pPACTBOpP C BBICOKOU
MJIOTHOCTBIO HETATUBHO 00JIee HMHTEHCUBHO 3arps3HsAET MPU3a00iHYI0 30HY).

- BA3KOCTb. JIaHHBIN PEOJIOrMYECKUN ITapaMeTp ABJISAETCS OAHUM U3 OCHOBHBIX
napameTpoB OypoBOro pactBopa. Bs3kocTh 10omkHA OBITH TaKOM, YTOOBI MIJIaM JIETKO
BBIHOCHUJICS Ha TIOBEPXHOCTh OypOBBIM pacTBOpoM. HU3KOBsI3KMIT OypOoBOM pacTBOp
HE CHOpPaBUTCS C JaHHOW 3amadedl u OyJeT 3HAYMTENIBHO MPOHUKATh B TIJIACT.
BricokoBsizkuii OypoBoil pacTBOp HE OKa3bIBAE€T CUJIBHOTO BIUSHUS Ha KOJIbMATAIHIO
nJacTa, HO IPU 3TOM HE CIPABUTCS C 3a7a4eil BIHOCA IILJIaMa.

- BOJOOTAaua (HalW4yhe BOJHOM (pa3bl B OypOBOM pacTBOpPE OKa3bIBAeT
HeraTuBHOE BiusHUE). C 1eIbl0 MUHUMH3AMK BIMSHUS BOJHOM (Da3bl HA KOJIJIEKTOP

B OypOBO#1 pacTBOp MOOABISAIOT Pa3TUYHBIC MHTHOUTOP HAOYXaHMUS.



- MPOJOJHKHUTENBHOCTh TpoIecca BCKPBITUS KoiuiekTopa. C yBelIn4eHHneM
BPEMEHHU BCKPBITUS TPOIYKTHBHOTO WHTEPBAIA YBEIMYUBACTCS BPEMs BO3JICHCTBHSI
OypoBOT0O pacTBOpa Ha IIACT, TEM CAMbIM YBEJIMUMBAETCS CTETICHb 3arpsI3HEHMS.

Hannass mpo6nema 3arpsizHenust [13I1 mmacra ocoOeHHO akTyanpHa MpH
IPOBEICHUM OTepaly 3ape3ku 00koBoro crBoisia ckBaxuHsl (36C). OT1o cBs3aHO ¢
HEOOXOIMMOCTBIO TMOJEPKUBATH BBICOKYIO IUIOTHOCTH OypOBOTO pacTBOpa Jyis
NpeOTBPAICHHST 00BAIIOB CTEHOK CKBaXHHBI, Beab Oypenue 3BC 10 xoutekropa u
B HEM IIPOMCXOUT Ha 0JTHOM OypoBoM pactBope. Hampumep, npu Gomnbiiom OypeHnn
UCTIONB3YIOT pa3JelIbHOE BCKPHITHE (OypeHHE MPOUCXOAMT JIO KPOBIHU KOJUIEKTOPA,
3aT€M TIPOM3BOJIAT OIEPAIMI0 IO CIYCKY OKCIUTyaTalldOHHOW KOJIOHHBI H €€
[IEMEHTaX, TIIOCJIe TMPOUCXOAUT CMeHa OypoBOTO pacTBOpa U  BCKPHITHE
npoaykTuBHoro nurepsana). Ha 3bC pasnenbHoe BCKPBITHE HEIIEIECO00pa3Ho U3-3a
YMEHBIICHUs JUaMeTpa CTBOJA CKBaXHHbI W KaK CIEICTBHE CHIKCHUS e
IPOJTYKTUBHOCTH.

1.2 Metoabl 60pb0bI ¢ 3arpsisHenueM 1311

3arpsi3HEHHE NPOAYKTUBHBIX IJIACTOB OYpPOBBIM PACTBOPOM BO BpeMs
OypeHMsT HETaTUBHO CKa3bIBAeTCsl Ha 3allyCKe CKBAXKWHE W MOCIEYIOIIEH ee
DKCIUTyaTaluH. ['eopusnueckne  ucciaeoBaHUs  MOKa3bIBAIOT, 4yT0 B
HU3KOIMIPOHUIIAMBICH  KOJUIEKTOp  ¢GuiabTpaT OypoBOro pacTBOpa MNPOHUKAET
3HAYUTENIbHO TJIy0)ke, YeM B BBICOKOIPOHHUIIAEMOM KOJUIEKTOpE. DTO OOBSICHAETCA
BpeMeHEeM o0pa30oBaHusA TJMHUCTOM KOpKH. B Komjnekrope ¢  HU3KOU
IPOHUIIAEMOCTBIO KOpKa oOpa3yeTrcs MeAJieHHee, MeHee NpoYyHash U JIETKO
pazpyliaemMa MeXaHH4eCKUM BO3/eiicTBIEM OypoBOTO MHCTpyMeHTa. DuibTpanus u3
mjacTa B CKBOXHMHY M W3 CKBaXHUHBI B IUIACT MpU OypeHUH HU3KOIMPOHUIIAEMOIO
KOJUIEKTOpa MPOMCXOAMT M3-3a OTCYTCTBUSL Iperpaisl  (MOIYNPOHULIAEMOM
IJIMHUCTON KOPKH), 00beM (QUIBTPYIOUIEHCS MKUIAKOCTH 3aBUCUT OT JJIMTEILHOCTH
Iporecca M BEIMYMHBI IIepelana AaBlIC€HUs B CHUCTEME «CKBaXMHA-macT». Jlis
YMEHBILIEHUsI JAHHOTO OO0BbEMa ILEIeCO00pPa3HO CHU3UTH BEIWYHHY PEMPECCHH 0
MUHUMYMa, a JUIsl IOJHOTO MPEJOTBPAIICHUs 3arpsA3HEHUs NpU3a00MHON 30HBI

iacra H€O6XOI[I/IMO CO3/1aTb HC3HAYUTCIIbHYIO ACIIPCCCHUIO.



@daxkTopsl, BAUSAIOIIME Ha cTeneHb 3arps3nenus [1311:

- pa3HWIa maBieHW (3a0orHOTO M MIacToBoro). C pocToM mepemnaaam
JaBJIeHUE TITyOMHA MPOHUKHOBEHUS (PUIIbTPATA YBEIUUMUBACTCS.

- IJIOTHOCTH (C OJTHOM CTOPOHBI INIOTHOCTH OYPOBOTO PACTBOPA JOJIKHBI OBITH
BBICOKOU M1JIs1 TIPEOTBPAIICHUU 00BAJIOB, OCHINIEH CTEHOK CKBAKUH W JJIs CO3/IaHUs
MPOTUBOJABIICHUSI HA IUIACT, C JIPYrod CTOPOHBI, OypOBOW pPAcCTBOpP C BBICOKOU
IJIOTHOCTBIO HETATUBHO 00JI€€ HHTEHCUBHO 3arps3HAET NPHU3a00MHYIO 30HY).

- BS3KOCThb. JIaHHBIM pEONOrMYECKUI IapamMeTp SBISIETCA OJHHUM U3
OCHOBHBIX MapaMeTpoB OypOBOTO pacTBOpa. Bs3KoCTh OMKHA OBITH TaKOW, YTOOBI
[UIaM JIETKO BBIHOCWJICS Ha IOBEPXHOCTh OYypOBBIM pacTBOpoM. HuskoBsA3Kuid
OypoOBOIl pacTBOp HE CIPABUTCS C AJAHHOH 3a/1adeil U OyJeT 3HaUUTEIbHO MPOHUKATh
B IJIACT. BBICOKOBSI3KMI OypOBOM pacTBOpP HE OKAa3bIBAET CHUJILHOTO BIMSHUSA HA
KOJIbMATaLMIO IJIACTa, HO IIPH 3TOM HE CIPABUTCS C 33a4€il BBIHOCA IJIaMa.

- BOJOOTAaua (HaiM4yue BOJHOM (a3l B OypOBOM pPACTBOPE OKAa3bIBAET
HeraTuBHOE BiMsHUE). C 1enbl0 MUHUMH3AlMU BIMSHUS BOJIHOM (ha3bl Ha KOJIJIEKTOP
B OypOBO#1 pacTBOp A00ABISAIOT pa3IUYHbIC MHTHOUTOP HAOyXaHMUSI.

- TPOJOJIKUTEIBHOCTh Ipollecca BCKPbITUS KoiuiekTopa. C yBeIM4YeHUEM
BPEMEHHU BCKPBITHS MPOAYKTUBHOIO MHTEPBAJIA YBEIMYHMBAETCS BPEMs BO3JAECHCTBUS
OypOBOro pacTBOpa Ha IJIACT, TEM CaMbIM YBEJIMYUBAETCS CTETIEHb 3arpsI3HEHUSI.

Hannas npoOsema 3arpsisHenus [I3I1 mmacra ocoGeHHO akTyanbHa MpU
MIPOBEICHUH OTIEPAINK 3ape3ku 00KOBOTO cTBoJIa ckBakuHBI (3BC). DTO cBsizaHo ¢
HEOOXOJAMMOCTBIO TO/JIEPKUBATh BBICOKYIO IUIOTHOCTH OYpOBOTO pacTBOpa AJis
npeoTBpalieHus 00BajIOB CTEHOK CKBakUHBI, Beab Oypenue 3bBC o koiekTopa u
B HEM IMPOUCXOAUT HA OJHOM OypoBOoM pactBope. Hampumep, ipu 60sb1110M OypeHun
UCIIOJIb3YIOT pa3lieNibHOE BCKpBITHE (OypeHHEe MPOUCXOAUT 0 KPOBJIU KOJIJIEKTOPA,
3aT€éM NPOU3BOAAT OMNEPALMIO [0 CIYCKY 3KCIUIyaTallHOHHOM KOJIOHHBI M €€
HEMEHTaX, TMOcJe MPOUCXOTUT CMeHa OypoBOTO pacTBOpa M BCKpBITHE
npoayktuBHoro untepsaia). Ha 3bC pasznenbHoe BCKpbITHE Hellelecoo0pa3Ho U3-3a
YMEHBUIEHUSI JMAMETPAa CTBOJIA CKBAaXUHBI W KaK CIEICTBUE CHWXKEHHUS €€

MMPpOAYKTUBHOCTH.



B kauectBe metomoB OopbObl mpu kompMmaTiuu I[I3I1 mpumensitor I'PII,
KHCIIOTHYIO 00pa0OTKy M MPaBUILHO MOAOOPaHHYIO perentypy OypoBOro pacTBopa.
['PII npumeHsIOT /1S yBeNIMYeHUsI He(DTEOTAauu MIACTOB HE TOJIBKO B KOJUIEKTOpaX C
3arpsi3HEGHHOW TPU3000iHONW 30HBL. KucimotHas o0paboTka MOXKET HaHECTH
3HAQUUTENBHBIN BpEJ OSKCIUIyaTallMOHHOM KOJUIOHE, IpPU 3TOM 3Ta ONEpaluu
HKOJIOTHYECKH Hebe3omacHa.

Jlis ToJIy4YeHUs] MaKCUMAJIbHOTO KO3 PHUIIEHTa TPOAYKTUBHOCTH CKBaXHH
1esnecoo0pa3Ho KaueCTBEHHO M0100paTh pelenTypy 0ypoBoro pacTBopa.

1.3 Kucaornast 00padorka

MeToa KUCIOTHOTO BO3JEHCTBHUS Ha KOJUJIEKTOP C LIEJIbI0 MHTECHCHU(PHUKAIUU
He(dTeT00bIYM NOTYUYnI IHUpoKoe npuMeHeHus Kk 30-m rona 20 Beka.

B 1940 r. Komnanus Dowell nposena nepByro 3p(eKTHBHYIO KHUCIOTHYIO
00paboTKy KosuiekTopa. JKUAKOCTBIO BO3JEUCTBHS SIBISUIACH Tpsi3eBas KHUCIOTa
(rmuHOKHMCHOTA) — cMech HF m HCL.

B oredyecTBeHHOI MpakTHKE MEPBbIE YCHEIIHbIE PE3YIbTaThl ObLIN MOJyYEHBI
cnequaniucramu BHUWuedTs (1949 — 1956 r.r.). Ilpu onbITHO-IPOMBIIIIEHHBIX
UCHBITAHUSAX B HEKOTOPBIX CilydasX HaOJI0aIoch JECATHUKPATHOE YBEIUYEHUE
neoura.

Meron CKO nampasneH Ha yBennueHue u BoccraHoBieHue @EC mmacra,
KOTOpBIE YXYAIIAIOTCS B IMPOLIECCE CTPOUTENBCTBO U paboThl CKBaxuH. [lpu
NPOBEICHUH ONEpalUMd KHUCIOTHOTO BO3JEUCTBHS MPOUCXOAUT PACTBOPEHUE
BEILECTB, KOTOPBIE 3arPsI3HAIOT IOPOBOE MPOCTPAHCTBO KOJUIEKTOPA.

Beibop  KHAKOCTM  BO3JEHCTBUSL  SABJIETCS  OCHOBHBIM  3TarioM
npoektupoBanust CKO. Heo6xoqumMo yuuThiBaTh ciieytronuiue GakTophbl:

- MUHEpAJIOTus IJ1acTa;

- TEeMIIepaTypa;

- HEOJHOPOJHOCTh U IIPOHULIAEMOCTb KOJUIEKTOPA;

- TUI 3arpsA3HEHHE MPU3a00NHOM 30HBI;

- UCTOpUA pa60T 110 XHUM. BOBI[@ﬁCTBPIIO Ha 11J1acCT.



B cayuae HEKOppeKTHOro mOmOOpa MKHUIAKOCTH BO3JACUCTBUS BO3MOXKHO
3HAYUTEILHOE CHUKEHUE MPOAYKTUBHOCTH CKBAKUHBI.

[Tpuunnb HeA(DPEKTUBHOCTU BO3ICHCTBUS:

- o0pa3oBaHHME OCAJKH TPU B3aUMOJCHCTBUU MHHEpaJia KOJUIEKTOpa U C
KHUCJIOTOM;

- HECOBMECTUMOCTb TUIACTOBOM BOJABI U JKUJKOCTH BO3JICUCTBUS;

- 0CaJI0K COECIMHEHUH KENe3a.

C uenpio mpenoTBpaIIeHUs] HETaTUBHBIX A()(PEKTOB B KUCIOTHBIE COCTABbI
BBOJISIT JONOJHUTENbHbIE peareHThl: [IAB (IMOBEepXHOCTHO-aKTUBHBIE BEIIECTBA),
UMEIOIME pa3Hble (PYHKIMOHAIbHBIE Ha3HAUeHUs (MHTUOMTOPHI  KOPPO3HH,
JIEAIMYJIBraToOphl, a TaK K€ MOHU3HUTENIN MEeXK(})a3HOTO HATSKEHUS) U OPraHHUYECKHUE

pactBopuTtenu [4].



2  Buabl 0ypoBBIX pacCTBOPOB

CoBpemeHHasl KilacCU(UKAIKs BKIFOYACT CICAYIOIINE BUIIBI )KUAKOCTESH IS
IPOMBIBKH:

1. PacTBOpBI Ha OCHOBE BOJBL. B 3Ty KaTeropuio BBLIEISIOT OC3TITMHUCTHIC
COCTaBbl (TEXHHYECKas BOJa, PACTBOPBI, CYCIIEH3UU H CpPEACTBA HAa OCHOBE
MOJMMEPOB), TJIMHHUCTHIE BELIECTBA (HA OCHOBE IMPECHOW, MHHEPAIBHO BOJE,
THIICOBBIC, TIMHSHBIC ¥ XJIOPHBIE PacTBOpPHI) [6]..

2. PactBOppl Ha HEBOJAHOH OCHOBE: COCTaBbl C YIJIEBOAOPOAAMH,
HePTENPOIYKTaMU C MUHUMAIILHBIM COJIepKaHUEM Ta3a.

3. XunkocTtu a’pupoBaHHOTO THIIA, IEHBI.

4. T'a3000pa3HbIe pearcHTHI.
S.

2.1 Texnuueckast Boaa

B cayuae otcyrcTBus (IIOUIONPOSIBICHUM HA HETJyOOKHUX CKBaXMHAX
CaMbIM JIOCTYITHBIM U JCIIEBBIM areHTOM SIBJISIETCS TEXHMUECKOU BOJIa, KOTOpasi Tak
MOXXET SIBIIATHCS JUCTIEPCHOW CpPEIo JUIsi TOJy4eHHs OypOBBIX PAcTBOPOB Ha
BosiHOM ocHOBe (PBO).

KadectBo TexHMueckoil BOAbI TpPU OypeHHUHU OMPENESETCS COCTaBOM U
CTETICHBIO MUHEPATN3AIINH, a TaK Ke >KECTKOCTHIO.

[To cremenn MuHEpaTU3aIMU MPUPOIHBIC BOABI Pa3ICIAIOTCS Ha 4 TPYIIHL:
npecubie (1m0 1 r/1), comnonoBateie (1...10 r/m); conensie (10...50 r/m), paccossl
(6omee 50 r/m).

Pearenramu mis cmsardenus sxectkoctd Boabl sBisirorcs NaOH, Na,CO; u
N3.3P04'10H20.

[IpeumyuiecTBa TEXHUYECKOU BOBI:

- Hu3Kas Bsi3kocTh (1 mIla-c mpu t = 20,5 °C);

- Hu3Kast wioTHOCTH (1000 Kr/M°);

- BBICOKASI OXJIAXKAIOMIAsT CIIOCOOHOCTD.

HenocraTtku TeXHUYECKON BOJIBI:



- HE yAEpKUBAET IIJIaM BO B3BELIEHHOM COCTOSIHUU B MPOMEXKYTKaX MEXKIY
HUPKYJISIUSMU;

- BBI3BIBACT MHTEHCUBHYIO TUPATAIUIO TIINH;

- BBI3bIBACT HA0yXaHUE U JUCTIEPTUPOBAHUE TJIMHUCTHIX MOPO/I.

- 3aMep3aHue BOJIBI PU OTPHUIIATEILHON TeMIIEpaType.

Ha ocHOBe BHINICTIEPEUNCICHHBIX MPEUMYIIECTB U HEIOCTaTKOB MOXKHO
clenaTh BBIBOJ OO0 YCIOBHSIX MNPUMEHHMMOCTH TEXHUYECKOW BOJABI B KaueCTBE
OypoBoro pactBopa. [IprMeHeHre BOJbI 11€51eco00pa3Ho Mpu OypeHUU HErIyOOKHX
CKB2)KUH B TBEPJIbIX HETJIMHUCTHIX MOPOJIaX KapOOHATHO-TIECYAHOTO TUTIA, 4 TAKXKE B
TUICAaX ¥ BOJJOHOCHBIX TOPU30HTAX.

Bo BpeMs NpOHUKHOBEHHS BOABI B MPOJYKTHBHBIA IJIACT PE3KO CHUYKACTCS
X HeTeooTnauya M3-3a BOJHOTO Oapbepa W 0Opa30BaHUS YCTOWYMBBIX SMYJIbCHM,
KOTOpBIE MPENATCBYIOT HNPUTOKY He(TH B CKBaXUHY. JlaHHBIE mOCIEnCTBUA
3HAYUTENIbHO 3aTPYAHAIOT OCBOCHHUE U BBOJ CKBa)XKUHBI B 3KCILTyaTalIUIO.

[IponnkHOBEeHHME BOABI B NPOAYKTHBHBIA IIJIACTBI PE3KO CHIDKAET WX
He(dTeoTaauy BCIICACTBUE CO3/aHMS BOJASHOTO Oaphepa U 00pa3oBaHUS YCTOWYHMBHIX
BOJOHE(TAHBIX JIMYJIbCHHA, MPEMATCTBYIONINX MPHUTOKY HE(PTH B CKBAXKWHY, YTO

CCPBC3HO 3aTPYAHACT OCBOCHHC U BBOJ CKBA’KMH B OKCILITyaTallHio.

2.2 BoaHble pacTBOPbHI MOJUMEPOB

[TouMepHBIMU SIBISIFOTCSI BOJHBIE PACTBOPHI BELICOKOMOJICKYJISIPHBIX BEIIECTB
(akpunaToB,  MOJUCAXapUIOB),  MOJEKYJIbl  KOTOPHIX  MOCTPOEHBI  IyTEM
MHOTOKPaTHOI'0 MOBTOPEHUS OJHOTO U TOTO K€ 3BeHa (MOHOMED).

Ecniu B Monekylie MNpUCYTCTBYIOT HECKOJbKO MOHOMEpPOB, TO TaKoe
BBICOKOMOJIEKYJIsipHOE BellecTBO (BMB) Ha3zbIiBaeTCsi COMOJIMMEPOM.

BMB 6bIBatoT ABYX BUJIHO: TOJIUAIEKTPOIUTHI U HEIJIEKTPOJIUTHI.

[TonusnexkTponuramu SBJIAKOTCA PEAareHThl Ha OCHOBE BOJAOPACTBOPHUMBIX
3(UPOB LEIUTION03b], a TaK K€ HAa OCHOBE aKPUJIOBBIX IMOJTUMEPOB.

HCBJIGKTpOJII/ITaMI/I SBIIACIOTCA PCArCHThbl HA OCHOBC Kpaxmajia.



[TomumepHbie  pacTBOpPBHl  O0JAMAOT  LEIABIM  PSJAOM  YHHKAJIbHBIX
XapaKTePUCTHK:

- OoJiblIasi MOJIEKYJIIpHAsE Macca;

- OoJpIIIOE MHOT000pa3ne MOJIMMEPOB;

- YIOBJIETBOPUTENbHAS TPOYHOCTD LIETTH MAKPOMOJICKYJT;

- TIOBEpXHOCTHasi aKTUBHOCTb (CIOCOOHOCTh K MEXKMOJCKYJIIPHOMY
BO3JICHCTBUIO);

- TICEBJOIUIACTUYECKUM peXuM TeueHud. Hampumep, mnpu  TeueHUU B
HacaJKax JI0JI0Ta BSI3KOCTh MOJMMEPHOTO PACTBOpPA MPHUOIIIKAETCS K BI3KOCTH BOIBI,
YTO MUHHMH3UPYET TUAPABINYECKUE COMTPOTUBIICHHUS.

- CMOCOOHOCTh K 3¢ deKTUBHOMY paspyiieHus ropubeix mnopoj B I13I1 uz-3a
OBICTPOTO MPOHUKHOBEHHS B 00pa30BaHHBIC TPEIIMHBI HU3KOBSI3KOTO MOJIUMEPHOTO
pacTBopa;

- BO3MOKHOCTb PeryupoBanHus qudPpepeHnanabHoro JaBieHus;

- XOpOIINe CMa3bIBAIOIIME CBOWCTBA M MPOTHBOM3HOCHAS CITIOCOOHOCThH M3-3a
oOpa30oBaHUl MMPOYHOU TUICHKU Ha OYPHIBHOM HHCTPYMEHTE;

- BBICOKAsi HHTHOMPYIOIIAst BO3MOKHOCTh

[Ipyu  BCKpHITMM  TPOAYKTUBHOTO  TOPU30HTA  MOJUMEP  YaCTHUYHO
OT(QUIBTPOBLIBAETCSI HA TPAHUIIE CKBAXKMHA — IJIACT, IPU 3TOM OH 00pa3yeT HU3KO
MPOHHUIIAEMYI0  (QUIBTPAIMOHHYID  KOPKY HW  YacTHYHO  TPOHUKACT B
OKOJIOCKBAKMHHYIO 30HY IPOJYKTHUBHOTO Iiacta [4]. M3-3a OTCYyTCTBUSI CUMMETPUU
MOJIEKyJIa TIoJIMMepa SBISETCS OUTONSApHON. [ TMHUCTBIE MUHEPATIBI, COACPKAIIUECS
B IIPOJYKTUBHOM IUIACTE TaK K€ IMOJSAPHBI. ECIW TIWHBI HAXOIATCS B KOHTAKTE C
KHUIKOCTSIMHU, PACTBOPAMHU, COJCPKAIIMMH TOJISIPHBIC BEIIECTBA, TO OTPUIIATEIHHBIC
IEHTPHl Ha TJIMHUCTBIX MHUHEpAax MPHUTITHBAIOT IIOJOKUTEIbHBIC IICHTPHI
MOJISIPHBIX BEIIECTB OKPYKAFOMICH JKUIKOCTH.

Takum oOpa3om, mnoguMep, HAXOASCh B TOPOBOM TPOCTPAHCTBE U
a7IcopOoHpysICh HA TTOBEPXHOCTH MOPOBOTO KaHaia, Cy>KaeT €ro, TEM CaMbIM, CHUKas
3¢ (EeKTUBHYIO MPOHULIAEMOCTb, C JIPYTOl CTOPOHBI, aACOPOUPYACHh HAa TIUHHUCTHIX

MHUHCpAJIaX, BXOAAIIUX B COCTAB KOJUICKTOpA, MPCAOTBpallacT UX TI'HApaTalluiO K



HaOyxanue. [IlpumMeHeHHME TONUMEpPHBIX PpACTBOPOB  IO3BOJSIET  CO3/1aBaTh
MaJIOMPOHUIIAEMbIE KOPKH, YMEHBIIAImue Quibpaiuo OypoBOro pacTBopa B
IJIMHUCTBIE MOPOABI U TEM CaMbIM, OOYCJIOBJIMBAIOIINE JJIUTEIBHYIO0 YCTOWYMBOCTD
CTEHOK CKBa)KHHBI.

OnTuManbHOM TOJUMEPHON OCHOBOM il OypOBBIX pPacTBOPOB CIIy>Katr
peareHThl MOJIMCAaXapUAHOM MPUPOABl — IPOU3BOJHBIE LEIUIIOIO03bI M Kpaxmaa,
KOTOpPbIE KpOME MEpPEYUCIECHHBIX BbIIIE MMPEUMYIIECTB IOJUMEPOB MPOSBISIOT
BBICOKME OJKCIUIyaTallMOHHBIE CBOMCTBA, OJHOBPEMEHHO JIETKO IIOJBEPraroTcs
pa3pyLICHHIO, COXPAHSIOT E€CTECTBEHHYIO IPOHMIAEMOCTh KOJUIEKTOPOB H
HEWUTpaJIbHBI IO OTHOLIEHUIO K OKpYy»Karouien cpene [6]. B mpouecce crpoutenscTBa
CKBAKUH IOJIMCAXapuAbl O00pa3yloT KOJbMATAl[MOHHBIM CJIOH, CHOCOOHBIN He
IPOITYCKaTh (PUIBTPAThl OYpPOBBIX M LIEMEHTHBIX PACTBOPOB B MPOIYKTUBHBIN ILIACT
U CO BPEMEHEM CaMOpa3pyIIAKTCs, TEM CaMbIM, BOCCTAHABIIMBAS €CTECTBEHHBIC
(GuIbTPAIMOHHBII CBOKCTBA KOJIEKTOPA.

Iupokoe pa3HOOOOpa3sue MOIMMEPOB B COCTaBe OypOBOrO pacTBOpa
MIO3BOJISIET COKPATUTh PACXOJ XMMHUYECKHX pPEareHTOB M MAaTE€pUajoB, YMEHBIIWTH
3aTpaThl (PU3WYECKOrO TpyJa, YTO CIOCOOCTBYET HKOHOMHUHU MaTepHAJIbHBIX
pECYpCOB.

HenocTtarku noJMMepHBIX pacTBOPOB:

- HU3Kasg CTOMKOCTh K BO3JEACHCTBUIO HOHOB KajblUsi U JPYTUx
MOJINBAJICHTHBIX METAJIOB;

- BBICOKAsi CTOUMOCTbh UMIIOPTHBIX MOJIMMEPOM;

- )le(bl/II_II/ITHOCTB OTCUCCTBCHHBIX PCArcHTOB.

2.2.1 Be3rJIMHUCTBIH OMonoJMMepHbIid 0ypoBoii pacteop Flo-Pro

Flo-Pro — OypoBoii pacTBOop misi OypeHHs TOPHU3OHTAIBHBIX CKBaKHUH C

OOJBIIMM YIJIOM HaKJIOHA.
OCHOBHBIM KOMIIOHEHTOM pacTBOpa sBJIAETCs OuononuMepHsle peareHT Flo-

Vis, ¢dopmupyromuii B pacTBOpe SYEHCTYIO CTPYKTYpy, KOTopas oOjaaaer

CBOMCTBaMH TBCPAOro TCjia B IMOKOC U IIPU CKOPOCTAX CJABHUIA, OMU3KHUX K HYJII0, 1



CBOMCTBAaMHU KMJIKOCTH IpPHU BBICOKMX CKopocTax casura. Ilomnep:xanme BHC Ha
onpenesieHHOM ypoBHe (Hampumep Bbimie 40000 wmllac s ropu3oHTaIbHBIX
CTBOJIOB) TapaHTHpPyeT TpeOyeMblil KpPUTHYECKHM ypOBEHb KOHLEHTpPaLUU
ouonoaumepa.

KoHTponb ypoBHS BOAOOTIaYM 00ECTIEUNBAETCS 3a CUET:

1) BBICOKOM BSI3KOCTH (pUiIbTpaTa;

2) > ¢eKkTuBHO MOJOOpAaHHBIM pa3MEPOM U KOHLIEHTpalMeW KOJIbMaTaHTa
(kapOoHaTa KaJblus);

3) mpou3BOIHBIM areHTOM Kpaxmaia - pearearom Flo-Trol.

JUisst  KOHTpOJdsl IIEJOYHOCTHM pPAcTBOpa MOTYT OBITh HCIOJIb30BAaHbI
kayctudeckas coga (NaOH), runpoxcun xanusa (KOH). Jlo6aBinenue Takux coiieid
kak NaCl, KCl, NaBr u ux KOMOMHalUMM HCHOJB3YIOTCS B pacTBOpe Ui
HOJIEpKAaHUSI ~ HEOOXOIMMOM  IJIOTHOCTH,  MHTUOUPYIOUIMX  CBOMCTB U

COBMCCTHUMOCTH C IIJTaCTOBBIM ¢)HIOH,Z[0M.

JloOaBrneHre CMa304YHBIX KOMIIOHEHTOB He TpeOyrorcs. brmaromaps
OTCYTCTBUIO TBEpOH (ha3bl U OOJIBIIOMY COACPKAHUIO TOIUMEPOB, KOIPDHUIIUECHT
TpeHus: He mpeBbimaer 0,2, B TO BpeMsl Kak Jjis OCHTOHUTOBBIX PacTBOPOB, OH
cocTtasisieT okoJio 0,3.

Hakormienne TBepmoi ¢as3bl B pacTBOpE MPHUBOAUT K BKIFOUEHHIO TBEPJIBIX
YacTHI] B CTPYKTYpPY, CO3JaHHYIO B pacTBOpe OHMOMOJIMMEPOM, YTO OTPHUIATEIHHO
ckazpiBaeTcss Ha BHC. Ilostomy, mpu wucnonb3oBanuu Flo-Pro, pexomenmyercs
OCHAIlleHHe OYpOBOW YCTAaHOBKHM XOPOIIMM OOOPYIOBaHWEM MO OYHMCTKE OYypOBOTO
pactBopa. Hecmorpss Ha Bbicokoe 3Hauenue BHC wu CHC, pomyctumo
WCITIOJIb30BAaHUE HA BUOPOCUTAX JIOCTATOYHO MEJKHUX ceToK - 150 - 165 memr.

MOXHO Takke BKJIIOYHTH B COCTaB OOOpyAOBaHHS IEeHTpUdyry, HO HaIO
OTMETHUTh, YTO €€ BKJIaJ B yJaJeHHE TBEpJoW (a3pl B JAHHOM CIIy4ae HEBBICOK,
BBHU Yy Bbicokoii BHC.

TemneparypHoe pazpylieHue OUOmoMMepa HAUMHACTCS TIPU TeMIlepaTypax
6omee 95°C. IIpum MHHHMATBHOH KOHLEHTpauuH Comd 3 %, 9TOT mpemer
YBEIIMYUBACTCSA /10 140°C. Jlo6aBka psila CrelUaIbHbIX peareHToB (PeryisiTopoB
pH, mormatuteneil kucimopoda, AHTHOKCHUAAHTOB M T.I.) TO3BOJISET TIOBBICUTH
cToiKOoCTh pacTBopa 10 150°C.

OneIT NpUMEHEHNUS:



- mpoOypeno 6osiee 2500 ckBaxkuH ¢ 1993 T;

- cpimie 200 ckBaxkud B Poccun ¢ 1998

- MUHHUMAJIBHBIM JUAMETP CTBOJA CKBAXKUHBI — 57 MM, MaKCUMAJIbHBIM —
444.5 mm;

- MAKCUMAJILHBIN 0TX0]1 320051 — 2600 M;

- MaKcUMaJIbHas 3a0oifHas Temreparypa - +190°C;

- penpeccusi mpu BCKpbITUU — 10 150 atm;

- IPOHUIIAEMOCTh KOJUIEKTOpa — 10 2 [lapcu;

- 6osiee 80 CKBa)XUH C UCMOJIb30BaHUEM (OPMATOB.

- Tekymue aeoutsl B 3an. Cubupu — g0 1700 1/cyT.

B xadecTBe moHM3UTENS GUIBTPALMU UCTIONB3YIOTCA (PUCYHOK 2.1):

- Flo-Trol (MomuduMpoBaHHBIH  THAPOKCUIIPONMIMPOBAHHBIA  HJIH
TPUITOKCUKIMPOBAHHBIN KpaxmaJl, peaBapuTebHbiii cuuthiil ¢ Fl0-Vis). Hanbomnee
3¢h(HEeKTUBEH B CHIILHO-MUHHUPATU30BAHHBIX perenTypax. TUimoBasi KOHIEHTPAIUH OT
0 10 22 Kr/™M°;

- Dual-Flo  (MomuduimpoBaHHBI  THAPOKCUIIPONUIMPOBAHHBIA U
KapOOKCUMETHIMPOBAHHBIA ~ Kpaxmall, NpeaBapuTesibHo cmuThii ¢ Flo-Vis).
OddexTuBeH B cllabOMUHEPAIU30BAaHHBIX WM TMPECHBIX pacTBOpax. Paszpaboran

CHEIUATBHO JUIS 3aKaHUYUBAHUS C TPABUMHBIM (QUITBTPOM.

FLO-TROL
Kapﬁn aT KaIbIlA

:0. ":0....0

ACoo i
nu.::o' 000000000 900

Pucynok 2.1- Ipunnun neiicteus Flo-Trol

B kadecTBe KOJbMaTaHTa HUCHOJB3YIOTCA KapOOHAT Kajbls (Haubomee
IMIMPOKUHN PACTIPOCTPAHEHHBIN KOJIBMATAHT, OOJBIION CHEKTP peUenTyp, pacTBOPUM

B KHJIICOTC, oOecreynBaeT HU3KYHO JIMIIKOCTb KOPKH WM HHU3KOC AAaBJICHHUC OTpPLIBA



KOPKH) WJIM TPaHyJUPOBaHHAS COJIb (TpeOyeT HACBIIIECHUS PAacTBOpPA, MUHUMAJIbHAS
IUIOTHOCTh pactBopa 1,35 r/cM’, HCIIONB3yeTCs NpH 3aKAHYMBAHHHE TPABHIAHBIM
bunbTpom).

Tunuunas peuentypa: Flo-Vis (ouonoaumep) — 0,6%, Fio-Trol (mpousBoaHas
kpaxmana) — 1,4%, kapoonat kanbims — 10%, KCl — 3-15%, NaOH (KOH) — no
pH=9,5-10) [6].

2.3 Boanwbie pacrBopsl IIAB

[IpuMeHeHrne CHHTETUYECKUX TMOBEPXHOCTHO-aKTUBHBIX BemlecTB (ITAB)
SBIIIETCSI HamOoJiee PacIpOCTPaHEHHBIM METOJIOM COXpPaHEHUS (QUIBTPAIMOHHO-
eMKOCTHBIX cBOMCTB (DEC) KoJuleKTOpa ¢ TEXHUKO-3KOHOMUYECKONW TOUKH 3PEHHUS.
N3meHenne (QU3MKO-XMMUYECKON OCHOBBI (UIIbTpaTa TO3BOJSET 0OECIEeUUTh
MUHHAMAJIFHOE YXYyIIIEHNE TPOHUIIAEMOCTH TIPOTYKTUBHOTO IIJIACTA.

TpebGoBanus k [1AB:

- IOJTHOE PACTBOPEHUE B BOJIE (IIJIACTOBOM U TEXHUYECKOM);

- CHW)KEHHE MEXK(]a3HOTO HATXKEHUS HaA TpaHuIle pasfena «puiabTpar—
He(DTh» IPU HU3KUX KOHILICHTPAIUSX;

- TOBBIINICHUE CMAYMBAEMOCTH TIOBEPXHOCTH KOJUIEKTOpa He(THIO
(runpodoObu3HMpyroIIKe CBONCTBA);

- HE3HAUMUTEILHO  aJcopOMpOBaThCA HA  IOBEPXHOCTH  KBapIICBBIX,
KapOOHATHBIX M TJIMHUCTBIX TTOPOSI;

- IpeJI0TBpaIlieHne 00pa30BaHMs IMYILCUN B MPU3a00HHOM 30HE U CHIDKCHHE
ee CTOMKOCTH B ciy4ae 00pa30BaHus;

- TIPEIOTBpAIICHUE KOATYJISIINN TBEP10i (pa3bl OypoBOTO pacTBOpa U Ijlama
Y TIPEIOTBPAIICHHUS BHIMAICHUS UX B OCAJIOK;

- CITOCOOCTBOBATh BCKPBITHIO TUTACTA PH MUHUMAJILHBIX 3aTpaTax;

- HE OKa3bIBaTh BIMSIHUS HA OCHOBHBIE TIApaMETPhl pacTBOPA.

I[TAB 1enecoobpa3Ho 100aBiATh B pacTBOp M Mepell BCKPHITUEM

IIPOLYKTUBHOIO IUIACTA.



2.4 ConeBble O0ypoBbIe PACTBOPbI

Boansie pactBopel coneii (NaCl, KCI, CaCl,, MgCl,) ucnons3yiorcs B
KAueCTBE OYMCTHBIX areHTOB B HHYKEIIEPEUHCIICHHBIX CITydasX:

- mpu OypeHUU B MHOTOJIeTHEMEP3JIbIX nopoaax (MMII);

- Ipu OYpEHUU B OTIIOKEHUSIX COJIEH;

- U1 TiyiieHust ckBaxkuH npu KPC;

- B KauecTBe OydepHO )KUIKOCTH MTPU TAMIOHUPOBAHUU CKBAKUH.

s Oypenust ckBaxkuH B MMII ucnonb3ytorcst conesbie pactBopsl NaCl,
nHorna u CacCl..

Konnentpanus coneit 3aBucut ot temriepatypst MMIL.

Hesamep3aromiue coseBble pacTBOPHI 001a/1al0T TAKMMH K€ CBOMCTBaMU, Kak
U TEXHMYECKas BOJA, HO B OTIMYME OT BOJABI UMEIOT 00Jie€ BBICOKYIO IUIOTHOCTh U
MOBBIIIEHHOE KOPPO3UOHHOE BO3ACHCTBUE HA METAILI.

ConeBble OypOBbIE PAcTBOPHI HE IesIecO00pa3Hbl NpH OYpEHHH B MEP3IbIX
NopoAax, CLIEMEHTUPOBAHHBIX JIBJIOM, B CBSA3U C TEMBI, YTO JAHHBIE COJIM BBI3BIBAIOT
TassHUE JbAa. JlaHHbIe pacTBOPbI 3PPEKTUBHO MPUMEHSIOTCS TOJBKO MPU OypeHHH
XOPOIIOCHEMEHUTPOBAHHBIX, IIOTHBIX, YCTOWYMBBIX MEP3JIBIX IIOPO/I.

[Ipy BCKpBITUM MOIIHBIX COJISSHBIX TOPU30HTOB C LIENbIO MPEIOTBPALLECHUS
oOpa3oBaHMsl TpEHNIMH M KaBEepPH HEOOXOJUMO HCIOJIb30BaTh  CJIEAYIOLINE
Pa3sHOBUIHOCTH COJICH:

- ipu BCKpbITHH ranuTa - pactBop NaCl;

- TIpY BCKpBITUH cHIIbBUHA - pacTBop KCI;

- Ipu BCKpBITHH Ouimodura - pactsop MgCly;

- Ipu BCKpbITHH KapHayuiTa - pactBop (KCI + MgCly).

IIpu yBennueHun TeMneparypsl B IJIACTE paCTBOPUMOCTh COJIEM BO3PACTAET,
CJIeIOBAaTEIbHO, B TIIyOOKHX CKBaKMHAX TMPOMBIBOYHASA JKUIKOCTh CIOCOOHA
PacTBOPSTH COJIb B OKOJOCKBaXMHHOM 30HE, a B BEPXHEHW YaCTH CKBaXKUHBI, T/I€ €€
TEeMIIepaTypa MOHMKAETCS - BBIAEIATh COJIb B BUJE KPUCTAJUIOB.

Takum 00pa3om, coseBbie OypOBBIE PACTBOPHI 11€71€CO00Pa3HO NMPUMEHSTh

IIPpHU BCKPBITUHNH COJIAHBIX IIJIACTOB B BCPXHUX MHTCPBAJIAX CKBAKUHBI.



2.5 PacTBOpHI Ha YIJIeBOAOPOAHOI1 ocHOBe (PYO)

OcHoBHOI1 xxunKocTh PYO sBisitoTcs HePTh WM JU3ETBbHOE TOILITUBO.

Kak npaBuiio, HeTh U €€ MPOIYKTHI ONPEAEIEHHOTO COCTaBA UCIOJIb3YIOTCS
B KadecTBe: qucnepcuoHHoi cpeabl PYO u ruipo@oOHBIX SMyNbCUH; TUCTIEPCHON
da3bl THIPOPUIBHBIX SMYJILCUH (B KaUeCTBE MPOTUBONPUXBATHON NOOABKU HaApsILy
C HEMOJSPHBIMU JKHAKOCTSIMH PACTUTEIBHOTO M KUBOTHOT'O IIPOUCXOKJICHHUS);
CaMOCTOATENbHBIX OUUCTHBIX areHTOB (UCIOJb3YETCs KpailHe PEaKO).

PYO oka3piBalOT MUHUMAJIIBHOE HETaTHUBHOE BJIMSIHHE HA KOJUICKTOPCKHUE
CBOICTBa IJIacTa, 00JaAat0T BBICOKOM TEPMOCTONKOCTBIO, HHEPTHBI 110 OTHOLLIEHUIO
K [JIMHUCTBIM [TOpoaM, 00J1a1at0T XOpoIlel cMa3blBarolleil cnocooHocThI0. OHaKO,
cTouMOoCTh PYO oueHb BBICOKA, OHU MOKAPO- U HKOJOTHUYECKHU OMacHbl. OTCYTCTBHE
OTPULIATENBHOTO BO3AecTBUS PYO Ha TIMHUCTBIE MUHEpabl KOJUIEKTOpA H
MUHUMaJIbHAs (UIbTpaAlUs B IUIACT MPUBOJAT K YIYUIICHUIO KA4eCTBA BCKPBITHS
IPOYKTUBHOIO IJIACTa.

Hucnepcuast ¢aza PYO: BBICOKOOKHCIEHHBIM OUTYM; THAPOOKHCH KaJIbIIHS
(CaO); rnmHa, B TOM 4mCiIEe OPraHoOCHTOHHT; OapuT (MPU HEOOXOIUMOCTH
yspkeneHus: PYO); HeGobIoe KOTMYeCTBO SMYIBIMPOBAHHOM BOJIBI.

ITepBoiii oTeuecTBeHHbI PYO nmen ciaeayromuii cocTaB: IU3EIbHOE TOLIUBO
— 80 %; BBICOKOOKHCIEHHBIH OuTymMm — 16 %; oxucieHHeli mapapun — 3 %;
kayctrueckas coga (NaOH) — 1 %.

Heckonbko mozxe mnst crpykrypupoBanusi PYO B Hero cramu A00aBisTH
TOHKOPa3MOJIOTYIO HeraieHyto u3Bectb — CaO. Takue pacTBOPHI MOTYUUIIN Ha3BAHUE
U3BECTKOBO-OUTYMHBIX pacTBOpoB (MBP).

B Hacrosiiee Bpemst HanOoiee pacripocrpanensl bP- 2 u UbP- 4.

PYO B cpaBrHenn ¢ PBO umeror psjm mpeuMyiniecTB: 00JaJaloT BBICOKOM
CTaOWUJIBHOCTBIO BO BPEMEHM, WMHEPTHbI B OTHOIIEHWUU TJIUH U COJIel; 00JaaaroT
XOpOIIMMH  AHTUKOPPO3WOHHBIMU  CBOMCTBaMU; o0nanaloT  BBICOKOM
TepMocTorkocThio (0 220...220 °C); NpaKTUYeCKU He (UIBTPYIOTCS B
MPOHUIIAEMBIE TUTACTHI, a WX (UIBTPAT HE OKa3bIBACT BPEIHOTO BIMSHUA Ha

IMPOAYKTHBHBIC He(bTeHaCBIH_ICHHBIC I1J1aCThBI.



Henocratkamu PYO sBistorcs:  Bbicokass croumocth (200...625 $/mM3) wu
Ne(UITUTHOCTh OCHOBHBIX KOMITOHEHTOB; IT0KapOOIMACHOCTh, TPYTHOCTH OYUCTKU OT
[uiaMa; TPYIHOCTb TPOBEICHUS JJIEKTPOMETPUUYECKUX pPadOT;  IKOJOrHvecKas
OITaCHOCTb.

Ob6nactps npumenenus PYO:

- OypeHue TMPOAYKTUBHBIX TOPU30HTOB C TOHIKEHHBIM ILJIACTOBBIM
TTaBJICHHUEM;

- OypeHHH CKBA)KUH B YCIIOBUSX BBICOKHX TMOJIOKUTEIBHBIX U OTPHUIIATEIHHBIX
3a00MHBIX TEMIIEPATYD;

- 6prHI/I€ COJICHOCHBIX TOJIII XU BBICOKOINNIACTUYHBIX INNIMHUCTLIX ITOPO/I.

2.6 I'omorenHbIe ra3000pa3Hble OUMCTHBIC ATCHTHI

[Ipumenenue ra3oo0pa3HbiXx O4YUCTHBIX areHToB (['OA) 3HauuTenbHO
YBEIMYHUBACT CKOPOCTH OYpEeHHS B 3aBUCHMOCTH OT TBEpAOCTH mmopoi. JlanHoe
MPEUMYIIECTBO OOYCIOBIEHO MHTCHCHUBHOW OYMCTKON 3a00s1 CKBaKMHBI BUXPEBBIM
MOTOKOM C OOJBIION CKOPOCTBIO, a TAK K€ OTCYTCTBUEM CTATUYECKOIrO JAaBJICHUS Ha
3a00¥ CKBa)XMHBI, TaK Kak TIoTHOCTh ['OA cocraBnser nopsiaka 0,6...18 xkr/m3. Tak
K€ Ta3000pa3HbIe areHThl TMO3BOJSIOT COXPAHUTh E€CTECTBEHHBIE CBOMCTBA
O0TOMpPaeMoOro KepHa, Tak KaK MCKJIIOYAETCS €ro pa3MbIB, PACTBOPEHUE, 3arpsI3HEHNUE;
0e3 OCIOKHEHMH TMPOXOAUTh 30HBI, KaTacTpouuecku moriomnawnme OypoBon
pacTBop.

[Tox nmeiicTBueM rasza WCKJIIOYAeTCs HaOyXaHUWE, PACTBOPEHHE W OOBaJIbI
TJIMHUCTBIX TIOPOJI, €CTECTBEHHAs! CTPYKTYpa KOTOPBIX HApyIIAeTCs MPH KOHTAKTE C
OypOBBIM PacTBOPOM Ha BOJHOW ocHOBe. [IpumeHeHHe Ta3000pa3HBIX areHTOB
MO3BOJISIET BCKPBHIBATH HMHTEPBAJIBI JIbJJa ¥ MHOTOJIETHEH MEpP3J0ThI, TaK Kak,
TEIJIOEMKOCTh BO3/yXa 3HAYUTEIbHO HUXKE TEIUIOEMKOCTHU BOJbI, CJIEIOBATEIBHO,
€ro MO>KHO OBICTPO OXJIAJIUTh O OTPUILIATETLHON TEMIIEPATYPHI.

Hnonp30BaHre ra3000pa3HbIX areHTOB SKOHOMHUYECKU IEIecCO00pa3HO Tak

KaK MPOJIyBKa ra30M MO3BOJISIET YJIYUYIIUTh yCIOBUSA Tpyaa OypoBoi Opurajbl u3-3a



TOT0, YTO OTCYTCTBYET HEOOXOJUMOCTh B LIMPKYJISILIMOHHHOW W OYHCTHOM CUCTEME, a
TaK K€ B IIPUTOTOBJICHUU bP.

OCHOBHBIE HETOCTATKHU:

- BBICOKasi CTOUMOCTbh HA3€MHOI'0 000PY10BaHU;

- YBEJIMYEHHE H3HOCA OYpWIBbHBIX TpyO H3-3a OKHCIMTEIBHOIO IMpoliecca
ra3o00pa3Hoi cpefbl, abpa3UBHOIO BO3JCHCTBUS CMECH «ra3 + ILIaM» U OOJIBIIOrO
3HAYECHUS CUJIbI TPECHHUS.

- OTCYICTBME BO3MOXXHOCTH pEryJIMPOBAHMS IPOTUBOAABJICHUA HA
BCKPBIBAE€MBIE IIJIACTHI;

- OCJIO)KHEHHE Tpoliecca OypeHusl Mpu MPUTOKAX B CKBAXKUHY BOJbI M3-3a
o0pa30BaHUsI CaJIbHUKOB,;

- OrpaHUYEHUE BO3ZMOKHOCTH MPOBEACHUS T€0(PU3NUECKUX padoT.

Takum oOpa3om, ra3zoo0pa3Hble areHTbl SKOHOMHUYECKU IeIeco00pa3Ho
UCIOJIb30BaTh IMpPHU MNPOXOAKE 30H KAaTacTpO(UUYECKOro IOTJIOMICHUs, WUHTEPBAJIOB
MMII u npaa, npu OypeHUH B OE3BOJHBIX M 3aCyLLIUBBIX pailOHaX, MPU BCKPBHITUU

MPOAYKTUBHBIX TOpu3oHTOB ¢ AHII/I.

2.7 HonumepHbie HeAUCTIEPTUPYOIIKE OYPOBbIE PACTBOPHI

B cocrtaB mosmMMepHBIX HEAUCTIIEPTUPYIOUIMX PACTBOPOB HA BOJHOW OCHOBE
BXOJST BICOKOMOJIEKYJIIPHBIEC MOJIMMEPHI, TAKUE KAaK aKPUJIbI U MOJUCAXapUIbl, IPH
HEOOXOJMMOCTH CTPYKTYPUPOBAHHBIC HEOOJBIINM COACPKAHUEM OEHTOHHUTOBOIO
MTOPOIIKA.

OcHOBHOM 3a7ayeil JaHHBIX PACTBOPOB SIBIAETCS MPEAOTBPAIICHHE
pa30yxaHusi MOPOJ ¥ MOBBIIICHUS COACPIKAHUS TBEPIbIX TJTUHUCTHIX YaCTHI]

JIaHHBIN BUJ pacTBOpa XapaKTEPU3YIOTCS MaJbIM COAECPKAHUEM TIIMHUCTOU
(da3bl, 4TO CIOCOOCTBYET MOBBIIICHUIO MEXaHUYECKONU CKOPOCTH OypeHUs.

Jlnst mpefoTBpalieHus oOoraiieHus BbIOYpEeHHOH TMopojod B OypoBoi
pacTBOp  HEOOXOmMMO  M00aBiATh  (JIOKYJISHTBI  CEJIEKTUBHOTO  JCHCTBUS

(TMOPOAN30BAHHBIN MOTMAKPUIIOMUI).



TepMOCTOMKOCTD MOJIMMEPHBIX HEIUCIIEPTUPYIOLINX pacTBOpPOB
OTIPEEISIETCS B 3aBUCUMOCTH OT UCIOJIb3yEeMBIX TIOJTUMEPOB. AKPHIIOBBIE TIOJTMMEPHI
oOnafaroT HaubombIIel TepMocToKOCThIO (10 250 °C).

OcHOBHOE HA3HAYCHWE JAHHBIX PACTBOPOB: OYpPEHHUE AIKCIUIYaTAIMOHHBIX U
Pa3BEIOYHBIX CKBAKUH B OTJOXKEHHSIX C BBICOKMM COJIEpKaHUEM TJIMH, B
YCTOMUYHMBBIX KAPOOHATHO-TIMHUCTHIX MOPOAaX.

Ob6beMHas 101 cofepKaHUsI TIIMHUCTOM (a3bl HE OJDKHA MpeBbIaTh 1,5 -

2%.

2.8 Bbesraunuctele cosecroiickue pacTeopbl (BCK)

Kommnonentnsiii cocraB BCK: yromnp Oypblii, coga KaycThyeckas, BOJa,
THJIPOKCUT ToJuBalieHTHOTo Mertawia. Hasnauenme BCK:  OypeHue CkBaXuH B
XEMOTE€HHBIM OTJIOKEHUSX, CKIIOHHBIX K OCBITISIM U 00BaJIaM.

VYkpemsromuii 3PexT ocHOBaH Ha 00pa30BaHUU 1IEMEHTUPYIOIINUX BEIIECTB
— TUIPOCUIIMKATOB U TUPOATFOMUHATOB JIByXBaJICHTHOTO MeTayiia. Jlanublit addexT
3HAYUTEJILHO YCUJIMBAETCS MPU BBICOKOW KOHIICHTPAIIMM KayCTHUECKOW coabl (HE
Menee 0,2 %) u M30BITKE HEPACTBOPEHHOTO THIPOKCHJIA JIBYXBaJCHTHOTO MeTajlia
— Ca(OH),, Ba(OH)3 u ap.

OCHOBHBIEC HETOCTATKH:

- HU3Kasi TEPMOCTOMKOCTb;

- BBICOKAs 1IEJI0YHOCTb.

IIpn wucnons3oBannu BCK BO3MOXHO CHIBHOE 3aryCTEBaHME M JaXe

3aTBEpACHUE PacTBOpa.

2.9 N3BecTKOBO-OMTYMHBIN PacTBOP

UBP - pactBop Ha HEPTSHON OCHOBE, MUCIIEPCHOHHOW CPEOM KOTOPOTO
CIIy’)KUT  JU3€NbHOE TOIUIMBO WiaM HedTh, a JUcCHepcHOM  dazoil —
BBICOKOOKHUCJIEHHBII OMTYM, TMAPOKCUJ KalblMsl, OApUT U HEOOJIBIIOE KOJUYECTBO

AMyJIBIUPOBaHHOM BoAbl. MbBP sBnsercs pacTBOpoM cCHelUanbHOIO HAa3HAYCHMS.



[Ipumensiercs npu pa3OypuBaHUM JIETKO HAOYXaIOMWX, CKJIOHHBIX K oOOBajaM
TJIMHUCTBIX TOPOJ, pU pa30ypUBaHUM COJICHOCHBIX OTJIOKEHUH, MpPEICTaBICHHBIX
BBICOKOPACTBOPUMBIMU COJISIMU (IIPEUMYIIIECTBEHHO MOJIMBAJICHTHBIX METAJUIOB), a
TaKK€ TMPU BCKPBITUM MPOAYKTUBHBIX IUIACTOB C HUZKUMH KOJUIEKTOPCKUMH
CBOVCTBaMH.

bnarogpaps  xopommuMm  cMa3ouHbiM  cBouictBaM ~ WBP  moBblmiaer
U3HOCOCTOMKOCTh JOJ0T. PacTBop oOnamaeT BhICOKOM TepMOcTOMKOCThIO (200-220
°C).

B Hacrosmee Bpems MPOMBIIIJIEHHOCTBIO MCIOJB3YIOTCS JBE PELENTYPHI
UBP, pa3padborannsie BHUNKPHedThI0 coBmMecTHO ¢ PYHI' um. .M. I'yOkuHa:
NBP-2 u UbP-4. UBP-4 pa3paboTan crienMaibHO 7151 OypeHUs B YCIOBUSX BBICOKOH
TJIMHUCTOCTH pa3pe3a, HAUIMYHS COJIEH U MPOSBIICHUNA CEPOBOAOPOAA.

Hns VBP xapaktepHsl HyleBas wid Onu3kas K HeW ¢uiapTpanus u
coJiep>KaHue BOJIbI, HE MpeBbiatoriee 2 - 3 %.

Heo6xonumoe ycnosue npurotoBieHus UBP - BO3MOKHOCTh TIIATEIBHOTO U
WHTEHCUBHOTO TIEPEMEIIMBAHUS HUCXOJHBIX KOMIIOHEHTOB JUIsi PaBHOMEPHOTO
pacripefielieHuss UX B pacTBoOpe, ruapodoOuzanuv TBEPAOH U IMYJIbIUPOBAHUS
BoaHOM (a3. IlosToMy OCHOBHOE€ BHHMMAaHHE YICISIOT PABHOMEPHOCTH BBOJA

HCXOJHBIX KOMIIOHCHTOB, IICPCMCIINBAHUIO 1 HAI'PCBAHUIO.

2.10 UnBepTHBIE IMYJIbLCHOHHBIE pacTBOpbI (UJP)

HMucnepcuonnorn cpepoi MUOP  sBnsieTcss  OM3€npHOE TOIUIMBO — WJIM
pasraszupoBaHHast HEQTh.

Hucnepcuas daza USP: orcuoxas — muHepann3oBaHHas TEXHUYECKAs] BOJA C
nobasnearem CaCl, (NaCl, MgCl,); meepoas - Moioras HeraiieHas H3BECTb,
IJIMHONIOPOUIOK, XJIOPHOE JKEJI€30, MKEJIE3HBbIM KyNOopoC, B Kay€CTBE YTSKEIHUTEIS
MPUMEHSIOT MeJl T100 OapurT.

O6nacte npumeHenus, cBoiictBa MUDP u PYO noBonbHO OJU3KH, HO
npumenenrne NOP skoHoMHuecky BbIroiHEE U3-3a OOJBIION KOHIICHTPAIIUH BOIBL.

PasnoBuanoctu UOP:



- BUDP (BbicokOKOHLEHTpUpOBaHHbI NDP);

- TUDP (tepmocroiikuit UDP);

- smynbxen (MUOP, cogeprkanuii sxene3Hblid Kyrnopoc);

- I'OP (ruapodoOHO-3MYIIbCHOHHBIN PACTBOD).

OcHoBHBbIM HemocTtaTkoM WNDP sBisercs ux oOpaTUMOCTh MHPU BBICOKOM

KOHIICHTPAITUH TBEP/IbIX YACTHII.

2.11 MMatent P® 2318855 k. CO9KS8/08 2008

O6mactb  OpUMEHEHUST —  BCKPBITHE MPOTYKTUBHBIX  ILJIACTOB
TOPU30HTATIBLHBIMU W HAKJIOHHO-HAIPABJICHHBIMU CKBaXXMHAMH C OTXOJIOM OT
BepTukanu Oosee 1000 M, mpeACTaBICHHBIX KapOOHATHBIMU U TEPPUTCHHBIMU
KOJUIEKTOPAaMH, a TaKKe JJI1 BOCCTAHOBIIEHUE CKBaXXUH OypEHHUEM BTOPBIX CTBOJIOB B
Pa3JIMYHBIX TOPHO-TEOJIOTHUYECKUX YCIOBHSIX.

TexHOoJIOrn4ecKknili pe3ynbTaT - BBICOKHE MOBEPXHOCTHO-AKTUBHBIE CBOWMCTBA
M0 OTHOUIEHHUIO K IIACTOBOMY (IIIOMAY , HU3KAsg CKOPOCTh (UIbTpaluud OypOBOIrO
pacTBOpa B ILJIACT.

Peuenrtypa uzobperenus (mac. %): ouononumep ACI'-1 wiu Putuzan-M 0,3-
0,8, kpaxman monuduirpoBanubiii 1,0-2,5, UHTHOMPYIOMUNA OpPraHUYECKUN peareHT
®K-2000 Ilmoc M 8-12, xmopua kamus 1,5-3,0, mpamopnHas kpomka 1,5-3,0,
OCTaJIbHOE BOJA.

TpebGoBanus kK OypoBBIM pacTBOpaMm st OypeHUsI CKBaXXHUH C OTXOJIOM OT
BepTukanu cebime 1000 m:

- CcTaOWJIbHBIE CTPYKTYPHO-PEOJIOTHYECKHME CBOWCTBA i1 OOecrnedYeHus
HEOOXOIMMOW BBIHOCSIICH M YIEpPKHBAIOMIEH CIOCOOHOCTH, MPEIOTBpAaIaoNIeh
obOpazoBanue dpdekra baiikoTa;

- BBICOKHE MHTUOMPYIOINE CBONCTBA;

- HA3Kasi CKOPOCTHIO (huitbTparii OypoBOro pacTBopa B IJIACT;

- BBICOKME IIOBEPXHOCTHO-aKTHBHbIE CBOMCTBA (HU3KUE 3HAYCHUS
MexX(pa3HOTO HATSHKEHUS Ha rpaHule (GuiabTpaT OypoOBOTO pacTBOpA - YIIEBOJIOPO;

3HAYCHUS KPAeBOTO yrila CMauMBaHUA JI0JbKeH ObITh Oosiee 100°);



- XOpOIIME CMa30uYHble CBOWCTBA /I yIy4dIICHHs YCIOBUUA pabOThI
NOPOAOPa3PYIIAOIIEr0 HHCTPYMEHTA Ha 3a00¢;

- YCTOMYMBOCTD K MOJTMMUHEPAIBHON arpecCuu.

Pemaemast  TexHuueckas 3amaya - [OJYYEHHE  MHTUOUPYIOIIETO
OE3rIIMHUCTOTO TICEBAOIIIACTUYHOIO OypOBOrO0 pacTBOpa Ha BOAHOW OCHOBE C
HU3KUMHU CKOPOCTSIMU (PUIIBTPALIMU B IUIACT U BHICOKMMU MMOBEPXHOCTHO-aKTUBHBIMU
CBOMCTBAMH IO OTHOIICHHIO K IJIACTOBOMY (IIOMAY, 00ECIEUNBAIONIETO Ka4eCTBO
NEPBUYHOTO BCKPBITUS HA YPOBHE CKUH-()AaKTOpa, HE MpeBbIIatonero +1,

Tabmuma 2.1 — Pementypa OypoBoro pactBopa i PEIICHHUS TEXHUYECKOHW 3amaadn
(mac. %)

onomnosumep 0,3-0,8
XJIOPHT KaJTHs 1,5-3
MOTU(UIIMPOBAHHBINA Kpaxmall 1,0-2,5
MpaMOpHas KpoIIKa 1,5-3
OpraHuyecKas HHrHOUpyroas 8-12
no6aska ®K-2000 ITmroc M
BOJA ocTajabHOE

CymHOCTh Tpe/uiaraeMoro H300peTeHuss OOBACHSAETCS  CIENyOIIMMU
IPUMEPAMH.

[Ipumep 1. Texnuueckas Boma 877 r, omomomumep ACI-1 3r, kpaxman
MoauduiupoBanasid 10 T, XJopucThIi Kanuit 15T, MpaMmopHasi kKpoika (CpexHui
HOMUHAJIbHBIA guamerp 45-100 Mmk) 15 r. 3areM TMOJIy4YeHHBIH PacTBOP
nepememvBaics B Teuenne 30 MUHYT U B Hero Ao00aBisiioch 80 © MHrMOMpYrOLEH
no6asku ®K-2000 I[Lroc M. PacTBop cHOBa nepememnmmBaics B TeueHun 30 MUHYT.

[Ipumep 2. Texuuueckas Boma 788 1, Ouononumep ACI-18 r, kpaxmain
MOU(ULIKMPOBAaHHBIN 25 T. 3aTeM MOIY4YEHHYI0 CMECh HEOOXOAMMO MEepPEeMEIINBATh
0 TOJHOro  pactBopeHusi peareHtoB. [locie HeoOxomumo pobaButh 30 T
xjopuctoro kanusi, 30 r MmpamopHoi Kpoiku. [locie moBTOpHOTO nepeMennBaHus
no6aButh 120 r uarubupyromei go6asku GK-2000 [Taroc M.

ITpumep 3. IlpuroroBieHune OypoBOTro pacTBopa aHalornyHo npumepy Nel,

HO B KauecTBe OMOMoIuMepa UCIoib3oBaics Putuzan-M.



[Tpumep 4. IlpuroroBienne OypoBOro pacTBopa aHajJOTrH4HO npumepy No2,

HO B KaueCTBE OMOMOJIMMEpPA UCTI0NIb30Balica Putuzan-M.

Tabnuna 2.2 — CBolicTBa OypOBBIX PaCTBOPOB, PACCMOTPEHHBIX B MpumMepax 1-4.

CTpyKTypHO-pEOJIOTHYECKIE CBOMCTBA
pumep 1 | pumep 2 | pumep 3 | pumep 4
Venosaas Baskocts, 700/500 ¢
4 5 8 0
ITnoTHOCTB, KI/M 3
020 050 020 050
IImactuueckas Bs3kocTh, Mlla-c
2 6 7 7
Bsi3k0CTh MPH HU3KKUX CKOPOCTSIX CIIBUTA
(BHCC), mlla-c 100 500 000 300
Crarnueckoe HanpspkeHue capura 10"/10',
nlla 5/45 0/70 0/40 0/65
JuHamMuueckoe HampspKeHue casura, nlla
38 94 58 84
[TokazaTens HEMMHEHHOCTH
,39 ,39 44 A
KoaddrmumeHT koHCHCTEHIN, Ma-c"
75 A7 ,58 23
OuIbTpallMOHHBIE CBOHCTBA
Tokazarens Gumbrpamun npu 20°C, cm >
5
INokasarens puasrparmu mpu 90°C, v’
CkopocTh (pUIBTpALH B ILIACT,
Vy, 107 m/a 5
TpuboTexHHMUECKHE CBOWCTBRA
Koadduuunent tpenus
12 ,10 12 ,10
WHrubupyromnie 1 NOBEpXHOCTHO-aKTHBHBIC
CBOMCTBa
KoadhpummeHT moBepXHOCTHOTO HATSKEHYS,
MH/Mm
Kpaesoii yron cmaunBasus, rpaj
13 28 11 31
VBIakHAOIIas CriocCOOHOCTS, 11 o, cM/u
6:10% | 210° | ,56:10° | 28-10°

Ha ocnoBe IMOJIYUCHHBIX PE3YyJIbTaTaX MOKHO CACIATH BBIBOA O TOM, 4YTO
HpG)ICT&BJ'IGHHBIfI pacTBOp HMMCET HH3KUC 3HAYCHHUA I10Ka3aTClIsd (bHHBTpaHI/II/I,
TCXHOJIOTNYCCKU HGO6XOI[I/IMBIG JJIs 6ypeHI/I$I IFOPU3OHTAJIBHBIX W HAKJIIOHHO-
HaIpaBJICHHLIX C 0O0IBIINM YTJIOM OTKIOHCHHA OT BEPTHKAIU CKBAXXHH CTPYKTYPHO-

PCOJTOTHUYCCKHUEC XapaKTCPHUCTHUKHU pPaCTBOpA, O6€CH€‘II/IB8.IOHII/IC CTCIICHb OYMCTKH



cTBosia Oomnee 85%, ymydlIeHHBICE CMA304YHBIC CBOMCTBA, MO3BOJIAIONIME H30€KaTh
3aTSDKEK M NPWIAIIAHMS WHCTPYMEHTA, BBICOKME HWHTUOMPYIOIIHE CBOMCTBA,
IpeloTBpallaloNIie TUApaTalydi0 W HaOyXaHWe TJIMHHUCTBIX COCTABJISIFOLIUX
KOJUIekTopa,  ¢uibTpaT  OypoBOro  pacTBOpa HMEET  HHU3KHE  3HAUYCHUs
MTOBEPXHOCTHOTO HATSKEHUSI HA TPAHMIE C YTJIEBOJOPOIHON >KUAKOCTHIO, HU3KHE
CKOpOCTU (hUIIBTpaIi 00ECeYMBal0OT MUHUMAJIBHOE HEraTUBHOE BIUSIHUE HA ILJIACT.

[IpombinienHass  anpoOarus: npumeHeHue Ha 30  CKBaXXuMHaxX Ha
mectopoxaeHusix OAO «CrnaBHedpth-Meruonnedreras». Bce ckBaxkunbl 0e3

3aJIep’KKH BBIIILTN Ha pab0YMid pSKUM ¢ OKUAaeMbIMU JgeOuTamu [11].

2.12 Ilatent P® 2236429 xia. C09K7/02 2012

Texnuueckass 3agadya — JOCTIDKEHHE ONTHUMAJIbHBIX PEOJIOTHUECKUX U
(GUIBTPAIMOHHBIX CBOMCTB OypOBOTO pacTBOpa IMPH MHUHUMAJIBHOM KOJWYECTBE
KOMITOHEHTOB.

Texuuueckuii  pe3yiabTaT U300pETEHUST - YMEHBIIEHUE KOJMYECTBA
KOMIIOHEHTOB ~ OMOMOJIMMEPHBIX OYpPOBBIX PacTBOPOB, YIPOIIEHUE CIOcoba
MPUTOTOBJICHUS, YBEJIMYEHHWE TEPMOCTOMKOCTH, CHIDKEHHE CTOUMOCTH  0e3
YXYAIICHUS GUIBTPALMOHHBIX U PEOJTOTUYECKUX TTapaMETPOB.

Pazpabotannas peuenrtypa 6ypoBoro pactBopa (Mac.%):

- KconTaHoBbIbIH Onomonmmep Flo-Vis 0,3-0,5

- mopoKkooOpa3Hbli menouynsiid pearent [TYILP 10,5-15,0

- BOJIa OCTaJIbHOE.

B nmabGopartopHbIXx  HWCCIAEAOBAHHSIX  OMNpEACNsIach  ONTUMAajbHas

KOHIICHTpAIIUsl KOMIIOHEHTOB, Pe3yJIbTaThl MPEICTABICHBI B TabuIe 2.3.



Tabnuna 2.3 — Peonoruueckue u puibTpaiMOHHbIE CBOMCTB OYpOBOIO pacTBOpa Ipu
pa3IMYHBIX KOHIICHTPAIUs KOMIIOHEHTHOTO COCTaBa

. IlokazaTenn IToka3arenn
KOMIIOHEHTHBIN @, xy0. JHC, I1B,
o pH VB, ¢ % KOHCHUCTEHIIUU HEHBIOTOHOBCKOT'O
cocras, % cM/30 mun nlla | mlla*c *
K, ITa*c MOBEJICHUS N

IlokazaTenu PaCTBOPOB NOCJIC NPUTOTOBJICHUSA

0,5 Flo-Vis+10,5

TP 54 8,9 9 69,6 20,8 5,2 0,237

0,3 Flo-Vis+10,5

TP 5,6 8,8 8 62 18,9 2,3 0,285

0,3 Flo-Vis+10

KCCB 2,4 7,6 10 65 22,7 2,5 0,314

0,3 Flo-Vis+1,0
Hibtrol LV + 7
KapOoHat
KaJIb LMl

2 8,3 52 153 47,4 5,8 0,23

IToxazarenu PACTBOPOB MOCIIC TCPMOCTATUPOBAHHS

0,5 Flo-Vis+10,5

ITY I[P 2,8 8,3 11 76,8 25,6 5,4 0,312

0,3 Flo-Vis+10,5

[TYIL[P 3,4 8,2 9 75,3 23 2,6 0,338

0,3 Flo-Vis+10

KCCB 7 57 11 63,1 20,1 2,3 0,329

0,3 Flo-Vis+1,0
Hibtrol LV + 7
kapOoHar
KaJIbLIUS

4,2 7,3 45 1493 | 424 5,3 0,285

TepmocTaTupoBaHHE TPOBOAMIOCH B TEUEHUE 3 4YACOB MpU TEMIIEpaType
80°C. Ha ocHOBe MOJIy4EHHBIX PE3yIbTaTOB, MPEJACTABICHHBIX B TaOJIMIIE, MOXKHO
cAenaTh BBIBOJ O TOM, YTO ONTUMAJIbHOE KOHIIEHTpalUs SIBISETCS CIIEIYIOIIEe
COOTHOIICHHE HHIPEAMEHTOB, Mac.%: kcanTaHoBbI Ouomommmep Flo-Vis 0,3-0,5,
rymatHeiii peareHT I[IYIIP 10,0-15,0 u Boma mo 100. IlomydeHHble pe3ynbTaThl
roBOPAT O HU3KOM ToKasatenn ¢uistparmn (3,4 cM®3a 30 mun). [TomyduenHnoe
3HAQYEHUE [I0Ka3aTellb HEHBIOTOHOBCKOIO TOBEJICHHUS TOBOPUT O XOPOIIEH

TPaHCIOPTUPYIOIIEH CIIOCOOHOCTH OypoBoro pacTtBopa.



2.13 CoBeplIeHCTBOBAHNE TEXHOJOTHM BCKPbITHS TePPUIreHHBIX
KOJLJIEKTOPOB I'OPU30HTAJIbHBIMU CKBA)KUHAMH € NPUMeHEeHNeM 0e3rJIMHUCTBIX
OMONOJIMMepPHbIX O0YPOBBIX PACTBOPOB

B nacrosiee BpeMs B 3KCIUTyaTallMOHHOM OypeHUHU Bce 0oJjiee aKTyallbHbIM
CTAaHOBUTCSL OypeHHUS TOPH3OHTAIBHBIX CKBaXKHUH. (OCHOBHBIM MPEUMYIIECTBOM
JAHHOTO BHUJA 3aKaHYMBAHUS SBJISETCS YBEIMYCHHUE IUIOIMIAAN B3aHUMOJECHCTBUS
CKB2XUH C MPOAYKTUBHBIM IIJIaCTa, M KaK CJEACTBUE, 3HAUUTEIbHOE YBEIHMUCHHUE
ne0uTa CKBaKUHBI.

Baxxnyto posist B mpoliecce CTpOUTENbCTBA TOPU3OHTAIBHBIX CKBAXKUH UTPAIOT
OypoBBIE pacTBOpPHI, HO HE CMOTpPS Ha HEMPEPHIBHOE COBEPIICHCTBOBAHHE HX
pelenTyp JJIsl BCKPBITUS TPOTYKTUBHBIX TOPU30HTOB, B OOJBIITMHCTBE CIy4ae OHU HE
MOTY 00€CIeUUTh COXPAHHOCTh (PUIIBTPAIIMOHHBIX CBOMCTB ILJIACTA.

[Tocnenqnee BpeMsi MNpPUOOPETAIOT CBOIO AKTYaJIbHOCTh OE3TJIMHHUCTHIC
OuonosuMepHble  OypoOBBIE  pacTBOpbl.  OJTO  OOBSCHAETCA  OCHOBHBIMHU
PEUMYIIECTBAMHU:

- OTCYTCTBHUE TJMHHUCTON (a3pl OKa3bIBAET MOJOXKHUTENIbHBIA 3(PQpexT Ha
CKOPOCTb MPOXOJKH U BCKPHITUHU MPOAYKTUBHOTO TOPU30HTA;

- BOBMOXHOCTh OMOJIOTHUECKOTO PACTIOKEHUS;

- BApUATUBHOCThH COCTaBa PACTBOpPA B 3aBUCHMOCTH OT TOPHO-TE€OJOTUYECKUX
YCIIOBHUM.

B pabGore [36] mnpoBOAMIMCH OIKCIEPUMEHTAIBHBIC  HCCIICIOBAHUS
PEOIOrMYECKUX U (PUBTPALIMOHHBIX CBOWCTB OCTIMHUCTBIX pacTBOPOB (Tabiuia 2.4).

Tabnuua 2.4 — CocTaBbl U CBOWCTBA pacCMaTPUBAEMbIX OYpPOBBIX PaCTBOPOB

Ha3BaHHE PacTBOpa mapaMeTpsl OypOBOTO pacTBOpa
IJIOTHOCTh, | YB, | @30, CHC1/10, nlla IIB, JHC, | pH | Kal/10
Kr/m3 cek | cM3 [Ma*c | allA
bazossrii: Barazan 47 6-7 20-30/ 30-40 0,001 |4934 |9 2,89/2,94
(0,3%)+PAC R
(0,2%)+PAC
L(0,2%)+Na,CO; (0,5%)
Bazossiit + CaCO;3; (3%) 79 3-55 25-30/ 30-45 0,003 | 57,7 |10 | 1,28/2,13
Basossiii +CB (0,5%) 1020-1040 | 44 4,5-6 25-35/ 35-45 0,0024 | 38,86 | 9 0,85/1,7
Bazoserii +CBb (1%) 56 4,5-5,6 | 30-40/40-50 0,0031 | 42,19 | 9,5 | 0,89/1,28
Bazogsiit +Cb (2%) 66 4,5-5 30-45 / 50-65 0,0034 | 45,92 | 9,5 | 1,19/1,49
bazossrii +I1T" (2%) 44 5,6-7,5 | 25-30/35-50 0,0019 | 31,32 | 8,5 | 1,28/1,49
Bazossiit +CD(2%) 41 5-6 30-40 / 40-55 0,0023 | 35,95 | 8,5 | 3,36/3,36




Bazossrit HI1I" (1%)+KCL 37 5-7 10-25/ 30-40 0,0026 | 31,62 | 8,5 | 1,96/2,81
(3%)

Bazossiit +IIT (1%)+KCL 37 |56 15-30 / 30-50 0,0028 | 31,42 | 8,5 | 0,89/1,49
(3%)+CaCO; (3%)

Flo-Pro 48 |35 20-40 / 40-60 0,0082 | 61,23 | 9,5 | 1,02/1,24
Versaclean 84 |67 30-50 / 60-80 0,0063 | 1197 | 9 | 1,24/1,49

HccnemoBanus ToKa3aiw, 4YTO TIyOWHA TPOHWKHOBEHHUS JKUAKON (a3l
OypoBoro pactBopa (pribTpara) 60bIIE B BEpXHIOK YaCcTh IUIACTA, YeM B HIDKHIOIO.

Tabnuua 2.5 - Pe3ynbrarsl vccieqoBaHus npoiecca (puibTpanuu paccMaTpruBaeMbIX
OYypOBBIX PACTBOPOB

['nyOuHa NPOHUKHOBEHHUS
Ha3BaHUE PAcTBOpPA (uepata
BHU3
BEPX
Basoserii: Barazan (0,3%)+PAC R (0,2%)+PAC 55
L(0,2%)+Na,CO; (0,5%) 4 '
Bazossrit + CaCOj3 (3%) 7 3,5
Bazossrit +Cb (0,5%) 7 3
bazogsrit +Cb (1%) 4 2,8
bazoeiit +Cb (2%) 2,5
Baszoserii +I1I" (2%) 1 3,7
BbazoBerit +CD(2%) 8 3,6
Bazossrnii +I1I" (1%)+KCL (3%) 3 3,6
Bazossrit HI1T" (1%)+KCL (3%)+CaCO; (3%) 3,4
Flo-Pro 3
Versaclean 2,4

Bo Bpemsi mpoBeneHusi 1abOpaTOpHBIX HCCIEIOBAHUNA, OBLIO YCTAHOBIIECHO,
YTO MPOIECC MPOHUKHOBEHUS (UIbTpaTa OypOBOrO pacTBOpa B MPHU3a00MHYIO 30HY
IjacTa MMEET ONPEACNICHHBIM mepuos HHKyOaruu (okojo 1 muHyThl) JlaHHBIHA
NEepUOJ XapaKTepeH JJi1 BCE paccCMaTpUBaeMbIX OypOBBIX pacTBOpPax, B TOM UUCIE U
s 3apyoexnsii (FIo-Pro m Versaclean). lanHbiii niepuoji JIETKO OOBSICHSACTCS
HAJIMYUEM NEPBUYHOM TMIpaTaleld NPOHULIAEMbIX KaHaloB Iuiacrta. lIpumenenune
CyIb(GUIUPOBAHHOTO OWTyMa TMOKa3aJl0 OTJIMYHBIM pe3ynbTaT. YMEHbIIECHUE
rIIyOuHbl QUIBTPALMM KUAKOW (a3el B mpu3abOMHYI0 30HY IJIacTa CBS3aHO CO
cleqyomuMu  (akTopamu:  CyJab(UIUPOBAHHBIM  OUTYyM  —  XOpOIIUH
ruapodoOuzaTop, TaKk Kak €ro HepacTBOpeHHbIH ocratok (mopsiaka 20%)

CHOCO6CTBYIO MEXaHUYE€CKOMN KOJII)MaTaHI/IefI IIOpoOBOT'O o0BeMa.



KauecTBeHHOE BCKpBITHE MPOAYKTUBHOIO IUIAaCTa XapakTEpU3YyeTCsl He
TOJILKO MaJeHbKOW TITyOMHOW MPOHUKHOBEHUS (UiIbTpaTa, HO U ero oovemom. Jljis
onpejesieHusl Nokasarenss QuibTpanus Obula pa3padoTaHa cienyrouas METOIUKa
MIPOBEICHUSI DKCIIEPUMEHTA!

1. IlponuThiBaHME KEpaMHYECKHMX JHCKOB B ChIpoll HedTH IS
HKCIIEPUMEHTAJILHOTO MOJIETUPOBAHUS MPOAYKTUBHOTIO I1ACTa;

2. Onpenenenne HCXOAHOU (Da30BOM MPOHUIIAEMOCTH UCKA 110 HEDTH;

3. Onpenenenue nokazarenst GUIbTPALMKA Yepe3 BHIMAUYEHHBIN B HE(DTH JAUCK
npu Temreparype S0°C u pasnoctu aaBinenuid 3Mma B TeueHue 15 MUHYT;

4. OmnpexneneHue octaTouyHoM (Pa30BOM MPOHUIAEMOCTH MO HEePTH Uepe3
KepaMUYECKHUM JTUCK MOCIIEe BO3CHCTBUS HA HErO OYpOBOTO pacTBOpa.

JI71st TpOMUTKUA KEPAMUUYECKOTO JUCKA MCIO0JIb30Ballach HEPTh MIIOTHOCTHIO OT
780 1o 800 kr/™°, cam IHCK HMeeT npoHuniaemMocts 400* 103 mxm?. Jluck momenupyer
MIOPOBOM THUI KOJUIEKTOPA.

JIns mpoBeAieHUsI JAaHHOTO SKCIIEPUMEHTa ObLIM OTOOpaHsbI JIydiline OypoBbIC

pacTBOpPHI MO TyOWHE MPOHUKHOBEHUs (uibTpaTa. Pe3ynbTaThl MpeACTaBICHBI Ha

pucyske 2.2.
15,0 I S T L ; ~&— Basoebit. Barazan (0,3%)
14.0 - i ] i i ‘ ! : i ] i i : : : +PACR(0,2%)+PACL
' (0,2%) + Na2C03 (0,5%)
13,0 1 !
120 - —— Bazosbi + M7 (2%) + KCI
’ 1'0 (3% + CaCO3 (2%)
s Basosbiii +CB (1,5%) +
'c_u' 10,0 CaCO3 (2%)
[}
e 90 - .
g =4 bazoeblit + NI (2%) + KCI
H 8,0 1 ' (3%) + CB (1,5%)
z 7,0 1
2 60 ~#— Basoebli + M (2%) + KCI
o (3%) + CB(1,5%) +
5.0 7 CaC03 (2%)
4,0
30 - —4—FLO-PRO
2,0 1
1,0 | —4—"/ersaclean
0,0 e
0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Bpems, MuH

Pucynok 2.2 — 3Hauenue nokaszatess GuibTpaluu OypOBBIX PACTBOPOB Yepe3

KepaMI/I‘IGCKI/Iﬁ AHUCK B 3aBUCUMOCTHU OT BpEMCHU



[Ipy KOMIUJIEKCHOM aHaJIN3€ Pe3yabTaTOB INIyOMHBI U KUHETUKU (UIbTPALIIH
yepe3 KepaMHU4YeCKUH IUCK MOXKHO CJAENaTh BBIBOJ O TOM, UTO MPOCIIEKHBACTCS
3aTyxaHue (QUIbTpallMKM, HauyuHas ¢ 7 MHUHYTHL. JaHHBIA pe3yabTaT TOBOPUT O
dbopMupoBaHHA 3a YKa3aHHOE BpeMs HU3KOMPOHHUIIAEMON TJIMHUCTOW KOPKM Ha
CTEHKaX CKBaXHHBI. M3 pucyHKa BHJIHO, 4TO JOOAaBKM MOTYT OKa3blBaTh pa3HOE
BIUsIHME Ha Tpouecc ¢uibTpauu OypoBoro pactBopa B miact. Hampumep, npu
N00aBICHUH TOTJIMKOJEH U XJIOpUAA Kausl MPOUCXOIUT HE3HAYUTEIIbHOE CHUKCHHE
nokasarenst (uiIbTpauuu, a MHOpU J00aBICHUU CYIbPUIUPOBAHHOIO OUTyMa U
KHCIIOTOPACTBOPUMOTO  KOJIMAaTaTaHTa 3aMETHO CHJIBHOE CHH)XKEHHE O00beMa
BbIIeTIeHHOTO (unbTpata. [lodmydeHHBIE pe3yiabTaThl TOBOPAT O TOM, YTO JUIA
yBeJIMYEHUS! SPPEKTUBHOCTH CHEXHHMSI HMHTEHCHUBHOCTU IIpolecca (QUIbTpanuu
HE0OXO0JIMMa KOMILUIEKCHasi 00pa0oTkKa OE3rJIMHUCTOrO0 OMOMOJUMEPHOTO OypOBOTO
pacTBOpa JKUIKUM U TBEPIAbIM TUAPOPOOM3aTOPOM COBMECTHO C Kau€CTBEHHO
110/100paHbIbIM KOJIbMaTaHTOM. Penentypsl, cofepkaue cyinbPUIMPOBaHHHBIA OUTYM
(1,5%) mnoka3asin yBeJIWYEHUE CTENEHU BOCCTAHOBAIHUS TMPOHUIAEMOCTH JAHMCKa

OTHOCHJIBHO 0a30BOM pelenTypbl pacTBopa (pucyHok 2.3).
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Pacteop Ne 4 %

Pacteop N2 1
PacTteop N& 2
Pacteop Ne 3
PacTtBOop Ne 5
Pacteop N2 6|3
Pacteop Ne 7

Pucynok 2.3 — Pe3ynpTaTsl 1a00paTpHBIX UCCIEIOBAHUI 110 ONPENETICHUIO

OCTaTOYHOM MMPOHHULIACMOCTH KEPAMHUICCKOT'O JUCKaA



PacTBop Ne 1: bazosesiii: Barazan (0,3 %) + PAC R (0,2 %) + PAC L (0,2
%)+ Na CO, (0,5 %); PactBop Ne 2: Basoswiii + III" (2 %) + KCI (3 %) + CaCO,
(2%); PactBop Ne 3: basossiii + Cb (1,5 %) +CaCO (2 %); pacTBop Ne 4: basosbiit
+ 11" (2 %) + KC1 (3 %) + Cb (1,5 %); PactBop Ne 5: bazossiii + I1I" (2 %) + KCI
(3 %) + Cb (1,5 %) + CaCO, (2 %); PactBop Ne 6: “FLO-PRO”; PacrBop Ne 7:
“Versaclean”.

Ha ocHOBe Bcex mpeacTaBlIeHHBIX JIAOOPATOPHBIX HCCIEAOBAHUNA MOKHO
clIeJIaTh BBIBOJ O TOM, YTO IPH BCKPBITHU TEPPUTSHHOTO KOJIICKTOpA IIeJIeCO00pa3HO
UCIIONIb30BaTh  CJCHYIONIYIO pelentypy OypoBoro pactBopa: 1,5% Outym

CyJIb(GUHUPOBAHHBIN, 1% moauriuKos, 5% KUCIOTOPACTBOPUMBIN KOJbMAaTaHT.

2.14 BuiBoabl

Ha ocHoBe paccMOTpeHHBIX BHUIOB OYypOBBIX PAaCTBOPOB MOXKHO CJHENaTh
BBIBOJI O TOM, 4TO JJisi 3 (HEKTUBHOTO OypeHus: HEOOXOIUMO TIATEIHLHO MOJ0UPAThH
perentypy OypoBOTO pacTBOpa B 3aBHCHMOCTH OT TOPHO-TE€OJIOTHYECKHX,
KJIIMMAaTAUYECKHUX YCIOBUS U TEXHOJOTUYECKHUX MapaMeTPOB CKBAKUHBI.

B 1ienom ke, MOXHO cenaTh Cieayroliei o0o0IeHue:

- TIPY HAJIMYME TJIMH B TEOJIOTMUYECKOM pa3pe3e HEO0OXOIUMO HCIOIb30BaTh
UHTHOUTOpa HAOyXaHUs TJIWH, HEIEJIeCO00pa3HO MPUMEHEHNE TEXHUUYECKOM BOIBI.

- B 3aBHCHMOCTH OT MPOHHUI[AEMOCTH KOJUIEKTOpa HEOOXOAWMO TINATEIHHO
noa0upaTh GPaKIUOHHBIN COCTAB KOJbMATAHTA;

- IS JIOCTHKCHHUS  HEOOXOIWMBIX  PEOJIOTMYECKHUX  IMapaMeTpoB
1enecooOpasHo TMpuMeHeHus: pa3inudHbix ao06aBok (ITAB, KMII, mMomudukamnmu
KpaxMalia u Jp.)

- C TICNbI0 MHHUMHU3AIMKM CTCIICHW 3arpsA3HCHHUS] MPU3a00NHOW 30HBI
HEOOXOJMMO TPOBOJUTH TMPE/IBAPUTEIHHBIC JIA0OPATOPHBIC HCCIEIOBAHUS, B TOM

YHCIIe UCCIIEOBaHMS (PUIBTPALIMOHHON TIMHUCTON KOPKH.



3 JlaGopaTopHble UCCIAeA0BAHNUS 0€3rTHHUCTHIX OHOMOJIUMEPHBIX

OypOBBIX PAaCTBOPOB

N3 3a xoMMepUecKoil TaitHbI HH(DOPMAITUS B pa3/ieie He YKa3bIBACTCS



3AKJIIOYEHUE

JIJist coxpaHeHHsI KOJUIEKTOPCKUX CBOMCTB MPOAYKTHBHOTO IUIacTa OypoBOU
pacTBOp AOHKEH 00J1a1aTh MUHUMAIBHBIMHA 3HAYCHUSIMH TTOKa3aTeNs (GHIbTpaIiuu |
HAaMMEHBIIIUM BpEMEHEM OOpa30BaHUsI TIUHUCTOM KOpKU. st perynupoBaHus
(GUIBTPALIMOHHBIX CBOMCTB OypOBOrO pacTBOpa HCIOJIB3YIOT pa3IMYHbIE BUIbI
KpaxMalia, I03TOMY B JaHHOM paboTe MPOBEICHBI UCCIE0BAHUS (PUIBTPAIMOHHBIX U
PEOJIOTUYECKUX CBOWMCTB OE3rJIMHUCTOrO OypoBOro pacTtBopa ¢ J00aBICHUEM
pa3nuHBIX BUA0B MoaudunmpoBanHoro kpaxmana (Reatrol, Drilling Starch, OOO
«I'TH»). Haunyumum nonusureneM ¢uibtpanuu seiserca kpaxmana OO0 «I'TH»
(12,63 cm® 3a 30 munyr). JloGaBieHne kpaxmaia B 6ypoBOi pacTBOp IOBBIIIAET €TI0
BSI3KOCTh, TEM CaMbIM Yyiyulllasg TPaHCHOPTUPYIOUIYI0 CIOCOOHOCTh OypOBOTO
pacTBopa, U MOHWXKAET Mokaszarenb puiubTpanuu. [IpumeHeHue paccmaTpuBaemMoro
oyposoro pactopa (0,05% NaOH, 8% KCI, 0,3 % DUO-VIS, 1% kpaxman «I'TH»,
8% MpaMopHasi KpOIIKa) IeJIeCOO0pa3HO JUIsi  BCKPBITUS  MPOTYKTUBHOTO
TEPPUTEHHOTO TIUIaCTa B HEOCIOKHEHHBIX YCIOBHUS C HOPMAJIbHBIM ILJIACTOBBIM
TTaBJICHUEM.

Tak xe B pabore ObUIM PacCMOTPEHBI BPEIHBIC U OMACHBIE (PAKTOPHI MPHU
CTPOUTEIHCTBE CKBAXUH C MPUMEHEHHEM O€3TJIMHUCTHIX OMOTIOIMMEPHBIX OYPOBBIX
pPacTBOPOB, BBIIBUHYTHI PEKOMEHAAIIMM TI0 YCTPAHCHUIO JTaHHBIX (DAaKTOPOB.
PaccMoTpensl  MeTOZBI  OYHCTKM OypoBOTO  pacTBOpa W JEHUCTBHUS IS

npenorepaiieHuss YC Ha 6ypoBoii (BEIOPOC).



«Pa3nen BKP, BbINoJIHEHHBII HA HHOCTPAHHOM SI3bIKE»

IMPUJIOKEHHUE 1

Pasren N 6WELL CHEMICAL PACKER FLUID

CryzaeHr:
I'pynna PUO Hoanuce Jarta
2BM51 buk6oB Aptyp PunaroBuu
Koncynprant kadenps! bC:
Yuenas crenenn
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3BaHHe
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Koncynerant — muarsuct xageapsr MATIP:
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JlomxHOCTH DdPHUO ’ Iloanucek JlaTta
3BaHHe
OLLEHT YupsaoBa OkcaHa CILH
F1on CepreeBHa T




WELL CHEMICAL PACKER FLUID

This invention relates to drilling fluids and to the drilling of wells through
subsurface formations by means of well drilling tools. This invention particularly
relates to a drilling operation, such as a rotary drilling operation, which involves the
circulation of a drilling fluid down the well bore, about the drilling bit and back to the
surface. In a rotary drilling operation a drilling fluid is pumped down the drill stem to
the drilling bit at the bottom of the bore hole. The stream of drilling fluid then passes
through the drilling bit and moves upwardly within the annular space between the
drill stem and the well bore wall carrying with it the drilling cuttings.

After the drilling operation has been concluded, or during a halt in the drilling
operation, sometimes a portion of the drilling fluid is left behind in the bore hole to
serve as a packer fluid during subsequent testing of the petroleum producing
formation and/or production of petroleum therefrom and/or the well completion
operations [1].

Packer fluid are sometimes subjected to fairly high temperatures, e.g., above
about 250° F., for a substantial length of time - days and even months. It is desirable,
therefore, that a well packer fluid be thermally stable and remain fluid or readily
pumpable even after exposure to high temperatures for prolonged periods of time.
Sometimes, however, due to prolonged exposure at a relatively high temperature
within the well bore the packer fluid tend to become unpumpable and form plastic,
almost rock-like materials. When this occurs casing and tubing and other equipment
in contact with the packer fluid be come, in effect, cemented therein. Moreover, when
this occurs the packer fluid cannot readily be removed from the well here. In this
event it is necessary to remove mechanically or to drill out the solidified packer fluid,
perhaps at the same time losing valuable equipment .

Drilling fluids which contain calcium hydroxide generally cannot
satisfactorily be employed as packer fluid. Drilling muds having a relatively high
proportion of calcium hydroxide therein, such as an aqueous phase which is saturated
with calcium hydroxide, together with excess undissolved calcium hydroxide, when

subjected to a relatively high temperature for prolonged periods of time under



relatively static conditions, tend to harden and form a cement-like material.
Accordingly, it has been the practice hereto-fore, if possible, whenever a drilling mud
containing a substantial ‘amount of lime is employed in a well drilling operation, to
avoid leaving any such drilling mud in the well bore wherein it may be exposed for a
substantial length of time to a relatively high temperature. Moreover, it has been the
practice heretofore to avoid using a high lime drilling mud as a packer fluid upon
well completion.

Accordingly, it is an object of this invention to provide a method whereby a
lime drilling fluid or a drilling fluid characterized by the presence of a substantial
amount of calcium hydroxide therein, such as an aqueous phase thereof saturated
with calcium hydroxide and containing excess undissolved lime, might be
satisfactorily treated so that it can be suitably employed as a packer fluid.

Another object of this invention is to provide a method for converting a
calcium hydroxide-containing drilling fluid into a relatively temperature stable fluid
which might be suitably employed as a packer fluid during well completion.

Still another object of this invention is to provide an improved well drilling
operation.

Yet another object of this invention is to provide in a well drilling operation
an improved method for converting a lime-containing or lime-base drilling mud into
a temperature stable packer fluid.

How these and other objects of this invention are accomplished will become
apparent in the light of the accompanying disclosure.

In accordance With this invention it has now been discovered that an aqueous
calcium hydroxide-containing drilling fluid or a lime drilling mud is convertible into
a relatively temperature stable packer fluid by treating the calcium hydroxide-
containing drilling fluid with a chemical treating agent which reacts with calcium
hydroxide to form a substantially water insoluble hydroxide, i.e., the hydroxyl
component of the calcium hydroxide in the drilling fluid is removed therefrom, e.g.,
precipitated as a water insoluble hydroxide, and incorporating in the drilling fluid a

minor amount of a water soluble organic oxygen-containing silicon compound.



Preferably, the same chemical treating agent also forms an insoluble calcium
compound with the calcium component of calcium hydroxide.

Various types of calcium hydroxide-containing fluid are suitably converted in
accordance with the practice of this invention into a relatively temperature stable
packer fluid. For example, a so-called low lime drilling fluid which is usually
characterized as an aqueous drilling fluid containing an alkaline (pH of about 12.0)
aqueous phase which is saturated with calcium hydroxide and which contains a small
amount, in the range about 0.125 - 1.0 Ib., of sodium hydroxide therein thereby
yielding a drilling fluid having a relatively low calcium ion concentration, below
about 200-250 parts per million by weight (p.p.m.), is readily converted in
accordance with the practice of this invention into a temperature stable packer fluid.
Further, a so-called high pH lime mud such as an aqueous drilling mud having an
aqueous phase which is saturated with calcium hydroxide arid which contains
dissolved therein a relatively large amount of sodium hydroxide, such as an amount
of sodium hydroxide in the range I-6 Ibs. per barrel of drilling fluid, is suitably
converted in accordance with the practice of this invention into a temperature stable
packer fluid. A high pH lime mud generally has a pH substantially above 12.0, such
as a pH in the range 12.6-13.5, depending upon the amount of sodium hydroxide
added thereto. A high pH lime mud is further characterized by having an alkaline
aqueous phase which contains a relatively low dissolved calcium or calcium ion
concentration, e.g., a calcium ion concentration below about 200 p.p.m., usually
below about 100 ppm.

The practice of this invention is particularly applicable to the conversion of a
high calcium, relatively low pH lime drilling fluid which contains undissolved lime
(calcium hydroxide) and which has an aqueous phase characterized by a relatively
high dissolved calcium or calcium ion concentration, above about 200 p.p.m.,
preferably in the range 300-1500 p.p.m., into a temperature stable packer fluid. The
aqueous phase of this type of calcium hydroxide-containing drilling fluid is
characterized by a relatively low pH, not in excess of 12.6, the pH corresponding to a

saturated aqueous solution of calcium hydroxide. A mud of this type might be



designated as a low pH, high calcium lime mud and has been found to be very useful
for drilling through leaving shale formations. This type of mud is more thoroughly
described in US. 2,802,783, issued August 13, 1957, the disclosures of which patent
are herein incorporated and made a part of this- disclosure.

As indicated hereinabove, in accordance with the practice of this invention a calcium
hydroxide-containing aqueous drilling fluid is convertible into a temperature stable
packer fluid by treating said drilling fluid with a water soluble oxygen-containing
organic silicon compound and with a chemical treating agent such as a water soluble
metal salt, the hydroxide of the metal of which salt is substantially water insoluble.
Preferably the anion portion of the salt forms a water insoluble compound with the
calcium in the drilling fluid with the result that by metathetical reaction with calcium
hydroxide the resulting water insoluble metal hydroxide and corresponding water
insoluble calcium compound (anion) are formed, thereby removing substantially all
of the calcium hydroxide (calcium ion and hydroxyl ion) from the aqueous phase of
the drilling fluid.

Any compound or chemical treating agent which by metathetical reaction
with calcium hydroxide leads to the formation of a substantially water insoluble
hydrox idea and a substantially water insoluble calcium-containing compound,
thereby removing the calcium and hydroxyl components of the calcium hydroxide
from the aqueous phase of the drilling fluid, may be satisfactorily employed in the
practice of this invention. Water insoluble hydroxides include nickel hydroxide,
chromium hydroxide, magnesium hydroxide, aluminum hydroxide, iron hydroxide,
tin hydroxide, copper hydroxide, zinc hydroxide and others. Accordingly, the
corresponding water soluble salts of these metals, such as the water soluble chloride,
nitrate, sulfate, acetate, salts of these metals, preferably the fluoride salts there, of
since CaF, is substantially water insoluble, are satisfactorily employed as a chemical
treating agent in accordance with this invention. As indicated hereinabove, preferably
an amount of chemical treating agent is employed, sufficient to remove chemically or
to precipitate substantially all of the calcium hydroxide (hydroxyl and preferably also

calcium, components thereof together with any extraneous dissolved calcium) from



the drilling fluid being treated and to convert the same into the corresponding water
insoluble metal hydroxide and insoluble calcium compound. Usually only a minor
amount, based on the total treated fluids, of the above mentioned chemical treating
agents need be added to the drilling fluid undergoing treatment that an amount of
chemical treating agent in the range 0.25-20 Ibs. per barrel, more or less, depending
upon the molecular or equivalent weight of the chemical treating agent, yields
satisfactory results. It has been found that an amount of chemical treating agent in the
range 0.25-20 Ibs per barrel, more or less, depending upon the molecular or
equivalent weight of the chemical treating agent, yields satisfactory results.

Chemical treating agents which are suitably employed in the practice of this
invention include magnesium fluovride, magnesium carbonate, magnesium oxalate,
aluminum chloride, aluminum fluoride, aluminum sulfate, chromium oxide,
chromium sulfate, chromium fluoride, chromium chloride, nickel chloride, nickel
fluoride and nickel sulfate. Various other treating agents which form a water
insoluble hydroxide by reaction with the calcium hydroxide present in the drilling
mud but which do not form an insoluble calcium compound are suitably employed in
the practice of this invention. These materials include magnesium sulfate, magnesium
chloride, magnesium acetate, magnesium citrate, magnesium gluconate as well as the
corresponding chromium, aluminum and nickel compounds. The citrate and
gluconate compounds of these metals, are particularly useful since, although calcium
gluconate and calcium citrate are relatively soluble, these compounds do not ionize to
a substantial extent with the result that the calcium ion concentration in an aqueous
phase containing these compounds remains at a relatively low level. In the practice of
this invention, however, it is desirable, when a chemical treating agent is employed
which does not yield a water insoluble calcium compound, to incorporate in the
drilling mud undergoing treatment a compound which reacts with the calcium present
in the drilling mud to precipitate calcium therefrom as a water’ insoluble. Suitable
such treating agents include sodium carbonate, sodium oxalate, sodium fluoride and

the like since the corresponding calcium compounds are substantially water insoluble.



The organic water soluble oxygen-containing silicon compound employed in
a drilling fluid or mud in accordance with the practice of this invention is present in a
minor amount, in” an amount less than about 10% by weight, usually in, an amount in
the range 0.01—5.0% by weight, more or less, based on the. total drilling fluid or
mud. Various organic water soluble oxygen-containing silicon compounds which
may be employed in the practice of this invention include the water soluble organo or
hydrocarbyl siliconates, such as the alkyl siliconates or silanols, e.g., methyl
siliconates, ethyl siliconates and the like, particularly the sodium derivatives thereof,
e.g., sodium alkyl siliconates such as sodium methyl siliconate. Other suitable organo
or hydrocarbyl (an organic radical containing only hydrogen and carbon atoms)
oxygen-containing silicon compounds include the
alkyl silanols or the alkalil metal alkyl silanols, such as the alkali metali or alkaline
earth metal salt of methyl silanol, methyl silanediol and methyl silanetriol.
Particularly useful in the practice of this invention is an admixture of sodium methyl
siliconate and a sodium salt of the corresponding methyl silanols, monohydric the
sodium salt of IS-carbethoxy ethyl triethoxy silane has been demonstrated to be
particu larlyuseful in the practice of this invention.

The following data are illustrative of the practice of this invention. Portions of
an aqueous drilling mud characterized by an alkaline aqueous phase containing
hydratable clayey material dispersed therein and having 'a pH not’ in excess of 12.6,
said aqueous phase having a calcium ion concentration in excess of 200 parts per
million by weight and being saturated with calcium hydroxide, were treated by
incorporating therein the various materials in accordance with the practice of this
invention. The untreated, partially treated and fully treated portions of the mud were
then subjected to aging at a suitable high temperature for a prolonged period of time.
After high temperature aging the, shear value of the various mud
samples were tested and the appearance of these mud samples observed.

6.1 Chemical packer «FloThru» («MI-Swaco»)



During an open hole completion where the filter cake is confined, as in

openhole gravel packs or expandable — screen completions, the cake must remain
intact to prevent losses and premature screenout. Once the completion operation has
finished, however, the filter cake is usually removed with a chemical breaker to aid
well productivity and avoid residual cake plugging the screen during production.
In many instances it is difficult to access the confined filter cake with a chemical
breaker. Difficult access or incomplete contact could be caused by premature
breakthrough, causing the breaker to bypass parts of the filter cake; failure of a
circulating tool to open or dilution of the chemical breaker while attempting to place
the breaker through the gravel pack. Incomplete contact with the entire filter cake can
lead to a ‘hot spot’ limited flow area that can eventually lead to completion failure.
The FloThru system offers a simple solution that eliminates the need for a chemical
breaker.

The FloThru system is a water-base reservoir drill-in fluid designed with
enhanced flowback capabilities that eliminate the need for a chemical cleanup
treatment, while providing higher return permeability and lower flow-initiation
pressures. The primary application for a FloThru system is in openhole completions
where the filter cake is trapped between the formation and the completion assembly.
In openhole completions where the filter cake is not confined, the FloThru system
still provides a major benefit: lower flow initiation pressures at comparable return-
permeability values. In the FloThru system, a proprietary hydrophobic-carbonate
component combines with a hydrophobic starch to control fluid loss. These materials
create organophilic (oil-preferential) channels through the FloThru filter cake. Their
filter-cake-building characteristics provide a low-permeability barrier to water and
prevent high infiltration. These same organophilic channels avoid the cohesive nature
of conventional water-base RDF filter cakes and provide increased transmissibility of
hydrocarbons, eliminating the need for chemical breakers.

The FloThru system is one of the Smart RD F* Technologies from M-I
SWACO and utilizes a combination of conventional and advanced RDF design

concepts to minimize formation damage:



Custom particle-size distribution to bridge formation pores
Appropriate salts for density or inhibition

Effective and appropriate shale inhibitors

Effective solids engineering

Minimal solids

Low-Shear-Rate Viscosity (LSRV) for hole cleaning and suspension
Hydrophobic components that enhance productivity

An organophilic filter cake that promotes low flow-initiation pressures

Building a more productive filter cake.

Like other Smart RD F systems, the FloThru system contains the smallest
possible amount and the correct size of bridging solids that will still protect the
reservoir and minimize the impairment of openhole completions. The system relies
on a combination of conventional bridging agents and ThruCarb* hydrophobic
carbonate. The conventional bridging agents provide protection for a wide range of
formation pore sizes. The ThruCarb product is a very fine, treated calcium carbonate
that maximizes the number of organophilic channels while avoiding fine gravelpack
and completion-screen plugging. The ThruCarb additive is supplemented with
conventional calcium carbonate that has been selected with M-I SWACO
OptiBridge* software. This program determines the optimum particle-size
distribution of the bridging agent which helps to create an external filter cake and
avoid deep invasion of potentially damaging solids. Formation-damage testing,
performed on FloThru samples, has consistently shown higher return permeabilities
and lower flow-initiation pressures in gravel-pack completions than conventional
RDFs. The organophilic components aid the oil in flowing through the filter cake. For
stand-alone completions, comparable return values have been seen with substantially

lower flow-initiation pressures using the FloThru system.
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Figure 1 — Return permeability and flow-initiation pressure all 40/60 gravel packs
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6.2 Killing and washing fluids preserving reservoir characteristics of the
formation

Freshwater and monovalent salts, such as NaCl, KCI, NaBr and sodium or
potassium formate provide a wide density range as the base fluids for the FloThru
system. In addition, calcium chloride brine up to 10.8 Ib/gal (1.3 SG) can also be used

as the base fluid for the system [3].



Killing wells is the most frequent operation with the use of chemical reagents.
The application of quality Killing fluids (KF), inhibited for stabilizing clay,
preventing corrosion, emergence of infusible salts and enduring inverted emulsions,
allows preserving reservoir characteristics of the formation. Complexes of killing
fluids were developed in Gubkin Russian State University of Oil and Gas. It allows
not only preserving the reservoir characteristics of the formation, but also to increase
the safety of well workover and remediation jobs and decrease the costs of the killing
fluids.

All Kkilling fluids can be divided into two categories:

solutions with absorption control;
solutions with productivity control.

Solutions with absorption control allow limiting filtration of salt killing fluids
in the formation and keep the well productivity after workover on the same level.
Solutions with productivity control is a standard salt killing fluid containing a certain
amount of chemical additives providing for minimal negative impact of the killing
fluid on further exploitation of the well. Usually such solutions cost as much as other
salt fluids, while they bring down the risks of endangering well productivity and
increasing the rate of water in the product.

Well killing technology with absorption control.

The process of killing wells with low BHP and wells with natural or artificial
bottomhole fractures (produced by hydrofracturing) is accompanied by intensive
absorption of salt solution. It doesn’t only results in the increased consumption of
killing fluid, but may also prompt irreversible production loss and increased watering.

Several technologies are used for killing wells:

full replacement of well fluid with killing fluid;

partial replacement of well fluid with blocking pack of KF closing 200—300 m
of perforation interval. The rest part of the well is filled with formation or
mineralized waters (blocking technology).

Killing high-permebility wells in fractured reservoirs after hydrofracturing.

Fluids of high viscosity and low filtration are necessary for killing



CONCLUSION

1. In a drilling operation wherein an aqueous drilling mud which contains an
aqueous phase saturated with respect to calcium hydroxide is employed during the
drilling operation and wherein a portion of said aqueous drilling mud is left in ‘the
bore hole as a packer fluids, the improvement which comprises adding to said portion
of said aqueous drilling mud a minor amount in the range 0.0110% by weight based
on said mud of a water soluble organic oxygen-containing silicon compound and a
water soluble metal salt which reacts with the calcium hydroxide dissolved in said
aqueous phase to form a substantially water insoluble metal hydroxide, said metal salt
being added in an amount suflicient to precipitate substantially all of said calcium
hydroxide in said portion of said drilling mud.

2. A method in accordance with claim Nel wherein said metal salt also reacts
with the calcium hydroxide dissolved in said aqueous phase to form a substantially
water in soluble compound comprising calcium and the anion compound of said
metal salt.

3. A method of converting an aqueous drilling fluid which comprises an
alkaline aqueous phase saturated with respect to calcium hydroxide into a
temperature stable packer fluid which comprises adding to said drilling fluid a minor
amount in the range 0.01-10% by weight based on said fluid of a water soluble organic
oxygen-containing silicon compound and a neutralizing agent for said calcium
hydroxide which reacts with the hydroxyl portion of said calcium hydroxide to form a
water insoluble hydroxide.

4. A method in accordance with claim Ne3 wherein said neutralizing agent
also reacts with the calcium portion of said calcium hydroxide to form a water
insoluble calcium compound.

5. A method in accordance with claim Ne3 wherein there is also added to said
drilling fluid a reagent which reacts calcium compound.

6. A method in accordance with claim 3 wherein said water soluble organic

oxygen-containing compound is a sodium alkyl siliconate.



7. A method in accordance with claim Ne3 wherein said water soluble organic
oxygen-containing silicon compound is sodium methylsiliconate.

8. A method in accordance with claim 3 wherein said water soluble organic
oxygen-containing silicon compound is sodium salt of an alkyl-substituted silanol.

9. A method in accordance with claim 3 wherein said water soluble oxygen-
containing organic silicon compound is p-carbethoxy ethyl triethoxy silane.

10. A method of converting an aqueous drilling fluid which contains an
alkaline aqueous phase having a pH not in excess of 12.6, said aqueous phase
containing hydratable clayey material dispersed therein and having a calcium ion
concentration in excess of 200 parts per million by weight based on said aqueous
phase, said aqueous phase being saturated with calcium hydroxide, which comprises
incorporating in said drilling fluid an amount of a water soluble metal salt which by
reaction with calcium hydroxide dissolved in said aqueous phase forms a water
insoluble metal hydroxide so as to remove substantially all of the dissolved calcium
hydroxide from said aqueous phase, and a minor amount in the range 0.01-10% by
weight based on said fluid of ‘a water soluble organic oxygen-containing silicon
compound.

11. A method in accordance with claim Nel0 wherein the anion component of
said water soluble metal salt by reaction with calcium dissolved in said aqueous
phase forms a substantially water insoluble calcium compound.

12. A method in accordance with claim' 10 wherein said water soluble metal
salt is selected from the group consisting of the water soluble salts of magnesium,
aluminum, chromium, nickel and iron.

13. A method in accordance with claim 10 wherein said metal salt is nickel
fluoride.

14. A method in accordance with claim 10 wherein said metal salt is
aluminum fluoride.

15. A method in accordance with claim 10 wherein said metal salt is

chromium fluoride.



16. A method in accordance with claim 10 wherein said water soluble organic
oxygen-containing silicon compound is B-carbethoxy ethyl triethoxy silane.

17. A method in accordance with claim 10 wherein said water soluble organic
oxygen-containing silicon com pound is sodium salt of B-carbethoxy ethyl triethoxy

silane.
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