V13BecTst TOMCKOro NonuTexHu4eckoro yHusepcuteta. MHxmHnpuHr reopecypcos. 2020. T. 331. Ne 8. 112-122
Koneces I".B. v ap. MccneposaHie BnnsHUS chopmmnata HaTpus Ha TepMOCTONKOCTb KpaxMancoaepxallero rmH1cToro 6yposoro pacteopa

YK 622.24.063.2

WCCNEQOBAHME BIMAHNA ®OPMUATA HATPUSA HA TEPMOCTOUKOCTb
KPAXMAICOAEPXALLErO rMWHACTOr0 BYPOBOIO PACTBOPA

KoHeceB NeHHaguii BacunbeBuy!,
KonesevGV@mail.ru

AxaeB Pyctam PagukoBuy',
unixru@mail.ru

OuxTapb TatbsiHa [iMuTpreBHaZ,
dihttd@gmail.com

MamaeBa OkcaHa leoprueBHa’,
oxana.mamaeva2013@yandex.ru

BsasnukoBueB Cepreit ®egopoBuy?,
kontaki-sintez@yandex.ru

T Ycpumckuin rocynapcTBEHHbIN HEOTAHOM TEXHUYECKWIA YHUBEPCUTET,
Poccus, 450062, r. Ydba, yn. KocMoHaBToB, 1.

2 Ounman YPumcKoro rocyaapCTBEHHOM0 HEhTSHOIO TEXHUYECKOro YHUBepeuTeTa B I. OKTSBPLCKOM,
Poccus, 452620, r. Oktsbpbckuid, yn. [leBoHckas, 54.

AkmyanbHocmb pabomsi 06ycrosneHa He0bXo0UMOCMbI0 COXpaHeHus cgolicme byposbix pacmeopos, co0epxaujux KpaxmasbHbie
peazeHmbl, 8 yCrosusX 8bICOKOU MuHepanusayuu u 0numesnbHo20 8030elicmeust NO8bILEHHBIX memMnepamyp.

Lenb: skcnepumermansHO onpedenums meMnepamypHbIl UHmepeasn U onmumasbHbie KOHUeHmpayuu 3ghGhekmugHO20 NPUMEHEHUS
¢hopmuama Hampusi 8 cocmage 6yposbIx pacmeopos, codepxalux KpaxmarbHble peazeHmbI.

06BekmbI: Kpaxmancodepxaujull enuHucmbIl 6yposoli pacmeop ¢ pasHbIMU KOHUEHmMpayusMu Hampuesbix conell (xnopuda Hampusi u
¢hopmuama Hampusi).

Memodbi: onpedeneHue unbmpayuoHHbIX U peosioeudeckux napamempos coeniacHo TOCT 33213-2014 (ISO 10414-1:2008) nocne
cmapeHusi 6yposbIx pacmeopos8 Npu NOBbILIEHHbIX MeMnepamypax C UCNOb308aHUEM MEPMOSHEEK; NPOBeOEHUE ONbImog Memodom
NOCMPOEHUS Mampuubl UeHMpanbHO20 KOMNO3UYUOHHO20 NNaHupogaHus U Mamemamudeckol obpabomku pe3ynbmamos 3Kcnepu-
MeHMmanbHbIX 0aHHbIX.

Pesynsmambl. [posedeH cpagHUMENbHBIU aHanu3 ceolicme auHUCMbIX 6ypogbIx pacmeopos, codepxaljux KpaxmarbHbil peazeHm, ¢
ucnonb3oeaHuem xnopuda Hampus NaCl u gpopmuama Hampusi HCOONa, nocne dnumenbHo20 HaxoX0eHUs cUCmeMbl 8 yCrogUsX 8bl-
cokux memnepamyp. [lokazaHo, Ymo npupoda cou oKa3bisaem 3Ha4YUMENLHOE 8rusiHUe Ha MepMOCMOUKOCMb Kpaxmarncodepxauie2o
6yposozo pacmeopa: xnopud Hampus He obecneyugaem mepmocmabuibHOCMU pacmeopa; (hopMuam Hampusi no3gonsiem obecneyums
mepmocmolikocmb Kpaxmancodepxauje2o byposoz2o pacmeopa do 140-160 °C. MonydeHb! ypasHeHUsi peapeccuu 8mopo2o nopsidka,
onuchlsarolue 3a8UcuUMOCMb NoKaszamens (unbmpayuu U peoio2uyeckux napaMmempos Kpaxmancodepxauie2o anuHucmoao byposozo
pacmgopa om memnepamypb! U KOHUeHmpayuu hopmuama Hampusi. YCmaHo8neHo, Ymo mepMocmolKocmb KpaxmasbHo20 peazeHma
npu cOBMECMHOM NPUMEHEHUU C (hopmMuamom Hampusi nosbiuiaemcs gcriedcmeue 8bICOKOL pacmeopuMocmu cosu, komopasi nodaens-
em eudpamayuro nonucaxapuda u, COOMEemMCcMeeHHo, 3amednsem e2o 2udponu3 npu 8030elicmauu 8bICOKUX memnepamyp. BeiseneHo,
umo aghehekmugHasi KOHUEHMPAYUs HampuesoU Conu MypasbUHOU KUCOMbI Kak mepmocmabunusamopa 8 cocmase kpaxmasncodepxa-
weeo bypogoeo pacmeopa 3agucum om memnepamypb! NPUMEHEHUST CUCMEMbI: NPU HU3KUX KOHUEHMPayUsIx conu mepmMocmolkocms
obecnequsaemcs 8 OuanasoHe 100-133 °C 3a cyem xopowel akmugHOCMU Kpaxmara; npu 8bICOKUX KOHUEeHmpayusx conu — 8 duana-
30He 133-160 °C — 3a cyem Husko20 codepxaHusi c80600HOU 800bI 8 cucmeme 8criedcmaue 8bICOKOU pacmeopuMocmu ghopMmuama
Hampus. [lokasaHo, Yymo hopmuam Hampus He npedomepawaem HabyxaHue 2fuH, a Haobopom, cnocobeH OKasbiBamb Ha HUX nenmu-
3upyrowee delicmeue.

Knioueenie cnosa:
INonucaxapud, decmpykyusi, mepmMocmoliKocms, MuHepanu3ayus, ghopmuam, 6yposoll pacmeop, Coflb, Kpaxmar.

BBeaeHune

Jnst OypeHust MOIIHBIX TOJII TATUTOBBIX OTIOXEHUH
B YCIOBHUSIX BBICOKMX IUIACTOBBIX JABJEHHIl U Temmepa-
Typ TpeOYIOTCS COJCHACHIICHHbIC YTSDKEICHHBIE TEPMO-
croiikue OypoBBIC pacTBOpHL. B KadecTBe conu B cocTaBe
3THX OYpOBBIX PACTBOPOB HaIle BCETO HCIOMB3YIOT XJIO-
PUCTBII HATPHUH,  PETYIATOPOM (PUIBTPALIUN BBICTYIIAIOT
KpaxMmanbHble peareHTsl. OnHAKO NMpUMEHEHHe MOCIe-
HHUX OTpaHMuMBaeTcs WX TepmoctoiikocThio (121 °C).
[TonpITKM MHOTHX MCCIIEl0BaTeeld MOBBICUTH YCTOMYH-
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BOCTb TIONIMCAXapua K BEICOKMM TEMIIEpaTypaM OKa3a-
JCH YCICIIHBIMU TOJBKO B COCTABE IPECHBIX PACTBOPOB
32 CUET JONONHUTEIBHOTO BBEACHUS TEPMOCTAOMIH3H-
pytomux 106aBok [1-6]; mpu ucnonp3oBaHuM Xke Oypo-
BEIX PACTBOPOB, HACHICHHBIX XIIOPUCTHIM HATPHUEM,
00ECTICUHTh TEPMOCTOMKOCTh KPaxMaJbHBIX PEarcHTOB
Boime 120 °C 1o cux mop He yaazocs [3-5].

Ceronus B Poccun u 3a py6exxoM MIHPOKyIO MOMYy-
JAPHOCTb MPUOOPETAIOT PACTBOPHI HA OCHOBE COJEH My-
PaBBUHON KHCIOTH ((hOPMHIATOB), KOTOPEIE 00ECIICUIBA-
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0T CTa0MIBHOCTb B YCIOBUSX BBICOKUX TEMIEpaTyp Ta-
KHX TOJIACAXapyuIOB, Kak KcaHTaH [7, 8], moMMaHnoOHHAS
nemnronosa [8, 9], kapbokcumeriiemtronosa [10], 6o
TIONUCAXAPUIHBIX KOMIO3UIMH, COAEpAKAIIUX OJHOBpE-
MmenHo ITAILL u kpaxman [11, 12], kcanTan u kpaxmai
[13, 14].

JlaHHEIX 0 HETOCPEICTBEHHOM BIHSHHH (DOPMUATOB
Ha TEPMOCTOMKOCTh KpaXMaJbHEIX PEATCHTOB HET; KPOME
TOTO, B HAyYHBIX MyOJMKAIUIX OTCYTCTBYET CpaBHCHHE
UX 3(Q(EeKTUBHOCTH C XJIOPUAOM HATPUS, TPAAUIUOHHO
TPUMEHSIEMBIM B CONICHACHIIEHHBIX pacTBopax. [IpenBa-
pUTENbHBIE JA00PaTOPHBIC UCIBITAHMS TAKKE MTOKA3aIHd
HPOTUBOPEUHBEIE PE3YIBTATH — B KAKHX-TO CIyJasx CO-
M MypaBBHHOM KHCIIOTHI 00ECTICUMBAIOT YCTOHIMBOCTD K
BBICOKMM TEMIIEpaTypaM KpaxMaJcoAepKaliux pacTBO-
POB, @ B KAKHX-TO, HA00OPOT, YXY/IIIAIOT, TaKe MIPH TEM-
neparypax mmwke 120 °C. Bee ato motpeboBano Tima-
TENBHOTO M3YYEHHS BIMSHUSA (OPMUATOB HA TEPMOCTOI-
KOCTb KPaXMaJIbHBIX PEarcHToB.

Heo6xomuMOCTh NPOBEJCHUS TAKUX MCCIIEI0BAHUIA
JOTIONHHUTEIBFHO O0YCIOBICHA MEPCIIEKTUBHOCTRIO TpPH-
MeHeHHs popMHaTOB U1 OYPEHUS COIIHBIX IIOPOJ — U3-
3a BBEICOKOH PacTBOPHMOCTH B BOZE OHH HAMHOTO () dek-
THUBHEH, 4eM XJIOPUCTBIA HATpHil, MOTYT HOJABIATh pac-
TBOPUMOCTb TAIMTOBBIX OTJIOKEHUH, a TAkKe JafyT BO3-
MOKHOCTB TOJNYYaTh PACTBOPHI BHICOKUX ILIOTHOCTEH C
OoJee HU3KUM coliepKaHneM TBepoi dassl (Tadm. 1).

Taonuuya 1. Ilpedenvras pacmeopumocms 6 60de coneli u
MAKCUMATILHO 803MOJICHASL NIOMHOCHb 600OHbIX
pacmeopos [15]

Solubility of salts in water and the highest
possible density of brines [15]

Table 1.

MaxkcumanbHO
BO3MOJKHAS INIOTHOCTh
pactBopa, Kr/m®

PactBopuMoOcCTh B Bojie
IIPH TeMIIepaType
20 °C, r/100r Bozs!
Solubility in water at 20
°C, g/100 g of water

Hassanue comu
Name of salt

of the solution, kg/m®

Highest possible density

Xnopun HaTpus

JUnst Toro utoObl yOEAUTHCS, YTO HAa TEPMOCTOMKOCTD
KpaxMancofiepkamiero OypoBOrO pacTBOpa OKa3hIBACT
BIIMSIHUE HE TOJIKO CTENEHb MUHEpaIM3alu, HO M TUII
COJH, B KauecTBe 00BEKTOB HCCIEI0BAHUS OBLIH BHIOpa-
HBI JIB€ COJIM C OJIMHAKOBBIM KATHOHOM U Pa3HBIMU aHHO-
HaMM — TPAJUMLIHOHHO MCHOJb3yEMBlil XJIOpUI HATPUS U
MOTCHIMATBHO TIEPCHIEKTHBHEIH (opmuar Hatpus. Pas-
JUYKe B aHHOHAX BIIMSET HE TOJbKO Ha CTENEHb HX pac-
TBOPHMOCTH, HO U CIIOCOOCTBYET TOMY, 4TO Ka)KIast COMb
co3gaer coil pH BomHOHM cpenbl, HMEIOWMUNA OIPOMHOE
3HayeHHUe B CHCTEMax OyPOBBIX PACTBOPOB.

Harpuit xnopuctsiii NaCl — coib CHIBHOTO OCHOBa-
HUSL U CHJIBHOM KHMCIIOTBI, BCJIEACTBUE YETO HE MOJBepra-
ercst ruapommsy u pH cpexsl meitpambbii (pH~7);
¢popmuat Hatpus HCOONa — cosib CHIIBHOTO OCHOBaHHS
¥ cnaboil KUCIIOThI, MO3TOMY THAPOJIU3YETCS 1O aHUOH-
HOMY THITY, B Pe3yJIbTaTe 4ero oOpasyroTcs THIPOKCHI-
norsl (OH') m pH cpenpr mMeeT mienounyio peaxiiio
(pH>7).

['uaponus conu — Hporecc PaBHOBECHBIH, MOITOMY
MOCTOSIHHOE HAIMYMEe THAPOKUCUI-HOHOB B TUCIIEPCUOH-
HOH cpene OypoBOTO pacTBOpa, B COCTaB KOTOPOTO BXO-
IUT (opMuaT HaTpHs, OyAeT CrocoOCTBOBATH 00pa3oBa-
HUKO Oy(epHOii cHCTEMBI CO CTA0WIBbHBIM 3HaYeHHeM pH
B wunrepsae 8-10 [18]. CnemoBarensHo, Qopmuar
HaTpHs, B OTJIMYKME OT XJIOPHIA HATpUs, HE JOJKEH 00-
Ja1aTh WHTHOMPYIOIIMM JEHCTBHEM 10 OTHOIIEHHIO K
TNIMHE, a Jaxe, Ha000pOT, B KAKOH-TO CTENEHH MOXKET
croco0cTBoBaTh ee menTusaruu. CrabuibHOE MpPHUCYT-
CTBHE THJPOKCHIBHBIX HOHOB B JUCIEPCHOHHOH cpene
OypoBOro pacTBopa JOIKHO OKa3blBaTh OJaroMpUATHOE
BIIMSIHME HA KpaxMallbHbII Tonucaxapu/ Npyu MOBBILIEH-
HBIX TEMIIepaTypax — mpefoTBpamaercs carkenne pH 1o
JMana3oHa, B KOTOPOM MOXKET IPOU30HTH KUCIOTHBIH
runponus [15].

Tabnuya 2. Cocmag 6a3068020 2NUHUCMO20 KPAXMAICO-
deparcaujeco Oyposo2o pacmeopa

Sodium chloride 35,9 1197
®dopmuar HaTpus

Sodium formate 97,2 1330
®dopmuat Kanus

Potassium 337,0 1590
formate

®dopmuar nesus 4460 2300

Cesium formate

BnusiHue TMNa conu Ha CBOMCTBA Kpaxmancoaepxallero

GypoBOro pacTBOpa, HaxoAALErocs B YCNOBMUAX

ANUTENLHOTO BO3AEUCTBUS NOBbILEHHbIX TeMnepaTyp

OddexrrBHoe BiugHUE (HOPMHUATOB HA TEPMOCTOM-
KOCTB TIOJIHCAXapHUIOB HCCIEIOBATENIN OOBACHSIOT BBICO-
KOW pacTBOPUMOCTBIO cojiei [16], TOBBINIEHHBIMH 3HA-
yenusmu pH [15], HU3KOM aKTHBHOCTHIO MUKPOOPTAHHU3-
MoB [17].

[Ipu HachimeHrn OYPOBBIX MPOMBIBOUHBIX KHAKOCTEH
XJIOPUCTBIM HATpHEM, 3a HCKIIOYEHHEM HEHTpaibHbIX
3HaueHu# pH, Takxke CHIXKAETCAd aKTUBHOCTb BOIbl U
NPAKTHYECKU IPEKpalaeTcs AesTeNbHOCTh MUKPOOpra-
Hu3MOB. OJIHAKO YCTONYMBOCTH TOJNUCAXapHIOB K BO3-
JEHCTBUIO BBICOKMX TEMIIEPaTyp B TPUCYTCTBHUU STOH
conu Ooee HI3Kasl.

Table 2. Composition of the basic clay starch-containing
drilling mud
HaunmenoBanue Konnuentpars,
0,
peareHTa Hasnauenue/Purpose Mac. /O.
Reagent name Concentration,
wt. %
Japcan/Darsan | Bakrepuiun/Bactericide 0,1
NaOH Perymsitop pH/pH regulator 0,3
HEMA JucnepcHas ¢asa;
PBMA CTPYKTYpooOpa3oBaTeb 4
Dispersed phase; builder
g}igbgnlfgifa}l- CrabumsaTop TIIHHACTOR
Sulphonated CYCIICH3HU 1,9
bitumen Clay slurry stabilizer
Kpaxman
«HJI-TexHuK» TloHusuTens GuipTpan 2
Starch «ND- Filtration reducer
technician»
KOHLMaTaHT, YTAKCITUTEIID
Men/Chalk Colmatant, weighting compound 8

Uccnenyemas comb [100aBisiack B OMpe/IEICHHOM
KOHIIEHTPAIlMK K 0a30BOMY TIMHHCTOMY Kpaxmajicojep-
*Karemy OypoBOMy pacTBOpy (Tabi. 2), mocie 4ero oH
3aJIMBAJICS B TEPMOAUEHKH U [IOJBEPTraiCsl CTAPEHUIO TIPU
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temneparype 160 °C B Teuenue 32 gacos. [lo ucreuenun
33J]aHHOTO BPEMCHHM H3BICUCHHBIN U3 sSUEHKU OypoBOit
pacTBOp IMepeMeIINBAINA M ONPEIEISIA er0 TeXHOIOTH-
yeckue mapameTpsl B cootBerctBur ¢ [OCT 33213-2014
(ISO 10414-1:2008) [19]. AHanoruuHsie OmepaIyy TaK-
ke OBbUTH TPOBEIEHBI ¢ 0a30BBIM TJIMHHUCTHIM OYPOBBIM
pacTBopoM. Pe3ynpTaThl SKCIEpHMEHTANbHEIX HCCIEI0-
BAHHH TIPEICTABICHE B Ta0M. 3.

Taonuya 3. Texnonozuueckue napamempuvl 0A306020 U ¢
dobagieHueM Conu  Kpaxmaa-cooepicaueco
2nuHUCmo2o 6ypogozco pacmeopa nocie 32 ua-
€068 MEpMOCMAMUPOBAHUs NPU MeMnepamype
160 °C

Technological parameters of the base and with
the addition of salt starch-containing clay
drilling mud after 32 hours of thermostating at
160 °C

Table 3.

PactBop
Drilling fluid/mud

YP, dPa

TID, mi/30 Mun
API fl. loss, ml/30 min
IIB, mlla-c
PV, mPa-sec
JIHC, nlla
CHC, ¢, alla
Gelmsec, dPa
CHC, gy, alla
Gelm miny dPa
pH

Bazoserii pacteop (b.P.)
Base mud (B.M.)
B.P.+8,98 % NaCl
B.M.+8,98 % NaCl
b.P.+17,95 % NaCl
B.M.+17,95 % NaCl
Bb.P.+35,9 % NaCl
B.M.+35,9 % NaCl
B.P.+24,3 % HCOONa
B.M.+ 24,3 % HCOONa
b.P.+48,6 % HCOONa
B.M.+48,6 % HCOONa
b.P.+97,2 % HCOONa
B.M.+97,2 % HCOONa

o
~
w
o
=
~
N
5

8,8

10 | 66 | 28 6 12 | 78

16 |101| 21 3 7175

17 |125( 29| 12|18 | 73

18 |126| 38 | 22 | 28 | 95

19 1243 42 | 19 | 23 | 96

8 |337| 53|18 | 22|96

AHanu3 TaHHBIX, PEICTABICHHBIX B Ta0M. 3, OKa3bl-
BAET, YTO YBEIMUECHHUE KOHLIEHTPALMHU XJIOpUIa HaTpHs B
cocraBe OypoBOTO pacTBOpa BeIeT K POCTY IMOKa3aTels
(GUIBTpallii U CHHKCHUIO PEOJIOTHYECKHX TTapaMeTpPOB,
XapaKTePU3YIONINX CTPYKTYPHO-MEXaHHYECKUE CBOMCTBA
OypoBeix pactBopoB (JJHC u CHC), uto obycrnoBieHo
KOAryJupylomuM AeHCTBHEM CONM MO OTHOIICHHIO K
rivHe. [Ipu 3TOM 3HaueHMs mokasatenedl (uibTpanuu
npu 17,95 u 35,9 % NaCl npakTiHdeckn cOnoCTaBHMBI,
XOTS TPU CpeHEN KOHLEHTPAIMK COJU TIONHOU KOary-
JAMM TIMHBL eme He Habmomaercs. CrenoBaTelbHO,
MaKCHMaJlbHO BO3MOXKHBIA MOKa3aTenb (uibTpanuu
KpaxMajicoepkamero OypoBOrO pacTBOpa, B CIydae
IPUMEHEHNS XJIOpHA HATPUs, OOYCIOBIEH MOJHOW je-
cTpykuuel nomucaxapuna mpu 160 °C.

HeonHo3HayHO BIMSHHME HA TEXHOIOTHYECKHE Mapa-
MeTpsl popmuarta Hatpus. [Ipyn MUHUMAaNBHON U cpenHeit
KOHIICHTPAIIMM COJM II0KA3aTeNb (DHIBTPALMH HMEeT
IOCTaTOYHO BBICOKHE 3HAYCHHS, a TPH MAKCHMAIbHOH
KOHIICHTpAIllMK — 3HAYCHHE MOKa3aTeNs (QUIbTpaluy Ta-
Koe ke, Kak y 0a3oBoro mpecHoro pactBopa. Otciona
BO3HHKACT BONpPOC, JMOO TpH IAHHOH TeMIeparype
(160 °C) 24,3 u 48,6 % QopMuaTa HATPHS HEJOCTATOTHO
I 00eCTIeUeHHs] TEPMOCTOMKOCTH OypOBOTO PacTBOpA,
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COJIepIKAIlIer0 KpaXMaJbHBIN MoNucaxapus, 1100 JaHHas
TeMIIepaTypa CIULIKOM BBICOKA IS 3TUX KOHLEHTpaLHil
1 00macTh ux 3QQEKTHBHOTO BO3ACHCTBHS HAXOAUTCS B
HHTEpBaje Ooee HU3KUX 3HAUCHHIL.

VBenuyeHne KOHLEHTpaluK GopMuaTa HaTpUi B CO-
CTaBe Kpaxmalcoepaliero 0ypoBoro pacTBopa BeJieT K
pocty IHC u nesnauurtensHomy cHmxenuto CHC, mpu
stom 3Hauernss CHC, mmepennsie uepes 10 ¢ u 10 muH
HaXOXKJICHUS B TIOKOE TEXHOJOTHYECKOH KUIKOCTH, JI0-
CTaTOYHO ONM3KH, YTO HATIOMHUHAET IMOBEJICHUE Oe3ryu-
HUCTBIX OMOTONMMEPHBIX OYpPOBBIX PACTBOPOB HA OCHOBE
KCAaHTaHOBOW CMOIBI ¢ OBICTPO(OPMHPYIOMIECHCS CTPYK-
TYpOH.

Ecnu mpenmonoxutb, 4To Mo AEHCTBHEM CONH MY-
PaBbMHON KHUCIOTHI JCHCTBUTENBHO HIET MENTH3ALU
TIMHBL, TO C YBENHYCHHEM KOHICHTpamuu (opmuara
HaTpus mporcxoawt 661 poct He Tonbko JJHC, Ho m CHC,
npu 31oM 3HaveHus CHC umenn Obl porpeccupyonmi
XapakTep BO BPEMEHH Kak y 6a30BOro pacTBopa; Mmokasa-
Tenb QUIBTPAILUMK BCIGACTBUE MENTU3AINHU TJIMHBI C yBe-
JMYCHHEM KOHIEHTPAUH (OpMHAaTa HATPUSA JOJDKEH
Ot OBl cHIKaThcsS. OOHAKO NAHHBIX SIBICHAH MBI HE
HabIro1aeM.

Ecnu nomycTtuth, 4TO yBENMYEHHE IUIACTHYECKON
BSI3KOCTU TIpH J00aBJEHUH COJeil B 000OMX CHydasx
00yCIOBIEHO B OCHOBHOM IOBBILIEHHEM BA3KOCTH JHC-
MEPCHOHHON Cpelbl, TO CYIIECTBEHHOE BIHsAHHE (Op-
MHATa HATPHS Ha PEOJIOTHUYECKUE MapaMeTphl Kpaxmal-
conepxamero Oyposoro pactsopa (JJHC u CHC) mpu
TeMIepaType HCIBITaHUs, BO3MOXKHO, CBS3aHO C 0CO-
OCHHOCTAMHU B3aUMOJEHCTBUS MPH TOBBILIEHHBIX TEM-
mepaTypax KpaxMaJdbHOTO MoJHcaxapuiaa ¢ GopMuaToM
HaTpuUst — TMO0 U3MEHAIOTCSA BHYTPU- U MEKMOIIEKYIIAP-
HbIE BOAOPOAHBIE CBA3M MEXKIY MOIMMEPHBIMH LIETIAMH
B MPUCYTCTBUH COJU MYPAaBbUHOM KHCIOTBHI, OO Tpo-
UCXOAUT XMMUYECKOE B3aUMOEHCTBHE MOIKCcAaXapusa ¢
(GopmuaToM HaTpus (HampHMep, CIIHBKA IOITHMMEPHBIX
Hernedl WM TPOIAYKTOB TEPMOJECTPYKIMHU (OpMHAT-
HOHOM).

Takum 00pazom, Ha OCHOBaHHWH MPOBEIEHHBIX HCCIE-
JIOBaHMH, Mbl MOXEM 3aKJIIOYHTb, YTO HPUPOJA COJIH,
no0aBIsIeMOH K KpaxMajcouepKaleMy TITHHACTOMY Oy-
POBOMY PacTBOpY, OKa3bIBaeT 3HAYMTENHHOE BIMSHUE HA
€ro CBOICTBA MPU BO3/EHCTBUU MOBBIICHHBIX TEMIIEpa-
Typ; popMHUAT HATPHS, B OTIAUYUE OT XJIOPUJIa HATPHUS, He
o0naJaeT KoaryJIupyrowmuM 1eHCTBUEM 10 OTHOLIEHHIO K
[IMHE ¥ [P MakcHUMaibHOH KoHueHtpamun (97,2 %)
MOXeT o0ecreunTh CTadWIbHOCTE pacTBopa a0 160 °C
BKJTIOUHTEIHHO.

BnusiHue koHUeHTpauun hopmmata HaTpus

¥ TeMnepaTypbl Ha CBOWCTBa Kpaxmarncoaepxalyero

OypoBoro pacTBopa

HeonHo3HauHOe BIMSHUE HATPUEBOH CONH MYpaBbH-
HOM KHCIOTHI Ha CBOMCTBA KpaxMalcojepiamero oypo-
BOTO pacTBOpa MPH BO3ICHCTBUM BBHICOKHX TEMITEPATYp
MOTpeOOBANO MPOBEACHUS HCCICIOBAHMH, HAIpPaBIICH-
HBIX HAa OMNPENCNCHHE ONTHMATIbHBIX KOHIICHTPAIIHIA
(opMuaTa Hatpus U paboOUNX MHTEPBATOB TEMIICPATYP,
TPU KOTOPHIX JaHHas Coib OyzaeT 3¢deKTuBHO obecre-
YHBATH TEPMOCTOUKOCTD KPaXMaJIBHOTO MOUCAXapHa.
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Jlnst mipoBenieHUs UcCleoBaHui ObLT BBIOpaH 0a3o-
BBIH TJIMHHCTEI OYpOBOH pacTBOp, COCTaB KOTOPOTO M
Ha3HAUCHHE KAKIOTO KOMIIOHCHTA IIPEJCTABICHH B
Ta0n. 4. BriOop IMHBI B KayecTBe CTPYKTYypooOpa3oBa-
TeNsd, TaK Jke KaKk W B IpelplAylieM ciydae (Tadi. 2),
00yCJIOBIIEH MCKIIIOYEHHEM U3 COCTaBa APYroro MoJmca-
Xapuja, a IMCHHO KCaHTaHa.

Taonuua 4. Cocmas 64308020 2AUHUCIO20 KPAXMAILCO-
depoicaugeco 6ypo8oeo pacmeopa

Md = 1578255 + 0,20246 - x, — 0,29699 - x,
—0,00152 %, X, + 0,00159 - x2

IB = 58,64093 — 2,9752 - x, + 0,00924
-x2—0,00346 - x2 + 0,02644 - x, - X,
-6332-1077 -x2 - X2,

JHC = —1308,74 + 21,79 -x, — 0,08 - X3,
CHCyo = —688,074 + 11,27 -x, — 0,043 - x2,
CHCyguy = —791,852 + 13,237 -x, — 0,051 - x3,

TZie X; — KOHIEHTpanus hopmuata HaTpus, Y%; Xy — TEM-
neparypa, °C.

Tabnuua 5. 3nauenus sapvupyemuvix akmopos ons uzyue-
HUsl UX 6IUAHUA HA NOoKaszameib (j)uﬂbmpauuu u
peojioeuveckue napamempuvl SAUHUCIO2O0 Kpax-
Maﬂcodepolcau{eeo 6_)/]708020 pacmeopa

Values of variable factors for studying the
filtration rate and rheological parameters of
clay starch-containing drilling mud

Table 5.

Table 4.  Composition of the basic clay starch-containing
drilling fluid
Haumenopanue Konuenrpa-
AreHTa Hasnauenue wust, mac. %
peare Purpose Concentration,
Reagent name
wit.%
JHapcan/Darsan Bakrepunn/Bactericide 0,1
NaOH Perynsitop pH/pH regulator 0,3
EMA JucnepcHas ¢asa;
PEBMA CTPYKTYpooOpa3oBaTelb 4
Dispersed phase; builder
Kpaxman
«HA-TexHuK» INonnsurens GpuiIbTpanuy 2
Starch Filtration reducer
«ND-technician»
Men/Chalk KOJ’IBMaTaHT, y."m)K.enm‘enL 8
Colmatant, weighting compound

Peanuzarnuio 3THX HCCNENOBAaHUIl OCYIIECTBISIH C
TPUBICYCHAEM POTPaMMHOTO obecriedeHns «Statisticay
I TIOCTPOEHHUS. MAaTPULbl LIEHTPAIBHOTO KOMIIO3HIMOH-
HOTO TJIaHupoBaHus skcrepumenTa[20], B KOTOpoM Ba-
PBUPYEMBIMU (haKTOPaMHU ABJSIUCH KOHLEHTPALHUS CONH
u Temmneparypa. [lokazatens QuIbTpayyu TIMHUCTOTO
KpaxMancoepKalero OypoBoro pacTBopa H3ydancs B
unTepBane temmeparyp 25-160 °C, a peomormdeckue
napametpsl — B uHTepBane 100-160 °C (Bbibop 3THX
JVANa30HOB TEMIEPaTyp, KaK CYIIECTBEHHO BIHAEMBIX
Ha HCCIeflyeMble CBOMCTBA, — CIIEACTBUE aHANIN3a IONY-
YEHHBIX MaTeMaTHYECKUX MOJENell Ha OCHOBaHUH JKCIIe-
PUMEHTATBHBIX TaHHBIX). 3HAYCHHS BapbUPYEMBIX (ak-
TOPOB TIPEZICTABNEHH! B Ta0M. 5; MaTpHIa IIIaHAPOBAHHUS
9KCMIEPUMEHTAa C pE3yNbTaTaMH BBIXOJHBIX 3HAYEHHIl
nokaszaTens (uiIbTpauud — B Ta0Nl. 6, a PeoIoruyecKux
mapaMeTpoB — B Ta0I. 7.

B xone mpoBeneHus sKcriepiMenTa (GOpMEAT HATPUS B
OTIPEJICTICHHO!N KOHIIEHTPAIMH, COTTIACHO MATpHIC IUTAHH-
POBaHUS JKCTIEPUMEHTA, N00aBIsUICS K 0a30BOMY IJIMHH-
CTOMY KpaxMmacojiepxariemy OypoBoMy pacTBopy (Tabi. 4),
KOTOpBIIl 3aTeM 3aJMBAJICS B TEPMOSUEHKU M TIOABEPrajcs
CTapEHMIO MPH 33IaHHON TeMIIepaType B TeueHue 16 Jacos.
Ilo BCTEUeHNN YCTAHOBICHHOTO BPEMEHH HM3BIICUCHHBIN 13
srueiiky OypoBOi pacTBOp MEPEMEIIHBATH U OTPE/IETISIIN €T0
TEXHONOrn4eckue mapamerpbl B cooterctBHM ¢ ['OCT
33213-2014 (1SO 10414-1:2008) [19].

[lo pesympraTam cepwd JKCIEPUMEHTOB, MPEACTaB-
JICHHBIX B Ta0M. 6, 7, C TIOMOIIBIO MOAYJIS «AHAN3 JKC-
IePUMEHTATBHBIX JaHHBIX MIaHay 10 «Statisticay momy-
YeHbl MaTeMaTHYECKUE MOJIENH 3aBUCUMOCTH MOKa3aTels
(UIBTPAINN U PEONOTHIECKUX MapaMEeTPOB OT KOHICH-
Tpamun (hopMuaTa HaTPUS U TEMIEPATYPH B BHIE YpaB-
HEHUI perpeccuil BTOporo mopsaka ¢ JeHCTBUTEIbHBIMU
3HAYCHUSIMHU KO3 QHUITMEHTOB:

Peonornueckue
[Toxa3zatenn N——
Q ¢uIpTpau k
Q
2 < | APIfI. loss Rheological
52 parameters
YpoBeHb BAPbHPYEMBIX | = S 0o 0o
(axropos 28 e 5% el 55
Level of variablefactors | 20 | 5 | &5| ¢ | &5
Eg| 22| 58| 22| §§
ne} - - - « - -
gO| £2 52| £2| 82
S |89 |35|S°| 55
o o
= & = =
Ocnosnoit yposent, 0 | 729|100 | 729 | 130
Main level
Vurepan BappupOBARMS | \v. | 543 | 675 | 243 | 30
Variation interval
Bepxuii yposers 1 | 972 | 160 | 972 | 160
Upper level ' '
Hwxuuit ypoeHb
Lower level -1 48,6 25 48,6 100

Tabnuua 6. Mampuya yeHmpanbLHO20 KOMNO3UYUOHHOZO
NJIaHUupoeanusl u pesybmamaol onpedeﬂenuﬂ no-
Kasamens uibmpayuu Kpaxmaicooepucaue2o
b6yposoeo pacmeopa uepes 16 uacoe cmapeHus
npU PAsHbIX YPOBHSX 6APLUPYEMbBIX (DAKMOPOS
(KoHyenmpayuu opmuama Hampus u memne-
pamypui)

Matrix of central compositional planning and
the results of determining the filtration rate of
starch-containing drilling fluid at different
levels of variable factors (sodium formate
concentration and temperature) after 16 hours
of temperature control

Table 6.

Mecro mnana Homep Conp | Temmnepa- Mo,
Place of the onbITa (X1) Typa (Xz) Mi1/30MuH
plan Experience Salt | Temperatu | APIfl. Io_ss,
number (X1) re (Xz) mi/30min
Slapo miana 1 -1 -1 17,0
®d 2° 2 -1 1 7,0
Core of the 3 1 -1 25,0
FFE 2%plan 4 1 1 5,0
5 -1 0 5,2
0
- 7 0 -1 22,0
Star points 8 0 1 5.0
Lentp ruiana 9 0 0 4,9
Plan center 10 0 0 49
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Taonuua 7. Mampuya yenmpanoHo20 KOMNO3UYUOHHOZO
nianupoeanusl u  pe3yilomarnbl onpedefzenuﬂ
Ppeoocuyeckux napamemposg Kpaxmaicooep-
arcaweco 6yposozo pacmeopa uepes 16 uacos
cmapenust npu pasHvlX YPOBHAX GAPbUPYEMbIX
Gaxmopos (konyenmpayuu popmuama Hampus
u memnepamypbi)

Matrix of central compositional planning and
the results of determining the rheological pa-
rameters of starch-containing drilling fluid at
different levels of variable factors (concentra-
tion of sodium formate and temperature) after
16 hours of temperature control

Table 7.

0} k) =
AP PP
Mecro mana & qc_» o ?_Z, % § E ;;“_’ E( 5 :fs g L=
Placeoftheplan |SE|E=|E£E|ZE|da| S :E
S2(SF|o3(m. > =Sl O
25|°7|2EFZ|RT|S3|Es
& Ee ol 2o
Snpo miana 1 -1 1 |14,7] 40 | 13 20
®D 2 2 | -1 [ 1 |16 [43 ] 14 ] 19
Core of the FFE 3 1 -1 |18,3| 30 | 10 25
22plan 4 1 1 |265| 62 | 14 | 19
5 -1 0 18 | 130 | 57 71
3Be3HbIE TOUKH 6 1 0 (323|136 | 71 92
Star points 7 0 -1 |163| 51 | 14 20
8 0 1 |228]| 55 | 18 22
Lentp nnana 9 0 0 [266]110 ]| 38 52
Plan center 10 0 0 266|110 | 38 52

B monmy4eHHbIE ypaBHEHHS PErpeccHd BXOIAT KO3(-
(UIMEHTHI, CTATHCTHYECKas BEPOSTHOCTH KOTOPBIX
6ompie 0,95.

AJNIeKBaTHOCTh MaTEMaTHYECKUX MOJIENEN OLEHUBAIH
1o kputeputo duimepa u KO3QPUIMEHTY AeTePMUHALNH,
a TaKKe TpauueckuM METOJOM — OMpeNeNsin 00aacTb
JoBepuTENnbHOTO MHTEpBana npu p=0,95 u Hanocumm Ha
rpaduk (akTHYeCKH MONyYaeMble JKCIIEPHMEHTAIBHBIC
3HaueHus (puc. 1).

Kak BuauMm, Bo Bcex ciydasx: TaOIMYHbIE 3HAYEHHUS
F-kpurepus ®unrepa MeHbIIe pacueTHBIX; KOI(PPULICH-
THl JeTepMUHAIHE R, KOTOpBIE OTPaKalOT Mepy Kade-
CTBA PErPECCHOHHON MOJIENH, ONMCHIBAIONIEH H3ydaeMbIil
npornecc, Oonpuie 0,80; Tpaduku mnpeAcKasaHHBIX U
HaOMI0AaeMbIX 3HAYEHUH JEMOHCTPUPYIOT, YTO IONY-
YeHHbIE MOJENH XOPOIIO OIMMCHIBAIOT M3ydaeMbIe SBIIC-
Hust. CienoBaTebHO, HYJIEBBIE TUIIOTE3BI O CTATHCTHYE-
CKOM HE3HAYMMOCTH KaXJIOTO YPABHEHHS DPETPECcCUH
MOKHO OTBEPTHYTb.

Bocmosp30BaBIIKCh YPaBHEHHEM PErpecCHH, KOTOPOe
OIIMCHIBACT 3aBHCHMOCTH TOKAa3aTensd (UIBTPALNU OT
M3y4aeMbIX HaMH (PaKTOPOB, MBI PACCUUTAIN €TO 3HAYE-
HUS TIPU Pa3HBIX KOHIEHTpAIUAX (opMuaTta HATpHs H
pasHbIX Temmeparypax (Tadd. §).

W3 Tabn. 8 BUAHO, YTO B 00MIACTH HU3KHX TEMIIEPATYP
KpaxMmaJicoiepaniuii  OypoBod pacTBop, TpH 000
KOHIICHTpaIyy (hOpMUATa HATPHUS, UMEET BBICOKHE (DHITb-
TPAIMOHHBIE CBOMCTBA, KOTOPHIE MO MEpe YBEIUYCHHUS
CTETICH! HarpeBa CHCTEMbl HAUWHAIOT CHUXKATBCS, IOCTH-
ral0T MUHUMYyMa, a 3aTeéM BHOBb HAauMHAIOT pacTu. [lpu
9TOM MHHUMAIbHBIC 3HAUCHIIS TI0Ka3aTeNs (GUIbTPaIUH C
YBENMYCHIEM KOHIIGHTPAIMH CONM CMEMAIoTCS B 00-
JacTh Oonee BRICOKHX TEMITEpaTyp.

116

AHanu3 TaOMUYHBIX JAHHBIX MOKA3BIBACT, UTO B 3aBH-
CUMOCTH OT BJMSHHS KOHIEHTpAaluH (pOpMHATa HATPHS
Ha MOKa3aTeNb (QIIBTPAH MOKHO BBIEIHUTH TPH TEM-
TepaTypHbIe 00TacTH:

o 25-132 °C — ¢ yBeNMYCHHEM KOHIICHTpAIMH COJH

TOKa3aTenb (GUIbTPALUU YBEIUUABACTCS;

o 133 °C — npu JT0OBIX KOHIIEHTPAIMSAX CONH MOKa3a-

TeNb QUIBTPALMH UMEET OJHO H TO JK€ 3HAYCHHCE;

e 134-160 °C — ¢ yBenuueHHWEM KOHIECHTPAIUH COJH

TOKa3aTenb GUIbTPAIUA CHAKACTCS.

Otcroza cienyer, 4To KpaxMalucoepKamuii 6ypoBoit
pacTBop MMeeT MUHUMAaNbHbIE 3HadeHus 1O xo 133 °C
IpY MUHAMANBHBIX KOHICHTPAIMAX (hOpMHAaTa HATPUs,
nocine 133 °C — npu HachIILEHUH CUCTEMbI COJIbIO (Auei-
KU B TaONuIe 3aKpalIeHbl CephIM IIBETOM); MaKCHMalb-
Hble 3HaueHus [1D B TabmuIile 3aHUMAIOT 3ePKATBHO pac-
TIOJIOJKEHHBIE TTO3HIIMH 10 OTHOIICHHIO K MUHUMATbHBIM
sHadeHUsIM [1D (3HaueHHs B TaONMIE BBIICICHBI MOTY-
’KUPHBIM MIPUPTOM).

Takast MHBEpCHs CHCTEMBI YKa3bIBAaeT Ha TO, 4TO Me-
XaHHU3MBl CHWDKEHUS (UIBTPAIMOHHBIX CBOMCTB Kpax-
MaJICO/IEpKaIlero TMHUCTOTO OYypoBOTO pacTBOpa, B
COCTaB KOTOPOTO BXOAHMT HATPHEBAS CONb MYpPaBBHHHOM
KUCIOTHI, 10 1 ocie 133 °C pasnuyaroTcs.

[ToBblmeHne KOHIEHTpauk (hopMuaTa HaTpHs B CO-
CTaBe KpaxMaJIcoaepikarero OypoBOro pacTBOpa CIO-
COOCTBYET 3aryIIeHHIO0 AUCTIEPCHOHHON Cpefibl — TUpa-
TS COMU HPUBOJUT K CBS3BIBAHHIO OOJBIIOTO KOMHYE-
CTBa MOJEKYN Bobl. Ecii mpeanonoxurs, 9to GpuibTpa-
[IMOHHBIC CBOMCTBA KPaxMaJCOIEPKaIero OypoBOTo
pacTBOpa CYyIIECTBEHHO 3aBHCAT OT BSA3KOCTU AUCTIEPCH-
OHHOM CpeJibl, TO C TIOBBIICHHEM KOHLIEHTPAIMK CONU B
cUcTeMe MoKasarelb (HIbTPALMH JOKEH YMEHBIIATHCS.
OpHako TaKyl 3aBHCHMOCTb MBI HaOIIONAeM TOJBKO
nociae 133 °C. CrnenoBarenbHo, MOCIE BO3AEHCTBHS BhI-
cokux Temreparyp B untepsane 133-160 °C Huzkue 3Ha-
YCHHUS TOKa3aTeNsl (UIBTPALUU SBIAIOTCS B OCHOBHOM
CIIe/ICTBHEM CBSI3bIBaHUA CBOOOAHOM BOABI (hOpMHATOM
HATPHSL

[IpoTHBOMIONOKHAS KAPTHHA B IUANIA30HE TEMIIEPaTyp
1o 133 °C, mo Bcei BUAMMOCTH, 00yCIOBIEHa BBICOKOM
PacTBOPUMOCTBIO COJIM, KOTOpas mpeobiiajaer Haa pac-
TBOPHMOCTBIO KpaxMalna, B Pe3yJbTaTe 4ero MOBHIIIEHHE
KOHIIEHTpamuy (opMuaTta HATPUs yMeHbIIaeT 3(Qek-
THBHOCTb TOJIMCAXapHja KaK IOHW3UTENS (DHIBTPAINH.
ITpu 3TOM HeraTHBHOE BIMSHUE HATPUEBOM CONM Mypa-
BBUHOM KUCJIOTHI Ha MOJIMMEp CYIIECTBEHHO B AMANa3oHe
HI3KHX TEMIIEPATyp; C IOBBHIIICHHEM TEMIIEPaTypsl OHO
CHIIKACTCSI, M IeHCTBEHHOCTD TTONMCAXapU/IA YBEIIIIBA-
eTcsl.

Takum  oOpazom, B [guama3oHe  TeMmmeparyp
100-133 °C um3kue (UIBTPALMOHHBIC CBOWCTBA Kpax-
Mancojiepamero OypoBOro pacTBopa 00ECTIeUHBAIOTCS
3a cueT 3(QQEeKTHBHOCTH TONMCaXapuaa, IpU 3TOM CO-
Jepkanue (opMuata HaTpus JOMKHO OBITh B 00NAcTH
HU3KUX KOHIIGHTpAallWif; B JHama3oHe TEMIepaTyp
133-160 °C cucrema OyneT UMETh MUHAMANBHBIC 3HAYC-
HUS TIOKa3aTens (GUIBTPAINH 32 CUCT YBEIMUCHHUS BA3KO-
CTH JIUCTICPCHOHHON CPEJIBL, T. €. IPU MOBBIIECHHBIX KOH-
HEHTPAIHAX COJH.
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I'paghuxu nabrrodaemvix u NPeOCKA3AHHLIX NO YPAGHEHUAM pecpeccuil 3navenuti nokazamens guiompayuu (I1P) u

peonozuueckux napamempos (I1B, /[THC, CHCy. u CHC ;) npu dosepumenwvhou eepoamuocmu p=0,95 (nynkmup-
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Graphs of the observed and predicted by the regression equations values of the API fl. loss and rheological

Fig. 1.

parameters (PV, YP, Geljgse, and Gelygmin) With a confidence probability of p=0,95 (dashed line — confidence

interval)

Tabnuya 8. [1® (ma/30 mun) Kpaxmancooepicaujeco 2AuUHUCMO20 6YPOBO2O pACMEOpa 8 MeMNepamypHoM OUandazoHe
25-160 °C 6 3asucumocmu om KOHYyenmpayuu Gopmuama Hampus.

Table 8.  API fl. loss (mI/30 min) of starch-containing clay mud in the temperature range of 25-160 °C depending on the
concentration of sodium formate
Temmneparypa/Temperature, °C

C’S(;Ttb ’O;f’ 25 | 50 | 75 |100|111(112|115|120|121 (122|123 |127|130|132|133|134 (135|140 145|150 | 155|160
48,6 17311168 [44|41)140[40(40/40]40(41|42)|43|44[44|45]145[49(53|58[63]70
50 176111269 [45(41)141(40(40|41)141[41|42)|43|44[44|45]|45[49(53|57(63][6,9
55 184111973 |48 431424241 |42142 42424344144 |145]145[48(52|56](61]6,7
60 1921125| 78 [ 50|44 14443 [42 42|42 |42 |43|43|44[44|45]145[48(51|55(60]6,5
65 20,0(131| 82 | 53|46 (464543 [43|43|43|43[44144144[45|45]147]50[54|58]6,3
70 20913886 | 55|48 |47 |46 |44 (4414444144144 |44 144145|45(146]149(52[56]6,1
75 21,7144 91 |58 [49 (49|47 45[45|45|45 (444414414444 |45]146[48[51|55]59
80 2251150 95 160 |51[50]149|46[46]46|46 (45|44 |44 144144|45[145147|50](53]57
85 23,3(157(100]63[53[52|50[47 (4747146 4545|4444 [44|44145[46[48|51]55
90 2421163104165 |54 (5415249 [48 48|47 (4645|4544 [44|44144145[47|50]53
95 250(169(109|68 |56 [55]|53[50[49 /48|48 |46 (4545|4444 |44144(144[4648]|51
97,2 2531172111169 |57 (56]|54[50[49|49]148 (46451454444 |44144144[145]|47]50
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Poct mokazarenss ¢puibTpauuu ¢ MOBBILIEHHEM TEM-
TepaTypbl CBHACTEIBCTBYET O ACCTPYKINU KpaXManbHO-
O TIONHMMEpa, TIPH 3TOM C YBEIWYEHHEM KOHIICHTPALNH
¢dopmMuata HaTpus  TMOBBIIEHHE  (QUIBTPALMOHHBIX
CBOICTB HauUMHaeTcs MpH Oosee BEICOKUX TeMIIepaTypax.
Orcroza crnenyer, 4To HaTpUEBask COJNb MYpPaBbUHOM KHC-
JIOTHI BIUSET HA TEPMOCTOMKOCTB TONIMCAXAPHUIA — M3-32
BBICOKOH pacTBOPUMOCTH (POPMHAT HATPUS IIOJABIACT
TUIpATAMI0 KpPaxMaja, BCIEICTBHE YEr0 CHHKACTCS
BO3MOXKHOCTb €70 MHTEHCHBHOTO T'UJIPOJIN3a TIPH BO3EH-
CTBHH BBICOKHX Temmeparyp. Takum oOpazom, Tepmo-
CTOMKOCTh KpaxMaja HalpsMYO 3aBHCHT OT KOHIICHTpa-
mn QopMHaTa HATPHSI — C YBENMUCHHEM COIEpPIKAHHS
COJIM B CHUCTEME MOBBINIACTCS TEMIIEPATypa NECTPYKIUH
HoJucaxapuia.

Juarpamma, mpejicTaBleHHas Ha PHC. 2, MOKA3bIBACT,
9T0 I KaXIO0H TeMIepaTyphl €cTh CBOSI ONTHMAJbHAS
KOHIIeHTpanys (opMuaTa HaTpuWs, MPU KOTOPOH Kpax-
MaJIcoaepKamumii OypoBoii pacTBop OyneT WUMETh MHHH-
MalibHble (DHIBTPALMOHHBIE CBOWCTBA, IIPH ATOM BHJIHO,
9TO C YBENHMYCHHEM TEeMIIEpaTyphl TpeOyeMmas KOHICH-
TPAIHS COJH YBEIMUUBACTCSA M HEOOXOIUMOCTh HACHIIIE-
HUSL CUCTEMBI COJIBI0 BOSHUKAET TPU UCTIONb30BAHUH €€ B
muanazone 140-141 °C. CnenoBaTenbHo, Kpaxmanco-
JeprKaniuii 6ypoBoii pacTBOP, HACKILIEHHBIH GopMUaTOM
HaTpus, OyIeT WMETh HH3KHE 3HAYCHHS MOKA3aTels
(UIBTpAINH TPH AKCIUTYaTAINH €r0 B HHTEPBANE TEMIIe-
patyp 140-141 °C.
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Puc. 2. Onmumanvras KoHyenmpayus Gopmuama Hampus,
PEKOMEHOYeMasl ONIsl KadlcOOl MmeMnepamypbl, npu
KOMOpOU nokazamens QUiIbmpayuu Kpaxmaicooe-
arcawyeco OYp0o8o2o pacmeopa umeem MUHUMATbHbIE
snavenus (4,0—4,4 /30 mun)

Fig. 2. Optimal concentration of sodium formate,
recommended for each temperature, at which the
filtration rate of starch-containing drilling fluid has
a minimum value (4,0-4,4 ml/30 min)

Panee mb1 npeanojarajiv, 4To OAHUM U3 MEXaHHU3MOB
TIOBBIIICHUS TEPMOCTOMKOCTH KPaXMaJbHOTO IONHMEpa
MOJKET OBITh CLIMBKA €ro (JOPMUATOM HATPHS B YCIOBHSIX
BBICOKHX TeMIeparyp. Ecin npeamnonoxurs, 4o 310 Tak,
TO COJIb MyPaBbHHOM KHCJIOTHI JI0JDKHA OKa3bIBATh CYIIe-
CTBCHHOC BJIMAHNE HA PEOJIOTHUYCCKUEC MApaMETPHI.

AHanmu3 MaTeMaTHYeCKUX MOJENeH, OMMCHIBAIONINX
CTPYKTYPHO-MEXaHHYECKHE CBOMCTBA KpPaXMaTICOepkKa-
mero ramHEcTOro Oyposoro pacteopa (JJHC u CHC)
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TOKA3bIBAET, YTO OHH 3aBUCAT TOJIBKO OT TEMIEPATYPHI U
a0CONIOTHO HE 3aBHCAT OT KOHIEHTPALHMH CONH, MPH
atom rpaduueckue 3aucumocti JJHC=f(T), CHC ,=f(T)
1 CHCgus=f(T) (puc. 3) xapakTepusyroT MpPOIECChHI
MENTU3AUN TIHHBI TPU  BO3MCHCTBHH OBBIIICHHBIX
TEeMIEPATyp. 3HAYHT, HAIlE MPEIONOKEHHE O TOM, 4TO
dopmuar HaTpHsl KakuM-TO 00pa3oM u3MeHseT (opmy
B3aUMOJICHCTBHII MEXIY MOJMMEPHBIMU LEMSIMH Kpax-
Maja WM CIOCOOCTBYET MX CIIMBKE MOXKHO ONpPOBEpPT-
HYTb.
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Puc. 3. Bozoelicmeue memnepamypsbl Ha peosocuyecKue
napamemput (JHC u CHC) 6ypogozo pacmeopa

Fig. 3. Effect of temperature on the rheological parameters
(YP and Gel) of the drilling fluid

CyliecTBEHHO BIMSAHHE M3y4aeMbIX HaMH (haKTOPOB
Ha IUIACTHMYECKYI0 BSA3KOCTb Kpaxmancoaepikamiero 0y-
poBoro pactBopa (tabi. 9). C yBennueHHeM KOHICHTpa-
iy GopMuaTa HATPHS IIACTHIECKAS BA3KOCTh MOBHIIIA-
eTcs, a ¢ yBeNHueHneM Temmeparypsl — mogooxo JJHC u
CHC - BHawane pacTer, IOCTUTAaeT B HEKOTOPOM TeMIIe-
paTypHOM HHTEpBale MaKCUMalbHbIX 3HAYCHUH, a 3aTeM
nazaet. OQHAKO AN KO KOHLEHTPALUH CONU Mypa-
BBHHOM KHCIIOTBI XapaKTEPEeH CBOW TeMIIEPaTyPHbINA Jna-
TMa30H, PU KOTOPOM ILTACTHYECKAs BSA3KOCTh MMEET MaK-
CUMANIbHBIC 3HAUEHUS (fueilku B TaOmuIe 3aKpalleHsl
CepbIM I[BETOM) — C MOBBIIICHAEM KOHIIEHTpAIUH (Op-
MuaTa HaTpUs OH YBEJMYMBAETCS U JOCTUIAET MAKCHU-
ManbHbIX 3HaueHud npu 65-70 % comu; nmanpHeHmee
YBEJMYEHUE KOHIEHTPAIUK (hOPMHATA HATPHS TIPHBOIHT
K €r0 CHIDKEHHUIO.

Takas nmapabonuyeckas 3aBUCHMOCTb OT KOHLEHTpa-
muu (opMHaTa HATPHS TEMIIEPATyp, IPH KOTOPBIX Kpax-
MaJicofiepalias CHCTeMa MMEET MaKCHMalbHbIC 3Haye-
HUS TIACTUYECKOM BSI3KOCTH, 1O BCEH BUIUMOCTH, CBS-
3aHa C JIOTIONHUTENBHBIM K TeMIepaType MenTH3UPYIo-
UM JeiictBueM cond Ha rauHy. C yBeIMYeHHEM KOH-
IeHTpanny GopMuaTa HaTPHs, MOJ NEHCTBHEM THAPOK-
CHJI-MOHOB, TJMHHCTBIC YaCTHIBl BHAYane HAYMHAIOT
Pa3bEAMHATHCSA, HO TOJIIMHA JBOMHOTO 3IEKTPHYECKOTrO
cinogd (J2C) Ha WX MOBEPXHOCTH €lle Mala U TPEeHUEe
MEKIy HUMHU CYIIECTBEHHO, I03TOMY ILIACTHYECKas BA3-
KOCTb YBENMYMBAETCA M JIOCTHraeT MaKCHMAJIbHBIX 3Ha-
yenuil pu 65-70 % conm MypaBbUHOW KUCIIOTBI; Aajlb-
Heiilee YBENMYCHHE KOHICHTPAIMM CONM B CHCTEME
crocobcTByeT pactspkeHuto J[9C, a Takke CymecTBEH-
HOMY YBEJMUYEHHIO BA3KOCTH JAMCIIEPCHOHHOM Cpesbl,
M03TOMY KOJIMYECTBO KOHTAKTUPYIOLIUX LIEHTPOB MEXIY
IJIMHUCTBIMU YacTHLAMM CHIKAeTCid — IUIacTHYecKas
BSI3KOCTH CHCTEMBI MaJIaeT.
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Taoauua 9. I1B (mlla-c) kpaxmancodepacawezo enuHUCMO20 6YPOBO2O PACMEOPA 8 3A8UCUMOCTU OM KOHYeHmpayuu ¢op-
Muama Hampusi 8 memnepamyprom ouanaszotne 100-160 °C

Table 9.  Plastic viscosity PV (mPas) of starch-containing clay mud depending on the concentration of sodium formate in
the temperature range of 1007160 °C
Temneparypa/Temperature, °C
%(;Tfo;f 100 | 120 | 125 | 127 | 129 | 130 | 131 | 132 | 133 | 134 | 136 | 137 | 138 | 139 | 140 | 141 | 142 | 143 | 144 | 145 | 150 | 160
486 |14,8(18,7|19,1(19,1|19,2(19,2(19,2]19,1{19,1]19,1/19,0|18,9(18,8|18,7|18,6/18,5|18,4|18,3|18,2(18,0({17,1|14,6
50 14,8(19,0/19,4[19,5/19,6(19,6/19,6(19,6(19,6(/19,6(19,5/19,4]19,4]/19,3]19,2/19,1{19,0/18,9(18,8|18,6(17,8|15,4
55 14,6120,1|20,7[20,9(21,1|21,2{21,2|21,3|21,3{21,3|21,3|21,3({21,3|21,2|21,2(21,1|21,1]|21,0/20,9[20,8]20,1|18,0
60 14,6(21,1]22,0[22,3|22,5(22,6|22,7(22,8(22,9(22,9(23,0]/23,0[23,0|23,0[23,0/23,0[22,9|22,9(22,8|22,8({22,2|20,3
65 14,8 (22,2 (23,3(23,6[23,9(24,0(24,1|24,3|24,3|124,4124,5|24,6|24,6|24,6|24,6|24,6|24,6(24,6(24,6|24,5(24,0|22,2
70 15,1|23,3]|24,5[24,9]|25,2 (25,4 |25,5(25,6 | 25,7(25,8(26,0|26,0[26,1|26,1[26,1]|26,1|26,1|26,1|26,1|26,0{25,6|23,8
75 15,6 [24,3|25,6 26,1 |26,4|26,6|26,8|26,9|27,0|27,1|27,3|27,4|27,4|27,5|27,5|27,5|27,5[27,5[27,4|27,4(26,9|25,0
80 16,2|25,4|26,8[27,2|27,6|27,8[27,9|28,1|28,2|28,3|28,5|28,5(28,6|28,6|28,6|28,7|28,6|28,6|28,6[28,5]28,0|25,9
85 16,9(26,5]27,9(28,328,7(28,9/29,0{29,2(29,3[29,4|29,5|29,6[29,6(29,7[29,7]29,7 29,6 29,6(29,5[29,5(28,826,4
90 17,8127,6/29,0(29,4]29,8/29,9(30,1{30,2|30,3{30,4|30,5/30,5({30,5|30,5|30,5/30,5|30,4]|30,4|30,3[30,2]29,4|26,6
95 18,8/28,7]30,0(30,4|30,7(30,9/31,0{31,1{31,2{31,2{31,3]31,3[31,3|31,3[31,231,2{31,1|31,0{30,8[30,7[29,7| 26,4
97,2 19,3]29,2|30,5[30,8(31,1|31,3{31,4(315|315(31,6|31,6|31,6(31,6|31,5|31,5(31,4|31,3]|31,2|31,0[/30,9]29,8]|26,2

Takum 00pa3oM, aHaM3 ypaBHEHUH perpeccuit Toka-
3BIBAET, UYTO PEOJOTUUYECKHE MapaMeTphl HCIBITYEMOTO
pacTBOpa, B MEPBYIO OUEpPe/b, 3aBUCAT OT TEMIIEPATypHl,
YBENHYCHIE KOTOPOM HHTCHCH(HUIMPYET MPOLECCH Mel-
TH3AIMH TIIMHBL, (OpMHAT HATPUS TAkKe OKA3BIBACT IET-
TH3UpYIOlIee JIHCTBHE HA TIMHY, HO €T0 BIMSHHE 3/1eCh
BTOPHYHO.

[Mocnennee, 4To X0TENOCH ObI OTMETUTD, — ITO 3HAYE-
HUE BPEMEHHOTO (PaKTOpa Ha CBOHCTBA TECTHPYEMOM
CUCTEMBI TIPH HAXOXJICHIH €T0 B 00IIaCTH BEICOKUX TEM-
nepatyp. Eciu cpaBHUTH pe3ynibTaThl UCHBITaHHH pac-
TBOPOB C OJHOM M TOW € KOHIEHTpAUUeH Colu U Ofu-
HAKOBOIl TeMIepaTypoil CTapeHHUs, HO C pa3HOIl IpooI-
KUTENBHOCTBIO HArpeBa, TO MOXHO YBHIETb, YTO Bpe-
MEHHOH (hakTop MMeeT OoJbIIOe 3HAYeHHE. Tak, pacTBop,
coneprxanmii 48,6 % dopmuara HaTpus TOCIIE HAXOKIE-
uust ipu 160 °C B TeueHue 16 4acoB nuMeeT mapaMeTper:
[®=7 wmn/30 wmun, I1B=16 wmlla-c, JAHC=43 nlla,
CHCoc/10mms=14/19 nlla (Tabn. 6, 7); nocne 32 dvacoB
tepmoctaperust — [1®=19 mn/30 mun, [1B=24,3 wlla-c,
JHC=42 nlla, CHCpcr1omun = 19/23 nlla (tabm. 3). Kax
BHJTHO, (DUIBTPAILIMOHHbIC CBOWCTBA C YBEIMUCHUEM Bpe-
MEHH BO3/ICHCTBUS MOBBIIIEHHBIX TEMIIEPATyp BO3pacTa-
IOT, YTO YKa3bIBACT HA 3HAUMUTEILHYIO CTEICHb JECTPYK-
LMK Tonucaxapuaa. M3sMeHeHus MpeTeprneBaioT Takxke U
peonoruueckue mapamerTpsl. CreaoBaTensHO, JUIUTENb-
HOCTb HAXOXJICHUS CHCTEMBI TIPH MOBBINICHHBIX TEMIIE-
paTypax TOXe OKa3blBaeT BIMSHME Ha CBOMCTBA Kpax-
MaJICOIepKallero pacTBopa, B COCTaB KOTOPOTO BXOIUT
(opmuar Hatpus.

Takum 00pazom, TpoBeICHHBIE HCCIIENOBaHUS TIOKa-
3aJld, YTO TEPMOCTOMKOCTh KPaxXMalbHOTO peareHTa mpH
COBMECTHOM NPUMEHEHHU C (POPMUATOM HATPHS TOBBI-
IaeTCs BCIEACTBUE BBICOKON PACTBOPHMMOCTH COJIH, KO-
TOpasl MOJABISET TMAPATALMIO MOJUcCaxapujaa, U COOT-
BETCTBEHHO, 3aMEJJIAET €r0 T'MAPONIH3 MPH BO3ICHCTBUN
BBICOKUX Temmepatyp. C yBeNMYEHHEM TeMIepaTypbl
JIOMUHHpYIOLIee BIUsHUE (QOpMHUaTa HATPUS HAJ IMOJH-
MepoM oci1abeBaeT U ero JeHCTBEHHOCTh, KaK OHU3HTE-
79 QUIBTPAUE, IO HEKOTOPOH TeMIepaTyphl YBEIIIH-
BacTcs. Huskme 3HaueHMs mokasarens QUIBTpanuy
KpaxMalcofiepKallero pacTBOpa, B COCTaB KOTOPOTO
BXOJUT HATpPHEBas COMb MYPaBbHHOW KCUIOTBHI, MOCIE
tepmoctapenusi B uaTepBane 100-133 °C obecneunBa-

1oTcsl 3Q(QEKTHBHOCTBIO TIONICAXapuaa MPH MUHAMAIb-
HBIX KOHIEHTpanusx conu, B uHtepsaie 133-160 °C —
TIOBBIIEHHOH KOHIEHTpanuell (popMuaTa HaTpus, KOTO-
pBIi YMEHBITAET COIEpkKAHUE CBOOOTHON BOIBI B CHCTE-
M€ 3a CYET CBOEH BBICOKOW pPacTBOPUMOCTH. B cuiy yka-
3aHHBIX TIPHYHH 3 ()EKTHBHOCTH MPUMEHEHHS (opMHuaTa
HATPUS B COCTAaBE MCIBITYEMO! CHCTEMBI OTPaHHUYUBALT-
s KOHIIEHTpAIMeH CONM 1 pabOynM Mara3oHOM TeMIIe-
paryp. Takxke yCTaHOBICHO, Y4TO C YBENHYCHHEM BpeMe-
HH BO3JCHCTBHS BEICOKHX TEMIIEPATYp CTEIICHb TEPMOJIe-
CTPYKLMH KPAaXMaIbHOTO TOJIMCAXapU/a TIOBBIIIACTCS.

AHanu3 MaTeMaTHYecKuX MOJIENeH, OMHCHIBAIOIINX
peoNornyecKie MmapaMeTpbl KpaxMalbHOTO TJIMHHCTOrO
pacTBopa ¢ GopMHATOM HATpPHS, MO3BOJIMI HAM TIPEAIO-
JIOXWTh, YTO HATPHEBAS CONb MYPABBHHOH KHCIOTH HE
TpEeOTBpAIacT HaOyXaHue TIMH, 8 HA000POT, OKa3bIBAET
Ha HUX [ENTU3UPYIOLIEE JeUCTBHE.

BbiBoabl

1. Tloxa3aHo, YTO MPUPOJA CONM OKA3BIBAECT 3HAUUTEIb-
HOE BIMSHHE HAa TEPMOCTOMKOCTH Kpaxmajcolepka-
1mero 6ypoBoro pacTsopa.

2. TlomydeHsl ypaBHEHHS PErpeccHH BTOPOTO MOPSIKA,
ONKCHIBAIONINE 3aBUCHMOCTH TOKa3aTens (QHUIbTpa-
UM U PEOJOTMYECKHX MapaMeTpoB Kpaxmalcopep-
’Karero OypoBOro pacTBopa OT TeMIEpaTypbl U KOH-
HeHTpannu GopMuaTa HaTpus. AIEKBaTHOCTh MaTe-
MAaTHYEeCKHX MOJENeH TOATBEpXkACHa KpHTEpHEM
®umepa, k03(pGUIHEHTOM ACTEPMUHAINY, a TaKkKe
rpahu4ecKuM METOJIOM.

3. YcTaHOBIEHO, YTO TEPMOCTOMKOCTh KPaxMalbHOTO
peareHTa TIpH COBMECTHOM INIPHMEHEHHH C (opMu-
aTOM HATpHS TIOBBIIIAETCS BCIC/CTBHE BBHICOKOH pac-
TBOPHMOCTHU COJIH, KOTOpas MOAABISET THAPATALUIO
noJucaxapusa, U COOTBETCTBEHHO, 3aMEIIAET ero
THIPOIIH3 TIPH BO3JCHCTBIN BEICOKHX TEMIIEPATYD;

4. DKcnepuMEHTANbHO OMPEAENIeHO, UTO C YBETNUCHUEM
BPEMCHM BO3JCHCTBHS TEMIICPATyphl CTENCHb [Ie-
CTPYKIHHU KPaXMaJIbHOTO MONHMEPa BO3PacTacT.

5. BeisBieHo, uTo 3¢ deKkTuBHAS KOHLEHTPALUA HATPHU-
€BOM CONTM MyPaBBHHON KUCIOTHI KaK TEPMOCTAOWIH-
3aTopa B COCTaBE KpaxMaJCoIepikamero OypoBOTO
pacTBopa 3aBHCHT OT TEMIICPATyphl IPUMEHCHHUS CH-
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10.

cteMbl. Huskue 3Ha4eHHs mokasatens (UIbTpaluu
nocne TepMoctaperus B wuHTepBaie 100-133 °C
obecrieunBarOTCS  3QPEKTUBHOCTBIO  TOJMCaXapua
IpY MHHUMAJTBHOM COJCPIKAHHUH CONH, B MHTEpBAIC
133-160 °C — moBbIICHHOH KOHIEHTpanued dhop-
MHUATa HATPUs, KOTOPBIA YMEHBINACT COJACpIKAHUE
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The relevance of the work is caused by the need to preserve the properties of drilling fluids containing starchy reagents, in conditions of
high salinity and prolonged exposure to elevated temperatures.

The main aim of the study is to determine experimentally the temperature range and optimal concentrations of the effective use of sodium
formate in drilling fluids containing starch reagents.

The objects: starch-containing clay mud with different concentrations of sodium salts (sodium chloride and sodium formate).

Methods: determination of filtration and rheological parameters according to GOST 33213-2014 (ISO 10414-1: 2008) after drilling fluids
aging at elevated temperatures using thermal cells; conducting experiments by constructing a matrix of central compositional planning and
mathematical processing of the results of experimental data.

Results. The authors have carried out thecomparative analysis of the properties of clay drilling fluids containing starch reagent, using
sodium chloride NaCl and sodium formate HCOONa, after a long stay of the system at high temperatures. It is shown that the nature of the
salt has a significant effect on the heat resistance of starch-containing drilling fluid: sodium chloride does not provide thermostability of the
solution; sodium formate allows providing heat resistance starch-containing drilling fluid to 140-160 <C. The second-order regression
equations were obtained. They describe the dependence of the filtration rate and rheological parameters of starch-containing clay mud on
the temperature and concentration of sodium formate. It was found that the heat resistance of starch reagent when combined with sodium
formate increases due to the high solubility of the salt, which inhibits the polysaccharide hydration, and, accordingly, slows down its
hydrolysis when exposed to high temperatures. It was revealed that the effective concentration of sodium salt of formic acid as a heat
stabilizer in the composition of starch-containing drilling fluid depends on the temperature of application of the system: at low salt
concentrations, heat resistance is ensured in the range of 100-133 °C due to good starch activity; at high salt concentrations — in the
range 133-160 °C - due to the low content of free water in the system due to the high solubility of sodium formate. It was shown that
sodium formate does not prevent clay swelling, but, on the contrary, is capable of exerting a peptizing effect on them.

Key words: Polysaccharide, destruction, heat resistance, mineralization, formate, drilling mud, salt, starch.
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