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BBenenue
OuabTpalMOHHbIE MPOLECCHl TPU OYPEHUU CKBAXKWH BBITIOIHSIOT OJHY U3

BAXHEHIINX POJIeH B IENAX COXpaHEHUS MPOHUIIAEMOCTH MPOIYKTHBHOTO IIACTa,
NpeaynpexaeHus apBapuitHocth u  T.0. [Ipy  BBICOKOW  MNPOHUIIAEMOCTH
¢unbTpanMoHHas KOpPKa CTAHOBUTCS TOJCTOM, YTO yMeEHbIIaeT 3((EeKTUBHBIN
JMaMeTp CTBOJIa U BBI3BIBAET pa3jiHuHble OCiIOXHEeHHs. Takum oOpa3om, Toicras
KOpKa MOXET BBI3BaTh MPUXBAT OYPWIbHOW KOJIOHHBI, YTO MPUBOAUT K
JOPOTOCTOSIIIMM padoTaM TI0 €ro yCTpaHeHHo. [1]

B nmpomecce OypeHUst CKBaXMH 3HAUMTENIbHOE BJIIUSHUE OKa3bIBACT
peryaupoBaHie CBONCTB MPOMBIBOYHBIX JKUJKOCTEH, OT XapaKTEPUCTUK KOTOPBIX
3aBHCHUT 3HAUEHUS CKOPOCTEH MPOXOAKA M JIOCTIDKEHHE 3aJaHHOW TITyOWHBI.
CeromHs  Jy4lIMM  peareHToM  Juisi  OypOBBIX  pPacTBOPOB  CUMTAIOT
BBICOKO/IMCIIEPCHBIE TNIMHBL. Takoil OypoBOH pacTBOpP SIBJIAETCS HEYyCTOWYMBOMN
CIUCTEMOHN TJHHBI B BOJE, B KOTOpPOW 0Opa3oBaHUE CTPYKTYPHI PEryIHpPYeTCs
KOHIIEHTpAIMel TIMHBI WK TPUMEHEHUEM Pa3INYHbIX PEareHTOB.

Jlnis  BBICOKOMHHEPATU30BAaHHBIX  OypOBBIX  pPacTBOPOB  BOJOOTAAYa
CHI)KACTCSl IMyTE€M MCIOJIb30BaHUS MOJM(PUIIMPOBAHHBIX KpaxmaioB. Ux
no0aBJIeHHE CHOCOOCTBYET CHMKEHHIO (DUIBTpAllMK TJIMHUCTOTO pacTBopa, B
KOTOPOM TPHUCYTCTBYIOT KAaTHOHBI HATPHUsS, KaNbIMs WM MarHus, a TaKxke
MO3BOJISIET  OCYIIECTBJIATH OypeHHE dYepe3 IYCTOTHhIE O00pa3oBaHUS B
00BaJIMBAIONINXCS, HAOYXAIOIIUX ITMHAX M TIIMHUCTBIX ClIaHIax. [2]

Hacrosimass pabota mocBsiieHa UCCJIEIOBAHUIO  (DUITBTPAIIMOHHBIX
XapaKTEPUCTUK  OMOMOJIUMEPHBIX M TJIUHUCTBIX  OYpOBBIX  PacTBOPOB,
00paboTaHHBIX MOJAU(MDUIIMPOBAHHBIMU KpaxMmajaMd C [eJIbl0 TTOHUKEHUS

bunbTpayy 715 yIy4dIlieHrus KauecTBa BCKPBITHSI TIACTOB.



AHHOTALHUA

Llenp HacTosimielr pabOTBl — UCCIEIOBaHHE (PUIBTPALMOHHBIX CBOWCTB
OYypOBBIX PACTBOPOB HAa OCHOBE KapOOKCUMETUIIMPOBAHHBIX KPaXMaJioB.

UYtoOBl AOCTUYL TMOCTABICHHOHW II€NTH, HEOOXOAMMO PEIIUTh CIIECIYIONTUE
3aJa4M:
— IPOBECTH HCCJEIOBAHUS PEOJIOTUYECKUX M (UIBTPAIIMOHHBIX CBONCTB
IPOMBIIIEHHO BBIITYCKAa€MBbIX MOIU(DUIIUPOBAHHBIX peareHToB B
BBICOKOMUHEPAIN30BAHHBIX TJIMHUCTBHIX U OMOMOIMMEPHBIX pacTBOPaXx;
— IPOBECTU MCCIEAOBAaHUSA BIHMSHUS TEMIIEpATypbl Ha IPOMBIIIJIEHHO
BBIITYCKAaE€MBbIE U HOBBIE MTOJIMCAXAPHUIHBIE PEAreHThl B paCTBOPAX;

HayuyHasi HOBU3HA U MPAKTHYeCKAs 3HAYUMOCTb.

[Ipou3BeneHa OLCHKA BIMSHUSA  KOHLEHTPALMM  OTEYECTBEHHBIX MU
3apyOEKHBIX PEAreHTOB HAa OCHOBHBIE pEOJOTHYECKHE W (PUIBTPALMOHHBIE
napaMeTpsl pactBopa (YCIOBHasi M IUIaCTUYECKas BSA3KOCTb, JIMHAMUYECKOE U
CTaTUYECKOE  HANpPsIKEHHWE  CIOBHUra). OKCIEPUMEHTAIBHO  IOJATBEPXKACHA
3 (HEKTUBHOCTH HUZKOBSAZKUX MOJIU(DUIIMPOBAHHBIX KPaXMaJOB.

Crtpykrypa padoTbl

B nepBoii rinaBe npuBoAMTCS 0030p M aHAIW3 JHUTEPATYpPhl MO U3YUYEHUIO
NOHM3UTENEH (UIbTPALMU HA OCHOBE KapOOKCHMMETUIIMPOBAHHOTO KpaxMmania JUJis
OMONOJMMEPHBIX U TTIUHUCTBIX OYPOBBIX PacTBOPOB.

Bo BTopo#i rnaBe omucaHbl METOAMKM HCCIEIOBAaHUS PEOJOTUYECKUX H
(GUIBTPAIIMOHHBIX CBOMCTB OMOMOIMMEPHBIX U TIIMHUCTBIX PACTBOPOB.

B Tperbeil rnaBe mpeAcTaBIEHbl AKCIEPUMEHTAIbHBIE JaHHBIE TIO
pPEOJIOTUYECKUM W (PU3WYECKUM XapaKTEPUCTUKAM U HX 3aKOHOMEpPHOCTH B
3aBUCUMOCTH OT KOHLEHTpAalMil M XMMHUYECKOIO cOCTaBa. Takke HMCCIIEI0BaHO
BJIMSTHUE BBICOKOM TEMIIEpaTyphbl Ha CBOMCTBA OYPOBBIX PACTBOPOB.

B dyerBepTOii rinaBe mpeacTaBiI€HAa CMETa 3aTpaT Ha MPOBEACHUE HAYYHOTO
uccienoBanus. PaccunmTaHbl OTYMCICHHUS B TOCYAAapCTBEHHBIE BHEOIOJKETHBIC

dbouasl hoHA, 3apaboTHAs TJIaTa U HAKJIAIHBIE PACXO/IbI.



B nmiaToii 1y1aBe pacCMOTPEHBI BOMPOCHI O€30MACHOCTH TPYyAd, OXPaHBI
3JI0pPOBbsI, IEUCTBUS B UPE3BbIUAMHBIX CUTYALUsX.

PaboTb1 mpoBoauiIMCh Mo1 pyKoBoACTBOM JolrieHTa K.M. Munaesa.



1 JlurepatypHblii 0030p

[IpuTOK XKUAKOCTH, U3BECTHBIN Kak (DUIbTpaT, B 30HaX J0OBUM HePTH U
raza MOXET TMPHUBECTH K 3HAYUTEIBHOMY CHIKEHUIO  OTHOCUTEIBHOU
IPOHUIIAEMOCTH IIJIACTOB MOCII€ UX BCKPBITUA. [l03TOMy BO3HHMKAaeT MHTEpEC K
pa3paboTKe JKMIKOCTeH ¢  HHU3KOM  BOJOOTAAaYeM U HEOOXOAMMBIMU
PEOJIOTUYECKUMHU  CBOMCTBaMH, KOTOPbIE COXPAHAIOTCA B AKCTPEMAJBHBIX
yCIIOBUSIX (BBICOKMMHU TeMmIeparypoil u pgaBieHuem). Tak, B [3] ucciemyercs
UCIIONBb30BaHNE MOIU(PUIIMPOBAHHOTO KpaxMmalia B KauecTBE J00aBKU s
KOHTpOJIS (priibTpaTa B OYpPOBBIX PacTBOpax.

BypoBbie pacTBOpbI MPEACTABISIIOT COOOM CIOXKHBIE KUIKOCTH, OOBIYHO
UCIIOJb3YEeMbIC IS OUYUCTKU CKBa)XUHBI, MOACPKAHUS 1IEJTIOCTHOCTH CKBa)KUHBI,
TPAaHCIIOPTUPOBKU BBIOYPEHHOW MOPOJIbI, CMa3Ku OYpOBOTO J0JI0Ta U KOHTPOJIS
IJIACTOBOIO JaBiieHMs. VICTONb3ylOTCSl IBA OCHOBHBIX THUIA OYPOBBIX PAaCTBOPOB,
OypoBbie pacTBOpbl Ha BojHOM ocHOBe (WBM) u HedTsaHbIe OypoBBIC pacTBOPHI
(OBM). OBM ouenb 3(pPeKTUBHBI, HO 3arps3HSIIOT OKPYXKAIOIIYI0 CPeAy U B
npupoAe 3arps3HeHus. B 1ensax CHWKEHHs TOKCHUYHOCTH pa3padaTbIBAIOTCS
CUCTEMBI OYpOBBIX pPAacTBOPOB Ha BOJHOW OCHOBE C HCHOJIb30BAHHEM
OHMOIOIMMEPOB, KOTOPBIC MPEJCTABISAIOT COO0 KCAaHTAaHOBYIO CMOJIy W Kpaxmall,
KOTOpblE OOBIYHO MpeIaraloTcss s NPOXOJKH IJJACTOB C  BBICOKOM
MPOHUIIAEMOCTBIO WM JUISI HAaKJIOHHO-HampaBjiieHHOro Oypenus. B pabGore
[Ommoka! 3akmaaka He onpenenena.4] npousBeacHa OlEHKA PEOJIOTUHICCKUX U

(UIBTPALIMOHHBIX MTAPAMETPOB TAKOTO THIA PACTBOPOB.
1.1. TIpuMeHeHHe MOJIUMEPOB B OYPOBBIX POMBIBOYHBIX KHIKOCTIX

OcHOBO# i1 MPUTOTOBIIEHHS OYPOBBIX PACTBOPOB JOJITO€ BpeMsi ObLIN

TOJILKO TJIMHA M BOJIAa B TIEPBBIC THK POTOPHOTO Oypenus [5].

BypoBoii pactBop Ha BomnHoi ocHoBe (WBM) sBusercss Hambosee yacto
MPUMEHSIEMBIM PAcTBOpPOM [iJisi OypeHusi Bo Bcem mwupe. [lo Mepe Toro, kak
He(dTerazoBasi OTpacib pacCIIUPSAETCs, OypeHue B TPYAHOIOCTYIHBIX pailloHax
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(BBICOKHME TEMIEPATYpbl U JABJIEHUE, TBEPAOCTh MOPOJ), CTAHOBHUTCS BCE 0Oojee
BaXHbIM  ajgantupoBatb  WBM, wucnone3dys npu  3TOM  pasiuyHbIE
XMMHKaThl/J00aBKU. Bblcokas ¢uiabTpanus M moteps yCTONYMBOCTH SIBISIIOTCS

HauboJiee pacmpoCTpaHEHHBIMU MPOOIEMaMu 7Sl TIIMHUCTHIX PACTBOPOB.

Bricokne mnokazarenu (bI/IJ'II)TpaHI/II/I IPpUBOIAT K 06p330BaHI/II-O TOJICTOH
TJIMHUCTOMU KOpPKH, KOTOpasa BIOCICACTBUU MOKCT CTATb HpH‘IHHOﬁ IMPpHUIIATIAHWA

OypWJIbHOW KOJIOHHBI WJIM MPUXBATA.

YCTOMYMBOCTh pacTBOpa TAaKXKE SBISETCS BaXXKHBIM CBOMCTBOM. OJTO
CHOCOOHOCTb, HE TMO3BOJSIOLIAs TBEPABIM  YacTULAM  OCAXAATbCA IO
BO3JCMCTBUEM TPAaBUTAUMH BO BpPEMsS OTKJIIOYCHHS LUPKYISALHUHA, YTO TaKKe
BIMSET Ha paboOTy pEXYyLIEro MHCTPYMEHTa M BO3MOXKHOCTb OUYHUCTKHM CTBOJIA
ckBakuHbl. Korzma HeoOXoqumble CBOICTBA HE MOIYT OBITh OOECIEUEHBI
KOJUIOMJHBIMM  TJIMHAMHM, BO3HHKAae€T HEOOXOJUMOCTh B  OMOMNOJMMEPHBIX
pactBopax. bonee moapoOHas mHpopManus O NPEUMYLIECTBAX HCIOJIb30BAHUS

TIOJIMMEPOB B OYPOBBIX pacTBOpax NpuBezcHA B [6]

Hcnonp3oBaHre NOJUMEPOB TJIABHBIM 00pa30M HEOOXOIUMO JUIsI KOHTPOJIE
bunbTpanuy ¥ W3MeHeHUs Bs3KocTH. KoHTposb GuuibTparuu sBiseTcs Hanboee
4acTOW IEbI0 NMPUMEHEHHS MOJUMEPOB, OOBIYHO B KayeCTBE JIOMOJHHUTEILHON
n00aBKM K OEHTOHUTY. BogopacTBoprMbIe MOIMMEPHI UCIIONIB3yeMble B OYPOBBIX
pacTBOpax, MOAPA3ACIAIOTCS Ha JBa THUIA: HATypaldbHBIE M CHHTETUYCCKUC
nosuMepsl.  [Ipumepsl  OPUPOAHBIX  MOJMMEPOB  BKIIOYAIOT  Kpaxmall,
kapOokcumerunemonody (KMII) wu  rugpoxcudtrinenaonosy  (I'OLD).
[TpuMepoM CHHTETHYECKOTO MOJMMEPA SIBISICTCS THIPOJIN30BAHHBIN MTOJIMAKPHIIAT.
CymiecTByIOT JIBa OCHOBHBIX HEIOCTAaTKa B WCIOJB30BAHUU CUHTETHYECKUX

noauMepoB; (A) peakius ¢ KayibiueM 1 (0) HepacTBOPUMOCTS [ 7].

[Ipuponnbie MOIMMEpPHI CIIOCOOHBI MOTJIONIATh BOAY U MOBBIIIATH BSI3KOCTh
pacTBOpa M3-3a HMX MOJIEKYJSIpHOTO pasmepa M Qopmbl. B  oriaumume ot
CUHTETUYECKUX TOJIMMEpPOB OHM He OuopasziaraeMbl. [[MHHHBIE M CIOXKHBIE
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MOJIEKYJISIPHBIE 1IETH TOJMMEPOB HAa BOJHOW OCHOBE CBSI3BIBAIOT BOJAY U MOTYT
co3faBaTh CTPYKTYpy Oe3 TBepablx BemiecTB. llommMepsl Ha BOJHOW OCHOBE
aJcopOMpyIOTCd Ha TJIUMHUCTBIX YACTHUIIAX M CBS3BIBAIOT KX BMECTE, UTO
COOTBETCTBEHHO MPUBOJUT K yBEIMYEHUIO npenena Tekydectu (YP) rimmHUCTBIX
cycnen3uit. IIpu ucnonszoBanuu B WBM nonumepsl MOTYT MOTJIOMIATH OOJIbIIE
BOJIbI, Y€M BBICOKOCOPTHBIN OeHTOHHUT. KpoMe TOro, HeTIOCTaTOK MEXaHUYECKOTO
W3HOCA B OypOBO# YCTAaHOBKE SIBJISIETCS €ITIe OJHUM ITPEUMYIIECTBOM MOJIUMEPOB U

B 11e710M [5].

Kpaxman — npupoIHbI BOJOPACTBOPUMBIN MOJUMEP HCIIOIB3YETCSI BMECTO
OCHTOHWTA, a WHOTJAa W B KadyecTBe J00aBKM B OypOBBIX pacTBOpax IpHU
HU3KOTeMIeparypHoM Oypenuu. [IpenMyiiecTBo Kkpaxmasia B CHUKEHUH TOJIIIUHBI

(UITBTPAIIMOHHOW KOPKH TTOATBEPKIACTCS OMBITOM padoThlI [8].
1.2. Ctpoenune kpaxmaja

XUMUYECKH Kpaxmal COAEPKUT aMuio3y — JIMHEWHBIA TOJNHMEP C
MoJiekyJsipHor Maccor B auanazone 100 000-500 000 u aMHJIONIEKTHH — CHIJIBHO
Pa3BETBIICHHBIN MOJMMEP C MOJIEKYJIPHOW Maccoil B Jauarna3zoHe oT 1 1o 2
MUWITHOHOB. (DPU3MYECKHM OH HMEET KaK amMop(Hble, TaKk U KPUCTAUIMUYECKHUE
obnactu. KopoTkue BeTBsuecs €Ny B aMUJIONEKTUHE SIBISIOTCS OCHOBHBIMH
KPUCTAUIMYECKUMU KOMIIOHEHTaMHU B TPaHYJHUPOBAHHOM Kpaxmalie. M3meHeHue
KOJIMYECTBa aMUJIO3bl U aMUJIOTIEKTHHA B Kpaxmajie BJIMSET Ha €ro MoBEICHUE.
AMMITO3HBIN KOMITIOHEHT Kpaxmayia KOHTPOJMPYET releo0pa3oBaHHE, MOCKOIbKY
resicoOpa3oBaHue SBISETCS PE3yJIbTATOM COSAMHEHHUS JIMHEHHBIX MOJICKYJI B IIETIH.
AMWJIONEKTUH OOBIYHO OOJBINE MO pazMepy. Pasmep M pa3BETBICHHBIM XapaKTep
aMUJIONEKTUHA YMEHbBIIAIOT OJABUAKHOCTD MOJIUMEPA U UX OPUECHTAIMIO B BOJHOMN
cpene. Ha pucynke 1 (a) um (0) moOKa3zaHbl CTPYKTYpbl aMUJIO3bl H
AMUJIOTIEKTUHOBBIX KOMITOHEHTOB MOJICKYJIBI KpaxMmaina. OOmiie TuapOKCHUIHHBIX
Ipynmn B MOJIEKYJIaX KpaxMmaja JaeT MOJuMepy Tuapo(uibHbIE CBOWCTBA W,

CIIEIOBATENBHO, TIOBBIIIAET €T0 PACTBOPUMOCTH B BoJe [8].



(a)
CH,0H CH,0H

——o ——o0
— OH H o OH H o
H OH H OH

(b) CH,0H
H
H H
H H 0/
9 H OH
CH, CH:OH
(o)
H H H H H H
H _
o OH H o (6]
OH H OH

Pucynok 1 — CTpyKkTypHBIE€ €IMHUIIBI KpaxMala a) — aMuiIo3a, 0) — aMUJIONEeKTHH

1.3. MoaudunupoBanue Kpaxmajia

B nocnegnue aecaTuiieTs Kpaxmal HCIOIb30BAJICS B KAUYECTBE ChIPhS IS
pa3pabOTKM MOJHMMEPHBIX J00aBOK — TMOHU3UTENEH (QuibTpauuu OypOBOIo
pactBopa. Ceroanss st OypeHUss HEPTSIHBIX CKBaXHH OBUIM pa3pabOTaHbI
MHOTOYHMCJIEHHbIE MOJU(DHUIIMPOBAHHBIE KpaxXMalibl, & HEKOTOPbIE M3 HUX CTallU
IPOU3BOAUTHECS B IPOMBILUIEHHBIX MacuTabax. Moaudukanuio MpoBOAST s
MOJIyYEHHUsI KpaxMajoB ¢ 0oJiee BBICOKOM TEpMOCTAOMIBHOCTBIO, CHOCOOHOCTBIO K
NEepPEMENIMBAHUIO B Cpelax C pa3au4yHbIM MokazatenemM pH u HaOyxaHuio B

BOJHLIX paCTBOpax.

OpHako OOJBITMHCTBO MOIU(DUIIMPOBAHHBIX KPaXMaJlOB, MCIOJIb3YEMBIX
HAa HEPTIHBIX MECTOPOXKICHUSAK, TOJNYyYalOT TMyTeM IKEIaTHHHU3AlMd B
MPUCYTCTBUHM PACTBOPUTENS (BIAQKHBIA METOM). DTOT MPOIECC KEIATHHHU3AIUU
UMeeT HU3KYI0 A(PPEKTUBHOCTh M JaeT OOJIBIIIOE KOJIMYECTBO CTOYHOM BOABI B
KauecTBe MOOOYHOTO MpoAykTa. Kpome Toro, TpyaHO MOAU(PUITUPOBATH Cpa3y JABE
TPYIIBI TOJIMMEPOB, UCIIOIB3YS 3TOT METO, T.K. €CJIH OJIMH KOMITOHEHT SIBJISICTCS
ruApoUIbHBIM, a APYrod — TUAPO(POOHBIM, TPUXOAMTCS JAeNaThb 00pabOTKY
MOOYEPETHO, TaK KaK MM HYXHBI Pa3HbIC pacTBOPUTENIH. PeakTUBHAS SKCTPY3HUS -

TO TEXHOJOTUs, pa3zpaboTaHHas s MPOBEACHUS XHWMHUYECKOW pEaKIUu C
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UCIIOJIb30BaHUEM HJKcTpynepa. Ha pucyHke 2 moka3aHa cXeMa pEaKTHBHOIO

akcTpyaepa [9].

1. Base Stand 2. Starch Outlet 3. Extruder Barrel 4. Twin-Screw 5. Chemical Feeder
6. Starch Feeder 7. Gear 8. Mofor 9. Chemical Container

Pucynok 2 — Dkerpyzaep st MOIU(UKAITIE KPaXMaJIoB

TexHosorust 6puIa pa3paboTaHa B MOCIEIHUE JIBA JACCATUICTUS U IIUPOKO
UCIIONIB3yeTCsl I MOAUGUKAIMK OOBIYHBIX mojuMmepoB. [IpenmyrecTa
TEXHOJIOTUM - THOKOCTh; 3(PGEKTUBHOCTh;, OTCYTCTBHE TpeOOBaHHS K
pPacTBOPHUTEIISIM; HHU3Kast CEO0ECTOMMOCTDh M CIIOCOOHOCTH BBITIOJHSITH ONEPAIH C

HCCKOJIBKUMU PCAKTHBAMH OAHOBPCMCHHO.

1.4. TlpuMeHeHHe KapOOKCMMETHIHPOBAHHBIX KPAXMAJI0B B 0YpPOBBIX

pacTBOpax

B cBs3u ¢ pocTOM MOTPEOHOCTH B CO3/IaHMHM HOBBIX BBICOKOKAYECTBEHHBIX
peareHToB JiJIsi OypeHus: BCTaéT BOMPOC O MOUCKE HOBBIX THIIOB PECYpCOB ISl X
MOJYYEHUs] U YCOBEPIICHCTBOBAHUS MMEIOIIMXCS TEXHOJOTUM TMepepadoTKu
ceipbs. [Ipu 3TOM BakHOU 3ajadeil, oOecreunBaroOIIeil NambHENIEe YCIEIHOe
WCIOJIb30BaHME MATEPUAJIOB HAa OCHOBE LEJUIIOJIO3bI M Kpaxmala, SBIISIETCS
MOJTyYEHHUE TMOJIMCAXapuI0B, COXPAHSIOMUX ClenupruIecKrue IeHHbIe CBOMCTBA,
npuoOpeTaeMble MU Ha CTaJIUM TIOJYYEHUs CHIpbi. BMecTe ¢ Tem, B mocienHee
BpeMsl pacTET UHTEpPEC K NepepadoTKe paHee HE MCIOJIb30BABILETOCS B KAYECTBE

HCTOYHHKOB ITIOJIMCAXapHUA0B PACTUTCIIBHOI'O ChIPbA.
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Kapbokcumerunienntono3a Obuta BroepBble mnonydeHa B 1918 romy wu
CepUIiHO HAYaJIOCh MPOM3BOACTBO B Havaje 1920-x rogos B ['epmanuu [10].

OpHako ¢ TeX MOp B KayecTBE MPOIYKIMU MPOU3OILIN 3HAYUTEIbHBIC
yiydmiennsi. [IpeanonokeHus: OTHOCUTEIBHO OyayIIero pa3BUTHUS MPOU3BOIHBIX
1ICJUTIOJI03bI OBLIIM OCBEIICHHI B cTaThe [11].

Hu3koBs3kue peareHThl CTalyd HMCHOJb30BaTh ISl CHIKEHMSI BOJOOTIAYM
MIPOMBIBOYHBIX KHUAKOCTEH, a BHICOKOBSI3KHE JJISI PETYJIUPOBAHUS PEOTOTUUECKHIX
U CTPYKTYpHO-MEXaHMYECKMX CBOMCTB. Takum o00pa3oMm, YCIOBHO MOKHO
BBIZICIUTH 4 THIIAa PEareHTOB HAa OCHOBE KapOOKCHUMETHIIIICIUTIONO3bI, HAIIEIITHX
HamOoJIbLIeE MPUMEHEHNE B COBPEMEHHBIX cUCTeMax OypoBbIX pacTBopoB: KMI]
HU3KOBS3KHIA, KOTOPBIN cokpaméHno obo3Havaror KMI] HB (ua anrn. CMC LV),
KMI] BeicokoBs3kuii (KMII BB, anrn. CMC HV), a Taxke nonmaHmoHHas
nesmnonosa Huskossizkas (ITALL HB, anrn. PAC LV) u nonmnannoHHas 11eJUTI071032
BbicokoBsizKas ([IALl BB, anrn. PAC HV). [lonnannonnas 1emitono3a, sBiaseTcs
BBICOKOOUHMIIICHHON HATPUEBOM COJIBI0 KapOOKCHUMETHIIIIECIUIIONO3bI CO CTEIEHBIO
3amerenust 6ompiie 0,9. [lonnanronHas 1eUT003a 001aiaeT OobIlel coje- U
TEPMO- CTOMKOCTBIO MO CPaBHEHUIO C KapOOKCHMETHIIIIEIUTIONIO30H, MO3TOMY
MOJIXO/IMT JIJIsl UICTIONIF30BAHKS B MUHEPAIM30BAHHBIX OYPOBBIX CHCTEMAX.

KapOokcumerunkpaxman OblUT  BHepBble H3TOTOBIEH B 1924 romy B
pe3yabTare peakiuu Kpaxmana B IesouyHoM pactBope (40% BOAHBIN pacTBOp
NaOH) ¢ monoxJjopaneratom Hatpus [11].

[Tpu mpumeHeHHH PacTBOPOB Ha MOJIMAHWOHHOW IEJUTIONO03€ YIydIlaeTcs
CTaOMIIBHOCTh CUCTEMBI OypOBBIX pacTBOpOB, TETMJI0CTORKOCTD,
COJICYCTOMYMBOCTh;  TPOSABISIETCS  YCTOMYMBOCTH K  MPOTHBOMHKPOOHBIM
mpemnaparaM, 9YTO OBUIO TPOBEPEHO MHOXKECTBOM YYCHBIX HM  PE3YJIbTAThI
UCCIIeIOBAaHMI BHEAPEHBI Ha MpakTuke [12-16].

Bribop onTumanpHONM pernentypbl OypoBOTO pacTBOpa ISl BCKPBITHS
MPOIYKTUBHOTO TUTACTa W YIPABJICHHE KAadyeCTBOM CHCTEMBI B KOHKPETHBIX
Te0JIOTO-TEXHUYECKUX YCIOBHUSX TMPEACTABIAIOT COOOW CIIOXKHBIE 3a7aydl |

ABJIAKOTCA OAHHUMHU U3 BaXXHEHIIIMX MOMEHTOB COXpaHCHUA KOJIICKTOPCKHX
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CBOMCTB IJIacTa, 3aBUCAIINX OT 3((HEKTUBHOCTHU MOJIMCAXAPUIHBIX peareHToB [17-
20].

Celiyac MOMUMO NPOMBIIIIEHHOW CTOPOHBI Na-KapOOKCHMETHIILEIII0N03a
UCIIONIB3YEeTCSI U B COBPEMEHHON XMMUH, (papManuu U MmenuuuHe. BHenpenue B
IPAKTUKY HOBBIX 3(()EKTUBHBIX IPOTUBOTYOEPKYIE3HBIX XUMUOTEPANIEBTHUECKUX
CPEICTB IIyTeM BKJIIOYEHUS B MATpPUIy IOJIMMEP-HOCUTEIS] HU3BECTHBIX
MPOTUBOTYOEPKYJIE3HBIX MPENapaToB MO3BOJISET IIEICHANPABICHHO U3MEHITh UX

(bU3HKO-XMMHYECKHE U MEINKO-OMOIOrHUecKre cBoiicTBa [21,22].

1.5. Peosornueckue CBOMCTBA MOJIMMEPIrJIHHUCTHIX /|
OHMONOJMMEPHBLIX PACTBOPOB HA OCHOBEe MOAM(PUUMPOBAHHBIX

KpaxMaJioB

PearenTel M penentypsl IMPOMBIBOYHBIX >KMJIKOCTEW HCIIONB3YEMBIX IIPH
CTPOUTEIBCTBE CKBOXUH BEChbMa pa3HOOOpaszHbl. [Ipy 3TOM TEXHOJOTHMYECKHE
napaMeTpbl CTPOro PErIAMEHTHUPOBAHBI U JIOJDKHBI OOecreunBaTh 0€30MacHy0 U
Oe3aBapuiiHyto padoTy. [l OCyIIEeCTBIIEHHs 3TUX 3a/lay TOTOBAT CIELHAIbHBIE
OypoBblE pacTBOpbI, KOTOpbIE€ TIOCTOSHHO O0pabaThIBAIOTCS  Pa3IUYHBIMU
XUMUYECKUMH peareHTamu. llomjep:kaHue pacyeTHBIX CBOWCTB IMPOMBIBOYHBIX
KUIKOCTEH JTOCTATOYHO CJIOKHO, COBPEMEHHBIC pacTBOpHI coaepxkar 25-30
pasnuYHBIX peareHToB. Ho mpakThuecku Kaxabld OypOBOM pacTBOP COIEPKUT
MTOJIMMEPHBIN pEarcHr.

[lonumepbl, Ha  OCHOBE  MOJUCAaXapujoB, ABIAIOTCA  Haubosee
pacrpoCTpaHEHHBIMY,  OKas3blBAlOT  BJIMSAHHME  HA  PEOJOTHYECKHE U
(UIBTpAlIMOHHBIE CBOMCTBA MPOMBIBOYHBIX KUAKOCTeH. biaromaps Hamuuuio
JUTMHHBIX uenen MOJIEKYJT IIOJIUMEPBI o0nagaroT XOpOILIUM
CTPYKTYpOOOpa3yIoluM CBOWCTBaM, YTO IIO3BOJISIET YAEpXKHUBaTh B pacTBOpE
KUIKYIO U JUCHEPCHYIO (ha3y, a COOTBETCTBEHHO CHUCTEMa MPUOOPETAET HU3KYIO

(GUIBTPAIMOHHYI0 CIIOCOOHOCTh. Kpome TOTro, CTpoeHHE MOJMMEpPOB OKAa3bIBACT
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BIIMSIHUE HA BSI3KOCTh KHUJIKOCTH, YTO MO3BOJIET PETYIUPOBATH PEOJOTHUUECKHUE
napaMeTpbl IPOMBIBOUHBIX KUIKOCTEH.

Hccnegyemble MOIUMEPTIUHUCTBIM U OE3TJIUHUCTBIM OYpOBBIE PACTBOPHI
MO>KET XapaKTepU30BaTh CTENEHHON 3akoH OcTBaNbaa-Ae-Baae.

JlaHHYIO MOJIENIb PACCMATPUBAIN M B CT€HAX TOMCKOTO MOJUTEXHUYECKOTO
yHHBepcuTeTa. [23-26]

3HaHue CynrHocTH K03 uiueHToB N u K B CTENEHHON MOJENr MO3BOJISET
yOpPaBJISATH CBOMCTBaMH OYpOBOrO pacTBOpa B 3aBUCHUMOCTH OT H3MEHEHUM
BHEIIHUX yciaoBUM. JUJIsI TICEBAOIUIACTUYHOrO pacTBOpa IMOKa3aTellb HE
HBIOTOHOBCKOI'O TIOBeICHUS N u3MeHsiercs B npeaenax ot 0 go 1. Yem Mensuie N,
TeM OOJIbIIIE PACTBOP MPOSBIISET MCEBIOIUIACTUYHBIE CBOMCTBA, T. €. BI3KOCTh €ro
YMEHBIIAETCS C TOBBIIIEHUEM CKOPOCTHM CIBHMIa, YTO BJEYET 3a COOOM
BbIpaBHUBaHUE TMpoQuiIsi ckopocTed B KojbleBoM mpoctpaHcTBe (KII) u
YIYUYIIEHUE «CKBAXXUHOOUYHCTUTEIBHBIX» CBOMCTB. [lokazaTens koHcucteHmu K
XapaKTEpHU3yeT BI3KOCTh pAcTBOpA IMPU HU3KUX OTHOCUTEIBHBIX CKOPOCTSX
CABUTIa. YBEJINYEHNE KOHCUCTECHIIMH JI0JKHO COMPOBOXKAATHCS COOTBETCTBYIOIIUM
cHkeHueM N. TonbKo B 3TOM cily4yae yBEJIMYMBAETCA MOJIHOTA BBIHOCA IIIJITaMa M3
CTBOJIA CKBQXXUHBI M O0ECHEUYMBACTCS TOJIBOJ] MAKCHUMAJIbHO BO3MOXKHOM
TUAPABINYECKON MOIIHOCTA K JOJIOTY 3a CYET CHUKEHHS BSI3KOCTH PacTBOpa B
Hacajkax [27].

Ecin K yBenmumBaercsi, TO TpU MPOMBIBKE KaKJIOrO HWHTEpBAJa
COTMPOBOXKJIAETCSI  COOTBETCTBYIOIIMM  CHUXXEHHEM N, 4YTO MPUBOJAUT K
BBIPABHUBAHUIO MTPOQPUIISI CKOPOCTEH B KOJIBIIEBOM MPOCTPAHCTBE (O0see MIOCKUi
BMECTO MMapabOJIMYECKOr0) M YIYUIIEHUIO «TPAHCIOPTUPYIOUIUX» CBOMCTB
pactBopoB. Takoil peonornueckuii mnpoduns pactBopa B KII cHmxkaer
3akpyduBaOmuii 3 (EKT, yMEHbIIAET PEUUPKYISIUI0  TBepaod  ¢aswbl,
mpeaoTBpaIias JOMOJHUTEIHLHOE APOOJICHHE U BBITECHSET €€ PAaBHOMEPHO BBEPX
M0 CTBOJIy CKBa)XMHBI, TaK KaK OCHOBHAas Macca IIJlaMa OKAa3bIBAaeTCS B 30HE

MaKCHMaJIbHBIX CKopocTeii [25, 28].
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B paGotre mpencraBieHbl 3aBUCHUMOCTH BS3KOCTH, JIMHAMHYECKOTO
HanpspokeHust capura KMIL u ITAIL oT KOHIIEHTpallMuu peareHTOB M CKOPOCTH
CIBUTA.

VYpaBiaeHUI0 PEoIOTMYECKUX MapaMeTpoB OypOBBIX pacTBOPOB ceidac
yaensercs 00JbllIoe BHUMAaHUE.

B Oypenun Bce MexaHM3MBbI IEUCTBYIOT Kak efquHasi cucreMa. M )KuJkocTh B
CKBaXMHE HAXOJUTCS Ha MPOTSHXKEHUHU BCETro IUKIIA KU3HU CKBaXKUHBI. OCHOBHBIE
GbyHKIUA OYpPOBBIX PAacTBOPOB: OYMCTKA OT BBHIOYPEHHOU MOPOJbI, MOAJIEPKAHHE
CTaOMIBLHOCTH CTBOJA, (DOPMHUPOBAHHE KOPKU HA CKBAXKUHE ,0XJIAXICHUE JI0JI0TA,
IIPOTUBOJICHCTBHE Ha muiacT [27].

Peonoruyeckue cBoHCTBa OypOBBIX PAaCTBOPOB OKAa3bIBAIOT 3HAUUTEIHLHOE
BIIMSIHUE HAa BBIHOC BBIOYPEHHOW TOPOJbI HAa JHEBHYIO MOBEPXHOCTbH, CO3JaHUE
TUAPOJAUHAMUYECKOTO JABJIEHUs B CKBaXXHHE. [ MIpoaMHamMuyecKoe NaBJICHUE, B
CBOKO O4Yepelb, OIpPEaeisIeT BO3MOXKHOCTh BO3HMKHOBEHHUSI OCJIOKHEHHUU B
IPOLIECCE CTPOUTENBCTBA CKBAXKHMH: IPOSBICHUE WM TOTJOIIEHHE OypOBOro
pactBopa,  THUAPOpa3pblB  TOPHBIX  IOPOA, a  TaKXe  3arpsA3HCHUE

HedTerazocoaepkaiero miacra [25, 26].
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Crnenyromue r1aBbl HE YKa3bIBAIOTCS, TAK KaK UMEIOT KOMMEPUYECKYIO TalHY:
2. MeTobl ucciaen10BaHuN

3. Pe3ynbrarhl SKCIEpUMEHTAIBHBIX UCCIEOBAHUM U UX 00CYKIeHNE
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3akiroueHue
B pamkax HacTtosiieil paGoThl ObLIT MPOBENECH OOIIMPHBIA JUTEPATYPHBIN
0030p W aHajdM3 pE3yJbTaTOB TEOPETUUYECKHMX M  HKCIEPUMEHTAJIbHBIX
UCCJIEIOBAHUM TOHU3UTENEeH (PUIbTpaluu Ha OCHOBE KapOOKCHUMETHIMPOBAHHOTO
Kpaxmana Jijisi OypOBbIX PaCTBOPOB.

OTMeueHo, YTO MOHU3UTENN (PUIBTPALMK Ha OCHOBE Kpaxmaia 3()eKTHBHBI
KaKk B OMOIOJMMEpHBIX, TaK U B TIMHUCTBIX pacTBopax. OpHaKo, IpU BBICOKOM
coJiep>KaHuu colieit A3PEeKTUBHOE CHIDKEHHE (PUibpanuy HaOMI01aeTCsl TOJIBKO Y
moauduuupoBaHHbix KpaxmaiaoB (Thermpac wum IIAL[). Takum o6pa3om,
HOSIBJISIETCA HEOOXOIUMOCTh Pa3pabOTKU pEeLEenTyp C UX UCIOIb30BAaHUEM.

B pamkax paboThl MpPOBENEHBI HCCICIOBAaHUS  PEOJOTMYECKHX U
(GUIBTPAIIMOHHBIX ~ CBOICTB ~ NPOMBILUIEHHO  BBIIYCKA€MBIX U HOBBIX
MOJINCAXapUIHBIX PEAreHTOB B MHUHEPAIM30BAaHHBIX Cpenax (XJIOpui HaTpus,
XJIOPUJ KaJblus) HauOOoJbllIee CHIKEHHE (QUIIbTpAMK NoKazanu peareHThl [TAL]
LV mapku STRING u KMK mapxku Thermpac. Jlanubit peareHT yCTOWYHMBBI K
BO3JICHCTBUIO MHUHEpAIU3alMUd PAa3HOrO COCTaBa, MpHU 3TOM €ro 3((HEKTUBHOCTh
1,5-2 pa3a BblilIe 0 CPAaBHEHHIO ¢ Kpaxmayiom Mapku Reatrol.

BnusiHue BbICOKOW TemmepaTypbl Ha pEOJIOTUYECKUE U (UIBTPALMOHHBIE
CBOMCTBA HCCIEAYEMbIX PEAreHTOB BEAET K CHIKEHUIO UX 3P (deKTuBHOCTH. Taxk,
npu BoszaeiicTBuu temneparypsl B 140°C sdeKTUBHOCTh MagaeT A0 YPOBHS
HYJIEBOM KOHILIEHTPALUU JaHHBIX PEareHTOB B pacTBOpE.

Takum o00pazoMm, i TMOCHEAYIOIIUX HCCIEIOBAaHUM MOXHO OIpeNeTUTh
CJIeIyIOLIre HaIpaBJICHUS: YBEJIUYECHUE CTENEHU 3aMelleHUs
KapOOKCHUMETWIMPOBAHBIX LIEJUTIOJIO3bI M Kpaxmaja 3a CueT OINTUMHU3ALUU
TEXHOJIOTUYECKUX TPOLECCOB CHUHTE3a U AaKTUBALMHM ChIPbs, MPUMEHEHUs
MOAU(PUIUPYIOIIUX T0OABOK, MO3BOJISIIOUIMX PETYIUPOBATH MOJIEKYJISIPHYIO Maccy
U CTeNeHb 3aMelleHus MpoaykTa. Pa3paboTka HOBBIX MOIUPHUIUPYIOIINX

100aBOK, MO3BOJIAIONIMX PEareHTaM BbIIEPKUBATh 00JIee BBICOKHE TEMIIEPATYPHI.
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[Ipunoxenue A

Fluid-loss additives

CryneHr:
I'pynna DPUO Hoanuck Hara
2bMS5 /1 Owmenbuenko Jmutpuit UBaHoBuY
Koncynbrant kadenpsr bC
J0KHOCTD 1017 (0] Yuenas Hognmucen Hdara
CTelNeHb,
3BaHHUE
Cr.npenogaBarenb Emnxun A.B.
Koncynbrant — muaresuct kadeapsr MATH:
J0KHOCTD 1017 (0] Yuenas Hognmucen Hdara
CTelNeHb,
3BaHHe
JIOIIEHT Yaesnosa O.C. K.H.H.
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Drilling fluids

The influx of the liquid phase of drilling fluid, known as filtrate, in oil and
gas producing zones can cause a significant decrease in the relative permeability of
the fluids in the reservoir, and consequently, the well’s productivity. The growing
interest in developing non-aqueous fluids with low toxicity and good performance
under extreme temperature and pressure conditions encourages research in this
area. This study investigates the potential of using modified starch, as additives to
control filtrate in drilling fluids [1].

Drilling muds are complex fluids, generally used to clean the well, maintain
hole integrity, transport the rock cuttings, lubricate the drill bit and control
formation pressures. Two basic types of drilling fluids are used, water based muds
(WBM) and oil based muds (OBM). OBM are very effective but polluting, and
environmental regulations continue to restrict the use of oil based muds in many
areas of the world. In order to reduce the mud toxicity, we developed water based
mud systems using biopolymers, which are xanthan gum and starch, generally
proposed for high permeability reservoirs or for complex geometries such as
horizontal wells. We evaluated the rheological behavior and filtration of different
samples and we determined the effect of components such as clay, calcium

carbonate and potassium chloride [2].

Waterbased muds and starch usage

Basic clay and water were the only ingredients of drilling fluids in the early
days of rotary drilling [3]. Waterbased mud (WBM) emerged as the leading
drilling fluid consumed worldwide. As the upstream industry expands further into
troublesome drilling territories (e.g., high temperature high pressure (HTHP),
remote locations and extended-reach), it becomes ever more important to tailor
WBMs by using complex chemicals/additives. Fluid loss and suspension behavior

are two common issues
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that always been associated with WBMSs. Fluid loss occurs when filtrates invade
into the water absorbing formation leaving a thick heavy mud cake deposited on
the wall of borehole that subsequently can cause pipe sticking.

Suspension is another important property and is required to prevent settling
of the solids during tripping operations, which also affect cutting circulation and
borehole cleaning capability. When the desired properties cannot be obtained by
colloidal clays, polymers are a good option to be used in drilling muds. More
details on the advantages of polymer utilization in drilling fluids are provided in
[4]. The use of polymers would be mainly in filtration control and viscosity
modification. Filtration control is the foremost use of polymers, usually as a
supplemental additive to bentonite. Water-soluble polymers
that utilized in drilling fluids are classified into two types; natural polymer and
synthetic polymers. Examples of natural polymers include starch, carboxymethyl
cellulose (CMC) and hydroxyethyl cellulose (HEC). Example of synthetic polymer
is hydrolyzed polyacrylate. There are two main drawbacks in using synthetic
polymers; (a) reaction with calcium and (b) being insoluble.

Natural polymers are able to absorb water and increase the viscosity of
solution due to their molecular size and shape. In contrast to synthetic polymers,
they are non-charged and less sensitive. Long and complicated molecular chains of
water-based polymers tie up the water and can build viscosity without solids.
Water-based polymers are adsorbed on the clay particles and bond them together
that accordingly lead to increase the yield point (YP) of clay suspensions. When
used in WBMs, polymers can hydrate more water than a high-grade bentonite.
Also, lack of mechanical wear [3] to the drill-rig mud system is another advantage
of polymers and in overall

Starch is the second most abundance biomass found in nature after cellulose;
and due to its biodegradability, left almost zero negative impacts on environments.
The widespread use of starch for filtration control in WBMs is a known fact.
Starch provides adequate carrying capacity for cuttings and has been widely used

as viscosifier. This natural water-soluble polymer is used in replace to the
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bentonite and sometimes as supplement in drilling muds in low-temperature
drilling applications. The advantage of starch in reduction of filter cake thickness is

confirmed by field experience [5].

Drilling muds and additives

The use of drilling mud is an inseparable part of rotary drilling process.
Different types of chemicals and polymers are used in designing a drilling mud to
meet some functional requirements such as appropriate mud rheology, density,
mud activity, fluid loss control property etc. The selection of the additives must
take account of both the technical and environmental factors. For example, salt and
organic compounds are added to reduce sloughing of shale, minimise dissolution
of evaporites and control of fluid loss properties of drilling. Synthetic oil is used
for oil-based muds to reduce the environmental impact on the surrounding
localities and the habitats. Different types of fluid loss additives are used in
designing a mud to reduce the fluid loss property of drilling mud and prevent the
changes in mud properties due to excessive fluid loss to the formation [SD5]

Modified starch is frequently used at the early stage of drilling for depths
equivalent to 150°C bottom hole temperature. Several tons of pre-gelatinized
starch is used by a rig annually. Most of the starch products are prepared using a
process called gelatinization in the presence of solvent and temperature that needs
proper washing to get rid of the solvent/chemicals used. As it is impossible to clean
all the impurities, the products may have some short long-term environmental
impact. Moreover, the process of solvent gelatinization produces a huge amount of
waste water that needs proper treatment before disposal to meet the environmental
norms.

The cleaning phase associated with the production of starch using the
conventional method increases the production cost. Due to lower oil price, higher

production cost and lack of suitable technologies for offshore areas, initial

21



exploration of oil and gas was limited to onshore areas. Lower environment
sensitivity of onshore areas and the delayed realisation of the environmental impact
of mud additives such as chemicals, polymers, salt water and oil-based fluids,

little attention were paid in conserving the initial environmental conditions.

Starch composition

The starch granule is a heterogeneous material. Chemically, it contains
amylose, a linear polymer with a molecular weight in the range of 100,000-
500,000 and amylopectin, a highly branched polymer with a molecular weight in
the range of 1-2 million. Physically, it has both amorphous and crystalline regions.
The short branching chains in the amylopectin are the main crystalline components
in granular starch. Variation in the amount of amylose and amylopectin in a starch
changes the behavior of the starch. The amylose component of starch controls the
gelling behavior because gelling is the result of
reassociation of the linear chain molecules. Amylopectin is usually larger in size.
The large size and the branched nature of amylopectin reduce the mobility of the
polymer and their orientation in an aqueous environment. Fig. 1(a) and (b) shows
the structures of the amylose and amylopectin components of a starch molecule.
The abundance of hydroxyl groups in the starch molecules imparts hydrophilic

properties to the polymer and thus its potential to disperse in water [6].
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Fig. 1. Building units of starch (a) amylose and (b) amylopectin [6]
Starch modification

Over the past decades, starch has been used as the raw material for
developing polymeric additives to control the fluid loss properties of drilling mud.
Today numerous modified starch derivatives have been developed for oilfield
applications and some of them have been commercialized. The modification is
carried out to produce a range of starches with higher tolerance to thermal, mixing

and pH effects and generate easy swelling characteristic in the presence of water.

Fig. 2. Schematic diagram of reactive extrude
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Fig. 2. Schematic diagram of reactive extrude [6]

However, most of these modified starches used in oilfields are produced by
gelatinization in the presence of a solvent (wet method). This process of
gelatinization has lower efficiency and produces a large amount of waste water as a
by-product. Furthermore, it is hard to graft two groups using this process,
especially when one is hydrophilic and another is hydrophobic, in one reaction
because they need different solvents. Reactive extrusion is a technology developed
to carry out a chemical reaction using an extruder. Fig. 2 shows a schematic
diagram of a Reactive Extruder [6].

The technology has been developed in the last two decades and has been

widely used to modify conventional polymers. The advantages of the technology
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are flexibility; efficiency; no requirement of solvent; lower production cost and

ability to carry out multireactions at one step.
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Filtration of the fluid formulations under high temperature and high pressure
(HTHP) conditions

The main parameter of interest in this respect is the volume of filtrate
collected in the static filtration test under conditions of high temperature and
pressure. The objective of this abstract is to simulate the probable behavior of the
fluid during the period when pumping stops (no circulation in the well). These tests
were conducted in an OFI Testing Equipment HTHP filter press (capacity of 175
mL), at 121 °C under a pressure differential of 3.45 mPa, during 30 min. The
system constituted by a filter cell involved by a heating jacket. A sheet of filter
paper was used as the filter. The filtrate was collected in a measuring test tube.
Before starting the test, the jacket was preheated over the test temperature and the
fluid was homogenized in a mixer during 10 min. So, the fluid was placed in the
filter cell, which was inserted in the jacket. The system was sealed and pressurized
with nitrogen. The filtrate (water and oil) is collected over a period 30 min.

The phenomenon of filtrate invasion of the reservoir rock is also
significantly influenced by the rheological properties and stability of the emulsions
formed [7].

Mud preparation and testing

Several fresh water-based bentonite muds were designed using 2 starch
products. A base bentonite mud and also a biopolymer solution with a widely used
modified starch were also prepared to compare the fluid loss property control
potential of the new starch products.

Mud-based formulation:

— 0,05% NaOH

— 7% bentonite

— 31,1% NaCl

— 1% CaCl,

— 0,25-1,5% modified starch (Thermpac)
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Characteristics of the mud are shown in Table 1.

Table 1 — Rheological and filtration properties of mud-based solution

% PV, YP, | Gel F (7,5min/30 | pH Viscosit
Thermpa | sP Pa (10sec/600sec | min), sm® Yy, Sec
C ), Pa

0,25 6 5|3/5 59,8/118,8 7,5 20

0,5 6 6|3/5 56/116 7,5 19,5

0,75 6 6| 4/6 52,2/110,2 7,5 21

1 8 6| 4/7 44,6/87 7,5 21
1,25 8 6| 4/7 21,2/48 7,5 22
1,5 8 6| 4/7 14,8/26,8 7,5 23

The efficiency of the work of polymers is evaluated by the filtration index of

the solution and its effect on rheological properties, since the sludge-releasing

capacity and the hydraulic resistance to flow depend on this. Based on the analysis

of properties and requirements for polymers, it was revealed that the least negative

effect on the reservoir properties will be provided with by using biopolymers. To

control the filtration and rheological properties of the drilling mud, xanthan gum

and modified starch are acceptable options.

Biopolymer solution formulation:
0,05% NaOH
0,3% Xanthan gum (Saboxan)

0,25%-1,5% modified starch (Thermpac)
8% KClI
5% Marble as a bridging agent

Rheological and filtration properties are presented in table 2.

Table 2 — Rheological and filtration properties of biopolymer solution

% PV, | YP | Gel F (7,5 min/30 min), | pH Viscosit
Thermpa |sP |, (10sec/600sec | sm® Yy, Sec
C Pa |), Pa
0,25 8| 11|4/7 10,4/14,6 9,5-10 28
05| 10| 14|5/8 7,6/13,8 9,5-10 30
0,75| 11| 16/|6/8 7,6/12,4 9,5-10 34
1| 12| 20|7/9 6,4/10,4 9,5-10 39
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1,25

13

20

719

6,4/9,8

9,5-10

42

1,5

16

23

719

6,2/9,4

9,5-10

44

Components were mixed for 20 min using a high-speed mixture. During

mixing, the starch was added slowly to the agitated base fluid to avoid any scope

of lump formation within systems. The pH of the muds was adjusted to 7.5 to 10

by adding and mixing a suitable amount of NaOH to the mud. The starch

containing mud contains about 7% bentonite by weight and 0.25% — 1.5% starch

by weight. Biopolymer solution contains 0,3% xanthan gum and 0.25% — 1.5%

starch as well.

Rheological properties

Plastic viscosity (PV), yield point (YP) and gel strength were measured

according to specifications by using the OFITE 800 viscometer (fig. 3). The

viscometer data was recorded for two different speeds selection, 300 rpm and 600

rpm. The rheological properties were measured at 23°C.

Fig. 3. The OFITE 800 viscometer
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Filtration test

Fluid loss test was carried out using a filtration apparatus (OFITE filter-
press) by placing the mud slurry into a stainless steel chamber with an opening at
the top. The slurry was exposed to 100 psi for 30 min and the amount of water was
measured. The tests were also conducted at 23°C. Filter Press consisting of a

controlled pressure source, regulators, drilling fluid cell and graduated cylinder
(fig. 4)

Fig.4. The OFITE filter-press

Volume of filtrate

The influx of the liquid phase of the fluid (filtrate) into the rock formation
must be controlled to avoid damage to the oil and gas productive zones. Starch was
the first colloid used in drilling fluids to control filtration to saline layers. The
filtration control efficiency of macromolecules like starch can be explained by the
deformity of their chains, which can impede the filtrate flow by physical means
and electroviscous effects. The fluids with modified starch significantly reduced
the filtrate volume, probably because of the greater affinity of these products for
the continuous phase of the fluid. Modified starch samples became soluble in
solvents having relatively low solubility parameters when comparing to the non-
modified starch solubility. In general, the filtrate volume is the lowest when
using the starch sample with highest degree of modification/longest hydrocarbon
chain (C-18) and at the highest additive concentration. Such result evidences the

best performance of the most hydrophobic sample which tends to have more
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interaction with the solvent. It is also important to consider that the modified
starches are amphiphilic structures that are very suitable for the emulsion-base of
the fluid. Further, probably the hydrophobic side chains increased the starch’s
interaction with the particles that compose the filter cake (basically barite and
organophilic clay), forming a thin film with low permeability able to prevent the
influx of the non-aged fluid formulated with liquid phase in the porous rock
industry. If temperature becomes higher three possible mechanisms occur: the
reduction of viscosity of the filtrate; changes in the electrochemical equilibrium,
which governs the flocculation degree of the solids in suspension and the

permeability of the filter cake; or the degradation of one of the fluid’s components

[7].
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