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CTPYKTYPOOBPA3BOBAHMNE®IOKYIMNPOBAHHDBIX
MNOJJUAKPUIAMMUIAOM COJEBBIX JUCIHEPCUM T'JUHBI

B n1aGopaTOpHBIX YCIOBHMSIX CMOIEJIUPOBAHBI U MCCIENOBaHbl TEXHOJOTUYECKHUE Mpouecch Giaokyassuuu, GazoBoro
pa3iesieHUsT U CTPYKTYpooOpa3oBaHUs COJNEBbIX NUCHEPCUIl THUHBI. M3yuyeHO BIMsAHME NMojJuMepa (mojuakpuiamuaa),
BBEJAEHHOTO Ha cTaauu GJIOKYISAUMU, Ha CBOMCTBA 0Opa3yloUIUXCs MPOAYKTOB. YCTAHOBJIEHO, YTO B MHTEpBaje KOHLEH-
Tpauuii moiaumepa 0,01-0,2 Mr/r maoTHoOCTh M Biaroormaya ¢JIOKyJa yBeauduBatwTcs B 1,4-1,6 pasza. [lpenenbHoe Ha-
NMpsi)XeHUue CcIBUTAa NUCIEePCUM, MPOYHOCTh M KOJMYECTBO TpPaHYJ 3aJaHHOTO pa3Mepa HM3MEHSIOTCS 3KCTpPEMaJbHO
C MaKCUMyMOM NpU KOHUEHTpauuu nojumakpuygamuga 0,2 mr/r. BeeneHue nojivakpujiamMuaa B COJIeBYIO JUCIEPCUIO Ha
CTaluu CTPYKTYypoOoOpa3oOBaHUS yMEHbIIAET NMpeaeibHOE HAalpPsXeHUEe CABUTa, MIOTHOCTh U MJIAaCTUYHOCTb AMCIEPCUU
B 1,4-1,7 pa3a no cpaBHEHHUIO C BapUaHTOM, Korjga rnojumMmep nobabjeH Ha cTaauu GIOKYyIsUUU. DTO OOYCIOBIEHO TEM,
YTO Ha cTaguu (GIOKYJISIUMU MaKpPOMOJIEKYJbl MOJUMepa aACcOpOUPYIOTCS Ha 4YacTUIlaX TJIIMHBI ¢ 0Opa3oBaHMEM MEXAY
HUMM TMOJUMEPHBIX MOCTUKOB, TOrJa KaK NPU CTPYKTYypooOpa3oBaHUMU MNOJIUMEpP CcKpernsieT 6ojiee KpyHNHbIe TJIMHU-
CThle arperathl U MPOYHOCTh TAKMUX KOHTAaKTOB MEHbIIE.

PesynbTaTel Mccien0BaHU MO3BOJMIM YCTAHOBUTh MHTEpPBAJl KOHUEHTpalLUil nmoiuMepHoro GJoKyjJIsiHTa, obecneyu-
BalOIWIMN ONTHUMAaJbHbIE MapaMeTPbl MCCIEIOBAHHBIX NPOLECCOB M CBOMCTBAa oOpasylowuxcsd nponykros. [losyueHHBIE
pe3yJabTaThl MCIOJIb30BAaHBl B TEXHOJIOTMU KOMIIJIEKCHOW NepepabOTKU TJIMHOCONEPXAUUX OTXONOB KAJMHUHOTO MPOU3-
BOJCTBA.

Kawuesvie cnosa: monuakpuiaMun, Guokyasuus, OJUCNEpCUsi, HOBBIM TJIMHUCTBI MaTepuasna, CTPYKTypa, HpellejlbHOe
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STRUCTURIZATION OF SALINE CLAYDISPERSIONSFLOCCULATED BYPOLYACRYLAMIDE

Under the laboratory conditions, processes of flocculation, phase separation and structurization of saline clay
dispersion have been simulated and investigated. Effect of polymer (polyacrylamide) introduced at flocculation stage on
properties of final products was studied. It has been found that at polymer concentrations of 0.01-0.2 mg/g, solid phase
density and dewatering capability of floes increase 1.4-1.6 times. Strength yield stress and optimal granules size have
a maximum at polyacrylamide concentration of 0.2 mg/g ofthe disperse phase. Introduction ofpolyacrylamide into saline
clay dispersion during structurization step reduces yield stress, density and plasticity 1.4-1.7 times, compared to adding
the polymer at flocculation stage. This could be explained by adsorption of polymer macromolecules on the clay particles
during flocculation step, to form bridges, whereas during structure formation step polymer binds larger clay aggregates
and the strength of such contacts is weaker.

Results of the study allow to estimate a concentration range of polymeric flocculant which provides optimal parameters
ofthe studied processes and properties ofthe final products. The results are used in the complex recycling technology of clay-
containing wastes of potash production.

Keywords: polyacrylamide, flocculation, dispersion, new clay material, structure, yield stress, granules strength.

BBenenue. [lo Mepe pacumimpeHus KaJUWHOTOo mpou3BonctBa B Pecny6iuke Bbemapych u B cBsA3H
C MCNOJIb30BaHUEM KaJUUHOW pPyAbl C BBICOKUM COJAEpXaHUEM TJIUWHB BO3pacTaeT aKTYaJlbHOCTb KOM-
MNJIEKCHON mepepaGOTKM M HUCHOJb30BaHUS TIMHOCONEPXKAU[UX OTXONOB, OOpa3yloUIUXCs B mpolecce
M3BJIeyeHUs xjJopuna kKanusa [1]. B nmocienHue roabl B KAaJUNWHOM NMPOU3BOACTBE HUCHOJb3YyeTCss HOBas
TexHoJoruss $Ga30BOT0o pa3llejieHUs TIUHUCTO-COJIEBOW AUCIEPCUUN C IPUMEHEHUEM NOJTUMEPHBIX GJoO-
KynsaHTOB [2]. OrtneneHnHass xunakasi da3za - KOHUEHTPUPOBAHHBIN COJIeBOW pPacTBOP XJOPUIAOB Kaaus

M HAaTPUs - BO3BpallaeTCcss B TEXHOJOTUUYECKUN Mpolecc oboraumeHusi KAJUWNHON pyaAbI.
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I[Tocne oTmeneHUs CONeBOTO pacTBOpa OCTaeTCs MPOAYKT, comepxkamuid rauny (75-80 %) ¢ anmcop-
OMPOBAHHBIM GBIOKYJISIHTOM, XJOPUAB Kanus u HaTpusa (20-25 %). HecmoTpsi Ha HU3KUE KOHIEHTpa-
uuu (0,1-0,2 %), monumep (mMoJMakKpuUJIaMHUI, MIHMPOKO MPUMEHsSeMblii B MUDPOBOW MNpakKTUKe IS
OYMCTKH BOJBI, B TOM YHCJ€e MUThEeBOI), BBEAEHHBIIl B IMCMEPCHUIO Ha CTaauu GIAOKYASIIMUU, OKa3biBa-
eT CYymeCTBeHHOE BIMSIHME Ha CTPYKTYpPY M CBOMCTBAa GIOKYJIMPOBAHHOMW NUCIEPCUH.

dazoBoe pazneseHne GIOKYJIUPOBAHHONW MOJMMEPOM AUCTEPCUU MPOBOASIT C MIPUMEeHEeHUEM GUITb-
TPYIOIIEro TeXHoJormuyeckoro obGopynoBaHus (dpunabrp-npecc). B mnpouecce ¢da3oBoro pasaeieHUs
CTpYKTypa GIOKYJA YMJIOTHSIETCS BCJIENCTBUE BBITECHEHMS XUIKOW ¢da3bl M3 MEXYaCTUYHOTO TMpO-
CTpaHCTBa. YaaJlleHUWe BJIaru NPUBOAUT K YyBEJUWUYEHUIO KOHIEHTpPAIMU NHoJuMepa BHYTPU (GIOKYIB
M co3JaeT ycJoBUS nJisl rejeobpa3oBaHusd noiumepa. Ctpykrypoo6pa3zoBaHue GJIOKYJIUPOBAaHHON aAuc-
Nepcuu MpU MOBBIMIEHHON TeMmepaTtype cnocoOCcTBYyeT 00Opa3oBaHUIO CIIMTOW MOJMMEPHONW Mpocioii-
KM, KOTOpas CKpemnmJsieT YacTUIBl AUCIIEPCHOU (hasbl.

B nurtepatype MHOTO BHMMAaHMs ynelseTcs BONMpocaM aJAcOpOUMU MOJMMEPOB Ha MOBEPXHOCTHU
TJIUHB, GIOKYJISUMU TJIUHUCTBIX AUCTEPCUIN, CTPYKTYpOOOpa3oBaHUSI MUHEPaJbHBIX IMCMEPCUN C HC-
nojb30BaHUEeM nmojJuMepoB [3-5]. OnpHaKo UMeEUIMECd AaHHBIE CIOXHO OTHECTU K UCCIEAYEMOM HaAMU
cucteMe, B KOTOPOM € yyacTueM Mnojumepa, 100aBJIEHHOro B COJIEBYIO JUCNEPCHUIO TJIMHB Ha Hayalb-
HOM 3Tame, MOCJHEeAOBATENbHO OCYIMECTBASETCS LEeJAbli PsII XUMMYECKMX MPOILECCOB: amcopbuusi, ¢hio-
Kyasuusi, ¢pazoBoe pa3aesieHUe U CTpyKTypooOpa3oBaHue (GJIOKYJIUPOBAHHON AUCIEPCUMU.

B HacTosimei craThe MpeacTaBJIeHBl pe3yabTaThl MCCIeIOBaAHUS BJIUSHUS MOJMMepa, BBEAEHHOTO B IMC-
nmepcuio Ha cTaauu GIOKYASAIMU, Ha nedopMalMOHHBIe CBOMCTBAa (GJIOKYJIMPOBAHHOW AMCIEPCUU U MPOY-
HOCTh CHOPMUPOBAHHBIX M3 Hee rpaHyJ. Pe3ynbTaThl TaKUX HCCAeIOBAHMI MO3BOJIT IeJeHaNpaBIeHHO
peryJiupoBaTh MpollecChl, IPOUCXOAsIIINE HAa TPaHUIle pa3aesia ¢pa3 B COJNEBBIX NUCMEPCHUSX TIMHBI, U COCTa-
BSIT OCHOBY JJISl HOBBIX TEXHOJIOTMUYECKUX MPOIECCOB, BOCTPEOOBAHHBIX B KAJUWHOW MPOMBIIIJIEHHOCTH.

MeTtonuka 3KcmepumeHTa. B paGoTe B KadecTBe (GJIOKYJISIHTA MCHOJb30BalM MOJUAKPHUIAMMUII
¢ MoJieKyJdsspHoli maccoihi (MM) 1,1 - ]07D («Sigma-Aldrich»). PacTBOopb moiuMMepa ¢ KOHLEHTpauuei
0,5 % roToBMJIM HAa AMCTUJIJIMPOBAHHOMN BOJe, XpaHUJIU He Goaee 5 cyr. HemocpeacTBEeHHO mepej BBe-
NEeHWEeM B JUCIEpPCUI0O BONHBIN pacTBOp mMoJiuMepa pa30aBisJiu HAaCblL[EHHBIM PacCTBOPOM XJOpuUIa Ka-
nusg. Ilpu pasbaBJieHUU TNOMYTHEHMUS pacTBopa MJIM oOpa3oBaHUS ocaaka He HabJ0AaJOCh.
KoHueHTpauuio nmojMakpuliaMuia B Aucnepcuu BapbupoBaiu B npenenax 0,01-0,30 Mr/r TBepmoit das3ml.

dazoBoe pasnesieHWe TITUHUCTO-COJNEBOW NUCIIEPCUU MPOBOAUIM claeaylomumMm obpazom: K 150 r gucnep-
CUU N00aBASJU MOJUAKPUIAMUAHBIU (IOKYJSHT, MepeMelMBaju Ha Mewanke npu 350 o6/MUH B TeueHUeE
omnpeneleHHOTO BpeMEeHM U M3 obOpaszoBaBlielcss (GIOKYJIMPOBAHHOW NUCIEPCUU BBIAEASIIU XUIKYIO a3y
(coseBOoit pacTBOp) Ha JabopaTOpHOM JIEeHTOYHOM duiabrtpe-npecce. [ToJydyeHHBIN Mociae OTACNEHUS XUAKOM
¢da3pl NPOAYKT TTUHUCTHIA MUHepanu3oBaHHbi ([ITM) npeacraBiasy coboil ONHOPOAHYIO MJIACTUYHYIO Mac-
Cy ¢ BIaXHOCThI0O 28 % u cineaylomum coaepxanuem (Mae. % ): rnunbl - 78, KC1 - 10, NaCl - 12. B mpoMbi1i-
neHHbIX ycaoBusaix OAO «bBbenapycwhkanuit» npoaykt I[NI'M nosiyyaroT aHaJJOTUYHBIM CMOCOOOM: CYCIHEH3UIO
TJIWHB B COJIeBOM pacTBOpe (TJIMHUCTO-COJEBOW MmIaM) o0pabGaThiBaloOT PacTBOPOM MOJHUAKPUIAMHUIHOTO
bIoKyJIsIHTA U OTHENSIIOT XKMUAKYIO COJieBYI0 a3y Ha MPOMBIIIJIEHHOM JEHTOYHOM (pUIbTpe-Tmpecce.

B pabGoTe umcnonb3oBaju Takxe oOpas3ubl rIMHUCTO-coJieBoi nucnepcuu (CH) 6e3 praokynsguuu
noauMepoM ¢ GuiabTpanmeil Ha BOJOKHUCTOM TKaHOM MaTepuaje. B obpaszeu 'CJl ¢ 3aaHHOI BIaxXHO-
CThIO N00aBASJMU NMPU NMepeMelIMBaHUU pacTBOp nojauakpuisamuaga. Baraxunocts I'CJ - 28 %, KOHLEH-
Tpauus noaumepa - 0,2 Mr/r TBepaoil ¢dasbl.

[TnoTHOCTh (GaOKYN onpenensiv MeTOAOM AUCMEPCHMOHHOro aHajlu3a Ha POTOMETPUUYECKOM CEIU-
MeHTOMeTpe D CX-4 B BUjae pa3HOCTH MIOTHOCTEN TBepAOih U XUAKoi (pa3 JI. KoHUeHTpauusa AUCIepc-
HOUW ¢da3bl 5 r/n; TouHocTh MeTona £ 2 %.

[Toka3zarenp BJArooTAaYu TJIUHUCTOro ocaaka nocjiae GIAOKYJISUUM ONpeAeasIM Ha CTAHAAPTHOM
npubope BM-6, kak oTHOIIeHUEe oObemMa XMAKOCTH, BbiAelsitonieiicss mon maBiaeHnuem 0,1 MIla 3a
30 MUH ¢ aomaau GUAbTpPALMU AUAMETPOM 75 MM, K 06beM}' Bcero ob6pasiia, ¥ BeIpaxajJu B MPOILEH-
Tax. [Ipenen usMepeHUs BiaarooTrmadyu Ha npubope BM-6 40 CM3, norpemHocTh uaMmepenus £0,5 CM3

HOnst u3MepeHHUSsI MPOYHOCTU (DITOKYJT UCTOAb30BAaIU METON U3MEPEHUST MYTHOCTU B IMHAMHYECKOM
pexXuMe, MO3BONAOINIUNA ONMpPeneNsiTh CPEAHIOI KOHIEHTPAallM0 CYCHeHIMPOBAaHHBIX YaCTHUI[ C MOMO-

11923 0] (bOTOMeTpI/I‘ieCKOFO aHajaus3aTtopa. B JAUCHNEPCUIO TTIMHBI BBOIWJIHN NNOJIUMED B 3alaHHOM KOJUYECCTBE
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C TOMOUIbIO MEPUCTATBTUUECKOTO Hacoca MO NMPO3payHOil TpyOKe ¢ BHYTPEHHUM AMaMEeTPOM 3 MM Ipo-
KauyMBajJu Yyepe3 KIOBETY npubopa M ompeaensijm ceetronponyckanue. [locine nmepeMeumiMBaHUS CYCIEH-
3Uu ¢ GIOKYJASIHTOM MeIIaJlKol CO CKOpocThio mepeMemuBanus 300 o6/MUH B TedyeHUEe 5 MUH MOBTOPHO
ompeneasii CBETONMPONYCKaHUE JNUCIEPCUU M PACCUYUTHLIBAJIU OTHOINIEHUE MYTHOCTU CHUCTEMBI IOCJEe U 0
nepeMemuBaHusa (L). JaHHBIH 3KCIEPUMEHT MO3BOJSIET OLEHUTbh AUHAMUKY pa3pylieHUS U NMPOYHOCTH
arperatoB, o6pa3oBaHHBIX moj aeiictBueM ¢aokyasinra. [Ipu L = 1 ¢Gaokyjabsl He pa3pyliamoTcs, T. €. 4YeM
ONnKMXe 3HaueHUe mapaMeTpa L K efMHUIIE, TeM Bbillle MPOYHOCTh arperatoB. OTKJIOHeHUe Moka3aTens L oT
eIUHUIBl B CTOPOHY YBEJMYEHUSI O3HaYaeT BO3pacTaHUEe MYTHOCTH CUCTEMBI B CBSI3U C pa3dpylmieHueM ¢Jo-

KyJd. YMeHblIeHWEe L CBUIAETEIbCTBYET 00 YBEJIMUYEHUU MPOYHOCTU (DIIOKYII.

[lpenenbHoe HamNMpsiXeHUE CABUTAa ONMpEAeTsAJIUM Ha KOHUYECKOM TMIacTOMeTpe METOIOM, OCHOBaH-
HOM Ha M3MepeHUU ycuiusa F, KOTOpoe HEOOXOAMMO MPUITOXUTH K KOHYCY AJSI MOTPYXEHUS €ro B CH-
CTeMY Ha M3BECTHYW riayouHy hA. O6pa3ub (bpakuus ¢ pazmMmepoM yacTtull MmeHee 0,2 MM) NMepeHOCHUIHU
B UBMEPUTEJbHYIO YalIKy JMaMeTpoOM 55 MM, ¢ BeIcOTOM 6opTa 17 MM, BeIpaBHUBAJMW, YIJIOTHSAJIMU, MO-
MellaJii Ha YallKy BECOB, KOMIEHCHPOBAJMU BeC, 3aTe€M MOTrpyxXaJu KOHYC Ha 3aJaHHYI TIYyOMHY U IO
mKaje BECOB OMNpeAeNsiIM COOTBETCTBYMlOIlee ycUJIMe. BelIMUYMHY MpeaebHOTO HamNpsIXKeHHs COBUTa

(P) paccuutsBaiu no dopmyie

0)

rne P - nmpeaenbHoe HamnpsxeHue caBura, MIla; K - KoOHcTaHTa KOHYca, KoTopas 3aBUCUT OT BeJMYUHBI
yrja npuv BepliMHE KOHYyca; F- cuja CONpOTUBIEHUs oOpa3ua, Kr; A - T1yOMHa MOTPYXEHUI KOHYca, M.
Ang uccnenoBaHuss GU3MKO-MEXaHUUYECKUX CBOMCTB NUCHEPCUN MCMOJb30BaJU CIHeElMalbHbIE Ja-
6opaTtopHbie MeToabl [6]. OmpemeeHne MPOYHOCTHBIX CBOWCTB 00pa3lOB MPOBOAMUINU METOJOM OJJHO-
MJIOCKOCTHOTO cpe3a B npubope ¢ GUKCUPOBAHHON MIOCKOCThIO NMYyTEM CABMIra OJAHOUW YyacTuW obOpasia
OTHOCHUTEJIbHO APYTroi €ro 4yacTu KacaTeJbHOUW HArpy3kKoil NMpu OJAHOBPEMEHHOM HarpyxeHuu obOpasua
Harpy3koil, HOpMaJbHOW K MJIOCKOCTHU cpe3a. Yroj BHYTpPeHHero TpeHus <p u cuenjeHue C onpeaensiyjiu
Mo pe3yjbTaTaM NSATHU UCHBITAHUU NMPU pa3JMUYHBIX 3HAYEHUSAX HOPMaJbHOTro HanmpsixeHus. [lo usme-
PEHHBIM 3HAaYEHMUSAM KacaTeJbHOW MU HOPMAaJbHOW HArpy30K BBIYMCJISJIM KacaTeJbHbe U HOPMaJIbHbIE
HanpsaxeHus Tuc (MIla). Yron BHyTpeHHero TpeHus <p u cuenjeHue C pacCUuThiBaJIU MO CACAYIOUUM

bopmynam:

<p =
BT P

11“.10—.2—1<r. Ir,o-,
¢ = 2 2
«I(<rs) _Q>:)

[I70THOCTh M YMCJIO NMIACTUYHOCTU 00pa3oB (AMama3oH KojJeOaHMU BIAaXHOCTU, B KOTOPOM MaTe-
puay obGiajmaeT mjacTuyeckumMu cBoiictBamu) onpeaensiiu no FOCTy 5180-84. Moaynbs aebopmManuu
(E), xapakTepu3ylOIIUX COMPOTUBIEHME MaTepuaja BHEIMIHUM Harpyszkam, ONpeneNsJiu KaK OTHOIIE-
HUE YIAeJbHOTO JaBJIEHUSI K OTHOCUTENbHOM NepopMaum TNpPU OTCYTCTBUU OOKOBOTO pacmiupeHus [6].

I'panynabl mosyyaau B JabopaTOpPHBIX YCJOBMSIX Ha MOJEJbHOW YCTaHOBKE, OCHOBY KOTOpPOH co-
cTaBisgeT OapaGaHHBI TpaHyasiTOp. MeToa ompelneseHUss NMPOYHOCTU TpaHyJd 3akjloyalics B U3Mepe-
HUU cpeaHero ycuiaus padnaBiuBaHus 20 odbpas3unoB Ha npudbope UIIT-1.

Pe3yabTaThl 3KcnepuMeHTa M UX o0cyxkaenue. Hapuc. 1 u 2 npuBeaeHbl TaHHbBEe 00 UBMeHEeHUU Du-
3UKO-XMMUYECKUX CBOUCTB (GDIOKYJIMPOBAHHOW NUcCHepCcUU (MIOTHOCTU, MPOYHOCTHU, BIArooTAadyu) M pas-
Mepa arperaToB, o6pa3yeMbIX YaCTUI[aMU TJIMHBI, B 3aBUCUMOCTH OT KOJMYECTBA BBEAEHHOTO B AMCIEPCHUIO
bnokynsHTta. B mHTepBane koHueHtpauuid nonumepa or 0,01 go 0,20 mr/r tBepaoit da3bl pazmep GIOKYI
yBeJu4YuBaeTcsd B 2,7 pa3a, MJOTHOCTb - B 1,4 pa3a, 4yTo 0oOycCJOBJEHO arperauMeil yacTUILl TJIUMHBI BCel-
cTBUE 0Opa30BaHUS MOCTUKOB M3 afCcOPOMPOBAHHOTO Ha MOBEPXHOCTU YacTHUIl mojduMepa. [Ipu KoHIeHTpa-
uuu nonumepa 6osee 0,20 Mr/r TBepnoil ¢ha3bpl pa3Mep arperaToB CKauykooOpa3HO BO3pacTaeT, MIOTHOCTH

YMEHbBIIAETCA, YTO IMO3BOJACT NPECANOTOXKUTD O6p8.30BaHVIC KPYIOHBIX, PBIXJIBIX arperatoB M3 (bnm(yn.
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Puc. 1. ITnoTHoCTS (A, r/em?) u pazmep duiokys (d, MKM) B CONEBOIl AMCIIEPCHHM IIHHbL B 3aBUCHMOCTH OT KOHLEHTPALMH NOTHMEpa
Fig. 1. Density (A, g/cm®) and the size of flocs (¢, pm) in the saline clay dispersion as a function of polymer concentration

YMeHbluIieHUEe nmoka3zaTens L, cBugeTeNbCcTBYOIIee 00 yBEIUUYEHUU MPOYHOCTU, U MOBBILIEHUE Bla-
rootnayu GpJOKYyJIMpPOBAaHHOW aucnepcuu (puc. 2) saBAAETCS CIEICTBUEM B3aUMONECUCTBUS TIMHUCTHIX

yactull U GpopmMupoBaHusA (GpAOKYJT B MHTepBajJe KOHLEeHTpauuih monumepa B cucteme 0,01-0,20 mr/r

TBepaoil Gassl.
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Puc. 2. Braroornaua (W) u moka3aTelb U3MeHEHUST NPOYHOCTH (L, %) HIOKYN B COJEBOM TUCIIEPCHHU TIMHBI B 3aBUCHMOCTHU
OT KOHIIEHTPAL UK MOTUMepa

Fig. 2. Water yielding (IV) and the resistance change rate (L, %) of floes in the saline clay dispersion as a function of polymer
concentration
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DKcTpeMalbHBI XapakKTep 3aBUCUMOCTU C MAaKCHMMyMOM MNpPHM KOHIUeHTpauuu noiumepa 0,20 mr/r
TBepAOil ¢a3bl CBUIETEIBCTBYET O 3aBEepPIIeHUU npouecca GIOKYJISIUUU TIUHUCTBIX YaCTUIL B 3TOW 06-
JlacTU KOHLEHTpauuii u GopMuUpoBaHUM arperatoB U3 GIOKyI. DKCNEPUMEHTalbHO YCTAHOBJIEHO, YTO
yBeJMUYEHUE KOHLUEHTpPAaLUMU MoOJUMepa B UCCIeNyeMOil fucnepcHoil cucrteme cBoime 0,25 Mr/r TBepaou
dba3el mpuBOAUT K ee cTabuam3auum, Korjga cpoiicrBa GpJIOKYT NPpaKTUYECKHU HE U3MEHSIOTCS.

IlonyyeHHBIe 3KCMEPUMEHTAJbHbBIEC PE3YJbTAThl MO3BOJSIOT ONPEAEIUTh ONTUMalIbHOE KOJIUYECTBO
BBOAIMMOTO B aucnepcuio dpaokyasiara (0,15-0,20 mr/r), obecmeyuBalomee BHICOKYIO 3P GEeKTUBHOCTH
npouecca GIOKYyIIUUM U GOPMUPOBAHUE MPOYHBIX MIOTHBIX (PIOKYJT ¢ MUHMMAJIbHBIM CONEpPXKaHUEM
B HUX TUCIMEPCUOHHON cpeabl, YTO HEOOXO0aMMO 151 pa30BOTO pa3iesieHUS TUCIEPCUN.

N3 dbortorpaduii, npuBeJeHHbIX HAa pUC. 3, BUAHO, UTO coJieBast fUcHepcus TJIUHB 6e3 GIOKYIsIHTA
npeiacTaBiisieT coO00l TOHKOAMCIEPCHBIM 0CagoK, PAaBHOMEPHO paclnpefeeHHb B pacTBope, U3 KOTO-
poOro mMpakTM4YeCKM HEBO3MOXHO BBIAEIUTh XUAKYIO (a3y, n1axe ¢ IpUMEHEHUEM COBPEMEHHOTO (GUIb-
TPYIOLIETro TEXHOJOTrMYeckKoro obopynoBaHusi. [lonumep, nobGaBieHHB X B nucnepcuio, GIOKyIupyer
TIMHUCTBIe yacTuUbl (puc. 3, 6), u3 GIOKYJIMPOBAHHON NMCNEPCUM TMOCPEICTBOM MEXaHUUYECKOTO OT-
XKMMa XMUIKOCTb (COJeBOW pacTBOp) oTaedsieTcs, (IOKYJIB YNIOTHSIOTCS BCIEACTBUE BBITECHEHMUS
XKMAKOW da3bl M3 MEXYaCTUYHOTO NMpocTpaHcTBa. IBepaass nucnepcuoHHas ¢a3a COCTOUT U3 arperu-
POBAHHBIX TITMHUCTBIX YAaCTUI, CKPEMJEHHBIX MOJUMEPOM, U Oarogaps MPUCYTCTBUIO MOJUMepa IIU-
HucTol i mpoaykT [I1T'M xapaktepusyeTcs omnpenejleHHONl cTpykTypoii (puc. 3, ).

JdedbopmaunonHsie cBoiictBa [ITM 3aBUCST OT KOHLUEHTpPAallMM NoJMMepa, BBEACHHOro Ha CTaAUuHU
bnokynsauuu. M3 Tabavub BUAHO, YTO C yBeJMYEHUEM KOHUEHTpauuu noiumepa B 2 pasa (ot 0,1
no 0,2 mMr/r TBepaoil ¢daswel) maotHocTh [II'M yBenuuuBaetcss B 1,4, miacTudyHocTh - B 1,2 pa3a, mpe-
NelbHOE HampsiXeHUe CABUTA, YIoJ BHYTPEHHETrO TPEeHMUS U MOIYyJlb AedopManum Bo3pacTaloT, B3aUMO-
neiicTBUE TIMHUCTBIX YacTUL (CLeNJeHue) YyCUuiInuBaeTcs.

Bnusinue nmonumepa Ha nepopMaLMOHHBIE CBOWCTBA JUCNEPCUU 3aBUCUT OT TOTO, HAa KaKOW CTaauu
NMmoJuMep BBEIEH B coyieBYlo nucnepcuto. Kak ciaenyetr u3 TaGiauubl, NpU OTMHAKOBOW KOHLUEHTpPAaU MU TO-
numMepa (0,20 Mr/r) mpeneibHoe HanpsixkeHue casura [IT'M Bbime nmo cpaBHenuio ¢ 'CJl B 1,7 pa3za, miot-
HOCTh - B 1,6 pa3a, monyiab nepopmanuu yBeaunuuBaetrcs B 1,1, cuenmsenue - B 1,5 pasza. [InmacTuuyHOCTH
MaTrepuaja npu odbpaboTke mojuMepoM Ha crtaauu daokyasuuu B 1,4 pasza Bbiiie no cpaBHeHuto ¢ 'C/.

OCHOBHBIMM CTAaAUSIMU TNpoluecca CTpykTypoob6paszoBaHus [II'M B 1MHaMUUYECKUX yCIOBUSIX SIBISI-
IoTcs ciaenyomue: GopMUpoOBaHME MIACTUYHBIX arperatoB M cTabuiaumsauus cTpyktypsl. Ha mepBoii
CTaIluM CTPYKTYypooOpa3oBaHUS MOJMMEp, afcOPOMPOBAHHBINA Ha MOBEPXHOCTHU YaCTHUIL, 0Opa3yloIuil
NMPOCHIOMNKHM B MEXYAaCTUYHOM NpocTpaHCcTBe (GIOKYyNd, cnocobcTByeT GOpMUPOBAaHUIO MOCTUKOB B Ija-

CTUYHOW CTPYKType arperatoB M3 GIOKYJIMPOBAHHOW aucHepcuu. [JHMHUCTBIE YaCTULBl CBS3aHBl MO-

a b Fed

Puc. 3. ®ortorpadun coieBoid fUCHepCHU TIMHBL 10 BBeAeHUs GIOKYAsiHTA (a), GIOKYIMPOBAHHOM nucmepcuu 10 Ga3oBoro
pasaeneHus (6) u nocie otaeseHus xuakoit dassl (M) (B)

Fig. 3. Photos of clay salt dispersion prior to the introduction of flocculant (a), the flocculated dispersion before phase
separation (b) and after separation ofthe liquid phase (PGM) (c)



Proceedings ofthe National Academy of Sciences of Belarus, chemical series, 2016, no. 4, pp. 102-109. 107

JUMEPDHBIMU MOCTHUKaMH, 4YTO oOecmeymBaeT MX CHOCOOHOCTh K OTHOCHUTEJNbHOMY MEpPEMEUEHUIO.
Crabunuszauusa cHoOpMHMPOBAaHHON CTPYKTYpbl TMNpM TMOBBIIIEHHOW TeMmnepatrype (dopmMupoBaHue
rpaHyj) oOycioBlieHa oOpa3oBaHUEM CLUIMTOW MOJMMEPHOW MPOCIOWKM, KOTOpas CKpemnjaseT 4YacTHu-

bl IUCTIEpPCHON (asmbl.

Medhopmanuounsie ceoiictea [ITM u coseBbIX AMCHEPCHIl TJIHHbI, 00Pa0OTAHHBIX MOJUMEPOM
o0e3 dpaokyaauuu (FCJI)

JdedopMauMOHHBIE CBOCTBA TIMHUCTBIX IMCHEPCUIl ¢ KOHIEHTpalueit
XapakTepucTiKa monuakpuiaamuna (Mr/r Teepaoi dasbr)
rch (0,2) nrM (0.1 nrM (0,2)
MpenenbHoe HanmpsixeHue caura, MIla 18,6 27,8 31,4
Cuennenue C, klla 4,9 6,7 7,3
Vroa BHYTpeHHETo TpeHUs <p, rpan 16,4 19,5 22
InoTHOCTD, r/cmj 1,7 1,9 2,7
Yucuo ninactudHocTu, % 23,2 26,8 31,7
Moayab nedbopmanuu, MIla 7,7 8,0 8,3

3aBUCUMOCTDb MpeaeibHOTO HanpsaxeHusa capura [ITM orT KoHueHTpauuu GIOKYJAAHTA corjacyercs
C U3MEeHEeHUEeM npouyHocTu rpaHya u3z [ITM (puc. 4). B uHTtepBage KoHUeHTpauuii paokynsura ot 0,025
no 0,25 Mr/r yBeauMuyeHue MpeaeIbHOTO HAaNpsAXeHUs caBura B 1,7 paza CONMPOBOXIAETCS MOBBIIIEHUEM
npoyHoctu rpanya B 1,8 pasa (or 0,36 mo 0,65 MIla). YBenuueHue comepXaHUs Mmojumepa Ooliee
0,25 Mr/r npUBOAUT K PE3KOMY CHUXEHMIO MPEACIbHOTO HANMPSAXEHUsA CABUTa M CTATUYECKOW MPOYHO-
cTu rpaHya B 1,4 u 1,5 pa3a COOTBETCTBEHHO.

KonuuecTBo arperatoB (rpaHys) 3afilaHHOTO pa3Mmepa (oT 2 1o 5 MM) Bo3pacTaeT B 1,6 paza B uHTEp-
Bajie KOHIEHTpaUUuil moauakpuiamuaHoro ¢uaoxkyasiurta ot 0,025 go 0,2 Mr/r u cymecTBeHHO yMeHbIIa-

eTCs MpU JajbHEeWIIeM YBEIMYEHUU KOHUEHTpalluMu nmoaimmepa (puc. 5).

35 ¢ - 07
30 - + 06
=
& 251 + 05 _
= =
5 =
2 20 - 04 £
= 151 - 032
5
5 10 02
3
&
& 51 0,1
0- 0

0.025 003 0,075 0,1 o&g 25 0,5 0,175 02 0,225 0,25

KoHueHTpauus noaumepa Mr/r TBepaoit ¢hassl

Puc. 4. 3aBucumocTb npeneabHoro HampsxeHus capura [ITM (ructorpamma) u cTaTM4eckoil mpoyHoCcTH rpaHyn u3 [IT'M
(rpauk) OT KOHLEHTPAL UK HIOKYISTHTA

Fig. 4. Dependence of GMP ultimate shear stress (histogram) and static strength of GMP granules (graph) on the concentration
of flooculant
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Puc. 5. BausiHue monmakpuiaMuaHoOTo GpIOKYJISIHTA Ha BBIXOA FPaHYyJIMPOBAHHOTO MpOoAYKTa ((PppakliMK 3aJaHHOTO pa3Mepa)

Fig. 5. Effect of polyacrylamide flocculant upon the yield of granulated product (fraction of a given size)

MexaHuU3M AEHCTBUSA MOJNMMEPHOTO (GIOKYJISIHTA 3aKJI0YaeTCs B aACOPOI UM €ro MAaKPOMOJIEKYJ Ha
yacTUlaX TAUHB C 06pa3oBaHUEM MEXAYy HUMU MOJTUMEPHBIX MOCTUKOB, YTO MPUBOOUT K arperamuu
u GIOKYyISIUUM AUCTEepcUU. ANCOPOLUUOHHBIE CJIOU U3 MOJUMEPOB B MEXYAaCTUUYHOM MPOCTPAHCTBE
OmpenensitoT CTPYKTYpy GIOKYyJd, YTO MMEeT CYyUEeCTBEHHOE 3HayeHHMEe He TOJbKO IJsi (GIOKYyIsIUUU
1 pa3zoBOro pazaeleHUsT IUCNEPCUU, HO U CTPYKTYypooOpazoBaHUs AUCTepCHON (a3l

3akawyenue. Pe3ynbTaThl BBINOJHEHHBIX HMCCIENOBaAaHUI MmoKa3alu, 4YTO HU3MEHsS KOHIEHTpa-
uui mnonumepa, GIOKYIUPYIOIIEro COJNEBYI AUCHEPCUIO TJIMHBI, MPEIOCTaBIsAETCS BO3MOXHOCThH
N7l PeTyJIUPOBAHUS CTPYKTYPHBIX mapaMeTpoB GIOKYJIMPOBAaHHOW OJUCIEPCUU M MOJydyaeMbIX Ha ee
OCHOBE TrpaHyJ. YCTaHOBJEHO, 4YTO B o00JacTM KOHLUEHTpauuil GIOKyIssHTAa MNOJUaKpUIaMuUIa
0,15-0,20 Mr/r TBepanoit Ga3b B nucnepcuu ob6pa3ywTcsd GIOKYJIB C BHICOKOW MIOTHOCTbHIO, MPOYHO-
CThi0 M Biaroornavyei. JedbopmaumoHHse cBolicTBa nmpoaykta I[ITM, moayyeHHoro ¢pa3oBbM pa3jae-
neHueM GIOKYIUpPOBAHHOW aucnepcuu (mpeaeibHOe HAMpPsSXeHUE CABUra, MNIOTHOCTh, MOAYIb
nedbopManMM, ClUeNIeHUEe, MIACTUYHOCTh), a TaKXe NMPOYHOCTh U pa3dMmep rpanya III'M onpenensitor-
Ccsd CTPYKTYPHBIMHM MapaMeTpaMU MEePBUYHBIX arperatoB (GbJAOKYyl1) U B KOHEYHOM HMTOre KOHLEHTpa-
HMeit mnonuMmepHoro GiAOKyJsHTaAa B aucnepcuu. HecmMoTpsa Ha pa3HooOpa3ue HpakTOpoB, CIOCOOHBIX
0OKa3aTh BIMSHUE Ha HUCCIAENyeMYIO NUCIEPCHYK CUCTEMY B MOCJEAOBAaTENbHBIX Mmpoueccax GIoKy-
nsiuuu, $Ha3oBOro pasfaeNeHUsT U CTPYKTypooOpa3oBaHus (GIOKYJIUMPOBAHHOW AUCHEpPCUU, ONpPEHesi-
IOUUM SIBASIETCS BIAUSIHUE NoJuMepa, MOAMDUUUPYIOUEro MOBEPXHOCTh YaCTHIL TJIMHBI U CHOCOG-

CTBYIOUIETr0 MX arperauuu.
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