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OKCNEPUMEHTAJIbHOE UCCITIEQOBAHUE NMPOLIECCA PACTBOPEHUA
FPAHYJINPOBAHHOI'O KOATYJNIAHTA

LOEHWUCOB AT, acn.

MpeacTaBneHbl OCHOBHbIE KUHETUYECKUE 3aBUCMMOCTU MO PacTBOPEHUIO FpaHyNMpoBaHHOro cynbdara antoMuHus. Mo-
KasaHo BNMsIHME pa3mepa YacTuL KoarynsiHta, TemnepaTypbl pacTBopa, CKOPOCTU BpalleHUA fonacTei Mellanku 1 MaccoBoW

AOJIN peareHTa Ha BpemMs paCTBOPEHUA rpaHyn.

Krrovessle criosa: KoarynaHTt, CyJ'IbeaT anroMuHmnA, KOHD,yKTOMeTpVNeCKVIVI MeTo[, yAerbHaA 3NeKTponpoBOAHOCTb.

EXPERIMENTAL INVESTIGATION INTO DISSOLUTION PROCESS
OF GRANULATED COAGULANT

D.G. DENISOV, Post-Gradute Student

The author presents main kinetic dependences of granulated aluminium sulphate dissolution. The article demonstrates
the influence of coagulant particles size, solution temperature, speed of mixer blades rotation and reagents mass fraction on

granules dissolution time.

Key words: coagulant, aluminium sulphate, conductance-measuring method, electrical conductivity.

Ha TennoBbIX aMeKTpoCTaHLUUsIX B Ka4eCTBE peareH-
TOB, MCMOSMb3yeMbIX AN OYUCTKU BOAbl OT KOMMOMAOHbIX
npuMecei, LUMPOKOe pacnpocTpaHeHWe Mony4unm antomo-
coepxawyme koarynsiHTel. B nocnegHee Bpemsi HaxoasTt
NPUMEHEHUE XMMUYECKMN OYMLLEHHBbIE rPaHyrNMpOBaHHbIE
peareHTbl. Ha GonblMHCTBE OTevecTBeHHbIX TAC pac-
TBOp KoarynsiHTa roToBUTCS MNEPUOANYECKMM Crocobom,
npu 3TOM CKMaaMpoOBaHWE peareHTa OpraHu3oBaHO B
SiYerikax MOKpPOro XpaHeHusl. B ycrnoBusix npuvmeHeHust
COBPEMEHHbIX FPaHYNUPOBaHHbIX KOaryrsiHToB nepuoau-
YecKkuin cnocod pacTBOPEHMS TepPSET CBOK aKTyarbHOCTb,
NMOCKOSbKY HE MO3BOJISET CyLLECTBEHHLIM 06pa3oM MoBbI-
CUTb KOMMAKTHOCTb peareHTHoro y3na Ha BITY TAC. Xpa-
HEeHVe rpaHyNMpPOBaHHbIX peareHToB B MOKPOM BuAe Tak-
e HeLenecoobpasHo, MOCKOMNbKY MPUBOAMT K 3aBbILLEH-
HOW NroLwlaamn cknaga, a Takke K HeoOXoaAMMOCTU Mnepuo-
OVYECKMX PEMOHTOB U KanuUTarnbHbIX 3aTpaT Ha 06paboTky
NMOBEPXHOCTEN $YEEK MOKPOro XpaHeHWs1 KOPPO3VOHHO-
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yNopHbIMX MaTepuanamu. VckrnioveHne ykasaHHbIX HegocTar-
KOB BO3MOXHO MyTEM Mepexofa Ha UCMOSb30BaHNE XMMUYECKN
OYULLIEHHOrO  PaHyNUPOBAHHOIO MPOAYKTa, MO3BOMSHOLLErO
opraHu3oBaTb «Cyxoe» CKIaaupoBaHve peareHTa, WCKIMIoYUTb
M3 CXeMbl SHENKN MOKPOro XPaHEHWs W HanaauTb Henpepbls-
HOe NpPOou3BOACTBO paboyero pacteopa koarynaHTa. [ns onpe-
AeneHnsi OCHOBHBIX KOHCTPYKTUBHBIX U PEXMMHBIX XapakTepu-
CTVK pacTBOPHO-PacxXodHbIX 6akoB HeobXoAMMO MMETb KuHe-
TUYECKME XapaKTepUCTVKM pacTBOPUMMOCTW KoarynsiHTa npu
TEXHOMOrM4YeckM OBOCHOBaHHbLIX AMana3oHax BapbWpOBaHWA
OCHOBHbIX BO34ENCTBYHOLMX hakTopoB. lMockonbKy akcnepu-
MeHTarnbHble AaHHble MO BIWSHWIO TEMNepaTypbl, MacCOBOW
JONN peareHTa B pacTBoOpe, pa3Mepa 4acTul, KoarynsHta u
4acTOoTbl BpaLleHUs ronacTer MeLlankyn Ha KMHETVKY pacTBo-
peHus Al(SO,),-18H,0 B TexHudeckon nuTepatype OTCYTCT-
BYIOT, TO 3adadya Mo WX OnpedeneHuo SIBMSeTCsl akTyarnbHON.
[ns atoro Ha kadegpe XXTO UMDY cobpaHa nabopaTtopHas
yCTaHOBKa, NpeAcTasneHHas Ha puc. 1.
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Puc. 1. O6wuii Bng nabopatopHon yctaHoBKW: 1 — nponennepHas Meluasnka; 2 —TepMOCTONKUI CcTakaH Ansi NPUroToBneHns pacTeopa; 3 —
KOHOYKTOMETP; 4 — AaT4uK KOHAYKTOMETpa; 5 — cekyHaomep; 6 — TepMOMETp PTYTHbIN; 7 — MOHOMEP; 8 — AaT4nK MOHOMepa, TEPMOMETP;
9 — aneKkTpOHHbIe Bechl; 10 — uamepuTenbHbIN cTakaH; 11 — TepMmousonupytoLLasa nnacTtuHa
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B nabopaTopHbIX YCrnoBusIX UCCneaoBaHO BhWs-
HWe TemnepaTypbl pacTBopa, pa3Mmepa 4acTul, Koary-
NsIHTa, MaccoBOW [ONW KoarynsiHTa B pacTBOpe W 4ac-
TOTbl BpaLleHWsi NonacTen Meluarnku Ha npouecc pac-
TBOpeHusa 18-BOAHOrO rpaHynupoBaHHOrO cynbdarta
anomnHna. BosgencTeume kaxgoro akropa u3yyeHo Ha
TEXHONMOrnYeckn OBOCHOBAHHbIX, OTHOCWUTENbHO BITY
T3C, ypoBHsiX.

BnusHne Temnepatypbl Bogbl, NpY KOTOPOW Mpo-
UCXOOUT PacTBOPEHME KoarynsiHta, 3aBUMCUMT Nullb OT
0COGEHHOCTEN TEXHOMOIMYECKOW CXEMbl MOATOTOBKM
XMMUYECKM OYULLEHHOW BOAbl HA BOAOOYUCTUTENBHBLIX
cTaHuusax. [na npuroToBneHUsA pacTBopa KoarynsiHta
Ha TOC uvalle Bcero ucnomnb3ylT BoAy, OTOMpaemyo
nocne nogorpesaTernen Cbipo BoAbl, C HaMopa Hacoca
OCBETIIEHHOW BOAbl UMW NOCME MeXaHW4ecknx unbT-
poB. TemnepaTypa BOAbl NMocne nogorpeBaTensi onpe-
Jensietca onTuMarnbHbIMU  YCMOBUAMW  Koarynsiuum wu
n3meHsietca B gmanasoHe ot 20 go 32 °C. WHTepBan
M3MEHEHUS TeMnepaTypbl pacTBopa Mpu opraHu3aumu
nabopaTopHbIX UccrnenoBaHUn Bblnl HECKOMNbKO pacLun-
peH n coctasun ot 18 go 36 °C.

Pa3wvep yacTtvy peareHTa y OTE€4ECTBEHHOMO NPOU3-
BOOWTENSA rPaHynMpOBaHHbIX antMOCOAEPKALLMX Koary-
naHToB 3AO «CuHTe3» coctaensaet oT 4 go 20 mm. Pe-
3ynbTaTbl 3KCMEPUMEHTANbHbIX WCCNENOBaHWN MO BhUs-
HUIO pasmMepa YacTuL, U TemMnepaTypbl pacTBopa Ha Bpemsi
MOSHOro PacTBOPEHMWSI NPeACTaBeHbl Ha puc. 2,a.

B pesynbtate 06paboTku SKCnepuMMeHTarnbHbIX
OaHHbIX C MocrneaylLwmuM NoucKOM napameTpoB Bepu-
duKaumMm NMHERHOW perpeccuv MeTogoM HavMeHbLLNX
KBagpaToB [1] n NUHEHON annpPoOKCMMaLMKn BXOASALWMX B
PErpeccuoHHble ypaBHEHUST KOI(HDULIMEHTOB NOMYYEHO
AByxnapameTpuyeckoe ypaBHeHue (puc. 2,a). OTHocu-
TENbHOE pacxXoXAeHUe 3KCMepuUMEHTAsbHbIX U pacyeT-
HbIX JaHHbIX C BEPOSTHOCTbIO 95 % cocTaBnsieT OT Mu-
Hyc 3,96 no 0,76 %.

Ha BogonoaroToBMTENbHBIX YCTAHOBKAX WCMOfb-
3yl0TCH pacxofHble 6aku, B KOTOPbIX pacTBOP KoarymnsiH-
Ta roToBUTCA A0 KOHUEeHTpauumn ot 5 o 12 %. 3tu 6akm
3a4acTyl0 OCHalleHbl Mellankamu MnponenyiepHoro Tu-
na, yactoTa BpalleHus KoTopbix cocTasnsieT ot 40 oo
60 06/MWH. HM3koe 3HayeHue YacToTbl BpalleHus oby-
CMNOBMEHO HEOOXOAMMOCTLIO MEPEMELLMBAHUS XUOKUX
peareHToB. B cnyyae «Cyxoro» XpaHeHusi pacxogHble
BGaky MOryT MCMONb30BaTbCS B KAYECTBE COBMELLIEHHbIX
pacTBOpHO-pacxofHbIX H6akoB, Mpu 3TOM YacToTa Bpa-
LLeHNa nonacTer Meluanku orkHa ObiTb yBenuyeHa.
Mpun onpeageneHvn rMapoouHaMUYECKOro BO3AENCTBUSA
Ha BpeMsi pacTBOpPEHMS YacToTa BpalleHus nonacren
Mellanku wusMeHsinacb B AuanasoHe ot 60 po
1250 o6/MuH. NS npuMeHeHns pe3ynbTaToB 3KCnepu-
MEHTa B MPOMbILLMEHHbIX YCIoBUsix nabopatopHas me-
wanka cobpaHa B MaKCUMarnbHOM reoOMEeTPUYECKOM
nogobum c cywecteyowmMn Ha TAC nponennepHbIMU
mMewankamu (puc. 3). Pe3ynbTaTtbl 3KCMEPUMEHTOB
npencTaBneHbl Ha puc. 4.
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Puc. 2. BnuaHune pasmepa yacTuu M TemnepaTypbl pacTBopa Ha
BPEMS PacTBOPEHWSI: @ — COMOCTaBIIeHNE SKCMEPUMEHTAmbHbLIX U
pacyeTHbIX JaHHbIX; 6 — TPeXMepHbI rpadprk pacyeTHbIX AaHHbIX
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Puc. 3. MpuHuunmanesHas cxema nabopaTopHOW MeLuankm
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OCHOBHbIE COOTHOLLEHNSI FEOMETPUYECKMX pa3me-
poB nabopatopHoli mewanku: D/d = 105/40 = 2,625;
H/D = 100(130)/105 = 0,952 (1,24).

OkcnepuMeHTarnbHble AaHHble MO BPEeMEHW Mnor-
HOrO PacTBOPEHUS NMPU M3MEHEHUWN YaCTOThbl BpaLLeHMWs
YOOBMETBOPUTESNBHO  annpPOKCUMUPOBaHbI  NMOSIMHOMOM
3-n ctenenn. KoadpdpumumeHTbl nogobpaHbl ncxoas u3
ycnoslgﬂ MakcuMmmsaumm koadpduumeHTa geTepMuHa-

um R (MMHMMM3aUMM CyMMbl KBagapaToB OTHOCUTESb-
HbIX PacXOXAEHWA OMbITHbIX U pPacyYeTHbIX AaHHbIX).
CpeaHass BenuYMHA OTHOCUTENBHOrO  PacxoXdeHus
3KCMEPUMEHTArbHBLIX M PacYeTHbIX AaHHbIX C BEPOATHO-
cTbio 95 % cocTtaBnseT oT MuHyc 3,27 0o 6,45 %.
AHanus nony4eHHon 3aBucumocTtu (puc. 4) noka-
3bIBAET, YTO CKOPOCTb PacTBOPEHUS KoarynsiHTa npak-
TUYECKM OJMHAKOBa B MHTEpBarne U3MEHEHWsl YacToTbl
BpaweHus nonacrten ot 600 go 1250 o6/mMuH.
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Puc. 4. 3aBucumocTb BpeMEHU pacTBOpPEHUA KoarynaHta oT
YacCTOThbl BpalleHUa MmeLllanku

Taknum obpasom, yBennyeHne 4acToTbl BpaLLeHus
® ¢ 60 go 600 06/MMH NPUBOAUT K COKpaLLIEHWNIO BpeMe-
HW pacTBopenus B 2,7 pasa (¢ 33 go 12 muH). MNpun yBe-
nmyeHnn o 6onee 600 06/MUH CKOPOCTb pacTBOpPEHUsI
NPaKTUYECKN HE N3MEHSETCS.

Ha Bpems pacTBOpeHWs Takke okasbiBaeT BNus-
HMe MaccoBasi Aons peareHTa B pacTteBope. Makcu-
ManbHas KOHLUEeHTpauus KoarynsHta B pabodvem pac-
TBOpE, B NepecyeTe Ha 6e3BOAHbIN peareHT, CocTaBns-
eT 12 %. B nabopaTopHbIX MUCCnegoBaHUsX MaccoBast
ponsa 18-sogHoro cynbdara anioMUHUSA U3MeHsnack ot
1 oo 30 %, yTo cooTBETCTBYET MaccoBomn gone 6e3soa-
Horo peareHTa B pactBope oT 0,5 go 15 %. PesynbTathl
3KCMEePUMEHTOB NpeacTaBneHbl Ha puc. 5.

AHanmn3 nonyyeHHbIX pe3ynbTatoB (puc. 6) moka-
3blBaeT, YTO AOMUHMPYOLWMM (DaKTOpOM, OKa3sblBato-
LWMM MakcumarnbHoe BO3AeNCTBME Ha yAerbHYyl anek-
TPOMNPOBOAHOCTb, SIBMSIETCS MAaccoBOe CoaepXaHue
KoarynsHTa B pacteBope. Pasnuume noHHOro coctaBsa
ONCTUNNNPOBaHHOM M OCBETNEHHOW BOA4 HE MPUBOOUT K
NPaKTUYECKN 3HAYYMMbIM OTKIMOHEHUAM B pesyfbraTax
onbiToB. OTHOCUTENBbHOE PAaCXOXAeHUe MexAy KpvBbl-
MW pacTBOpEeHWs C BeposATHOCTbI0 95 % coctasnseT oT
1,76 o 5,21 %. O6bACHSAeTCs 3TO pacxoXdeHue NoHU-
YKEHHOWN TOYHOCTbIO hopmynbl (1) B obnactu cnaboHa-
CbILEHHBIX pacTBOpoB. HecmoTps Ha mmetoLleecsi He-
3HaUYUTENBHOE PacXOXAEeHWe, MOXHO CYMTaTb, YTO pe-
3ynbTaThbl nabopaTopHbIX MCCNeAoBaHW, B 4acTu uUC-

nonb30BaHUA KOHOYKTOMETpUYeCKoro metoaa Anda mnamepe-
Husa YOIl B NPOMbILUNEHHbIX YCNOBUAX, NOATBEPXAEHbI.
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Puc. 5. 3aBucumMocCTb BpeMeHn pacTBOPEHUs KoarynsiHTa OT Macco-
BOVi JONV peareHTa B pacTBope

B uensix npakTMy4eckoro UCnosnb3oBaHUs 3KCNEPUMEH-
TanbHbIX AaHHBIX MO PacTBOpPEHWIO cynbdata antoMUHUS
npovsseaeHsl oyénupyowme onbiTel. B kKayecTBe pacteopu-
Tens B 3TUX OMblTax UCMOMb30BaH AMCTUINAT U BOAOMNPO-
BoAHas Boga r. MiBaHoBO (nNo nokasaTtensm kadectsa 6nums-
Kasi K XMMUYeckn ouuieHHon Boge T3L). MpoBeaeHue ce-
puM OMbITOB 3aKM4anochb B NPUroTOBMEHUM pacTBopa pas-
TNINYHOW KPEMOCTU NyTEM PacTBOPEHUSA YacTul cynbdara
aniMnHMSA B BOAONPOBOAHOW BOAE W OUCTUMNATE MpU K3-
MeHeHMn maccoBoy gonu peareHTa ot 3 go 15 % (3; 5; 10;
15 %). Ans ncknioveHna TemnepaTypHOro gakrtopa ncrnonb-
30BaHO KIlacCuMyeckoe perpeccuoHHoe BbipaxeHue [2], koTo-
poe Ons nepecyeta yaenbHon anektponposogHocTu (Y3IT)
Ha 25 °C npeobpasyeTcs K cnegyloliemy Buay:

Xt
T2 T [+ o(t-25)]" @)
roe o — KoadUUNEHT, XxapakTepuayoLWwmii TemMnepaTypHyo
NOABWXHOCTb MOHOB B pacTBOpe. 3HayeHue 3Toro koaddu-
uueHTa Ans pacrteopa 18-BogHoro cynbdarta anioMvHus
cocraenset 0,020 (1/°C) [3].

Ha pwvc. 6 npeactaBneHbl pesynbTaTbl napannenbHbIX
namepeHun Y3l npn pacTBOpeHUn KoarynsiHTa B AUCTUNNSA-
Te 1 BOOONpoBOAHOM BoAe. Pasamep rpaHyn koarynsiHTa,
KOHLUEHTpaLusi pacTBopa M 4acToTa BpalleHusi rnonacTen
MeLLanky ocTaBanuncb NOCTOSIHHLIMK B 060MX OMbITax.
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Puc. 6. Kpusble pacTBOpeHus KoarynsiHTa, npuseaeHHblie k 25 °C
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3akno4eHue

B pesynbTate cratuctuyeckoir o6paboTku pe-
3yNbTaTOB 3KCMEPUMEHTanbHbIX MCCreaoBaHuin noaob-
paHbl M MOEHTUDULMPOBaHbLI aHanMTUYECKne Bblpaxe-
HUSI MO COBMECTHOMY BO3[EWCTBUIO HECKOIbKUX (haKTo-
POB U Kax[oro chaktopa B OTAEMbHOCTM Ha MpoLecc
pacTBOpeHUs1 KoaryrnsiHTa, a Takke rnokasaHa BO3MOX-
HOCTb MPUMEHEHWSI KOHOYKTOMETPUYECKOTO METOAa ANs
onpefeneHns MaccoBOrO COAEpXaHusl cynbdara ano-
MUHUSA B pacTBOpe.
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