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CHUWXEHUE UHKPYCTALUUU ANCTUJIJIEPA ITYTEM CHATUSA
IHEPECBIIIEHUA 110 CYJIB®ATY B PEAKTOPE-CMECUTEJIE
OTAEJIEHUA INCTUJ AN

B cratee paccMOTpeHBI MPHUYUHBI CYJbPATHOH WHKPYCTALMU OTHAEJICHUS TUCTUUILUH COJOBOTO
MpOU3BOACTBA. I/ICCJ'[GI[OBaHbI IMyTH CHWXCHUA KpUCTAJUIU3allUM aHTrupuTa Ha TMMOBEPXHOCTH
OUCTUJIEPA U TPyOONpPOBOAOB. Y CTaHOBJIEHO, YTO C TOBBIIIEHHEM TEMIIEPATYPhl U KOHIIEHTPALIUH
AQHTUAPUTHON 3aTPaBKH CKOPOCTb KPHUCTAJUTM3AILMH CyJib(ara Kanbiwsi Bo3pactaeT. OTroHKa 4acTH
aMMHaKa W BOJIbI HEMOCPEACTBEHHO B cMecHTesie Ha 0apOOTaKHBIX TapeskaxX Takike CIOCOOCTByeT
KPUCTAJUIM3alluU aHT'UAPUTA U YCKOPAECT MPOUECC CHATHSA MEPECHILICHUS 1O TUIICY .

KarueBbie cj10Ba: HHKPYCTALMsl ammapaTypbl, PEaKTOP-CMECHUTENb, MPOU3BOACTBO COJBbI,
OUCTUJLIED, KPUCTAIIH3AIMS aHTUAPHUTA.

Beenenne. B comoBOM TPOWM3BOACTBE OTACICHWH IUCTHWUIALNAA CIYXKAT IJIA
pereHepans amMmMuaka w3 (QuiabTpoBOW W Apyrux Okuakocted. OOBIYHO YacTh
PacTBOPEHHOTO aMMHMaKa CBS3aHA C JUOKCHAOM YTJIEPOJa, MOATOMY TPH Pa3I0KCHHUH
KapOOHATHBIX COJICH aMMOHHS HM3BECTKOBBIM MOJIOKOM M €ro kapOoHaTta BMECTE C
aMMHAKOM OTIOHSAETCS M BO3BpAIlla€TCs B IMPOM3BOACTBO AMOKCHA yriepona [1]. B
TIPOIIECCe PA3IOKEHUS CBA3AHHOTO aMMHaKa B 00ObeME PEaKIMOHHON 30HBI PEaKTOpa-
CMECUTENs, W3-3a Hajmuuue CyiabdaT-woHa, oOpa30BaBIIETOCS B MPOIECCE
npeABAPUTEILHON OUMCTKH paccojia oT MgSQO, [2, 3], uMeeT Takke MecTO HeoOpaTumast
peaknus 00pa30oBaHUsA MaJOPaCTBOPUMOTO CyJib(haTa Kajablus 1Mo peakiuu (1)

Na,SO,, + CaCly, =CaSOy 4 + 2NaCl o, (1)
KPUCTALJTU3UPYIOMIETOCS HA CTEHKAX CMECHUTENs, AUCTIWIUIEpa W «OETOMOPCKUX)
TpyOOmIpoBOIOB B BHAEe MeractaOmwibHbiXx Momupukammii CaSO,2H, O wu  a-
CaS04-0,5H,0, B-CaS04:0,5H,0, a-CaSO,; B-CaSO, mepexomsmux B CTaOHIBHYIO
moudukanuro-aaruaputr y-CaSO, [4-6]. B pesynprare 3TOro JUCTHILIEP COAOBOTO
MPOU3BOJICTBA B MPOLIECCE AKCIUTyaTallMM 3apacTaeT MUHKPYCTAIUSAMHU, YTO TPUBOAUT K
CHUKEHUIO TTPOM3BOAUTEIILHOCTH CTAHIIAN JUCTHLIAIAA W BBIHYK/IA€T OCTAHABJIMBATH
anmnapar Jyisi YACTKU, KOTopas Mpou3BoAUTCS 00bIuHO uepe3 30 — 60 cyToxk.
OddekTHBHBEIM METOOM TIPEAYIPEKIACHAS BHIMAACHUS CYIb()aTHBIX WHKPYCTAIHi
B JAUCTHUIEPE SBIIACTCA CHATHE TIEPECHICHHUS 1O CyJIb(}aTry B peakTope-CMECHTENE.
[TosTomy, HecmoTps Ha TO, uto peakmms mexay Ca(OH), m NH,Cl mpoxoaur
JIOCTATOYHO OBICTPO — B TEUEHUE OT 3—5 MHUH. C UEIbI0 JIMKBUIAIMU TEPECHIIICHUS
pactBopa mo CaSO; m yBenmuueHHs cpoka padOThl AUCTHIUIEPA MEXAY YHCTKaMH
npeObIBaHKE XKUAKOCTU B cMecuTene yBennuuBaroT A0 30—40 MuH, 4TO U omnpenenseT
o0BeM ammapara.
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Takum o0pazom, pa3paboTka yCOBEPIICHCTBOBAHHOW KOHCTPYKIIMHM pPeakTopa
CMECHUTENS, CIIOCOOCTBYIONICH OBICTPOMY CHATHIO TEPECHIICHHS 1O CYb(aTy KaabIus
SBIIACTCS TICPCIICKTHBHBIM HAMPABJICHUEM B YCOBEPIICHCTBOBAHWM TEXHOJIOTHUCCKOM
CXEMBI OTACTICHUS TUCTHIUIAIAH.

IHeas paGorel. Llensto paboTHl  ABASETCA HCCIECAOBAaHHWE MYTEH CHATHA
NEPECHIIIEHUST 10 CYIb(aT-HOHy B PEAKTOPE-CMECUTENIE OTACICHUS AUCTHILIAINANA
COJOBOTO MPOW3BOACTBA W Pa3padOoTKa PEKOMEHAAMN MO YCOBEPIIEHCTBOBAHUIO
KOHCTPYKITHH TIPOMBITINIEHHOTO CMECHUTEJIS.

AHaJIM3 JIMTEPATYPHBIX JaHHBIX. JluteparypHeiii 0030p paboT mTO BOMpPOCY
MeXaHu3Ma oO0pa30BaHWA THUIICOBBIX WHKPYCTAlMii B anmaparype AUCTHILIAIAN
COZI0BOTO MPOU3BOJACTBA MOKA3BIBAET, YTO JAHHOW MPoOIeMe MCCIEA0BATENN YASTUIN
MHOTO BHUMAaHWS W OBUIM TPEUTONKEHBI HEKOTOPHIC PEKOMEHIAMH IO CHIKCHHIO
WHKpycTanuii. Tak, MPUUHMHOW OTJIOKCHHUS aHTHIPUTHBIX WHKPYCTAWKA B TUCTHILICPE
ABIIAETCS 00pa3OBaHME MOyTHAPaTa Cysib(haTa KalbIUA W TIOCIEAYIONIEE PEBPAIICHAC
ero B anruaput. OmHOW W3 TPUUYMH BHIMAACHHUS CylibdaTa Kalblus B JUCTAILICPE
ABJISETCS Pe3Koe MOHMKEHHsA pacTBOpUMOCTH CaSQO,, 00yCIOBIECHHOTO IOBBIIICHUEM
koureHTparuu CaCl m pocrom Temmeparypbl [7, 8]. ['aBHBIMH KOMITOHEHTaAMH
WHKPYCTAIMi SBJISIOTCS aHTHAPHT U B BUAE TPUMECH (10 5 %) KaJIBIHT.

[Ipu pa3HbIx Temmeparypax cysibdar

=
KaJIbIHs KPHCTAJLTH3Y €TCS B 3
pasmuHoii  Qopme: B BHJE = 56\
0e3BOTHOM CoJIH CaSO,, 8 \
MTOJTYBOHOM CaS040,5H,0 %1 g \ 5
meyxBoaHoro rugpara CaSO, 2H,0. §°’45 A §
PacTBOpMMOCTh  THIICA B  BOJE 3 N\
nmokazaHa Ha puc. 1 [2, 9]. Ilpm 3 N2 N «
temneparypax Hmwke 97°C cynbdar §0’02 L [— [
KalblAsl KPHUCTAIU3YETCS B BHIC iz’ ! \‘\\ <
aByxpogHoil  comu  CaSO,-2H,0, < T~
Boiie 97°C - B Buge CaSO,- 1/2H,0. 0 20 40 60 80 ;ggne,’,g‘;,y;;‘ic
B mpucyrereum NaCl u  CaCly Ppyc. 1- Pacropumocts rumca B Boge: / — s
TeMIICpaTypa KPUCTA/UITH3AHH CaS04-2H,0; 2 — piia CaSOy; 3 — i
CaSQy4-1/2 H,O cumxkaercs ot 97 no CaS0,:0,5H,0

93-95°C.

Brimaparomuii nmpu temmeparype Hwke kputmueckoi (93°C) CaSO,2H,O mpm
MOBBIIIIEHUM  TEMIEPATypbl  BbIIIE KPUTUUYECKOW TMEPEXOAUT B  MOJYBOJHBIMN,
PacTBOPUMOCTh KOTOPOTO TMPH YBEJIMUCHUH TEMIEPATypPbl CHMXKAECTCSA. DTOT MPOIIECC
NEPEKPUCTALTU3AIMUA  CIOCOOCTBYET OTJIOKEHUIO TBEPJAOM COJMM HA BHYTPEHHUX
MOBEPXHOCTAX anmnaparoB. M3BeCTHO, UTO HOBBIE KPUCTAUIMYECKHE 3aPOJBIIIA JIETUE
o0pa3yroTcsi Ha TBEPAOH MMOBEPXHOCTH, 4yeM B oObeme pactBopa. [lostomy rurmc
OTKJIQJBIBAETCA HA TMOBEPXHOCTAX anmapaToB OCOOCHHO HWHTEHCHBHO B MPOIIECCE
o0pa3zoBaHMs HOBBIX KPHUCTAUIOB WJIH TPHU TIEPEX0/e OJHONH MOIU(PHUKAIINA KPUCTAILTIOB
B JIPYTYIO.

OkcnepuMeHTaiabHble gaHHble [lpo3mna H.H. mokazanu, yTto OnHOW W3 TPUYUH
00pa30BaHUsl WHKPYCTAllMH BHU3Y MAUCTWUICpA, MNPU HAJUYUU B JUCTWIJIEPHOU
CYCTICH3WHW JBYTHApPATA CyJb(]ara Kaablrs, MOKET ObITh KPUCTAILTH3AIMS TTOyTHApPaTa
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C MOCIEIYIOIUM TMPEBPAIICHUEM €ro B aHruaput. beuio ycraHoiaeHno [10], uyto
KPUCTAUTA3AINS METACTaOMIbHBIX MOAU(HUKAINNA CyIh(dara KaIbIHs UMEET MECTO H3-
3a TIEPECHIMEHHBIX PACTBOPOB OTHOCHTEIIHHO ATHX MOAU(DUKAIIHIH.

OkcnepumeHTaigbuble  padotel  3enukuHa M.b. [11], T'pomosoit E.T. [12]
MOKa3bIBAIOT, 4TO 3a 20-30 MHHYT KoHIeHTpauust HoHa SO,” B KUAKOCTH CMECHTENs
yCHIEBAIOT CTaOMIN3UPOBATHCA. BBO KPUCTAUTMUECKOM MPOKIAAKA CyJibdaTa KaabIus
WM KapOoHAaTa KaJbIUs, a TAKXKE TMOBBIIIEHUE TEMIEPATypbl B PACTBOPE MO3BOJISIOT
CYIIECTBEHHO CHHW3UTh BPEMA KPUCTAUIM3AIMM THUINCA W TMOYTH MOJHOCTHIO
npeaynpexaaeT odOpasoBaHue nepechiienus. Kpome Toro, B qutreparype yka3biBaeTcs
Ha CYIIECTBCHHOE 3HAUCHHME crocoda MOJIayd PEareHTOB B PEaKTOpP-CMecuTenb. B
ciyuyae OBICTPOro MEPEIMBAHUS U CMEIIMBAHMS M3BECTKOBOIO MOJIOKA C YKHAKOCTHIO
TEIUIOOOMEHHUKA MOSIBISAETCA OOJIBIIIOEC YHUCIIO LEHTPOB KPUCTAIUIM3AIMU THIICA, UTO
MPUBOJUT K PE3KOMY YBEJIMUECHUIO MOBEPXHOCTH KPUCTAIUIM3ALUMA U YCKOPSAET MPOIIECC
CHATHS TEPECHIIEHUA MO SO,”. YBennueHne IICHTPOB KPUCTAJUTM3AIMU B OOBEME
CMECHUTEJISI TAKXKE MOXKHO JOCTUTHYTb, MYyTEM CO3/IaHHS KapOOHATHOTO PEXUMA MyTEM
BBeneHHs B cMmecurens moHa CO;5, KOTOPBIH C H3BECTKOBOM MOJIOKOM 0Opa3zyeT
JIOTIOJTHATENTBHO cBexkeocaxaeHHbIH CaCO;. [Ipu sToMm cynbdar Kaabous COOCakKIaeTCs
C KapOOHAaTOM KaJibliisi B OOBEME IKUJAKOCTH U MPEIOTBPALIAET HMHKPYCTAIUIO
anmaparypsi [13, 14].

Jpyrum CrocooomM CHATHUS NEPECHIIICHUS ABJISIETCS CO3/IaHKE
OC3WHKPYCTAIlMOHHOTO TMpollecca MpPH  TOBBINIEHHBIX — Temmeparypax [15]. B
uccnenosanusx Muxainosoit E. H. nokasano, uto Hauunas ¢ temneparypsl 152°C u
BBIIIIE MPOUCXOJIUT PE3KOE CHATHE MEPECHIEHUs 03 aHruIpuTHON moakiaanku. [Ipu
temneparypax 154 — 158 °C ycranasnuBaeTcs MPakTUUECKHU MOCTOSHHASA KOHLEHTPALUS
CaSO, B muctwuiepHON sxumkoctd 0,005 wmome/am’ [16], He mpHBOmSIIAS K
WHKpYyCTaluu anmnapatypsl. Ho Takol TemnepaTypHbId pexuM TPeOyeT 3HAUUTEIbHOTO
pacxopa mapa [15].

Uccnenoanusi ['pomosoit E. T. [12] nmoxkassiBator, uro B mpucyrctBuu 0,05
MOJIB/IM° AHTHAPUTHOM MPOKIAAKH H Temmeparypbl 115°C, BpeMms MpeBpalCHHs
MOJIyrUpaTa B aHTHAPUT COCTABJISIET OKOJIO 5 MUHYT. [Ipu moBbIIEHUN TeMmnepaTypbl
Bbime 115°C mo3BONUT yMEHBIIUTh KOHIICHTPAIMIO AHTUIPUTHON MOJKIIAIKU B TaKOM
CTEMEHMU, YTO MPOILECC KPUCTAUIM3AUUKA OyAeT MPOUCXOJIUTHh B MPUCYTCTBUU CJICAOB
aprHAPUTHBIX KpHCTaLIoB. OcyIecTBIICHHE crtocoba oOpa3oBaHue cTabMIbHOM (ha3hl —
aHTHUJIpUTA B TMOTOKE JKUIAKOCTH CMecCHTelNs mpu Temieparype 6omee 120°C mo3Bomuio
Obl UMETh LUPKYJAIHUOHHBIA MOTOK B 4—5 pa3 MEHbIIE MO CPABHEHUIO CO CIOCOOOM
AQHTUJIPUTHOM TIPOKJIAJKH.

Ocy1iecTBiieHHE HEOOXOIUMOI0 TEMIEPATYPHOTO PEKUMA BO3ZMOXKHO € MOMOIIBIO
CTPYWHBIX  JKMJKOCTHO-TIAPOBBIX  HWHXKEKTOPOB, B  KOTOPHIX  KOHJICHCAIUS
WHXXEKTUPYEMOTO Tlapa Ha CTpPye BOJbl MPOTEKAET BEChbMA HWHTEHCUBHO. Tak,
kod(hpuImeHT TermTonepenayd OT KOHIICHTPUPYEMOTO Tapa K CTPye JKHIKOCTH,
OTHECCHHBIH K MTOBEPXHOCTH HITHHAPHUECKON CTPYH COCTABIET BEMMUUHY OK0o 10°
kkar/mM>uac °C [17]. Criemyer AOMOJHUTENBHO OTMETHTH JOCTOMHCTBO CTPYMHBIX
MOJOTPEBATENICH, KaK MaJloradapUTHBIX B KOHCTPYKTMBHOM OTHOIIEHHUM, a TaKXe
MPOCTHIX B U3TOTOBJICHUHU U 00CITYy KUBAHUH.

MeToauka mccjeI0BaHUS 00pa30BaHUsI THICOBBIX HHKpycTamuii. C I1enbro
W3YUYCHUs POJM JBYTHApaTa cyiabdara Kaabliid B 0Opa3sOBaHWHM WHKDPYCTAIlMH HA
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CTEHKAaX WUCTHUIEpA, a Takke pa3padoTke pekomeHmanwii >(HPEKTUBHOTO CHATHS
TIEPECHITIICHUS B CMECHTENIE, U3YJaloCh TPEBPAICHNE ABYTHAPATA CyJb(]ara Kaablus B
MOJlyTHApPAT TIPH  Pa3IMYHBIX TEMIeparypax B JUCTHJUICPHOW KHUAKOCTH U
CUHTETHUECKOM )XUIKOCTU PEAKTOPA-CMECUTENS.

B kauecTBe peakTWBa TMPUMEHSIN IBYTHApAT CyJibdaTa KajablWsA, ITOTYYCHHBIH
nyTeMm npwinBanus no kamwisam 5% pactopa CaSO, k xxuakoctu, coaepxkamei CaCl,.
Cwmemenne mpousBoawian mpu temneparype 84°. Ilomyuennsiii ocagok CaSO4 2H,0
OTMBIBAJIM OT MAaTOYHOTO pacTBopa Boaoit u cnuprom. Kpuctamisl CaSO,-2H,0 umenu
pasmepel ot 30 mo 300 mxm. KommuectBo KpuctaiuioB mamuHON MeHee 30 MKM
coctaBiisio 3%. Jlns ONbITOB TONB30BAIUCH CHUHTE3UMPOBAHHOM JTUCTUILJIEPHOM
KUJKOCTBIO, coaepxarei 0,01 mons/mm® SO~ u 1,75 mons/am” C17. PacTBOpenue
COJICH MpHU TPUTOTOBJICHUH AUCTUIUICPHOM >KUJKOCTH TMPOU3BOAWIM B CIICAYIOIIEM
nopsnke. BHauane pactBopsiim cynbdar HATpHs, 3aTeéM K IOJIYUYEHHOMY PacTBOPY
JN00aBISAIM MOBAPEHHYIO COJib. B OTIENbHOM CTakaHe PACTBOPSUIM XJIOPHUJ KaJIbIIHAL.
3areM pacTBOp €ro BJIMBAIM B CMEMIAHHBIM PacTBOp Cyjb(dara HaTpws W TMOBAPECHHOU
COJIM W JOBOJWIU 10 METKM B MEPHOH KOJjiO€ MUCTWUTMPOBAHHOUN Bomou. Cremyet
OTMETHTh, UTO TIPH BBCICHUW HABECKW CysbdaTa HATPUSA B CMEIIAHHBIM pPACTBOP
XJIOPHIOB KalbLdsi W HATPWs BBIAJal OCagokK, coxepxkanne SO,7B  pacTBope
ocrasanocs Hmke 0,01 Momb/mv’. JIaGOpaTOpHAs YCTAHOBKA UTS MPOBEACHHS OIBITOB
COCTOsIJIa U3 PEAKIIMOHHON TOJICTOCTEHHOM KOOI €MKOCThIO 1 J1 CHaOKeHHOH TPOOKOH,
B KOTOPYIO OBLIM BMOHTHPOBAHBI TEPMOMETP, 3arpy30UHOE MPHUCIIOCOONICHKE, TPyOKa ¢
MPUCOCAMHEHHBIM K HEW PTYTHBIM MaHOMETPOM, TpyOKa /st 0TOOpa Npod CyCNEeH3UU 1
MeIIajgka ¢ CaJbHUKOBBIM YIUIOTHEHUEM. JIUCTWIIEPHYIO >XUAKOCTh 3aJIMBAIM B
PEaKIMOHHYIO KOJ0y Tak, 4ToObl HE OCTaBajJOCh BO3AYIIHBIX Mmy3bipel. Komly
3aKphIBAJIM T€PMETHUUHO MPOOKOM, MOTPYKAJIU B INIMIIEPUHOBBIN TEPMOCTAT C 3aAaHHOM
TeMnepaTypol U oTOMpaM 4acTh pacTBOpa AJiA TOro, 4YTOObl BBECTH HABECKY THIICA U
co3math 00BeM Is maporazoBod ¢aspl. [lo mocTHeHWM 3adaHHONW TEeMIepaTypsl B
PEAKIIMOHHYIO KO0y BBOAWIM HABECKY T'MIICA MPU MOMOIIM 3arpPy304YHOTr0 yCTPOMCTRBA.
[TpoOGsl moce BHECEHUA HaBeCcKHu oTOmupanu vepes 2, 5, 10, 15. 20, 25, 30, 60 u 120 muH.
Teepayto ¢dasy OTACIAIN ¢ TOMOMIBIO CTEKIITHHOTO (DHITBTPA, MPOMBIBAIH €€ STHIIOBBIM
CIIUPTOM, 3aT€M BBICYIIMBAIA MEXAY JHUCTaMH (WIBTPOBAJIBHOW Oymarm U
AQHAIM3UPOBAIM  XUMHUYECKAM W  KPUCTAUIOONTHUECCKUM  MeTomamu. DuibTpar
OXJIAXKIAIM 10 Temreparypsl 20°, HEMEJIEHHO OTOMPAJIA B MUMETKY U BO B3ATON Mpode
ompenensum SO,”, C1™ 1 npsamoii tutp. [ToMyTHEHHs QUIBTPATA WK BEIIAACHAS B HEM
ocaJika He HabJ01a10Ch.

OO0cy:xxneHue pe3yJbTATOB HCCJIEI0BaHUsS 00pa3oBaHusl CyJb(paToB M HX
KPUCTA/LUIM3AIMU.  OKCIICPUMCHTAJIbHBIE ~ HUCCJIAEJOBAHUS,  NPOBEIACHHBIE B
Ja00OpaTOPHBIX YCIIOBUSAX, C MCMOJb30BAHUEM CHUHTETHUUECKOW >KUIAKOCTH CMECHTENS
(6e3 TBepmoit (assl) ¢ koHmentpaumeit SO, pasroit 0,00975 — 0,01025 momb/mM’
MOKa3aJiu, 4TO €CJIM BBIJIEPKUBATH €€ TTpu Temrieparype 90° okoio 2 4acoB WM yAAIUTh
W3 Hee 9acTh aMMHaKa v BoJbI (92 — 98°), To B BBLACTAIOMIEMCS TIPA 3TOM OCaAKe OyaeT
comepxarbcsi aHTHAPUT. OCHOBHIBASCh HA TPOBEACHHBIX OIBITAX, MOXXHO OXKHIATh
MOSIBJICHUSI aHTHUIPUTHBIX WHKPYCTAIMH B YCJIOBHSAX, KOTJA MUCTHUICPHASA >KHIKOCTh
uMmeeT Ttemnepatypy mnopsaka 95 — 100°C. Bbuio yCTaHOBJIEHO, UYTO CKOPOCTh
KPUCTAJUTM3AIMA AHTHJPUTA PE3KO BO3PACTAET C TMOBBIIICHUEM TEMIIEPATypPhl H
comepxanust SO; B JHUCTHIUICPHON JKHAKOCTH M HE H3MEHSACTCS C YBEIMUCHHEM
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CKOPOCTU JIBUXKEHMSI )KUJKOCTH OTHOCUTEJIBHO MOBEPXHOCTH, HA KOTOPOH MPOUCXOJUT
ocaxxsieHue. IlonydyeHHble pe3ynbTaThl IPEICTABICHbI Ha pUC. 2.

[Ipsimbie / u 1’ nar0T 3aBUCUMOCTh CKOPOCTH KPUCTAIIU3AIIMH AHTUIPHUTA OT
TEMIICPATYPhI Ipu T T ~
MIOCTOSIHHOW ~ KOHIIEHTPALK 0’0095””0"70“3 5%
SO, B pactBOpe; Kpusas 2 /
MIOKa3bIBaeT U3MEHECHUE /
CKOPOCTH  KpHUCTALIU3alMU
aHTHJpUTa MpU TeMmIeparype

o
=}

o
”n

o
N
\

Ckopocmb Kpucmarnnusaguu, MM/CymKu

102° B 3aBHCUMOCTH OT 03 /
2- / 102,5°C
KOHLIEHTpaLu1 SO, B SR ERE A & SR
JUACTUIUIEPHON JKHUAKOCTH OT 02 2~
U3MEHSIOIIeHCS B npez[ena3x 5 ,; //0 00875 wonmiav SO
. 1 ol
0,00875 mo 0,0095 momp/oM’; 0.1 ———
npamas 3 yKa3bIlBaeT Ha -
a.3 04 0.5 0.6 0.7 0.8 0.9 |m/cek
OTcyTCTBI/Ie 3aBUCUMOCTHU 90 92 94 96 98 100 102 104 106 108 110 112 °C

CKOPOCTH  KpHUCTaJUIU3alUH } } } } —t
AHTHJPUTA TIPH TeMIepaType 0,00875 0,0075 0,00925 0,0095 0,00975 0,01
102,5°C U TMOCTOSIHHOM
COZepKaHUU SO42’, paBHOM
0,0095 MOJIB/ M, oT
U3MEHEHUS CKOPOCTH
JIBYOKEHUS KHUTKOCTU B
npeaenax 0,3 no 0,8 m/cex.

CKopocTh KpUCTAILTU3AIUU XaPAKTEPUIYETCS CKOPOCTHIO PUPOCTA TOIIUHBI CIO0SI
uHKpycTanumii. [Ipu xounentpamun SO4~, pasroii 0,0095 mois/am’ u Temmeparype 110°
CKOPOCTh KPUCTAJUTU3AIMHU aHTuApuTa coctaBisieT 0,56 MM/CyTkH U cHIbKaeTcs 10 0,25
MM/CYTKH TIPU [IOHIKEHHH TeMIepaTypbl 1o 102°. Vmensienne koHnentpaunn SO~ B
pactBope mpu ToH sxe Temneparype ao 0,0085 MOJIB/IM’ NPUBOJUT K TTOHUKECHUIO
CKOpPOCTH ocaxaeHusi aHruaputa g0 0,08 MM/CyTKH, a MOHM)KEHHE TeMIIepaTyphl J0
90°C — k nanpHeHIIeMy 3amMeJJIeHHI0 KpucTtauin3anuu. CKOpOCTh KpHCTaJIU3alUuU
nanaetr a0 0,046 MM/CyTKu, XOTS MpPU 3TOM OTHOCUTENIbHOE MEpechIllleHUue pacTBopa
aHrupuTom cocrasisieT 100%.

Tak Kak CKOPOCTh KpUCTAIW3AIlMM aQHTHAPUTA MPAKTHYECKU HE 3aBUCUT OT
CKOPOCTH JIBMOKEHHUS JKMJKOCTH M OUYCHb CHJBHO YBEJIIMUMBAETCSI C POCTOM
TeMIepaTypbl, TO MOXHO CYHUTaTh, UYTO MpOLIECC KPUCTAUIM3ALUU ONpeaeisieTcs
KHHETUYECKUMH, a He Tu(Py3nOHHBIME (haKTOPaMH.

AHnanuz 1a00paTOPHBIX OMBITOB MOKa3al, UYTO ISl MPeJA0TBpallleHUs] HUHKPYCTalluU
KOHCTPYKIIUS PEaKTOPa-CMECUTENISI MOKET BKIIIOYATh B ce0s JIMIIb OJHY €MKOCTh —
JUKBUJIATOP TEPECHIIICHUS C BBOJOM PEAareHTOB W AHTUMJUTHOW MPOKJIAJKU 4epe3
WHXXEKTOP-CMECUTENb, BBIMOJIHSIONINN pojib CTpylHOro moaorpesarefs. PaznoxeHue
NH,CI aktuBnoi#t Ca(OH), npu Takoii Temmneparype MpoUCXOAUT BECbMa HHTEHCUBHO, a
JUIsl B3auMoJiecTBUsL ManoakTUBHOM CaO M CHSATHUSI MEpechIIeHUs B 3THUX YCIOBHUSX
notpedyercs MeHee 5 MUHYT. DKCIIepUMEHTATbHbIE JaHHbIE TPUMEHEHUs Mapora3oBoro
VMHXXEKTopa ¢ Temneparypoi nojnayu napa 120 — 140°C, MOHTMPOBaHHOTO Ha LITYLEP
MoAa4YM JKUAKOCTH B PEaKTOp-CMEeCUTENlh MOKa3ajiu BBICOKYIO 3(h(}EKTUBHOCTh MO

S Of monb/om®

Puc. 2 — Pe3ynbraThl 3KCIIEpUMEHTAIIBHOTO
VICCIIeIOBAaHUsI MHKPYCTALUK: Kpueas | — CKOpOCThb
KPUCTAJUTU3ALMUA aHTUAPUTA B 3aBUCUMOCTH OT
TeMmneparypsl; kpusas 2 — koHueHTpauuu CaSO, B
pacTBope; kpusas 3 — CKOPOCTH IBUKEHUS KUJIKOCTH
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Jlanee »XHUAKOCTh CTEKAeT B HIDKHIOI 30HY, 0O0OPYJOBAHHYIO PAaMHOM MEIIAIKOM,
KyJa TOJAeTCs CBEXKEE W3BECTKOBOS MOJIOKO. JTa 30HA BBINOJIHACT (PYHKITHIO
JUKBUJIATOPA IIEPECHIINICHUS pacTBopa 1O CyJabhary Kalbldsd ¢ 3aBEPIICHUS
PaA3JIOKEHUSA XJIOPHAAa aMMOHHUS M30BITKOM aKTHBHOW H3BECTH, CKOPOCTh KOTOPHIX IO
ONBITHBIM JAaHHBIM COCTaBJSACT 10 5 MHHYT. B CBOO ouepeapb, OBICTPHIA POCT
KOHIICHTPAIIMK XJIOPHJA KaJlbllUs B Ppe3yJbTaTe PEaKIUH Pa3IoKeHUS XJopHuaa
aMMOHHSA CIIOCOOCTBYET JaJbHEHINEH KPUCTAUIU3AIMM aHTHAPUTA B 00BEME JKUIKOCTH
Ha MOBEPXHOCTH TBEPJOH (ha3bl KPUCTAUIMUCCKOM 3aTpaBKU M KPHUCTAJIaX KapOoHaTa
KaJTbITHS.

Takum 00pa3om, MPOBEACHHBICE HAMHM HCCJICAOBAHHS TO3BOJISIIOT PEKOMEHI0BATh
BBEJICHUE PEareHTOB B PEAKTOP-CMECUTENH C ITOMOIIBIO TAPOKUIKOCTHOTO MHKEKTOPA,
a B BEpXHEH 4aCTH CMECUTEINS YCTAHOBUTh 0apOOTaXKHBIE TAPEIKH, IO KOTOPHIE MOKHO
HaMpPaBUTh MAPOTa30BYI0 CMECh M3 AUCTHILIEPA M YacTh OCTPOTO mapa Ui MePBUYHOU
OTTOHKM aMMHaka. Bce 3TO MO3BOJIUT CYIIECTBEHHO COKPATHUTh BpeMs IpeObIBaHUS
peareHToB, HEOOXOAUMOE IS CHATHS TIEPECHIIICHUS MO THICY, B HECKOJBKO pa3
YMEHBIINUTh MUPKYJIAIAOHHBIA MOTOK KPUCTAJUIOB aHTHUJIPUTA B PEAKTOPE CMECHUTEINE, a
Tak)ke OoJiee TOJIHO HCMOJIb30BaTh MAJIOAKTHBHYIO YacTh M3BECTKOBOW CYCIICH3HH,
YTUJIM3UPOBATH KapOOHATHI IIIJIJaMa PACCOJIOOYHUCKHU, TIOBBICUTH COJICPKAHUE aMMHaKa U
CO, B raze gucruiepa.

BriBoabI

1. B nmuctummepe CcOmOBOTO TMPOW3BOJACTBA HMMEET MECTO 3HAUUTEIBHOE
NEPECHIIIIEHUE 10 aHTHAPUTY. MHKpycTammm Ha CTEHKaxX OUCTAUIEpA MOTYT
00pa3oBHIBATHCS 33 CUET KPUCTAJUTM3AIIMU M3 PACTBOPA HEMOCPEACTBEHHO aHTHAPUTA
00 ToNyruApara cyjibdara KanbIusa, KOTOPHIH KPUCTALTA3YETCA U3 TIEPECHIIIICHHOTO
pacTBOpa Ha CTEHKAX AWCTHILIEPA W MOCTENIEHHO MEPEXOIUT B aHTHIPHT.

2. OddexTuBHBIM  METOAOM  TPEAYNPEKICHUS  BBIMANCHUS  CYJIb(aTHBIX
WHKPYCTAIMii B TUCTHJUICPE SABIIACTCA CHATHE MEPECHIMECHUS 0 Cyab(]ary B peakTope-
CMECHTETIE.

3. DOKCHepUMEHTAIbHBIE JaHHBIE HA CHHTETHYECKOH OJKHUIKOCTH pPeaKkTopa
CMECHUTENS TIOKa3aJii, YTO C POCTOM TEMIIepaTyphl WHTEHCHBHOCTH OOpa30oBaHUA
aQHTHIPUTA YBEIMUYMUBACTCS, CIICIOBATEIBHO YBEIWMUMBACTCA W CKOPOCTh CHATHA
NEPECHIIIICHUS, KOTOpas TPH  COOTBETCTBYIOIEM  TEMIEPATYPHOM  PEXKUME,
WHTEHCUBHOM CMCIICHWM PEAreéHTOB W B MPUCYTCTBHU AHTHAPUTHOW TPOKIAIKA
coctasjiaeT 5 — 10 MUHYT.

4. Pe3ynmbTaThl TEOPETHUECKUX W SKCIEPUMEHTAIBHBIX HUCCICIOBAHUMN MO3BOJIAIOT
PEKOMEHI0BATh WCITOIH30BAHNE TIAPOKUAKOCTHOTO HHKEKTOPA B KAUECTBE TIEPBUYHOTO
CMECHUTEIS M TIOJIOTPEBATENIS PEareHTOB, IEPET UX TI01a4Yeii B TPOMBITIUICHHBIH PEaKTOP-
CMECHUTEIh, BHITTOTHSIOMNN (DyHKITHIO JIMKBUIATOPA TTEPECHITIICHHUS.

5. BBemeHme depe3 WHKEKTOP IUPKYJSAIHMOHHOTO TOTOKA TBEpAOH (a3bl u
KapOaHATHOTO CHIPhsA IIJIJaMa PACCOJOOUMCTKHA CO3/Aa€T JOCTAaTOUYHOE KOJIHMUECTBO
IIEHTPOB KPUCTALIU3AMMK JJIsi OBICTPOTO CHSTHS TIEPECHIIICHUS B 00BEME KUIAKOCTH.
Otronka 4YacTd aMMHaKa ¥ BOJBI HETIOCPEJACTBEHHO B CMECHTENe Ha 0apOOTa)KHBIX
TapelKax TaKXe CIOCOOCTBYET KPHCTA/UTM3AlMA aHTHAPHUTA W YCKOPSAET IPOIECC
CHSATHS TIEPECHIIIEHUS IO THTICY .
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