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OBHIASA XAPAKTEPUCTUKA UCCJIEJJOBAHUSA

AKTyaJbHOCTh padoTbl. COBpPEMEHHOE pa3BUTHE MPOMBINIICHHOTO
MPOU3BOJICTBA CBSI3aHHO C BO3PACTAIOIIUM TOTPEOJICHHEM I[BETHBIX METAJUIOB.
HewnzbexxHoe WCTOIEHUE MPUPOTHBIX PECYPCOB OOS3BIBACT MEPEXOIUTHh K OoJiee
COBEPILICHHOMY  KCHOJB30BAHUIO  BTOPUYHOIO  CHIPbS W TEXHOTEHHBIX
obOpazoBanuii. [Ipobaema penukia HuKeNs oOyciaoBiaeHa chepoit ero morpedaeHus
U CPOKOM CITY>KOBI H3ICITHIA.

[ToTpebnenue HUKENS N7 MPOM3BOJICTBA CTajleil U CIJIaBOB Ha €r0 OCHOBE
IPEJICTaBIsIET BO BPEMEHHU LIUKJII ONIPEAEIsieMblii JecsiTKaMu JieT. Bompocsl coopa u
MOBTOPHOT'O MCIOJIb30BaHUSI HUKEIBCOJEPKAIINX OTXOJI0B ATOr0 aCMEKTa MOKHO
CUMTATh YJOBJICTBOPUTEILHO pa3penieHHbIMU. [lepepaboTka Takux oTpabOTaBIIMX
CBOM CpPOK M3JAENHUIl HE MPEICTaBIseT TPYAHOCTH U YCIEHIHO pPeaTu3yercs II0
BceMy MHpy. bornbluii HHTEpec MpeICTaBIAIOT U3IETUs U MaTepuaibl, UMEIOIINe
KOPOTKUH  CpPOK CIy’KOBbI, BO3BpaT KOTOpPbIX B cdepy MNOTpeOreHus MeHee
JuTenpHbId.  [IppuMepoM Takux H3AENMM W MaTEpPUATIOB MOTYT  CIIYXKHUTb
KaTaJM3aToOPhl, MIEJIOYHBIE aKKyMYJIATOPBI, OTpaOOTaHHbIE TPABUIIBLHBIE PACTBOPHI
U TIUTaMbl TaJbBAaHUKH, XBOCTOBBIC MATOYHBIC PACTBOPHI MEIEITCKTPOTUTHBIX
3aBOJIOB.

BoabmmHCTBO TUAPOMETATYPTUUECKUX croco0oB nepepaboTKu
HUKEJIbCOJEPKAINX MPOTYKTOB OCHOBAHO Ha PAaCTBOPEHUH B CEPHOM KHCIIOTE.
Hewnz0exHbiit M30BITOK OOYCJIOBJIEH KUHETUKOW TpoIecca, a sl XBOCTOBBIX
MATOYHBIX PACTBOPOB HM30BITOK KHCIOTHl YCYTyOJE€H MPUCYTCTBHEM OOJBIIOTO
KOJIMYECTBA MPUMECHBIX KOMIIOHCHTOB.

bonpmioli M30BITOK CEpHOM KUCIOTHI B  TPAJUIMOHHBIX MpOIECcax
MIPOM3BOJICTBA HUKEIEBOTO KYIOpOCa B PEKUME YHApKH BEAET K MOIyYEHHUIO
BBICOKOTUTPOCKOIIMYHOTO  MPOAYKTa, UYTO HCKJIIOYAeT €ro XpaHeHHue U
TPAHCTIOPTUPOBKY. BbICOKOe coaepkaHMe TpUMEcel YCIOXKHSIET Mpolecce
MOJTyYeHHUs] TPOJIYKTa YAOBICTBOPUTEIBHON YHCTOTHL. BhImapka pacTBOpOB ¢
OONBIIMM M30BITKOM CEPHOU KUCIOTHI TPEOyeT CHEIMabHOTO JOPOTOCTOSIIETO

o0opy1oBaHUsI M OOJIBIIMX IHEPTETHUECKUX 3aTpaT. Takum oOpa3om, cHcTeMa



NiSO, — H,SO, B mpucyTcTBHH NpPUMECHBIX KOMIIOHEHTOB IMPEICTABISECT COOOi
Hay4YHO-TEXHUUYECKYIO MPOOIIeMy.

Heas pa6orbl. Hayuynoe o0ocHOBaHME U TOMCK TEXHUYECKUX PELICHUUN
pOoOJIEMBI PEIUKIIa HUKEIS B cpepe ero mpou3BOACTBA U TIOTPEOICHNUS .

B cooTBeTcTBUM € MOCTaBIECHHON EIBI0 U3YUYECHUIO MOJIEKAT CIEAYIOIINE
€€ aCTEKThI:

- cucrema NiSO4 — H,SO,4 B mpucyTCTBHY IPUMECHBIX KOMIIOHCHTOB,

- CUHTE3 aMMOHHMMHOro cyib(ara HUKENss U €ro (QpakIUOHHUPOBAHUE B
BOCXO/ISIIIIEM MTOTOKE C IEPEMEHHBIM TUIPOIMHAMUYECKUM PEKUMOM;

- HCCIIEJIOBAHUE M peau3alus mpoiiecca U30THAPUUECKON KPUCTATIIU3ANT
JIBOMHON aMMOHUMHOM COJIM HUKEIIS,

- TBepAoda3Hasi KOHBEPCUS HUKEIIb-aMMOHUN CEPHOKHUCIIOTO B THUIPOKCHU
aukens (11);

HayuyHnast HOBU3HA

1. YcraHoBieHbl OCOOEHHOCTH 3axBaTa MPUMECHBIX KOMIIOHEHTOB JBOMHOM
aMMOHUIHOM COJIbI0O HUKEJNA B MPOLECCE €€ CUHTE3a U MOCIEIYIOLIEH
KpuctaJuin3anuu. ['uapatHeie (QopMbl JKelie3a U MBIIMIBSIK MPEACTABISIOT
MEXaHMUYECKYIO0 CMECh C KpHCTallIaMH JBOMHOMN conu. [{uHK, Menb, KOOaIbT
CKJIOHBI K 0Opa30BaHHUIO0 COOCTBEHHBIX JBOMHBIX COJIEH, M30MOP(GHBIX C
HUKEJIEBBIM MaKPOKOMITOHEHTOM.

2. BnepBeie ompoOoBaH Tpoliecc pasaenieHuss HEHM30MOP(HBIX MPUMECHBIX
KOMIIOHEHTOB OT KpUCTAJUIMYECKOW (ha3bl JBOWHOM AMMOHMMHOW COJU
HUKEJIST C HCIOJb30BaHUEM BOCXOJAIIECTO TMOTOKAa C TEPEMEHHBIM
TUJPOJIMHAMUYECKUM PEKUMOM.

3. IlpennoxkeH HenpepwIBHBIA croco0 moaydeHus ruapokcuaa Hukens (1)
KPUCTaJUIMYECKON CTPYKTYpPbl MPAMON KOHBEPCHEN IBOWHOW HUKEJIEBOU
COJIM B IIEJOYHOM PACTBOPE C BO3MOXKHOCTHIO H3MEHEHHUSI TOJIHOU

y,lleJ'IBHOI\/’I IMOBCPXHOCTHU B IIMPOKUX ITPpCACIaX.



IIpakTHyeckass 3 HAYMMOCTH PadOThI

OOocHOBaHBI TMPUHIUIBI pELUUKIA HHKENs B cdepe MNpOU3BOACTBA U
noTpeOeHus1, 00eCeYnBaIOIIMe PEIICHUE CHIPhEBBIX U AKOJIOTHYECKUX MPOOIIEM.

- TpensiokeH Ccrnocod mepepadoTKU HUKEIbCOACPKAIUX TEXHOTCHHBIX
pPacTBOPOB C U3BJICUEHUEM HHUKENS B IPOIYKT Oosee 95 %.

- CUHTE3 TUAPOKCH]Ia HUKEJSI METOJIOM TBEpA0(a3HON KOHBEPCUHU COKpaIaeT
OOIIMIi MKJI IPOU3BOACTBA O0Jiee UeM B J[Ba pasa.

- MPUMEHEHUE BOCXOJSIIETO MOTOKA C MEPEMEHHBIM THAPOJNHAMUYECKUM
PEKUMOM TIO3BOJIIET C BBICOKOH 3(PGEKTHBHOCTHIO Pa3AeiuTh aMOppHYIO U
KpUCTAJUIMYECKYIO (pa3y B OJIHY CTaJHIO MPOLECCa.

Ha 3amury BoIHOCATCSA:

- HayyHble  OCHOBBI  TEXHOJOTMH  KOMIUIEKCHOM  mepepadoTKu
HUKEJIbCOAEPKALIUX PACTBOPOB;

- pe3ynbTaThl WCCJIEIOBAHMS nporuecca bpakuOHUPOBAHUS
KPUCTAJUIMYECKON JBOMHOW COJM HHUKEISA OT MPUMECHBIX KOMIIOHEHTOB B
BOCXOJSIIIEM IIOTOKE C IEPEMEHHBIM THJIPOJMHAMHYECKUM PpPEXKUMOM U
W30TUIPUYECKON MPOTUBOTOYHON MEPEKPUCTATUIN3ALINH;

- pe3ynbTaThl UCCIEIOBaHMS TBEPAO(Pa3HON KOHBEPCUU THAPOKCUAA HUKEIS
(1) u3 nBOIHON aMMOHHITHOM COJTM HUKEJIS;

Anpobauust padorbl. OCHOBHBIC PeE3yJIbTaThl AUCCEPTAIMOHHON PadOTHI
noknanaeiBanuch Ha XXI| Poccuiickoit MoJofekHON HAyYHOW KOH(MEpPEHIIUH
«IIpobiieMbl TEOpEeTUYECKOM W JKcrnepuMeHTanbHOil xumun» (ExarepunOypr,
2011), XII Bcepoccuiickoii HaydHOW KOH(MEPEHIMH MOJIOABIX YYCHBIX,
actiupanToB U ctyaeHToB (Hepronrpu, 2011), Il Mexnynapoanoit KazaxcraHcko-
Poccuiickoii koHbepeHIIMM MO0 XUMHM UM XuMHueckou TexHonoruu (Kaparanna,
2012).

IMyonukanuu. Ilo pesynpraTtam paboThl OmMyOJMKOBaHO 8 crared, B TOM
quclie 2 B peLIEH3UPYEMbIX HAYUHBIX KypHajaXx, MOJIy4eHo 2 MaTeHTa.

JInunbiii Brkaaa. CdhopmynupoBanbl 3amaun ucciegoBanus. [IpoBeneHs

AKCIIEPUMEHTAIBHBIE UCCIIEN0BAHUS CUHTE3a JBOMHOW aMMOHUMHOU COJIM HUKEJIS,



paszieieHus TOJMYyYeHHOW CYCIEeH3WM Ha aMOphHYI0 U KPUCTAUTMYECKYIO
COCTaBISIIONINE,  (PAKIIMOHHOW  KPUCTAUTM3AIMK  TIOJIYYCHHOW  JTBOWHOM
aMMOHMMHOM COJIM HMKENs, TBepAodazHoro cuHTe3a ruapokcuaa Hukens (1) xHa
OCHOBE JABOMHOM COJIA HUKEJIS.

CtpykTrypa u 00beM padoTsl. [[uccepraius COCTOUT U3 BBEACHHS, YETHIPEX
TJIaB, 3aKJIIOYCHHS, CIIHCKa JuTepaTypsl n3 133 HanMeHoBaHuil. PaboTa n3noskeHa
Ha 115 cTpanunax, conepxut 31 pucyHOK U 22 TaONuIIbI.

baaroxapuaocru.

ABTOp BBIpaKaeT HCKPEHHIOI MPHU3HATEIHPHOCTh HAYYHOMY KOHCYJIBTAHTY
K.T.H., JOoueHty HwuzoBy B.A. 3a BCECTOPOHHIO MOIJIEPKKY, IOMOIIb B
IUTAHUPOBAHUM U OOCYKICHUHM HAYYHBIX PE3yJbTAaTOB, M IMOMOIIb B MOJTOTOBKE

JUCCEPTALIMOHHON PaOOTHI.

OCHOBHOE COIEP KXAHUE PABOTHBI

Bo BBegeHMH 0OOCHOBAaHA aKTYaJbHOCTh TEMbI JUCCEPTALMOHHOM pPaOOTHI,
c(OpMyJIUPOBaHbl 1ENb MCCICAOBAHUNA IO TEME JUCCEPTAlMd U OCHOBHBIC
MOJIOKEHUS], XapaKTEPU3YIOIIME HayYHYIO HOBH3HY M MPAKTUYECKYIO0 3HAYUMOCTh
paloThl, MepedyrciieHbl OCHOBHBIE MOJIOKEHUSI, BRIHOCUMBbIE Ha 3alUTY.

B mnepBoii rnaBe «JlureparypHbiii 0030p» TNpeICTaBIEHbI CBeIEeHUS 00
UCTOYHUKAX M 00beMax o00pa3oBaHUS CEPHOKHUCIBIX HHUKEIbCOAEPKAIINX
pactBopoB. IlpoBeneHa cpaBHUTENbHAs XapaKTEPUCTUKA W3BECTHBIX CHOCOO
yTWIN3aUU U 1epepabOTKU CEPHOKHUCIBIX HUKENIbCOAEPKAUIUX PaCTBOPOB.
OnpeneneHbl OCHOBHBIE TPYJIHOCTH, BO3ZHUKAIOIIME MPHU MepepaboTke MOA0OHBIX
pPacTBOPOB.

[IpeacraBnen aHanMTHUYECKUII 0030p METOJOB OYMCTKHU BeliecTB. [TokazaHbl
OCHOBHBIE O0OJIaCTH TPUMEHEHHS Pa3IUYHBIX METOJOB OYMCTKH. YKa3aHHbI
OCHOBHBIE IUIIOCBI W MHHYCBhl MeToJoB. Hawmbonee mOIHO paccMOTpEHHbIE
KPUCTAJUIM3AMOHHbIE METOJbl OYUCTKU BEIIECTB, KOTOPHIE BHIOPAHBI B KAYECTBE

OCHOBOTIOJIAraoIIero MeToa B JUCCEPTAlMOHHON padoTe.



[TpoBenen ananu3 MeTon0B mosrydeHus runapokcuna Hukens (I11). [Tokasawro,
9TO TPAAUIIMOHHBIC METOIBI ToNydeHus ruapokcuna Hukens (I1), ciauBanwem
pacTBOPOB, UMEIOT Psiji CYIIECTBEHHBIX HEAOCTAaTKOB. OCHOBHBIM HEJOCTATKOM
ABJIIETCST OOpa3oBaHWE aMOP(HOTO THIPOKCHAA HHUKENS, YTO CYIIECTBEHHO
YCIIO0XKHAET MOCJIEAYIOIINE TEXHOJOTMYECKHE omnepalum. [Tonyyenue
KPUCTAJUTMYECKOTO  THUIAPOKCHAA  HHUKEIS  CBSI3aHHO C  MCIOJb30BAHUEM
MMPOMEKYTOYHOU CYyIIKH. Emie OJHUM CyIIECTBEHHBIM HEIOCTATKOM SIBIISIETCA
oOpa3zoBaHue OOJIBIIOTO KOJTMYECTBA IPOMBIBHBIX BO/I.

Bo Bropoini riase «M3ydeHue mnporecca IOTYyYEHHS HHUKEIb-AMMOHUUI
CEPHOKHUCIIOTO M3 TEXHOTEHHBIX pPAacTBOPOB» TMPEACTABICHBI PE3YJIbTATHI
AKCIIEPUMEHTAIBHBIX UCCJIENOBAHUM CUHTE3A IBOMHOM aMMOHUMHOW COJIA HUKEJS
13 CEPHOKUCIIBIX HUKEIBCOAEPKAIIUX PACTBOPOB.

Jlns ipoBeieHrs MCCleI0BaHUM ObUIM MCIIOJIb30BaHbl XBOCTOBBIE MATOYHBIC
pacTBOPBI  MEIEAICKTPOJMTHBIX 3aBOAOB «YpamdnekTpomeap», «KMO3» wu
OTpa0OTAHHBIN JJIEKTPOIMUT MNPEANpUITHS nepepadoTkun MmeaHoro joma TOO
«Kactuary. CoctaB pacTBOpOB MpuBejeH B Taduie 1.

Ta6nuna 1 — CoctaB pacTBOpPOB

DeMeHT Ni Cu Zn As Fe Mg | H,SO,
KMD3 Conepxanue, | 56,0 15 3,5 221 2,7 25 | 2357
/1
YOM Copnepxanune, | 380 | 1,05 | 57 36,3 2,1 1,8 | 3459
/11
TOO Conepxanue, | 19,4 8,5 5,6 - 3,0 0,3 140
«KacTuHr /1

Cunre3 cynbdaTa HHUKEIS AMMOHHWHOTO IIECTUBOJIHOTO OCYIIECTBIISIICS
00paboTKOI UCXOTHOTO pacTBOpa aMMHayHOM Bo1oM. [Iporiecc 3K30TepMHUYECKUT,
TEMIIEPATYPHBIA PEXKUM PETYIMPOBAJIICS CKOPOCTHIO MOJAYM aMMHAYHOM BOJIBI U
noaaepsxkuBaics He Boie 80 °C.

B nporecce HelTpanu3auu pacTBoOpa U OXJIaXKACHUS PEAKIIMOHHOTO 00bheMa
HaO0/anach KpUCTAIM3AIMs  JBOWHOW COJUM. YCTaHOBJEHO, 4YTO TMpHU

noctuxenun pH pactBopa paBHoro 1,2, mns pactBopoB «YOM» u «KM33y,




HaOmomaeTcsi obpasoBaHue Oeno-ceporo aMoppHOTO OcCagKa MPEICTABICHHOTO

apcenatoMm xene3a. J{nsa pactBopoB TOO «Kactunry Havano rugpaTooOpa3oBaHue

cooTBeTCTBYET BenuunHe pH pacTBopa paBHoro 3.

B nmpouecce cuHTE3a IBOMHOM aMMOHUWHOM COJIM JOCTUTHYTHI CJIEIYIOIINE

IIOKa3aTe/ M U3BJICUCHUS HUKEIIA (Tabauna 2).

Ta6J'II/IHa 2 — CreneHb U3BIICUCHUS HUKEIS U3 pPacTBOpPOB

HanmMenoBanme pactBopa | CreneHs usBieueHus, % [Ni], r/am®
KMD3 98,8 0,21
YOM 99,5 0,08
TOO «Kactuar» 92,4 0,97

CoctaB moTy4eHHBIX 00pa3IoB JBOWHBIX COJICH MPEACTABICH B Ta0IUIlE 3.

Tadomuia 3 — CocTaB ABOWHBIX COJIEH HUKEIS

Conepxanue, % Macc.
HanmMenosanne Ocnt
IPOOBI " | Ni Cu Zn Fe Mg | Na K As
B-BO.

KMD3 99,2 (1405, 0,05 | 0,60 | 0,01 | 0,06 | 0,02 | 0,02 | 0,2
Y5M 98,2 13,10 0,09 | 1,42 | 0,04 | 0,25 | 0,04 | 0,06 | 0,35
TOO 995 (1129|149 | 1,70 | 0,01 | 0,01 | 0,02 | 0,01 -

«Kactuary
I'OCT 4464-75 | 97,5 | 14,56 | 0,002 | 0,02 | 0,002 0,1 -

Jns ompenesieHHs] ONTUMAIbHBIX YCIOBUW KPHUCTAJUIM3ALUH, MMO3BOJISIIOIIAX
MOJIYYUTh HanbOJiee YUCThIE KPUCTAUIbI JBOMHOW aMMOHHMITHON COJIM HHUKENS, B
nporpamme STATISTICA 7.0 mocTtpowsiv TOBEPXHOCTh, XapaKTEPU3YIOUIYIO
3aBUCUMOCTh PABHOBECHOTO KOA((PUIIMEHTAa COKPUCTAIIIU3AIMN MIPUMECH ITUHKA C
KPUCTaJUIaMH JIBOMHOM aMMOHMWHOW COJM HUKEJIS OT TEMIIEPATypbl, CTEICHU
NIEPECHIIICHUS U CKOPOCTH BpAIICHUs MEIIaIKK (PUCYHKH 1, 2).

Pe3ynbTarsl 0000I1IIeHbI B

OKCIICPUMCHTOB MaTEMATHYCCKUX

dbopme

3aBUCUMOCTEH B BHAC ITOJIHBIX ITOJIMHOM, YTO ITO3BOJIACT OLICHHUTDH BKJIaJ KaXXI0I'O




dakTopa Ha paBHOBECHBI KOIP(GUIIMEHT COKPHUCTAIUIM3ANNU ITMHKA C JBOWHOU
aMMOHUITHOH coutbto HUKeNs (ko3 dunment saaunmocta R=93 %):
D = 0,072 — 0,0004t — 0,0001v + 0,493r — 1,1- 107> - t> + 5,9 - 1078 - v?
—0,155-72+4,1-1077t-v+3,9-10%-v—-1,1-10"%*t-r (2.6)

Pucynok 1 — 3aBucumocts K03 huiinenTa COKpUCTALTU3ANH TPUMECH IMHKA C IBOMHOM

AMMOHHUIHOM COJIbIO HUKEIIS B 3aBUCUMOCTB OT Temreparypsl (t) u crenenu nepecoiieHus ()

[ [om] | ]
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Pucynok 2 — 3aBucumocts K03 hUIineHTa COKpUCTATN3AMH TPUMECH LIMHKA C TIBOMHOM
aMMOHUIHOM COJIbIO HUKEIS B 3aBUCUMOCTh OT TeMmepatypsl () U ckopocTu BpallleHus

memiaaku (V)

Bce xoadduirieHTsl NMpUBEIEHHBIX MOJMHOMOB OKa3bIBAIOTCS 3HAYMMBIMH,

YTO CBUETENBCTBYET 00 aJJIeKBATHOCTH MOJIYYEHHBIX MOJIETICH.
HauGomnbiee BausiHue Ha KO3PPUIUMEHT COKPUCTAIUIM3ALNUN TPUMECH ITUHKA
C KpHUCTAJUIaMU JIBOWHOM aMMOHMIHOW COJIM HHUKENs OKa3bIBAIOT (PaKTOpbI

YBEIMYMUBAIONIME CKOPOCTh auddy3un dYepe3 TMNPUTPAHUYHBIN CIIOM  BO3JIE



MOBCPXHOCTU KPHUCTAJUIOB, & MMCHHO CKOPOCTHb IICPCMCIIMBAHHA PCAKIIMOHHOI'O

o0beMa U U3MEHEHUE TeMIIePaTyphI.

B Ttperbeil rinaBe «®pakUMOHHPOBAHUE NPUMECEH B IIPOLIECCE OUYHUCTKHU
HUKEIIb-AMMOHHM CEPHOKHUCIIOr0» MPEACTABIEHBI PE3YJIbTAThl OYWCTKA ABOMHOU
aMMOHHIHOW COJIM HUKEJNS OT MPUMECHBIX KOMIIOHEHTOB.

JIns mpoBeIeHUsT NCCIE0BAHUI UCITOIb30BaIaCh JBOWHAS aMMOHUMHAS COJIb
HUKeNs, nonydeHHas u3 pactBopoB TOO «Kactunr» m YOM, coctaB KOTOPBIX
npuBeAeH B Tabmuue 3.

JIns OYMCTKM KPUCTAUIOB KCIIOJIB30Balach Ba METONA — THIPOJIATHYECKAS
OUYMCTKA U (PpaKIIMOHHAS KPUCTAILTU3AIINH.

['upponutryeckas  O4YHMCTKAa  MPOBOAMIACH  OOpabOOTKOW  ropsyero
HACBILIEHHOIO pacTBOpa JBOMHOM COJM HHUKENsd aMmmuadHou Bojaou. [locie
3aBepUIeHUsT  OOpa0OTKM  CyCHeH3us  OXJaxJandach INpU  HOCTOSHHOM
nepeMemmBanud A0 25-35 °C. PeakilmoHHBIN 00BEM MpEACTaBICH CMEIIAHHOU
CYCIIEH3UEW KPHUCTAJUIOB JBOMHOM COJMU U aMOP(HBIX TMAPOKCUIOB B MaTOYHOM
pacTBope.

Paznenenve mnonydeHHOW Mysablbl HAa KPUCTALIMYECKYID U aMOPPHYIO
COCTAaBIIOLIME  OCYLIECTBILUICA B KOJIOHHOM  amIapare, OCHAlIEHHOM
3aBuxpsommmu  Tapenkamu tuna KPUM3 ¢ npunynurensHONW myJibcanuen
BOCXOJISLIETO ITOTOKA.

HcxoaHplii MPOAYKT HENPEPHIBHO IOAABAJICA B BEPXHIOID YAaCTh KOJIOHHBI,
pasrpy3ka JIBOWHOW COJM HHKEIS IO MEpPE €ro HAKOIUICHHs IMPOBOAUIACH U3
HIDKHEH YacTH KOJIOHHBI (pHCYHOK 3). B KkadecTBe BOCXOJSINEro IMOTOKA
WCIIOJIB30BAJICS. OCBETJICHHBIM MATOYHBIM pacTBOpP, KOTOPBIM I0JABAJICS B
HIDKHIOKO 4acCTh KOJIOHHBI M CJIMBAJICS 4Ye€pe3 BEpXHUM nepenuB. [ind co3panus
BOCXOJSIIETO MOTOKA UCIOJIB30BAJICA NEPUCTATIBTUYECKUN HACOC C PETYIUPYEMOU
CKOPOCThIO mojaur. CKOpOCTh BOCXOJSIIET0 MOTOKA BHIOMpPANIach B JUANa30HE -
15 m/a u3 ycnoBus ¢pakimoHupoBanus amopdHoit (asel. Amopduas daza

yAaJsu1ach BMECTE C BEPXHUM CJIIMBOM KOJIOHHBI M COOMpaliach B OTCTOMHMKE. J[Jis



HAJIOKCHUA TICPCMCHHOTO BO3MYIICHUS BOCXOANICTO IIOTOKA HCIIOJIb30BaJICA

ITHEBMATUYECKUN MTYJIbCATOP.
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Pucynox 3 — IlunmotHas maboparopHasi ycTaHOBKA JUTsI (PpaKIMmOHUPOBAHHS aMOPPHBIX
MPUMECEN U IBOWHOW AMMOHUWHOW COJIM HUKEJIA:
1 — nHeBMaTHueckuil mynbcaTtop; 2 — MyJbCallMOHHAs KOJIOHHA, 3 — OTCTOMHHK, 4 —
NEPUCTAIBTUYECKUI HACOC.

Pe3ynbTaThl TUAPOJUTHYECKONM OUYHUCTKM JABOMHOM conu Hukens TOO
«KacTuHr» npeacTaBieHbl Ha PUCYHKeE 4.

OnTuManbHBIM MOXHO CUWTATh YCIOBHS NPOBEACHUS THUAPOJIUTAYECKOU
ouncTku mnpu 3HaueHun pH cpenbl paBHom 7. Ilpu Oonbmiem 3HaueHun pH
IPOUCXOAUT OOpaTHOE PacTBOPEHUE NPHMECEW LIMHKAa U MEAU C 0O0pa3oBaHUEM
aMMMAYHBIX KOMIIJIEKCOB, YTO BEAET K 3arps3HEHMIO JIBOMHOM COJM HUKEIA IIPU
KpUCTaJIIIU3aLUH.

CocTaB ABOMHBIX COJIEH HUKENS MOJyUYEHHBIX MTPHU BRIOPAHHBIX ONTHMAaJIbHBIX
YCIIOBUSIX MPEACTaBIICH B Ta0IUIIE 5.
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Pucynok 4 — 3aBUCHUMOCTb COJEpKaHUS MEIU U IUHKA B BOMHON aMMOHUIHOM COJIM HUKENS OT
YCJIOBHUM IPOBEAEHUS TUAPOIUTUIECKON OUNCTKH:
1 — conepkanue npuMecH Meau; 2 — cofiepKaHUE IPUMECH LIUHK.

Tabmuna 5 — CoctaB ABOMHBIX COJIEH HUKENS MOCIE THIPOJIUTHIECKON

OYUCTKH
Conepxanue, % Macc.
Hanmenosanue Ocn
pOOBI " | Ni Cu Zn Fe Mg | Na K As
B-BO.
TOO 99,8 | 13,04 | 0,67 | 1,15 - - - - --
«Kactuary
YOM 99,7 | 13,93 - 0,93 - 0,05 - - 0,02

@pakMOHHAS KpUCTAJUIM3alMs TPOBOAUIIACH HA JBOWHONM aMMOHUMHOW COJIUA
HUKEJIS MOCe TUAPOIUTHYECKOM 0urcTKU Ha oOpasiie TOO «Kactunry.

YCTaHOBIIEHO, YTO 3aXBaT MPUMECEN MEIW U IMHKA KPUCTAJJIAMH JIBOWHOM
COJIM HUKeNsd OOYCJIOBJIEH M30MOP(HBIM XapaKTepoM U HauboJiee IMOJHO
OIIMCBIBAETCA COIJIACHO 3aKOHY /lepHepa-XoCKuHCa.

Jlnst peanuzanum mporiecca PpakimOHHON KPUCTALTU3AIMHA MCTIOb30BalIach
MPOTUBOTOYHAS MEPEKPUCTAILIN3AIMSA C BBOJOB BOJbI HA MOCJIEAHUE TPU CTAIUU.
[Iponiecc peanuzoBan B  Tpex peakropax. CreneHb  KpHUCTaUIA3ALUU
nojAJAepKUBaIach Ha Kaxaou ctaauu Ha ypoBHe (0,8. 3aBHCUMOCTBH COJIEpHKaHUS




puUMecel IMHKA U MEJIU OT CTaUU MPoIlecca MepeKprCTaUTM3AIUU TTPEICTaBICHA
Ha PUCYHKE O.
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Pucynok 5 —3aBucumoctb cosnepkaHus MpUMecei Meu U LIMHKA B IBOMHOM COJIM Ha

CTaguiaXx IMMpouecca KpucCTtauin3aliuu

B yeTBepToii rinase « TBepodazHas KOHBEPCHs ABOMHON aMMOHUWHOMN COJIU
Hukenas B ruapokcun (11)» mpeacraBiieHbl pe3ysibTaThl MOJYYCHHS THIPOKCHIA
Hukens () w3 gBoliHONM aMMOHUNHOW COJM HUKENIS NyTeM TBepaodazHon
KOHBEPCHH.

Jns  peamns3anmyM KOHBEPCHM HCHOJB30BAaHBl JIBa THIIA PEAKTOPOB,
UJICATHPHOTO CMEIICHHS, NPEICTABIAIONIMI Cco00l ammapaT ¢ MEeXaHUYECKUM
[IEpEMALMBAOIIMM  yCTPOMCTBOM, M  MACAJBHOIO BBITECHEHHUs, ammapar
KOJIOHHOTO THIIA, OCHAIICHHBIM 3aBUXpSOMKMMH Tapenkamu thuna KPUM3 u
IIPUHYAUTEIBHOMN IyJIbCAallMel BOCXOIALIETO ITIOTOKA.

B nepBom ciydae oca)kIe€HHWE TMIPOKCHIA HUKENS BEJIH B NEPUOJMYECKOM
peXKHUME C TOCTEIIEHHOM 3arpy3Kou KpUCTAJUIOB JIBOMHOW COJIM B IIEJIOYHOU
pactBop. llocne 3arpy3ku pac4eTHOro KOJMYeCTBA JIBOMHOM COJIU MEPEMELINBAHNE
MyJbIIbl TPOJOJDKAIM B TE€UEHHE 15 MHMHYT, 3aTéM TyJblly HaNpaBisId Ha
BBIJICJICHUE W MPOMBIBKY THJPOKCHIA HHKens. Bo BTOpom ciydae mnpouecc

KOHBEPCHUU BEJIM B HEMPEPBIBHOM PEKUME B ITYJIbCALIMOHHOW KOJIOHHE. /[BOMHYIO



COJIb HMKEJS MOAABAIM HENPEPHIBHO B BEPXHIOIO YaCTh KOJIOHHBI, a Pasrpy3Ky
NOJIy4YEHHOTO THJAPOKCHJA HHUKENISl MO MEpEe €ro HaKOIUIEHHsS MPOBOJIWIU W3
HUKHEH 4YacTU KOJIOHHBI. B KkauecTBe BOCXOISIIEr0 IMOTOKAa HCIHOJIb30BAIN
HIEJIOYHOW PacTBOP, KOTOPBIN MOAABAJICS B HH)KHIOIO YaCTh KOJIOHBI, a CIMBAJICS
yepe3 BEpXHUU TmepenuB. s co3gaHusi BOCXOSIIETO MOTOKA HCIOIb30BaU
NEPUCTATBTUYECKUI HACOC C PEryIupyeMoOil CKOpPOCTBIO, JHHEHHYI0 CKOpPOCTh
BOCXO/ISIIIIETO MOTOKA IMOJAJIEPKUBANU B Auamna3oHe 10 8§ m/dac. bonee Bbicokas
JMHENHAs: CKOPOCTh MPUBOAUT K BEIHOCY THIPOKCUIA HUKETS U3 KOJIOHHBI.

OTMBIBKY THIPOKCHJIA HUKEISI OT MPUMECHBIX KOMIIOHEHTOB MPOBOJUIN Ha
TOM JK€ YCTAaHOBKE, B KAaue€CTBE BOCXOJAIIErO0 IOTOKAa MCIOJb30BAIN
JUCTWUIMPOBaHHYI0 BoAy. CKOpOCTb BOCXOJSILIEro IOTOKa BbIOMpanach B
npenenax o9-10 m/gac u3 ycnoBust ppakuuoHupoBaHus TBepAor (aszbl. Ilpu 3TOM
«amopdHas» ¢dasza TUIPOKCHAA HHUKENS yJajisigach BMECTE€ C BEPXHUM CIHBOM
KOJIOHHBI M cOOMpanack B OTCTOMHUKE. OTMBITas KpUcTaUIMUecKas (asza 1o mepe
HAKOIJIEHUS! BBIBOAWIIACH C HUKHEHN pa3rpy3KOi KOJIOHHBI.

B mpouecce mnpoBeAcHUS MCCIEIOBAHUN YCTAHOBIEHO, YTO THAPOKCH]
Hukena (l1) mpu TBepmoda3HOW KOHBEPCHUM HUKEIb AMMOHHUN CEPHOKHCIOTO
MOXXET OBITh TMOJYyYeH B TPeX pa3IMYHBIX MoAHUKAIMIX: amopdHas ¢
MUHUMAJIBHBIM Pa3MEpPOM arperaTtoB, «KPUCTAJUIMYECKAsH 1O CBOUM pa3Mepam U
dbopme OM3Kas K UCXOIHOM CONU U «c(pepruyeckas», UMEIas OKpyribie popMbl.

YcranoBneHo, yTo opMa moaydaeMoil TBEpAoH (pa3bl «KPUCTATUTHUYECKOTOY
WIN «C(EepUUEecKOro» TUMAa ONMpPENesseTcss UCXOAHOM KOHUEHTpaIMeil ocaauTels.
Jlo 50 r/mv’® mo NaOH, xak mpasmito, oGpasyercst «chepraeckasy» hpopma ¢ Goee
BBICOKOW pa3BUTOMN yAEIbHON MOBEPXHOCTHIO, IPU KOHIEHTpaluu Boiie 100 r/ILM3
oOpa3yercs MPEeUMYIIIECTBEHHO «KpUCTaTnUeckas» Gopma (pUCyHOK 6).

Ha pucynke 7 npeacrasiex Beixon (a3 (amopdHON U KpUCTATUIMYECKON ), TIPU
ocaxxaeHuu ruapokcuaa Hukens (1), B 3aBucuMocTy OoT TemmnepaTypsl mpolecca,

npu KoHUEeHTpaiuu ocaautens 100 r/)1M3.



Pucynok 6 — @opMbl YacTHIl THAPOKCUAA HUKEIS: @ - chepuueckuit (X 100); 6 —

kpuctaaeckuii (X 100); 6 — chepuueckuii (x 1000); e — kpuctammugeckuii (X 1000)

Beixoa ¢as, % mace.
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Pucynok 7 — Breixon ¢a3 rugpokcunoB Hukens (1) ot temnepatypsl npoiecca:
1, 2 — «KpUCTATTHYECKUIY» MPU HEMPEPHIBHOM U MEPUOTUIECKOM PEKUMAX
COOTBETCTBEHHO;

3, 4 — amopdHBII TIPU HETIPEPHIBHOM U TIEPUOTUIECKOM PEKUMAX COOTBETCTBEHHO

Ha pucynke 8 mpencraBieHa BpeMEHHas 3aBHCHUMOCThH IMOTEPU BIATH MPH

CYIIIKE JJIsl KPUCTAJUTUYECKUX U aMopdHoit da3 ruapokcua vukens (11).



100 -
90 -
80 -
70 -
60 -
50 -
40 -
30 -
20 -
10 -

Baaroynanenmue, %

0 10 20 30 40 50

Bpems cymiku, MuH

Pucynok 8 — 3aBUCHMOCTh CKOPOCTH MOTEPHU BJIATH MPH CYIIKE TUAPOKCHIA HUKEIS:

1 — kpucrannuueckuii; 2 - aMmoppHbIi

B pesynbrare TpOBEACHHBIX HCHBITAHUW  YCTAHOBIEHO, YTO IMPHU
WCIIOJIb30BAHUM B  KA4eCTBE MCXOJHOTO COCAWHEHUS HUKEIbh aMMOHHUI
CEpPHOKHMCJIOTO IIIECTUBOJHOTO YIAeTCsl pealin30BaTh TMPOIECC OCAKICHUS
ruapokcuaa Hukenas (1) C BBICOKMM BBIXOJOM XOPOIIO CTPYKTYPHPOBAHHOM
TBepo ¢aswl. Takas Gpopma ruApoKCUIa HUKENS B TPAAUIIMOHHOM TEXHOJIOTUU
oOpasyeTcsi 1mocie mnepBoi craauu cymku amopduoit dopmel. Ilpu sTom
HauOOJMbIIUK  BBIXOA a3bl €  BBICOKUMH  OTCTOMHO-(DUIBTPAIMOHHBIMU
XapaKTepUCTHKaMU HAOJIIOAAaeTCsd MpPH HCIOJB30BAHUM IPOLecca HAEaIbHOTO
BBITECHEHHUSI B PEXKHUME CKOPOCTEH BOCXOMSINIEr0 TOTOKa Jo & M/4ac.
Vcronp3oBanne m30bITKa ocagurens (KoHmeHTpaumsi ceemme 100 r/mm°.)
oOecrieunBaeT  0O0pa3oBaHWE  KJIACCHUYECKOM  «KPHUCTAUIMYECKOW»  (OpMBI
ruapokcuaa wukens (11). [pu Gonee HU3KOM MCXOIHON KOHIICHTPAIIUUA OCAIUTEIIS
obOpazyercs «chepuueckas» popma rugpokcuna nukens (l1). [Ipu koHneHnTpanuu
menoun ot 50 mo 80 r/mm°, dopma 3epen ruapoxcuma mukeas (I1) umeer
NEPEXOIHYI0 CTPYKTYpY OT «cepuyeckoity (GopMBI K «KPUCTAIUTMUECKOI.
OcHoBHOE OTIIUYHE THIIPOKCHIA HUKETIS «chepuaeckoroy» oT
«KPUCTAILTMYECKOTO», COCTOMT B ero 0Oojee BBICOKOW TOJHOW yIeIbHOU
MOBEPXHOCTH, TaK JUIi «KPUCTAJUTMYECKOTO» THIPOKCHAA HUKENS IOoJHas
yIeIbHas TTOBEPXHOCTB cocTaBisier 77 + 2 M/r, a mst «cdepuaeckoron 138 + 4

2
M/T.



B pesynbrate ¢unbrpanuu o0pas3oB aMOppHONH M KpUCTAUIMUECKUX (a3
IpU MOCTOSIHHOM JIBMXKYIICH cuiie Mpoliecca yCTaHOBJICHO, YTO KPUCTANTNYECKUE
(GbopMbl THAPOKCUIA HUKEIIS MOTYT OBITh OTXAThI 10 OCTATOYHOW BJIAXKHOCTH 18-
20%. B To Bpems kak amopdHas (¢daza BEpXHEro CIMBA C KOJOHHBI
00€3BOKMBAETCS IO OCTATOYHON BIAKHOCTH 55-60%. DTOT (hakT HAXOIUT MPsSMOE
MOJATBEPKICHUE BO BPEMEHHOW 3aBHUCHUMOCTH IOTEPU BIArd NpH CYIIKE U
OOBSACHSCT MPEUMYIIECTBA TEXHOJOTHU TpOM3BoAcTBa rujapokcuma Hukens (I1)
METO/I0M TBepA0(a3HON KOHBEPCUU CYIb()ATOB B IIETOUYHBIX PACTBOPAX.

Ha ocHoBaHMM MNpOBENEHHBIX HCCICAOBAHUN, IJISI PEKOHCTPYKIMHU IIexa
pereHepanuu oTpabOTaHHOTO SJEKTPOJIUTAa paUHUPOBAHUS MEAU MPEAIPUATHS
TOO «Kactunry, pekoMeHJOBaHa ammnapaTypHO-TEXHOJIOTMYECKas CXeMma,

IIPEICTABIICHHAS] HA PUCYHKE 9.

Pucynok 9 — AnnaparypHo-TeXHOJIOTHYecKasi cxema rnepepaboTka oTpaboTaHHOTO
anektponnta papunupoanust meau TOO «Kactunr»:
1 — HanopHbIii 0ak OTPaOOTAHHOTO DIIEKTPONNTA; 2 — JJIEKTpoIH3ep; 3 — QUIBTP;
4 — peakTop CHHTE3a JBOWHON aMMOHMIHOHN CONU HUKENs; 5 — 0ak aMMUa4HOW BOJBI, 6 —
TUCTUWIIATOP amMMmuaka; / — COOpHUK amMMHMadHOM Bonbl; 8 — bak M3BECTKOBOro Mojoka; 9 —
Peaktop ruaponutndeckoir oumctku; 10 — Ilynbcanmonnas xononHa; 11 —Hacoc ¢
peryaupyeMoni ckopocThto mnomaud; 12 — Konwveckuit otcroitHuk; 13 — Peakrtop-

KpucTaiuzaTop; 14 — BakyyM-BbllapHas ycTaHOBKa,



3akjII04eHue

1. Cucrtema cynb(dar HHUKENs — CepHas KHUCJIOTa MPEACTABIAECT OOJbIION
HAYYHO-TIPAKTHUUECKUNA MHTEpEC Ui PeLIeHHs MpoOJIeMbl pelMKiIa HUKeNIs B cdepe
€ro Mpou3BOACTBa M moTpedseHus. Kpyr uHTepecoB 0XBaThIBA€T MPOU3BOACTBO
HICJIOYHBIX ~ aKKyMYJISITOPOB, MEAE3JIEKTPOJIUTHBIX  3aBOJOB, TaJIbBAHUYECKUX
YYaCTKOB MAIIMHOCTPOEHHS, IPOU3BOJICTBA KATAJIN3aTOPOB.

Jlnsg peanuzauuu  pa3paOOTaHHBIX TEXHUYECKUX PEHICHUH HCIOJIb30BaHbI
XBOCTOBBIE MAaTOYHBIE PACTBOPHI MEIEAIEKTPOIUTHBIX 3aBOJIOB, IMPEACTABIISIONINE
HanOoJee MUPOKUNA CIIEKTP MO COCTaBY MPUMECHBIX KOMIIOHEHTOB.

2. B mpouecce cuHTe3a M KpHUCTaUIM3allMM JABOWHON aMMOHUIHOW COJU
Hukens sxkene3o (1) m memubsk mpum moctmxennu pH pactBopa 1,2 0o0pasyror
coOCTBeHHYI0 a3y, NPEICTABICHHYIO apCeHATOM Xeje3a aMOp(GHON CTPYKTYPHI.
[Ipu 3nauenun pH OGomee 2,5 B amopdHyro ¢a3zy mepexomasiT COCIUHCHHS MEAN U
muHka. OOpasoBaBmiasicss aMmopduasi ¢daza MpeAcTaBiIseT MEXaHHYECKYI0 CMeCh C
KPUCTAJUIaMH IBOMHOM COJIM HUKEJIS.

B ycnoBusX CHIBHOKMCIION Cpelbl, Korja oOpazoBaHue aMOP(HBIX OCAIKOB
HEBO3MOJKHO, 3axBaT npumecedl meau, nuHka, sxenesa (), xobampta U Mmarnus
00yCJIOBIICH 3aMEIICHNEM KaTHUOHA HUKEINS B KpuUcTasuie IBorHOM conu. ConeprkaHue
IIPUMECEN B KPUCTAJUIE UMEET MPSMYIO 3aBUCUMOCTh OT CTEIIEHHM KPHUCTAJUIU3ALUU.
IIpu 3TOM copep:KaHHE MPUMECEN MMEET HE MOCTOSTHHBIM XAPAKTEP, & YMEHBIIAECTCS
ot mepudepun kpucramiaa K meHTpy. M3oMopdHBIF MexaHuU3M 3axBaTa IMpHMecen
HanOoJIee TIOJTHO OMHMCHIBAETCS 3akOoHOM JlepHepa-XocKHuHcAa.

3. IlpeanoxxeHHOE TEXHUYECKOE pelIeHue - 00paboTKa PacTBOPOB
aMMHMAayHOM BOJOW B PEXKHME CHHTE3a JBOMHOW COJIM C NOCIEAYIOIINM
b pakIMOHNPOBaHNEM, TO3BOJIWIO JIOCTUYh BBICOKHMX IOKa3aTejed Mo HM3BJICUCHUIO
HUKEJS C OJHOBPEMEHHOM 3(P(PEKTUBHOW OUYMUCTKOW OT MPUMECHBIX KOMIIOHEHTOB.
[Ipu 5TOM cTeneHb U3BJICYEHUSI HUKETSL TEM BBIIIE, YEM BBIIIE UCXOAHOE COJICPKAHUE
CBOOOJIHOI CEpHOI1 KUCIOTHI B paCTBOPE.

4. Pazgenenne amoppHOM U KpucTauimdecko (a3 Ha Qpakuumm B
BOCXOJISIIIEM ITOTOKE € MMEPEMEHHBIM THAPOAUHAMUYECKUM PEXUMOM C IPUMEHEHUEM
MyJIbCAIIMOHHBIX KOJIOHH TO3BOJIAET HauOoJiee TMOJHO pPa3JeiInuTh MEXaHHYECKYIO

cMech Ha cocTasisitonue. Meron okazancs 3p(eKTUBHBIM KaK JJI1 OYUCTKU JBOHHOM



CoJiu, TaK U Ay (ppakuroHupoBaHus ocajaka ruapokcuna Hukens (I1). B mociennem
cJlydae pacxo/l MPOMBIBHBIX BOJ] CHIKEH 0oJiee 4YeM B TpHU pasa.

5. BroisiBnena 3aBucuMocTh  (GopMBI  oOpa3symollerocs B Ipoliecce
TBepAodazHoil kouBepcun ruapokcuga Hukens (ll) oT KoHLEHTpanuu IMIEeT04YHOTO
peareHTa B pacTtBope. BapbupoBaHUEM LIEIOYHOCTH PACTBOPA MOKET OBITh MOJIy4YEH
IPOIYKT C IIMPOKHUM AHAMA30HOM IIOJIHOH yIeIbHOM HoBepxHOCTH (25-150 M2/rp.).

6. s nomydeHus IIOTHOTO cepUYECKOro TUHAPOKCUIA HUKEIST HEOOX0AUMO
HCIIOJIb30BAaHUE KOMIUIEKCOOOpa3oBaressi, B KadeCTBE KOTOPOrO MOTYT OBITh

HCII0JIb30BaHbl aMMOHMIHEIC COCAMHCHUA.

7. Pa3pabotaHbl peKOMEHJAIMH TI0 COBEPIICHCTBOBAHWUIO TexHOJormu TOO
«Kactunr»  (Kazaxcran). KoHeuHbIi  BapuaHT  TEXHOJOTUYECKOM  CXEMBbl,
MO3BOJIAFONIMI JOCTUTHYTh U3BJICYEHUS HUKENS Ha ypoBHE 90 %, IPUHAT 3aKa34HMKOM

B BUJIC TCXHUYCCKOI'O 3a/IlaHMA HA IIPOCKTHUPOBAHUC.

OcHoBHBIE pe3yabTaThl OIy0JTUMKOBAHbI B CJIEAYIOLIMX padoTax:
Cmambwu 6 peyensupyemvix HAYYHbIX HCYPHALAX, onpedenenHblx BAK:
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bakupos, B.A. HuzoB, C.®. Kateimes // I{Betasie meTamipl. — 2012, — Ne 5, -
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7. baxupoB A.P. KomIiuiekcHass TEXHOJOTHS YTHIM3AIMH OTPaOOTaHHOTO
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