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AnHoTanusa. AkmyaabHocms. OnpejesisieTcsl HEOGX0AUMOCTbIO pa3paGoTKU BbICOKO3I(PHEKTHBHBIX CHOCOGOB OYHUCTKH
TEXHOJIOTMYEeCKOr0 PacTBOpa OT MPUMECHBIX MOHOB KaJIbLiUsl ¥ aJIIOMUHUS [Jisl IPOMBILJIEHHOTO MOJYYeHUs1 TUAPOKCUIA
autusi Ha AO «XUMHKO-MeTa/JIypruueckui 3aBoji» B ropojsie KpacHosipcke. IJess. Pazpa6oTka crioco60B CHIXKEHHUS COJiep-
»KaHUsl IPUMECHBIX HOHOB KaJ/IbIYsl U aJIIOMUHUS B TEXHOJIOTMUYECKOM PacTBOPE THAPOKCH/IA JIMTHS HOC/Ie KayCTUUKALUU
Jl0 KOHLeHTpanuu 5-10 Mr/i. Memodsl YnapuBaHue U KPUCTAJLIM3ALUs, OCAKAEHUE KOJJIOUJHBIX 0Ca/IKOB aJIIOMUHHUS U
KaJIbl[isl aMMUA4YHbIM 6ypepHbIM PacTBOPOM, XUMUYECKOe OCaxAeHUe 8-TUAPOKCUXUHOJHUHOM. Pe3ys1emambl U 8b1800bl.
[TokazaHa 3¢pPeKTUBHOCTb NMPHMEHEHHBIX CIIOCOGOB OYHMCTKH TEXHOJIOTUYECKOTO PacTBOpa TMAPOKCUJA JIUTHUS OT HOHOB
KaJIbL{sl ¥ QJIIOMUHUS: yIapUBaHUe C NMOC/IeAyIoled KpUCTA/UTU3alel, ocaXZeHne aMMUayHbIM 6ydepHbIM pacTBOpPOM,
OCaXJeHUe B BUJie TUAPOKCUXUHOJIATOB. JKCIIEPUMEHTAJbHO YCTAHOBJIEHO, YTO HPU HCIOJIb30BAaHUU CIOCO6A yIapyUBaHUS
C mocsIeAyIollel KpUCTaIM3anuen JOCTUTAeT sl CTeNeHb U3BJIeYeHHUsI IPUMECHBIX HOHOB ajtoMuHus Al3+ - 29 %; a noHOB
kanbius Caz+ - 56 %. [Ipy 04MCTKe TEXHOJIOTUYECKOT0 PacTBOPA OCAXKAEHHEM KOJLJIOU/Aa THAPOKCHA aTIOMUHUS aMMHUay-
HBbIM GydepHBIM pacTBOPOM CTeleHb U3BJIeYeHHUsI COCTABUJIA 1JIs1 HOHOB aJtoMUHUs Al3* — 96 %; as1s1 moHOB Kanbuus Caz+ -
67 %. [I[puMeHeHHe MeTOJja XMMHUYECKOT0 OCaXK/JeHUS C UCI0JIb30BaHUEM 8-TPOKCHXUHOJMHA B LeJIOUHOM pacTBOpe I0-
Ka3aJio CTeleHb U3BJIeYeHUs] HOHOB ayitoMUHUA Al3+ - 20 %; a noHOB Kasbius CaZ+ — 76 %. YcTaHOBJIEHO, YTO CNOCO6 C yma-
PHUBaHHEM M KPUCTA/JIM3Al[Med TEXHOJIOTHYECKOTO PacTBOpa He TpebyeT MpUMeEHEHHSs Clel[abHbIX peareHToB. Cocob ¢
HCII0JIb30BaHHEM aMMHAYHOr0 6ypepHOro pacTBOpa /Jisl yJaJeHus IPUMeCHbBIX HOHOB KaJIbIUS U aJIIOMHUHUSA TOKa3aJl Mpo-
CcTOTYy ¥ 3$EeKTUBHOCTb. BriepBble MpeJJIocKeH CoCco6 OYKMCTKH TEXHOJIOTUYEeCKOTO PacTBOpa Mocjae KayCTUQUKALMUHU C
NMpUMeHEHHEM BOJIHO-IeJIOYHOT'0 PAacTBOpa 8-THAPOKCUXUHOJIMHA, UCKIIOYAKIUA UCI0Jb30BaHUE OPraHUYecKHX, OrHe-
ONAaCHBIX ¥ TOKCUYHBIX PaCTBOPHUTEJEH.

Kniwo4yeBble cioBa: KaycTUHUKalUs, KapOOHAT JIMTHS, NPHUMeCHble KaTHOHBI, aMMHUAYHbIA 6ydepHBIH pacTBop, 8-
TUJIPOKCUXUHOJIUH, THIPOKCUXUHOJUHATHI METAJIJIOB
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Abstract. Relevance. The need to develop highly effective methods for purifying the process solution from impurity calcium
and aluminum ions for the industrial production of lithium hydroxide at the Chemical Metallurgical Plant JSC in Krasnoyarsk.
Aim. Development of methods for reducing the content of impurity calcium and aluminum ions in the process solution of
lithium hydroxide after caustification to a concentration of 5-10 mg/l. Methods. Evaporation and crystallization, precipita-
tion of colloidal sediments of aluminum and calcium with an ammonia buffer solution, chemical precipitation with 8-
hydroxyquinoline. Results and conclusions. The effectiveness of the applied methods for purifying a process solution of lith-
ium hydroxide from calcium and aluminum ions was shown: evaporation followed by crystallization, precipitation with an
ammonia buffer solution, precipitation in the form of hydroxyquinolates. It was experimentally established that when using
the evaporation method followed by crystallization, the degree of extraction of impurity aluminum ions Al3+ is achieved 29%j;
and calcium ions Ca?* - 56%. When cleaning the process solution by precipitation of aluminum hydroxide colloid with an
ammonia buffer solution, the degree of extraction for aluminum ions Al3* was 96%; for calcium ions Ca2+ - 67%. The use of
the chemical precipitation method with 8-hydroxyquinoline in an alkaline solution showed the degree of extraction of alumi-
num ions Al3* 20%; and calcium ions Caz* - 76%. It was established that the method of evaporation and crystallization of the
process solution does not require the use of special reagents. A method using an ammonia buffer solution to remove impurity
calcium and aluminum ions shown to be simple and effective. For the first time, a method was proposed for cleaning the pro-
cess solution after caustification using an aqueous-alkaline solution of 8-hydroxyquinoline, excluding the use of organic,
flammable and toxic solvents.

Keywords: caustification, lithium carbonate, impurity cations, ammonia buffer solution, 8-hydroxyquinoline, metal hy-
droxyquinolinates
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BBeaeHnue

Jlutuii — OIMH U3 BaXKHBIX 3JIEMEHTOB IS MHOTHX
oTpacieii npomeInieHHocTH. CIIpoc Ha JINTHEBHIE pe-
CYPCHI pE3KO BO3PACTACT B CBSI3U C OBICTPHIM Pa3BUTH-
€M 3JIEKTPOMOOUIICH U INTHH-MOHHBIX aKKyMYJISITOPOB
[1-3].

MupoBo¥i cipoc Ha JIUTHEBBIE PECYPCHI YCKOPHIIO OT-
KPBITUEC MHOTOYHUCJICHHBIX JIMTUCBLIX MCCTOpOX(ﬂeHHﬁ,
YTO CMOCOOCTBOBAJIO PACIIMPEHHUIO 00IacTeil ero mpuMe-
HeHusi [4-6]. B Hactosimee Bpemsi pa3pa0oTaH METOJ
MPAMOM 3KCTPaKLWH JIUTUS, KOTOPBI cTall ajJbTepHaTH-
BOW AKCTPAKIMU JIUTHSI U3 PACCOTIOB M 00ECTIEUMII CHU-
YKEHHE BO3JIEHCTBYS Ha OKpYykaromryto cpeay [7-9].

CoenvHeHMs JIUTUS TONYYaroT JUOO U3 MCXOIHBIX
TBEPIbIX MHUHEpAIOB (CIIOAYMEH, JENUAONUT, TeTa-
THT), TUO0 U3 KUAKHUX JUTHACOICPIKAIINX CHIPHEBBIX
HWCTOYHHUKOB (O3€pHBbIE PACCOIBl, PaccoJibl Callapos,
F.Hy6I/IHHI>Ie MOA3EMHBIC PACCOJIbl, MUHEPAJIN30BaHHBIC
BojibI) [10-16].

B nacrosiee Bpems npu nepepadoTKe CriogyMeHa
HCTIONIb3YETCS CEPHOKUCIOTHBIM M MIEJTOYHON METOIbI
nepepabotku [10].

KapO6onat nutHs, o0pa3yrommiics npy nepepadoTke
JUTUHACOJIEPIKAILETO ChIPbA, CIY>KUT UCTOYHHKOM IIO-
JIYYCHUA PaA3JIUMIHBIX COC}II/IHCHI/Iﬁ JINTHUSA, OCHOBHBIMHA
U3 KOTOPBIX SIBJISIFOTCS THIPOKCH M XJIOPHI.

EnvHCTBEHHBIM MPOMBIIIIEHHBIM CIIOCOOOM TOJTy4e-
HUA TUAPOKCHUIA JINTUS ABJISACTCS KayCTI/Iq)I/IKaL[I/Iﬂ H3BC-
CTBIO B pacTBOpE, KOTOPBIN omnucaH B Jureparype [17]:

Li,COs+Ca(OH),—2LiOH+CaCOs.

W3 manHBIX 0 pacTBopuMocTH B cucteMe LipyCO3—
Ca(OH),—H,0 mpu 75 °C crenyer, 4T0 MaKCHMaJIbHasI
koHneHtpanus LiOH He Moxker ObITh BbIlie 36 1/,
T. €. MOXHO IOJTy4aTh TOJBKO Pa30aBJICHHBIC PacTBO-
pot LIOH. MicXoMHBIM MPOAYKTOM MpH KayCTH()HKAIIN
SIBIISICTCS] BIAKHBIN KapOoHaT nutust. KapOoHat mutus
W THIPOKCHJ KalbLMs 3aMEIIMBAIOT B PEAKTOpE; W3-
BecTh Oepercst B konmmdectBe 105 % OT TeopeTHuecko-
ro. PeakiiionHas Macca HarpeBaeTcsl 10 KUIEHus. 3a-
TEeM MyJbIy OTCTAaUBAIOT M OCBETIICHHBIH pacTBOp Je-
KaHTHPYIOT. OH comepxut 28,5-35,9 r/m LiOH. lnam
(kapOOHAT KaNBIIKs) TOJBEPTratOT TPEXCTATUIHHOMN TPO-
TUBOTOYHOI MPOMBIBKE IS IOTIOJHUTEIBHOTO H3BJIE-
YyeHus rupokcuaa autus. OCHOBHOH pacTBOp ynapu-
BaroT 10 166,6 r/n LiOH. 3atem Temreparypy NOHH-
xkatot 10 40 °C. 'uapoxcu JINTUS BBIJIEISIETCS] B BUJIE
moHoruapara LiOH-H,0O, kpucramisl KOTOporo otue-
JSIOT OT MAaTOYHOTO PacTBOpa HEHTPH(YTHPOBAHUEM.
Jng monmydeHHs UYHCTOrO COEAMHEHUS MEepBHYHBIN
MPOAYKT TMEPEKPUCTAIIM30BBIBAIOT. BhIX0a nUTHA B
roToBbId PoIyKT — 85-90 %. OCHOBHOW HEIOCTATOK
MeTOoJ]a — BbICOKHE TPEOOBAaHUSA K YUCTOTE MCXOIHBIX
MPOAYKTOB.

Crioco6 xayctuukanuu kapOOHATa JIUTHUS WU3Be-
CTBIO AJIS TOJYYEHHUs THIPOKCHAA JIUTUS TMOJOXKEH B
OCHOBY TeXHoJloruu, npuMmenseMoi Ha AO «XuMHUKO-
METaJUTypruideckuii 3aBof» B ropoae KpacHosipcke
(AO «XM3y). [Ipu maHHOM CIIOCOOE TEXHOIOTHYCCKHE
pacTBOpbl HAKAaINIMBAIOT 3HAYUTENBHOE KOJIHMYECTBO
MOHOB KaJbIUS U aTFOMHHUSL.
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Ilenpt0 HACTOSIIIIETO HWCCIIEMOBAHUSI CTajla pas3pa-
060TKa CcrOcOOOB CHIDKEHHSI COACPXKAHUS HMPUMECHBIX
WOHOB KaJIbITUS U ATFOMHHUS B TEXHOJIOTHYECKOM pac-
TBOpE TIOCNIEe KaycTH(QUKAIMK 0 KOHIICHTPAIUU
5-10 mr/a, HEe TPUBOAAMIMX K IOMOJHUTEILHOMY 3a-
IPS3HEHUIO APYTUMH KOMIIOHEHTAMU.

06 beKTbI U METOJMKA HCC/IeJOBaHMUS

OOBEKTOM HCCIENOBAHUS CIYXII TEXHOJIOTHYE-
ckuil pactBop, nepenaBaembiii AO «XM3», obpaszyio-
IIMACS MOCTe MOCTYIUICHUS MYyJIbITBI U3 KAaCKaIoB Kay-
cTu(UKAIMY HA JIEKAHTAIMIO — Pa3eICHNAE KHIKOH
TBEPIOH (a3: pacTBOpa THAPOKCHAA JIUTHS H TBEPIOTO
ocajgka kapOoHaTa Kanblus. Komu4ecTBO MCXOIHOTO
TEXHOJIOTHYECKOTO PacTBOpa B KAXKIOM W3 TepelaH-
HBIX JUIS MCCIeOBaHMsS 00pasmoB coctaBisuio 10 i,
YTO C Y4€TOM IUIOTHOCTH COOTBETCTBYET 12,2 KT.

PactBop mocie ¢puiIbTpoBaHUS aHAIH3UPOBAIN Me-
TOJIaMU aTOMHO-a0COPOIIMOHHON CHEKTPOCKOITUYU ISt
HOHOB JIUTHS ¥ aTOMHO-YMHUCCHOHHOH CIIEKTPOMETPUHN
C MHAYKTHBHO-CBSI3aHHOW TUIA3MOM JUIS OMpPEACTCHUsI
KOHIICHTPAIlM! MOHOB KaJbIIWs W TIOMUHHSA. AHAIN3
00pasoB pacTBOPOB Ha CONEpPKAHUE OCHOBHBIX KOM-
MOHEHTOB M MPHUMECHBIX HOHOB BBIMOJHSIA C TOMO-
IIbI0 TPHOOPOB ATOMHO-a0COPOIMOHHON CHEKTPOCKO-
mun ICE 3300 (Thermo Fisher Scientific, CILIA) u
ATOMHO-PMHUCCHOHHOM CIEKTPOMETPHHU C UHIYKTUBHO-
cszannoi wiazmoii iICAP 7400 Duo (Thermo Fisher
Scientific, CIIIA) ¢ oTHOcHTeNbHOW OIMKMOKOH He 0o-
nee 1,5 %.

Bce nanmble, npuBeneHHBIC B TAONMIAX, TPEACTAB-
JSIOT COO0OH yCpeIHSHHBIE BETUYMHEI 110 TPEM Iapal-
JETBHBIM OIPEACICHIUSIM, C YKa3aHUEM JTOBEPUTEIBEHO-
r'o UHTEpBAJIA.

B T1abn. 1 mpexacTaBneHbl NaHHBIE MO HCXOTHOMY
XHMHYECKOMY COCTaBY TEXHOJIOTHYECKOIO PacTBOPa,
CoJiepKallero B OONBIIUX KOJUYECTBAX NPUMECHBIC
HMOHBI KAJIbIMS M QJIOMHHHS U B MEHBIIUX KOJIAYE-
CTBax — JPyTHE UOHHI.

Ta6auya 1. Xumuveckuili cocmas ucxodH020 mexHos02uve-
cK020 pacmeopa, me/n

Table 1. Chemical composition of the initial process

solution, mg/1

JINTHUH ¥ TPUMECHbIE HOHBI
Lithium and impurity ions

PacTBop nocse kayctudpukanuu
Solution after causticization

Li20 16770 +250
Al3+ 13,9 £0,21
Ca% 33,2 £0,50

O4HNCTKY TEXHOJOTMYECKOTO PAacTBOpA IOCIC Kay-
CTH(UKAIMN OCYIIECTBIISUIN HECKOIBKIMU CTIOCOOAMHL.
Cnoco6 1. YnapuBaHue U KPpUCTATU3AIUIO TEXHO-
JIOTUYECKOTO PacTBOPa OCYIIECTBIISLIH 11O OOLICTIPHHS-
TOW METOIHUKE: HAarpeBajll PacTBOP IIPH ITOCTOSHHOM

MEPEMEIINBAHNHA W aTMOC(EPHOM JaBICHHUH. YTapH-
BaHKE POBOAMIN J0 00pa30BaHHs HACKHIIIEHHOTO pac-
TBOpa (IIPH3HAKOM CIYXHIO TOSBICHHEC MYTHOCTH).
[Moce ymapuBaHUs pacTBOp OXJaXJAIU IO TEMIIEpa-
Typsl 20-30 °C u ¢uiabTpoBanu, HCIOIb3Ys KOJIOY
Bynsena ¢ Boponkoii broxuepa. PactBop mocie ¢uiib-
TPOBaHMS  AQHAJIHM3HPOBAIA  METOJOM  aTOMHO-
O9MUCCHOHHOM  CHEKTPOMETPUH C  HMHAYKTUBHO-
CBA3aHHOM IJIa3MOW Ul OIpefesIeHUs] KOHLIEHTPaluu
HOHOB KaJbIUS U aIFOMHHUSL.

Cnoco6 2. OUuCTKY pacTBOpa MPOBOJUIN OCaXKIe-
HUEM KOJUIOMJHBIX OCAaAKOB THAPOKCHIOB aJIFOMHUHUA
M KallbIlUsl aMMHUAYHbIM 6y(1)€]3)HLIM pPacTBOpOM 110
cnenytomeil meronuke. K 50 cM™ pactBopa no6aBisuiu
40 r maBeneBOM KUCIOTHI IPU IEpEMELIUBAaHUM, YTO
camwkano pH pacreopa mo 4 (koHTposb pH-MeTpom).
Ha ocaxaeHune THAPOKCHUIOB YXOAWIO IPUMEPHO
50 cM® aMMHEaYHOTO Oydepnoro pactsopa (pH 10).

Cnoco6 3. JIns OYHCTKH PacTBOpa OT MPUMECHBIX
HMOHOB KaJIbIIMs W ATIOMHHHUS IPUMEHSUIA METOI XH-
MHYECKOTO OCXKIEHHS C  HUCIOJb30BaHWUEM  §-
THAPOKCUXMHOJINHA B BOJHO-IIEIOYHOM DPAacTBOpE.
B aToM BapmaHTe BIEpBEIC IPEUIOKEHA METOAUKA,
MCKITIOYAFOIIasl NCTIOJIb30BaHUE OPraHMYECKUX PACTBO-
puteneit (xy10pohopM, YETBIPEXXIOPUCTBIH yTIEPOa U
IIp.), KOTOpBbIe OOBIYHO TPUMEHSIOT NPH BBLICICHUN
THJPOKCUXHUHOJISITOB.

OcaxxneHrne TUAPOKCUXUHOISTOB KaJbIMsl M allio-
MHHUS OCYIIECTBISIIM 10 CJICIYIOIICH METOUKe: K UC-
ciemyeMoMy o0pasily J00aBsUTM TBEPAYIO IIENIOYb
NaOH B COOTHOIIEHWH: UCCIEAyeMBbId pacTBOp:8-
ruapokcuxuHomH: menous  — 20:1:0,2.  Ocaxnenue
MPOBOJIMIM TIPH aTMOC(HEPHOM JIABICHUH U KOMHATHOMN
TeMneparype. Bpemst hopmupoBaHus ocaaka cocTaBisi-
10 1,5 gaca. Ilocie mpoTekaHust peakUu pacTBOp OT-
(GUIBTPOBBIBATHA OT THIPOKCHUXHHOJSTOB AFOMUHHS H
KaJblusl.

Pe3y/IbTaThl UCC/IEJOBAaHUA U UX 06CYKAeHUE

B nmuteparype npu mosy4yeHUd BBICOKOUYHUCTOTO MO-
HOTHPATA JINTHS U3 JIUTHHCOACPIKAIINX OTXOIOB pa3-
JUYHBIX TPOU3BOJICTB OOBIYHO MPHUBOIUTCS XUMHUE-
ckasg cxema nojiydeHus Bbicokounctoro LIOH-H,0 u3
TEXHHUYECKOT0 KapOOHATa JIMTHUS, B KOTOPOH MPHUMEC-
HBIE MOHBI YOS METOAOM OCaKICHHS B BUAC HE-
pactBopumbix  coexunenuii: CaCOs;,  Mg(OH)s,,
Fe,03-3H,0, Al(OH)3, CaSi03, MgSIOg [18, 19]

OuncTka MeTosIoM ocaxieHus (crocod 1) B Buje He-
PacTBOPUMBIX COCAMHEHHUI MPUMECHBIX HOHOB M3 HUCCIIE-
JIyeMBIX TEXHOJIOTMYECKUX PACTBOPOB IPH HX KHUIIIYC-
HHUHU C YIapUBaHHEM IOKa3ala JOCTaTOYHYIO d(deKrTnB-
HOCTb, TO €CTh HAOJNIONANOCh YMEHBIICHUE KOHIICHTpA-
UM KaK HOHOB KaJIBITHsI, TaK U aFOMUHUS (Tab. 2).

OTH TaHHBIE MOYKHO OOBSICHUTH TEM, UTO B IIEIIOTHOM
cpene obpasyercs kommoua; Al(OH); ¢ otpunarensHO
3apsUKCHHBIMHI KOJUIOMIHBIMA YaCTUIIAMH (CM HIDKE).
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Ta6auya 2. CodepixcaHue UOHO8 KaabUusi U AAHMUHUSL 8
MexHO/102U4eCcKUx pacmaeopax noc/ae ynapusd-
HUsl ¢ hocaedyrowetl kpucmasaauzayuet, M2/

Table 2. Content of calcium and aluminum ions in process
solutions after evaporation followed by
crystallization, mg/I

[pu- PactBop no- CreneHb

MecCHBbIe WcxoHbIN TeXHOJIO- cJle ynapuvBa- u3BJede-

HMOHBI rUYecKUi pacTBop HUS Hud, %
Impurity | Initial process solution | Solution after Extraction
ions evaporation rate, %
PactBop nocse kaycrudukanuu/Solution after caustification
A3+ 13,9 +0,21 9,87 £0,15 29
Ca2+ 33,2 £0,50 14,74 0,22 56

H3BecTHO, 4TO 0COOEHHO CHIIBHO BimsiHUE pH cpenpr
Ha tUapo30ib Al(OH)s, sersronmwiicss aMbOTepHBIM CO-
emuaennem [20]. B ciabomenounoit cpene (pH 7,5-8)
WOHM3ALKA 10 OCHOBHOMY THIy HEBO3MOXKHA H3-3a
n30eiTka OH -10HOB:

Al(OH)3=AI(OH),0 +H".

IIpu OGonee BBICOKHX 3HadeHUsAX pH wWoHM3aNUs
MIPOUCXOUT CIEAYIOMHUM 00pa3oM:

AI(OH),0 +H*=AlO, +H*+H,0.

[NorenmanoOpasyonMi HOHAMUA B MHILIEIUIE 30J14
THJPOKCHU]IA ATFOMUHHUS SBISFOTCS HOHBI AlO, , ¥ KOJIIO-
WHBIC YaCTHIIHI IPUOOPETAIOT OTPHUIIATEIIBHBIN 3apsijl.

{NAI(OH);MAIO, (M-X)H* Y xH".

3a cueT AMEKTPOCTATUUECKUX CUJI IIPUTSHKEHUS K OT-
PHLATENBHO 3apsDKEHHBIM KOJJIOMIHBIM YacTUIAM Ka-
THOHBI BXOZAT B JU(Y3HYIO JacTh IBOIHOTO IEKTPHU-
YeCKOTO CIIOs, BBITECHAA TPH TOM TPOTHBOHOHBI H'.
Ha otpumarensHo 3apsHKeHHBIX KOIIOMJHBIX YacTHIAX
THAPO30JIS IPEUMYIIECTBEHHO acOpOMpYIOTCS KaTHO-
HBI, UMeIoIre OONBIINH 3apsi, TaK Kak OHHM CHIIbHEe
MPUTATUBAIOTCS K KOJUIOMIHBIM yacTuiiaM. Ilpu ynapu-
BaHWM KAaTHOHBI, BKIFOUAsT KAJIBIMH, OCAXXIAIOTCS B BH-
Jie HepacTBOPHMBIX coefnHeHNH. C MOBBIIIEHHEM TeM-
HepaTypbl YBEIHUUBACTCS KUHETUYECKas SHEPrus Mpo-
THBOMOHOB B MuIleUIax 30i4. llpeomorneBas amektpo-
CTaTHUYECKHE U BaH-JeP-BaaIbCOBBIE CHIIBI IPUTSHKCHUS,
MPOTUBOMOHBI MEPEXOJAT U3 aJCOPOLOHHOIO CIOS B
mudy3HbIi cioi. [lpu mampHeleM MOBBIIICHIH TEM-
MepaTypsl MPOIECCHl JeCOPOLH MOHOB 3aXBaTHIBAIOT
yKe OoJiee TIyOOKHe 007aCTH TBOWHOTO AJIEKTPUIECKO-
TO CJI0f, HAYMHAETCS OTPBIB MOTECHIMAIOOPa3yHOIINX
noHoB AlO; OT TBepmoH MOBEPXHOCTH MHKPOKPHCTAI-
JIOB U OHU NEPEXOJST B PACTBOP.

IIo BTOpOMYy cmocoOy OT KONJIOMAA THAPOKCHIA
aIFOMUHNS TE€XHOJIOTHYECKUH pPacTBOP OYMINAIH aM-
MHAYHBIM Oy(epHBIM PacTBOPOM, COCTOSIIUM H3 CMe-
CH THAPOKCHIA M XJopuaa amMoHus. I'mapoxcun
aFOMUHNS OC)XIATH PACTBOPOM aMMHAKa B IIPUCYT-
CTBUH COJIeH aMMOHHS, KOTOPBIE CIIOCOOCTBYIOT MpO-

BEJCHUIO OCAXKICHUS, TAK KaK MOHBI aMMOHHS COCTaB-
JISIFOT ¢ aMMHUAKOM Oy(hepHYI0 CMECh U TEM CaMbIM Ja-
IOT BO3MOYKHOCTh CO3/IaTh B pacTBoOpe Tpedyemoe 3Ha-
uyenune pH He MeHee 8; KpoMe TOro, COT AMMOHHUSI BbI-
3BIBAIOT (DIIOKYJISIUIO KOJUIOUIHBIX YaCTHIl. 3HAYCHUE
pH pactBopa, HEOOXOMUMOE ISl TIOJTHOTO OCAXKICHHS
TUPOKCH/IA AFOMUHHS, OMPEACISUIN ¢ oMoIIbio pH-
MeTpa (crocod 2). Cnemyer OTMETHTh, YTO KOHTPOJIb
IIEJIOYHOCTH PACTBOpPAa HEOOXOIMM, IIOCKOJBKY IpH
OYKCTKE TEXHOJIOTHYECKOTO PACTBOpPA HENb3s MOIY-
CTUTh TOHMIXKEHUS pH, KOTOpOe MOMXKET HPUBECTH K
MOSIBJICHUIO B TUAPOKCUAE JUTHUSA €r0 COJICH H, COOT-
BETCTBEHHO, K CHH)KEHUIO YUCTOTHI HCKOMOT'O THIPOK-
cuna. JlaHHBIE O COJEp)KAHUU TPUMECHBIX HOHOB
KaJIbIUs M ATFOMHHUS TIPEICTABICHBI B Ta0I. 3.

Ta6auya 3. Codeprcanue UOHO8 KAAbYUS U AAIOMUHUSL 8
MeXHO/102UYecKuUX pacmeopax nocae o4UCMmKU
AMMUAYHBIM 6y Hepom, M2/ 1

Table 3. Content of calcium and aluminum ions in process

solutions after cleaning with ammonia buffer, mg/|

PactBop nocJie kayctudukanuu/Solution after caustification

[Ipumec- HcxopHbli PacTBop, nocJe oca- CreneHb
Hble TeXHOJIOTHYe- YKAeHHS KOJIOUJI0B | W3BJIeYeHHUs,
HMOHBI CKHI pacTBOp Solution after %
Impurity | Initial process precipitation of Extraction
ions solution colloids rate, %
Al3+ 13,9 £0,21 0,55 +0,01 96
Ca?+ 33,2 0,50 10,80 £0,16 67

[IpencraBiennblid cmocod TMoka3ad BbICOKOd(heEK-
THUBHYIO OUYHCTKY TEXHOJIOTMYECKOTO PACcTBOpPA OT HOHOB
KaJIBIUS. ¥ QTIOMHHES, T. K. TIPH OCKICHUH KOJUTOWIA
Al(OH); ocaskmaroTcst HOHBI KalIbIns, aacopOUpOBaHHbIE
Ha KOJJIOMAHBIX YaCTHUIIax. EZ[I/IHCTBCHH])IM HEA0CTAaTKOM
9T0ro 3(h(HEeKTUBHOTO METOJ]A OYUCTKHA TEXHOJIOTHUECKO-
r0 PacTBOpa Mocie KayCTU(PUKAIMH SBISIETCS TPUMEHe-
HHE PacTBOpA TUIPOKCHIA aMMOHHS, 00JaIArOMIEero pe3-
KUM, HCTIpUATHBIM 3allaXOM, YTO B YCJIOBUAX IPOU3BO/I-
cTBa TpeOyeT NOMONHUTENBHOrO HPUMEHEHHUSI MECTHOU
BCHTUISILIVH U IPYTUX 3AlIUTHBIX MEp.

U3 JIMTEPATYPHBIX UCTOYHUKOB U3BECTHO, YTO OJAHHUM
n3 BBICOKOS(beeKTI/IBHBIX METOA0B YIAJICHUA AJIFOMUHHA
U KaJbIUsl SBISETCS W3BJICUCHHE MOHOB THX METAJLJIOB
METOZIOM O3KCTPaKIMH C MPUMEHEHHEM OpPraHU4ecKUuX
pacTBOpUTENEH C MOMONIBIO 8-THAPOKCUXMHOINHA (PH-
CYHOK) M3-3a 00pa30BaHMs THAPOKCHXUHONSTOB. PeareHt
obpasyer C aJIOMHHHEM M KalbIMEM BHYTPHKOMILICKC-
Hble coequuenust mpu pH=10-13 [21, 22].

O6pasyromnyecs KOMIUIEKCHbIE THAPOKCUXHHOIISITHL
AFOMHHHS M KAJIBIHS B U3BECTHBIX CIIOCO0AX MOIBEpra-
FOT 9KCTPAKIMH OPraHMYECKUMH PaCTBOPHTEISIMH, TaKH-
MH KakK XJIOPOGOPM M YETHIPEXXJIOPUCTHIA YIIepo, ¢
MOCJIEIYIOUM OT/EJICHHEM OpPraHH4ecKoro CIos, Co-
JACPKaACTO TUAPOKCUXUHOJATBI METAJUIOB OT BOJHOIO
TEXHOJIOTUYECKOT0 PACTBOPA THIPOKCH/IA JTUTHSI.
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+ Al
OH

O

PucyHok. Peakyus 06pazosaHust 2u0pOKCUXUHOAMO8 AAI0MUHUS
Figure. Reaction of formation of aluminum hydroxyquinolates

Bo u30exaHue WCIONB30BAHUS OPraHUYECKHX pac-
TBOpHUTEJIEH Ha CTaUU HKCTPAKIIMU MbI IIPUMEHWIN CIIO-
€00, BKITIOUAIOIINIA PEaKIMI0 BOJHO-IIETIOYHOTO PACTBO-
pa 8-THAPOKCUXHHOJIMHA C TEXHOJIOTUIECKUM PacTBOPOM
THAPOKCHIA JUTHS Tocnie Kayctudukammm. [Ipum stom
MIPUMECHbIE METaJUIbl BBIIAJAIM B OCAZOK B BHJIE T'MI-
POKCHUXHMHOJISITOB, YTO JIABAJI0 BO3MOXKHOCThH YAAIATh UX
MPOCTBIM (PHIIFTPOBAHUEM, HCKITIOUAsi CTAUIO DKCTPaK-
LMY OpraHMYecKuM pactBoputeneM. OTaeneHue Ipu-
MECHBIX METAJIOB B BUJIE HEPACTBOPUMBIX THIPOKCHUXH-
HOJIITOB TOTPeOOBaI0 KOPSHHOTO W3MEHEHHS TEXHOJIO-
TMYECKON CXEMBI 3TOT0 BaYKHOTO MPOU3BOACTBA.

JlaHHBIE 10 OCAXKACHHUIO MOHOB aJTFOMUHMS M KaJbLHs
B BHJIE TUAPOKCUXHHOJIATOB MPECTABIICHBI B TA0. 4.

Ta6auya 4. CodepicaHue UOHO8 KA/bYUSI NOCAE 0CAHCOEHUS
8-2udpokcuxuHoIUHOM 8 Wje104HOl cpede, M2/A

Table 4. Content of calcium ions after precipitation with
8-hydroxyquinoline in an alkaline medium, mg/I
[Ipumec- Ucxonuelil  [PacTBOp nmocJie 04MCTKHU
CreneHb U3-
Hble TEXHOJIOTHYe- |8-TMJPOKCUXUHOJUHOM o
. R BJiedeHus1, %
HOHBI CKUH pacTBoOp Solution after .
R i P . Extraction rate,
Impurity | Initial process purification with

%

ions solution 8-hydroxyquinoline

PactBop nocse kaycrudukauuu/Solution after caustification
A+ 13,9 £0,21 11,10 +0,17 20
Ca?+ 33,2 £0,50 7,85 £0,12 76

Jlanubie Ta0n. 4 OOBSACHSIOTCS TEM, YTO B HUCXOJI-
HOM pacTBOpPE MOHOB KaJIBIHS MOYTH B 2,5 pa3a 60mb-
e, 9eM WOHOB QIIOMHHUS, TIO3TOMY TIPH OCAXKICHUHU

CITUCOK JIMTEPATYPBI

8-FI/IJIpOKCI/IXI/IHOJII/IHOM TUAPOKCUXHUHOJIATOB KaJIbIIUA
oOpasyercs 00JIbIIIe, YeM aTFOMUHUS.
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