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30JI0TOCOACPIKALIMX KOHLIEHTPATOB. B mpemaraeMoM crioco0e Jisi TOBBIIEHHS CKOPOCTH M TTOJTHOTEI
OKHCIICHHS OPTaHMYECKOTO YIepofa M MOBBIIICHHWS HM3BICYCHHS 30JI0Ta IpearaeTcs BBOIUTH B
ABTOKJIAaB a30THYIO KHCJIOTYy WIM €€ coiu. DPQPEeKTHBHOCTH criocoda MaKCHMallbHa, €CIH a30THYIO
KUCJIOTY HJIM €€ COJIM BBOAUTL B MYJBITY IMOCJIC MPAKTUYCCKH IMOJHOTO OKHCJICHUSA Cyﬂb(bl/IILOB. 9t0
MTO3BOJISIET MUHUMHU3HUPOBATh PAacXO a30THOW KUCIIOTHI WIIH €€ COJIH, a TaK)Ke MaKCHMaJIbHO ITOBBICUTH
OKHCIINTEIHHO-BOCCTAHOBHUTEIBHBIH TIOTEHIIMAI ITYJIBITBI U, TEM CaAMBIM, YBEJIMYUTH CKOPOCTD U ITOJTHOTY
OKHCJICHHUS OPTraHUYECKOT0 yIiiepo/a U, Kak CIeJCTBHE, U3BJICUECHHE 30JI0Ta HA OCIEIYIOLINX ONePALUIX.
A3OTHas KHCJIOTa MOXKET IIOaBaThCA B aBTOKIJIAB B BHIE Kpemkoro (68%) wim B BHAe paz0aBIeHHBIX
pacTBOpOB, a HUTpATHBIE COJM - B BHJE BOAHBIX pacTBOPOB C¢ KoHIeHTpamued or 100 mo 400 r/m.
[TpomomKUTEIFHOCT A30THOKHUCION 00PabOTKH MOKET cOCTamyiATh OT 10 10 60 MHH U 3aBHUCHT OT
TeMIIepaTyphl aBTOKJIABHOTO TIpoIiecca.
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CITOCOB ABTOKJIABHOM NEPEPABOTKH YIJIMCTHIX
30JIOTOCOAEPKAIINX KOHHEHTPATOB C HCITIOJIb3OBAHHEM
JAOINOJIHUTEJBHOI'O PEAT'EHTA-OKHUCJIMTEJIS

N306peTeHNe OTHOCHTCA K METAUTYPIHH IBETHBIX META/LIOB, B YACTHOCTH, K 1iepepaboTke
YTIOPHBIX 30JI0TOCO/IEPXKAIMX KOHIIEHTPATOB.

HanGonee pacnpocTpaHeHHOH MNPHYHMHOH YIMOPHOCTH 30JI0TOCOJACPXKAIUMX pPYyA H
KOHUECHTPATOB fBIAETCS TOHKas AWCIepramus 30/0Ta B Cyilb(puiaax, o6bIMHO B NHPHTE H
apceHonupHTe. B HEKOTOPBIX BHAAX TAKOIO CHIPhS COACPIKUTCS TAKKE IPUPOAHOE OPraHHYECKOE
YIJIACTOE BELIECTBO (Oanee ~ Yroib, yIIIMCTOE BEIECTBO, OpraHHYeCcKui yriepon), obiaanatomee
CIOCOGHOCTHIO COPOHPOBATH HAXOAILEECS B paCTBOPE 30JI0TO. DTO ABJIEHHE MOJIYYHIIO Ha3BaHHE
nper-poO6HHT (preg-robbing). B aBTOKNIaBHOM TEXHOJIOTHH pa3IMYaIOT JBa BHJA Nper-pobOuHra.
ITepBhiit mposiBisieT ce6s B MpOLECCe aBTOKJIABHOTIO BHIIEIAUYHBAHUA H 3aKIIIOYAETCH B TOM, 4TO
B CHJIbHO OKHUCJTUTENBHBIX YCIIOBHAX, KOTOPBIE HMEIOT MECTO B aBTOKJIABE B KOHIIE OKHCIICHHUA
CyNbHUAOB, 30I0TO YaCTHYHO OKHCNAeTCS W oOpasyeT 30JI0TO-XJIOPHUAHBIH KOMIIIEKC,
copbupyromuiics Ha yrnucroM Beinectse. Hon Cl- xoTs 661 B MHHHMAIBHBIX KOJTHYECTBAX BCEraa
IPHCYTCTBYET B aBTOKJIABHOM pacTBope. IIpu mocnexayrouieM LHaHHPOBAHHH 3TO NEpemeniee
Ha yrojib 30JI0TO He U3BJIEKAETCA U YXOIHUT B XBOCTBI. BTOpOi#i BHA nmper-po6OHHra HMEET MeCTO
MPH IIMaHHPOBAHHH ABTOKJIABHOTO OCTaTKa M 3aK/IOYaeTCA B TOM, YTO 30JI0TO, NEPEXOALIIee B
pacTBOp B BHIE 30JI0TO-LIHAHUCTOTO KOMIUIEKCA, COpOHpyeTcs Ha TPHUPOAHOM YTIJIHMCTOM
BEILIECTBE U TAaKXKe YXOAUT B XBOCTHL. [IepBriit BUA per-po661Hra 4acTo Ha3hIBalOT aBTOKJIABHBIM
(MU XJOpPHIHBIM), BTOPOH — ITHAHUAHBIM.

Takum oOpa3oM, NpPUCYTCTBHE YIS NpUAAET CyAbGHAHBIM 30JO0TOCOAEPKALIMM
KOHLIEHTpaTaM JONOJHHUTENIbHYIO YHOPHOCTh. [103TOMy TakHe KOHILEHTPAThl 4acTO Ha3bIBaIOT
CHIpbEM ABOHOI ymopHocTH. Kak mpaBmO, C MOBHIIEHHEM COAEPKAHUSA YIJIMCTOTO BEIECTBA
YIIOPHOCTh BO3pacTaer, OCOOCHHO YNOPHBIMHM SBJIAIOTCA KOHLIEHTPaTHl C COJCPKaHHEM
opranudeckoro yriepona Beime 1 %. Ilpeanaraemoe usobpereHue npeaHasHa4eHO A
nepepabOTKH 30JI0TOCOAEPKALMX KOHIIEHTPATOB JBOWHON YIIOPHOCTH.

H3Becten cnoco6 mnepepabOTKH YNOPHBIX 30J0TOCOAEPXAIMMX KOHIIEHTPATOB C
NPUMEHCHHEM  aBTOKJIABHOTO  OKHCIHTENBHOTO  BhHINENaYHBAHHS (AOB) (mareHT
CIIIA Ne 4610724). KonneHtpar mnoaBepraloT KHCIOTHOH o6paboTke mns paspylneHus
kapboHaToB (nekapOOHM3allMK) U BHINENAYHBAIOT B aBTOKJIABE NMpH Temneparype 135 — 250 °C
nop nasieHueM kuciopoga 0,5 — 5,0 MIla. B nponecce AOB 3onoToconepxaiue CyanGHab]

OKHCJHIOTCA, & COACPKALICECAd B HHX YINOPHOC TOHKOAHUCHEPCHOE 30JI0TO ocBo0oxKaaeTcH.



Brlnen04eHHy0 Ny by OXJIKAAIOT B CAMOMCIIAPUTENE M HANIPABJIAIOT B CHCTEMY HENPEPhIBHON
MPOTHBOTOYHOH AEKAHTALMH, IA€ OTMBIBAIOT TBEP/LIH OCTATOK OT KHCJOTHI M PacTBOPHMBIX
COETMHEHHI Xese3a H MBIIbsAKa, 00pa3oBaBIIMXCS NPU aBTOKIABHOM OKUCIEHHH. U3 0TMBITOrO
0CTaTKa 30JI0TO M3BJEKAIOT OJHHM H3 TpaAULMOHHBIX MeToaoB InanupoBanus (CIL, CIP, RIL,
RIP). Cnoco6 otim4aeTcs 3KOJOrHYECKOH YHCTOTOH, W JUIS YHOPHBIX 30J0TOCOAEPXKALIUX
KOHLIEHTPATOB, HE COACP KAIX OPraHU4eCcKOro YIJIMCTOTO BEIIECTBA, AAET BHICOKOE H3BJICUCHHE
3on0ota. OHAKO I 30JI0TOCOAEPKAMINX KOHIEHTPATOB ABOMHOM YIOPHOCTH 3TOT CHOCO0 Jaer
HH3KO€ H3BJICYCHHE 30JI0TA, YTO ABJISETCSA €0 OCHOBHEIM HEIOCTATKOM.

H3Becten meTon nepepaboTku chipbs ABOHHOM ynopHocTH (nateHT CIIIA Ne 5851499), B
COOTBETCTBMH C KOTOPHIM Ha aBTOKJABHOE BBLILIETAYHBAHHE IOCTYMAET 30JI0TOCOAEPIKAIHIL
MarepHal (pyAa WM KOHHEHTPaT), B KOTOPOM BECOBOE€ OTHOLIEHHE CYIbQHUIHON Cepel K
KapboHat-uoHy (S/CO3) momkHO cocTaBiaTh oT 4:1 10 0,5:1. Takoe COOTHOMIEHHE OCTHTAETCS
no6aBKo# W3BECTHAKA HJIM CMELIMBAHUEM MCXOAHBIX MaTepUaIOB C Pa3/HYHEIM CONEP)KAHHUEM
cynbdunos u xap6onaros. [Toyuennas cMech gou3MenbpYaeTcs 10 KPYnHOCTH Pgo= 75 — 38 Mkm
U MO/ABEPraeTCs aBTOKIAaBHOMY BBILIENIAUMBAHHIO [IPH TeMIepatype He Bhiie 215 °C B TeueHHe
He Gonee 45 MuH. Xunkas Qaza BBILENOYEHHON MyNBIbI JO/DKHA COAEPXATh OT 7 10 25 r/n
CBO6GOTHOM CEpHOM KHCIOTHI H HMETh OKHCITHTEIbHO-BOCCTAHOBUTENBHEIN motennuan (OBIT) He -
Gonee 700 MB (oTHOCHTENBEHO CTaHAAPTHOrO BoAOpoaHOro 3nekrpona (CBD)).

HaHHbli cioco6 no3Bosser nepepabaThiBaTh ChIpbe ABOXHOM YIOPHOCTH ¢ IIPHEMIIEMBIM
H3BJIeYeHHEM 30710Ta. OHAKO JUIS MHOTHX KOHIEHTPAaTroB, B OCOOEHHOCTH, C IOBHILEHHBIM
COZIepXXaHHEM OPraHUYECKOTO YTIIEPOAa, COCOO IaeT HeyROBIETBOPHTENBHEIE pe3ysbTaThl. K
YUCIly HEJJOCTATKOB CII0c06a OTHOCHTCS Takxke 06pa3oBaHKe IHIICOBBIX HACTEUIEH Ha BHY TPEHHHX
YacTAX AaBTOKJIaBOB M CHHXEHHE CTENEHH HMCMNOJb30BaHHMA KHUCJIOpPOJA H3-332 BEIICICHHA B
aBTOKJIABE YITIEKHCIIOTHI U HEOOXOAMMOCTH BBIBOJMTE €€ MyTeM cOpoca abrasa.

HM3BecteH cnocob nepepaboTKH 30J10TOCOAEPKAIMX KOHUEHTPATOB ABOHHOM YIOPHOCTH
¢ ucnone3opanneM AOB, npunaATHI 3a Gnmxkaitumit ananor-nporotun (mareHt RU 2 514 900),
BKJIIOYAIOIMY KHCIOTHYIO 00paboTKy (IeKapOOHHM3alLMIO) HM3MEIBUCHHOrO KOHLEHTpATa,
OTMEIBKY MOJIy4€HHOH KHMC/IOH Mysibnsl oT XJopuaoB, AOB oTMBITON mMy/nbnbel KOHIEHTPATa,
OXJIXIACHUE OKHCIICHHOH ITyJBIBlI MyTEM CAMOMCMAPEHHS, KOHAWIMOHHPOBAHHE NYJBIBI, €€
00e3B0XHBaHHE U IPOMBIBKY H JlalbHEHIIEE H3BICYCHHE 30J10Ta COPOLIMOHHBIM IIHAHHPOBAHHEM
aBTOKJIaBHOT'O OCTaTKa.

CornacHo 1aHHOMY cnoco0y-aHanory KUCIyIO IyJbIly 30JI0TOCOAEPKALIEro KOHIIEHTpaTa
OTMBIBAIOT OT XJIOPHAOB Ha (UIBTPE MIH METOINOM NPOTHBOTOYHOM JACKAHTAIMH, IIPOLECC

aBTOKJIABHOT'O OKHMCJICHHS BEAYT IIpH Temmeparype 225 — 235 °C u 3akaHYHBAIOT 110 AOCTHXCHHH



OKMCITHTEIbHO-BOCCTAHOBMTENEHOrO MOTEHIMana mmyiasnsi B - uHTepBane 700 - 730 MB,

OTHOCHTEJIBHO CTAHJAPTHOTO BofopoaHoro ekTpona (CBJ).

JlauHBIH croco6 mo3BoJseT nepepabaThBaTh 30JI0TOCOAEPHKAIIHE KOHICHTPATH! IBOHHOM
YIOPHOCTH C BHICOKHM H3BJICHEHHEM 30JI0Ta. BMECTeE C TeM, €r0 pean3alns CONpseHa ¢ PIIoM
MPAKTHYECKUX CIIONKHOCTEMN:

1. Cnoco6 obecrieunBaeT yCTpaHEHHE TOJNBKO OJHOH COCTaBJSIONICH aABTOKJIABHOTO

nper-po60HUHra — XJIOpHI-HOHAa — 33 CYET €ro OTMBIBKH. YTJIHCTOE BELIECTBO B
nponecce u mocie AOB 3auacTyio ocTaércs aKTHBHBIM IO OTHOWIEHHIO K
pPacTBOPHMBIM KOMIUIEKCAM 30J10Ta W NMOTEHLHAIBHO MOXET OCTaBaThCs NMPUYHHOM
HOTEPh AParoleHHOro MeTaia.

2. OrMbIBKa mnyJsibnibl KHCIOTHOH 006paGoTkH He Bcerza obecneduBaeT ynalcHHE
3HAYMMBIX KOJIMYECTB XJIOPHI-HOHA INepell aBTOKIABOM, MOCKOJBKY XJIOP MOXET
BXOJHTH B KPHCTAUTHYECKYIO PEIIETKY HepasjaracMbiX B Ipolecce AeKapOOHU3aLHH
MHHEpAJIOB U ObITH HEJOCTYIHBIM JUIS OTMBIBKH.

3. I'my6Gokas OTMEIBKAa OT XJIOPHJOB INpeAroJiaraeT BRICOKHI pacxol cBexeil BOABI €
HU3KHM CoJepXaHHeM Xjopa. VICTOuHHKM Takoi BOAbI B OONBIIMHCTBE CITy4acB
orpanu4ensl. Micnons3oBaHue 060pOTHOM BOIBI 3aTPyAHEHO W3-32 HAKOIUIEHUS B Helt
XJIOPHAOB M TpeOyeT NMPUMEHEHHS NOPOTOCTOSIIEH OYHMCTKH (HampHUMep, METOIOM
obpaTHOro OcMoca).

4. OnpeneneHue U moaaepxanue ontumanbHoro 3HadeHHs OBII aBToknaBHOM MyJIbIE!
(B pamkax ykasaHHoro B crnocoGe auanaszona 700 — 730 mB) 3aTpyaneHo BciaeacTsue
TOTO, YTO HA HETO OKa3hIBAET BIHAHHE HeNbll psax ¢axropoB. K HAM oTHOCATCS:
KOHIIEHTPAHHs XJIOPHA-HOHA, COIEpXKaHHE H AaKTUBHOCTh YITIMCTOrO BEILECTBA,
napameTpbl aBTOKJIABHOTO OKHCIIEHHS H T.I1.

ITo >TuM npHyMHaM NpUMEHEHHE JAHHOro crmocoba He BCerna B XKENACMOH CTEICHU
IMOBBHIIIAET U3BJIEYEHHE 30JI0Ta, B OCOOEHHOCTH IUIA BBICOKOYIJIMCTHIX KOHIIEHTPATOB. 3ajauci
NpeaaraeMoro M300peTeHHs SBIAETCS YCTpPAaHEHHE OTMEYEHHBIX HENOCTaTKOB Omkaiiuero
aHaJora H JOTOHATEIbHOE [TOBBIIICHAE H3BICUCHHUS 30710Ta.

3adBNeHHEBIN TEXHHYECKHH pe3yibTaT NOCTHraeTcs TEM, 4TO B crnocobe nepepaboTKw
30JI0TOCOJEPXKAIIHX KOHLEHTPATOB JBOWHON YIIOPHOCTH, BK/TIOYAIOIIEM KHUCIIOTHYIO 06paGoTKy
HCXOAHOTO KOHIIEHTpaTa, CrylneHue, mojady CrylIeHHOW IynbNmbl B aBTOKJIAB, aBTOK/IABHOE
OKHCJIMTE/IHOE BBINENaYUBaHHE, OXJIAXKICHHE OKHCICHHOM MyJNbNBl CAMOMCIAPEHHEM, €€
KOHIWIIMOHHPOBaHHe, 00€3BO>KMBAHHE M TPOMEBIBKY H JajibHeHllee H3BICYECHHE 30JI0Ta

COPGHHOHHBIM OHAHUPOBAHHEM aBTOKJIABHOI'O OCTATKa, COrJIaCHO moﬁpe'renmo, B aBTOKJIaB Ha



3aBepIIAloINel CTaAUH NPOUECcCa OKHCIIEHHA CyIb(QUIO0B MOAAIOT a30THYIO KHCIIOTY HIIH €€ COMlb
¥ [IPOJOJDKAIOT IIPOIECC BBINENAYUBAHKS NPH TOH Xe TEMIIEpaType ¥ NaBlICHHHM KHCIopoja C
IIE/1BI0 TIOBBIIICHHS H3BJICUCHHS 30J10Ta 33 CYET [ITyO0KOro OKHCIIEHHS YIIIHCTOrO BEIIECTBA.

O6Br4HO mporiecce OKHCITeHMA yriepoia B BOOHBIX NMyJIbNaX MPOTEKAET OUYEHb MEJICHHO.
PeakLMi0O OKHCJIEHHA OpPraHH4YecKOro yrijepoga OOBIYHO YIPOIIEHHO MPEACTABJIAIOT B
ClIeAYIOIEM BHJIE:

Copr + 02 = CO21

IMpu Temnepatypax 200-230°C, mnpuHATBIX Ha OONBIIHHCTBE aBTOKJIaBHBIX
NpenpHUATH, NepepabaThIBAalOIKX 30J0TOCOACPKAIME KOHLEHTPAThl ABOMHOH YINOPHOCTH,
OKHCJICHHE OpPraHH4YeCKOro yriepoga IMpoHCXomuT He Oosee, yem Ha 10-15%. 3roro
HEJOCTATOYHO JUIS NOJIyYEHHS BHICOKOTO H3BJICYEHHS 30710Ta. JU1s TOro, 4T06b! NOAHATH CTENECHD
OKHCIIeHU# yriieposa 10 60 — 70 % u Bbie, Heo6X0AUMO NOAHATH IHO0 Temnepatypy (xo 235 °C
u 6osee), 60 NPOAOKUTENBHOCTE OKHCIEHHS (10 2 4 u 6osee), 1u60 oqHOBpeMEHHO 06a 3TH
napametpa. OJIHaKoO B 3TOM CIy4ae B HECKOIBKO pa3 Bo3pacTaeT HeoOX0AUMBIN 06beM aBTOKIIaBa,
NOBBIIAOTCA TpeOOBaHMA K KOHCTPYKIHMOHHOM IPOYHOCTH M KOPPO3HOHHOMN CTOMKOCTH
HCMONB3yEMBIX MaTepuHajioB. B HTOre pacryT KamUTallbHbIE 3aTpaThl, YBEJIMYHBAETCS Pacxon
3JIEKTPOIHEPT HH.

B npemnaraemom cmocofe ANA NOBBIIIEHHS CKOPOCTH M TOJMHOTHI OKHCIICHUS
OpPraHM4eCcKOro yrjiepoAa  IOBBILICHUS U3BACYCHUS 30JI0Ta NpeiaracTcy BBOAUTH B aBTOKJIAB
a30THYIO KUCJIOTY HJIH €€ cod. 3PPeKTHBHOCTD Criocoba MaKCHMAIbHA, €CJIH a30THYIO KHCJIOTY
HIH €€ COJMM BBOIUTH B ITYJIBITy TOCJHE MPaKTHYECKH IOJIHOTO OKHCIIEHHS CyJIbQHIOB. ITO
TI03BOJISET MHHHUMH3MPOBATH PACXOA a30THON KHUCIOTHI HJIH €& COJIM, a TAaKX€ MaKCHMAIBLHO
MOBBICHTh OKHCIIUTEIHHO-BOCCTAHOBUTENIBHEIM MOTEHIUAN MYJBIBI H, TEM CaMbIM, YBEIHYHTH
CKOPOCTb H MOJIHOTY OKHCIIEHHS OPFaHHYeCKOTo YIiepoaa H, Kak CleICTBHE, U3BJICYEHHE 30JI0Ta
Ha HOCNEYIOIIMX ONepalusx.

IIpeanonoxuTtensHo, B NMpoLecce OKHCIEHMS YIJMCTOTO BELIECTBAa a30THasd KHCIOTa
BBINIOJIHAET POJIb KaTaJM3aTopa, TaK KaK CrnocoOCTBYeT 0Opa3sOBaHHIO palHKabHBIX YacCTHIL,
KOTOpBIE 3HAYHTENLHO YCKOPSIOT IIPOLecC OKUCIeHHd. Henb3s Takxke HCKIIOYUTH BO3MOXHOCTD
OKHCJICHHSA YIJIHCTOrO BEIIECTBA B MPHCYTCTBUH a30THON KHUCIOTOH ¢ 00pa3oBaHHEM HE TOJIBKO
YIJIEKHCIOTBI, HO M BOAOPACTBOPHMEIX OPraHHYECKHX NPOAYKTOB, HalpHMep, MeJUIHTOBOI
kucnotel C( COOH)s.

A30THas KHCIIOTAa WIH €€ MNpOM3BOAHBIE O€3BO3BPaTHO pPACXOAYIOTCS Ha PCaKIUH
OKHCJIeHHS HOHOB xene3a Fe?' no Fe** u noBelleHHe OKHCIHTENBHO-BOCCTAHOBHTEIBHOTO

NMOTEHUMAJA aBTOKJIABHOM IIyJIBIIBI.



Ipumepyl peanusayuu npednazaemozo chocoba

BrickazaHHOE NOATBEPXKOACTCS, HO HE OrPaHUYHUBAECTCS IIPUMEPaMH pealH3aluH
TpeIaraeMoro crnocoba B CpaBHEHUH €O COCOOOM-POTOTHIIOM.

DKCNEepHMEHTANIbHAs TIPOBEPKa MPEATaraeMoro cnocofa H ero CpaBHEHHE C IPOTOTHIIOM
oCyIIecTBIANAch Ha MATH npobax cynbOHIHBIX 30J0TOCONEPXKAIIMX KOHIEHTPAaTax IBOAHOMH
YIIOPHOCTH, MOy 4eHHBIX NpH (GIIOTAMOHHOM 06OTAIeHHH Pyl Pa3IMYHBIX MECTOPOXKICHHH.

CocTaB KOHIEHTpaToB mpeacTaBieH B Tabiamie 1. Bce KOHUEHTpaThl — YIIMCTBIC, B
HEKOTOPBIX cojepxanne opranudeckoro yriepoma (Copr) mnpesbmmaer 3 %. KpymHocth

KOHIeHTpaToB 90 % kiacca -45 MKM.

Tabmyua 1.
ConepaHne KOMNOHEHTOB, %
MNpoba -

Au (r/7) Cosuy Copr As Fe Sobu Ssos Sb Si Al K
A 24,9 0,50 0,50 6,1 17,8 18,5 1,08 - 14,3 4,5 -
B 39,9 0,74 0,53 5,5 30,7 30,1 0,07 0,11 9,4 34 1,05
C 83,0 3,2 31 9,1 19,5 17,5 0,08 0,09 14,6 4,5 1,46
D 45,1 4,1 3,6 39 | 16,4 17,8 0,18 2,9 131 4,2 1,75
E 33,4 2,8 2,6 2,5 21,1 17,6 0,36 <0,05 - 6,9 3,8

B ompiTax HCHONB30BAlH  JUCTH/UIAPOBaHHYIO BoAy. MCXomHBIi KOHIEHTpar
06pabaTEIBAIH C LIENLIO pa3pyLIeHus KapGoHaToB B TeueHue 1 yaca npu temnepartype 60 °C u pH
1,5 - 1,8. 3nayenne pH moanepxusany myTeM 10GaBKH pacTBOpa CEPHOH KHCIOTHI. [loyueHHY10
KHCJIYIO MBIy NIEPEHOCHIIM B THTAHOBLIN aBTOKIaB 00BeMoM 1,2 11, rae e€ pa3baBisiid BONOH
10 conepxanus TBepaoro 16 %.

ABTOK/IaB HarpeBajid A0 Temneparypsl 225 °C, nogaBajd KHCJIOPOA A0 MapUHaIBbHOrO
naBnenus 730 xI1a m BKIIOYANH MepeMeIIMBaHHE. DTOT MOMEHT CYHTAIM HA4YaloM OnbiTa. B
IpoLEcce OINBITA HENPEPHIBHO HM3MEPSIH pacXojd KHuciopojaa. Temmeparypa W HaBlieHHE B
aBTOKJIaBE NOAACPKHBATHCH aBTOMATHYECKH Ha 3aJaHHOM YPOBHE.

BELI0 NMPOBENEHO MATH CEPHil ONBITOB, IO OXHON cepHH Ha Kaxao# npobe. [ToryyeHHbIe

pe3yJILTaTH IPUBECHHI B TabIHLE 2.



Tabnuua 2.

NpoAOMKUTENbHOCTD Boixoa, |CreneHb
oot 1900 sranosoxncremmn, s | PRI | oo g ocrama, owrn, |"Seneee
3tan1 | 3tan2 | O6wan | HNOs, kr/T | KNOs, Kr/T % Copr, %
Al | 13 . 13 . - 709 91 58 91,8
A2 13 30 43 - - 754 65 28,0 96,5
A A3 14 30 44 25 - 859 72 39,6 96,9
Ad 14 30 44 100 - 853 66 49,3 96,1
Bl 16 - 16 - - 718 34 10,0 90,5
B2 16 30 46 - - 736 39 23,5 94,3
B B3 17 30 47 25 - 879 82 73,7 98,4
B4 18 30 48 100 - 880 64 79,5 99,2
C1 19 - 19 - - 713 77 5,6 90,0
c2 18 30 43 - - 744 74 4,5 92,4
¢ Cc3 20 30 50 25 - 832 81 68,4 96,1
C4 19 30 49 100 - 848 73 88,9 99,3
D1 15 - 15 - - 705 82 0,0 62,9
b D1 12 30 42 - - 725 73 9,0 79,1
D2 14 30 44 25 - 840 66 62,8 85,1
D3 16 30 46 100 - 855 64 90,6 91,1
El 15 30 45 - - 716 66 5,6 80,0
E2 14 30 44 - - 743 73 12,7 83,6
E3 16 30 46 25 - 809 71 78,4 89,4
£ E4 12 30 42 100 - 869 70 87,1 98,9
ES 13 30 43 - 33 823 75 69,8 89,5
E6 14 30 44 - 100 863 101 85,8 98,8
E7* 13 30 43 100 - 820 72 41 85,2
E8** 12 30 42 100 - 815 71 53 87,0
NpumeyaHue:

E7* -a30THYIO KUCNOTY NOAAAM B Ny/ibAY nocne okucneHua 20 % cynbduaos

E8**a30THYIO KUCNOTY NOAANM B NyAbNy nocne okucneHua 60 % cynbdunos




TlepBhic ombiT B Kaxnoii cepun (ombrret Al, B1, Cl u T.1.) 6BUTH TIpOBEREH no cnocoly,
NpHHATOMY 3a GnuKaiimmuit anaior. B JaHHBIX ONBITaX IMyJibMy MOCTC KHCJIOTHOM 06paboTku
(unpTpoBaNM W NPOMBIBATH C HENBIO YIQICHHS BOJXOPAaCTBOPHMBIX XJIOPHIIOB, @ IMpolece
OKHCJICHHS OCTAaHABIMBAIA 4epe3 | — 2 MHHYTHI NOCHE MONHOTO OKHCIEHHs CyNbuios. 0
JOCTHXKEHHH KOTOPOTO CYAWIM MO INPEKPAlCHHI0 MOTPeOJIeHHs KHuCiopoa B Iponecce
aBTOKJIABHOFO OKMCIEHHS. IIpONOKHTENBHOCTE 3TOr0 3Tana He mnpesbimana 20 MAH (CM.
«Oran 1» B Tabn. 2).

Bo BTOpoM ombiTe Kaxao# cepud (ombiTel A2, B2 u T.A.) mocne npexpauicHHs
noTpe6IIeHUs KHCIOpoJa MPOLECC NPOAOMKanH B TedeHue em€ 30 MHH s BO3MOXHOIO
JOTOJNHATENBHOTO OKHCIICHHS yriepoza (cM. «Jtamn 2» B Tabi. 2).

Tpernii ¥ 4eTBEPTHIi ONBITH Kaxao# cepun (onbiThl A3 U A4, B3 u B4 n 1.1.) Benu B
COOTBETCTBMH C MpemiaraeMbiM crocob6om. B 3THX ombITax mocne npekpaimeHHs pacxona
KHCJIOPOJa B aBTOKJIAB C MOMOLIBIO EPHCTANBTHYECKOr0 HacoCa BEICOKOTO 1aBIeHHs BBOAMIIHK (B
TeueHne 1 — 2 MUH) a30THYIO KHCJIOTY C Y/€JbHBIM pacxooM 25 Kr/T (onsitel A3, B3 u T.1.) Hiiu
100 kr/t (oneITh1 A4, B4 ¥ T.1.). YaenbHbIE pacXOIbI KHCIOTHI IIPUBEICHBI B IEPECYCTE HA YHCTOS
BEIIECTBO.

B onsitax ES 1 E6 npoliecc Bes B COOTBETCTBHH C IpeJUIaracMeIM criocoGoM. B asroknas
nonaBamu pactBop KNOsc konuentpauuell conu 300 r/n ¥ mpojoykaid NpoUecc B TEUCHHE
JOTIONIHUTENRHOro BpeMeHH (30 MUH) IIPH TO#H Xe TeMIepaType U NaBJCHUH. Y AeIbHbI PacXon
conu B onsite ES coctaBuia 33 xr/t, B onbite E6 — 100 Kr/T.

Jlns cpaBHEeHHs MpOBENH 2 onblta ¢ npoboi E, B KoTOPBIX a30THYIO KHCJIOTY BBOMHTH
nocne oxuciierus 20% u 60% cynbgunos (onsiTel E7 u E8 cooTBETCTBEHHO).

Bo Bcex ONMBITAX HA BTOPOM 3Tane OKHUCIEHUs NpoBoauiu cOpoc abra3a co CKOPOCTHIO
oxono 1 mi/MuH (NpH moamepkaHWH pabodero JAaBieHHS B aBTOKJIABE KHCIOPOZOM) BO
n36exaHKue BO3MOXHOTO HAKOIUICHHS B ra30Boi ¢a3e yrieKHC/IO0ThI.

OKoOHYaHHE BCEX OIBITOB OBLIO OJMHAKOBLIM: ABTOKJIABHYIO IyJIbITy, HE3aBUCHMO OT
criocoba ee TOMydeHHs, OXJaxzand p0 TeMmneparypbl 95°C H  KOHIMIHOHHPOBAIH
(mepeMeIMBAIH) TIPH 3TOH TeMIlEpaType B TeyeHHe 2 4. 3aTeM My by QUILTPOBAIH U H3MEPATH
OBII dunbsrpara. Kex mpoMblBanu BoJOH 1 noABepraiu copbuuonHoMy nuanuposasuio (RIL),
KOTOpOE TIPOBOJIUITH TIPH CONEPKAHUU TBEPHOTO B myibie 20 %, konnenrpauuu nuannza 0,1 %,
pH 10 - 11, xonnenrpauuu cmonst AM-2B 5 % (06.) B Teuenue 24 4. B xekax npoGHPHEIM
METOJIOM OTIpEIeILSUTH COJCPKaHHE 30JI0Ta.

[Mony4eHHEIe pe3ybTaThl (TabHLa 2) TOKa3LIBAIOT:

o [IlpH aBTOKJIAaBHOM OKHCIEHHH YITIACTHIX KOHIEHTPAaTOB B COOTBETCTBMH CO CIOCOGOM,

[IPHHATOM B Ka4dCCTBC Ommxkaiimero  aHasora, YIJIHCTOC  BCIIECTBO  OKHC/IACTCA



HesHaunTensHo (ombitel Al, Bl ¥ T.1.), M03TOMy MH3BICYEHHE 30J10Ta, OCOOEHHO Mt
BBICOKOYTJIMCTBIX KOHLIEHTPATOB, OKA3hIBAETCsl HEBHICOKHM.

e VYBelMuYeHHE IUIMTENBHOCTH AaBTOKIABHOro okuciaeHds Ha 30 MuH (CBEpX BpEMEHH,
HEO6XOAUMOro Ul OKHCJICHHS CYIb(HI0B) HE3HAYUTEIBHO MOBBIIACT CTENEHb OKUCICHHA
yraucToro BemectBa (ombitsl A2, B2 u T.4.). [l ManoyriucTeIX KOHLEHTPAaToB 3TOro
OKa3bIBAETCA JOCTATOYHO VIS CYHIECTBEHHOTO [TOBHIIIEHHS H3BJIEYeHHs 30510Ta. OnHaKo, A
BBLICOKOYTJIHCTHIX KOHIIEHTPATOB H3BJICYEHHE 30JI0TA XOTS U PacTeT, HO BCE XK€ OCTACTCA
HEBBICOKHUM.

e [IpH aBTOKJI2aBHOM OKHCIEHHH KOHLICHTPATOB I10 PEUIaraeMoMy crocoby (OmBITHI A3 u A4,
B3 u B4 u T.1.) yrIMCTOE BEIIECTBO OKHCHSeTcs ropasno monHee — Ha 80 — 90 %.
COOTBETCTBEHHO M3BJIEUEHHE 30J10Ta B GOJLITMHCTBE Ciydyaes NoBbimaercs 10 98 — 99 %.

o CoJM a30THOM KHCIOTH! (HATPATHI) ASHCTBYIOT aHATIOTHYHO a30THOH kucioTe (onbithl ES 1
E6).

e [lpu momaye a3’OTHOM KHCIOTHI B INyNbIly, [Ae eIle NPHCYTCTBYIOT HEOKUCIHBLIMECH
cynbhunsl (onsrrsl E7 u E8), BeICOKas CTeneHb OKHCIEHHS yriiepojia He Habmonaercs u
H3BIEUYEHHE 30JI0TA OCTACTCA Ha GA30BOM ypOBHE. DTO OOBACHAETCA TEM, YTO CyTb(HIbI
cHmxKatoT BemunHy OBIT, 9T0 NpUBOAUT K GEICTPOMY MOTPEGIEHHIO 830 THCTHIX COEARHEHHH
110 peaKHMsaM HX B3auMoIeHCTBHs ¢ cyabdunamu uin xenesom(II).

o Jlns BHICOKOYIIIHCTHIX KoHUeHTpatoB (npobel C, D u E) onTumanbHbI pacXol KAC/IOTH
cocrapmser 100 kr Ha 1 T KOHLEHTpATa, J1s MATOyIHCTHIX (pobkE A, B) noctatouHo 25 xr
HalT

TaxuM o6pa3om, nepepaboTKa 30J0TOCOASPKAIIAX KOHLEHTPATOB ABOHHOK YIOPHOCTH
IO Mpe/IaracMoMy Croco6y MO3BONAET OKHCIMTB HE TONBKO CYJIb(HAbI, HO H JIO 70 — 90 %
YIVIHCTOrO BELIECTBA. DTO NMOAABISET Nper-poGOHHT (Kak aBTOKIABHBIM, TaK U IHaHHIHBIA) 1
JaeT BO3MOXHOCTb [IEpepabaThIBaTh ¢ BEICOKHM H3BICYCHHEM 30JI0Ta Jaxe HauGosee ynopHeIe
BBICOKOTJIMCTbIE KOHLIEHTPATHI.

A30THas KMCJIOTa MOET MOJaBaThCsA B aBTOKIAB B BUAE Kpemnkoro (68 %) unu B BuAe
pa3GaBIeHHBIX PACTBOPOB, 3 HUTPATHHIE COJIM — B BUAE BOJHBIX PACTBOPOB € KOHIIEHTpanueH ot
100 mo 400 r/n.

I1poOIDKHTENLHOCTS a30THOKHCION 06paboTKH MOXKET cocTaBsTh oT 10 10 60 MUHYT ¥
3aBHCHT OT TEMIIEPATyphl mpouecca. B paccMaTpuBaeMBIX NpMMepax TEMNEpaTypa B aBTOKJIABE
cocTapnsuia 225 °C, IIpH 3TOM TeMIepaType MPOAOKHTEIBHOCTS a30THOKUCION 06paboTKH He
npesbimana 30 Mun. [Tpu 6onee HU3KKUX TEMIEpaTypax MOXET NOTpeGoBaThes Gonee HTENbHAs

obpaboTtka.



©®OPMYIJIA U30BPETEHUS

1. Croco6 nepepaGoTku CynbGUIHBIX 300TOCOAEPXKANTMX KOHIEHTPATOB BOMHON
YIOPHOCTH, BKIIOYAIOMHKA KHCIOTHYIO 00pabOTKy KOHIEHTpaTa, CTYLIEHHE C IIONy4YeHHEM
MyJBIIbL, TIOAAYY MyJIBNBI B ABTOKJIAB, ABTOKJIABHOE OKHCIHMTENIBHOE BHIENAYHBAHKE ITYIIBIIE]
NOA [ABIICHHEM KHCIOPOJA, OXJIAXKICHHE BBIIEIOYCHHOM IyNbIIBl CAMOMCHAPEHHEM, €€
KOHIMIMOHHPOBaHKE, OGE3BOKMBAHHE H TPOMBIBKY C [AMbHEHIIMM W3BJICYEHHEM 30]0Ta
COpOLMOHHBIM IIHAHHPOBAHHEM aBTOKJIABHOrO OCTAaTKa, OTIMYAIONIUICA TEM, YTO aBTOKIABHOE
OKHCJIMTENIPHOE BhILIEIaYUBaHHE BedyT npy TeMiepatype 90-240 °C u nonave B aBToKNaB 25-
100 xr/T a3oTHO# KucaoTh wiK 30-100 Kr/T HUTPaTHOM cOMH.

2. Cnoco6 no n. 1, oTiHyaromuMics TeM, YTO a30THYIO KHCIOTY HJIH €€ CONb MOJAIOT B
MyJIBITY IOCJIE OKUCICHUS HE MeHee 85-90 % cynsdmjmoﬁ CEpHL.

3. Crioco6 no n. 1, oTaxyaromumifcs TeM, YTo a30THYIO KHCJIOTY NOJAIOT B ABTOK/AB B BUAE
Kkpenkoro 68 %-ro uiu pa36aBIeHHOrO pacTBOpPA, @ HUTPATHYIO COJIb ITOAAIOT B @BTOKJIAB B BHIE

pactBopa ¢ koHueHTpauuei ot 100 xo 400 r/n
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5. OBJIACTD ITOMCKA:

MpocMoTpeHHas JOKyMEHTauus (CHCTEMa KIacCH(pHKaUMN ¥ HHICKCEI MIIK)
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) IeKTpOHHAs 6a3a JAHHBIX, HCTIONB30BABLIAACA NIPH NOKCKE (Ha3BaHHE Ga3bl H, €CIIH, BOIMOXKHO, HCTIOJIE3yEMBIC IIOHCKOBBIC TEPMHHBI)
EAPATIS, PATENTSCOPE, ESPACENET

B. JOKYMEHTBI, CYHUTAIOIHUECS PEJIEBAHTHbIMH

Kareropus* CCBUIKH Ha IOKYMEHTHI C YKa3aHHEM, TIE T0 BO3MOXHO, PEJICBAHTHBIX YacTel OTHOCHTCA K IIYHKTY Ne

Y RU 2552217 C1 (OO0 “HAYYHO-UCCJIEJOBATEJIbCKHIA LIEHTP 1-2
TUJPOMETAJLUTYPI'HST”) 2015-06-10
dopmyna, pedepar, c.5-8, Tabmuna 2

Y WO 1995/12001 A1 (FMC CORP) 1995-05-04 1-3
dopmyaa, pedepar, npumepsl, dur.1

Y US 4647307 A (RAUDSEPP REIN) 1987-03-03 1-3
dopmya, xonouku 4, 13, npumepsi 2, 3, 5

Y RU 2120486 C1 (OO0 “COJIUTIK”) 1998-10-20 1-3
dopmyna, c.3-4

Y CN 1477215 A (JINCHILING MINING & METALLARGY) 2004-02-25 1-2
¢dopmyina, c.3-4

Y US 4878945 A (RAUDSEPP REIN; BEATTIE MORRIS J) 1989-11-07 1-3
dopmyna, npumeps! 1-2, kononky 5, 11

Y EA 201592027 A1 (JIAM®30YH JIMMUTEL) 2016-05-31 1-3
dopmyina, npumepsi 2-4, dur.1-4

I:I NOCJIEAYIOINE JOKYMCHTHI YKa3aHbl B IPOAOCJDKCHHH

«T» - Gonee MO3HMI AOKYMEHT, OITyGINKOBaHHEIH NOCHE NATH NPHOPUTETa U

* Ocobsie KaTeropHH CChIIOUHEBIX JOKYMEHTOB:
NpHBEACHHEIN JUIs NOHUMAHNA H306PETeHUA

«A» - JOKYMEHT, Onpeaensiomuit o6muii ypoBeHb TEXHUKH

«D» - JJOKYMEHT, IIpHBEICHHRIN B €BPA3UICKOM 3a9BKe «X» - IOKYMEHT, MMeiomui HauGonee GNM3Koe OTHOMCHHE K NIPEAMETY NOHCKa,
«E» - Gonee paHHKH AOKYMEHT, HO OIyGIINKOBAHHBIH HA ATy MOAAYH Tioposanmyit HOBU3HY WM H306peTaTeNbCKui YPOBCHS, B3ATHIH B OTAC/BHO-
CcTH

icBpa3HICKOH 3aABKH KITH N0CTIE HEe

«O» - IOKYMEHT, OTHOCAIIMIACA K YCTHOMY PacKphITHIO, 9KCIOHHPO-
BaHHIO H T.A.

"P" - IOKyMEHT, OIlyGIMKOBaHHBIH 0 aThl NOJAYM €BPAsHACKOH

3asBKH, HO NOC/IE AATH HCNPAILIHBAEMOTrO NIpHOpHTETa"

«Y» - AOKYMEHT, HMeiomui HanGosee 6/IM3KOe OTHOLICHUE K MPEAMETY NOHCKA,
nopouamuii n306peTareIbCKHi ypOBEHb B COMCTAHHH ¢ PYTUMH AOKYMEH-
TaMH TOH XKe KaTeropHH

«&» - IOKYMEHT, ABAIOMMHHACA NATCHTOM-aHAJIOTOM

«L» - JOKYMEHT, NIPHBEACHHBIH B IPYTHX LENAX
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