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BeepeHue

MarHauTtHas Qpakums sAB/ISAETCSA OHON
U3 COCTAB/AIMX (GailHIITENHOB, 00pa-
3YIOUIUXCA TIPU MMPOMeETaTypPriudecKoil
nepepaboTKe CyIbQUIHOTO MeJHO-HU-
KeJIeBOTO ChIpbA. [JaHHBI IPOMIIPOLYKT
dbopmupyercss M3 pacmiaBa IpyU €ro Ox-
NMaXIEeHNN/3aTBepAieBaHUN U KOJIJIeKTU-
pyer B cebe no 90 % OMaropomgHBIX Me-
TAJIJIOB, CPefil KOTOPBIX IE€PBOCTEIIEHHOE
3Ha4YeHMe MMEIT MeTa//Ibl IIJIATUHOBOII
rpynnsl (MIIT). OTHOCUTENTBHO BBICOKOE
Cofiep>KaHMe [IParolleHHbIX MeTa/lIoB Jie-
JaeT 0COOEHHO aKTYa/JIbHBIM IONCK ITyTeil
CHIDKEHNA IIOTePb 9TUX METAJIIOB, a TAKXKe
yMeHbIlIeH/e 00beMOB He3aBepIIeHHOTO
npousBoacTBa. ONHMM M3 TAaKMX HAIpaB-
JIEHUI! ABJIAATCS BBIBOJ, U3 MMPOMETATyp-
TMYeCKOro Iepefiesia MarHUTHOM (ppakumm
(M®) dartHmTeiiHa 1 nepepaboTka e€ B
OTHE/NbHOM TUAPOMETA/UTYPIrUYeCKOM LIM-
KJIe.

Crnennmanucrtamu HUIL «Iuppomeran-
Typrus» ObUIa TIpeyIoKeHa TeXHOIOTHA
nepepaborkn M®, cocrosmas u3 ABYX
OCHOBHBIX oIlepaiuil. B pesynbrare o6pa-
3yeTcsl KOHEeUHbII MPOYKT — KOHIIEHTpaT,
copeprkamuit 20-30 % cymMbl 61aropog-
HBIX METa/IJIOB, IPUTOAHBIN /IS TIOC/IENy-
fomero adgduuaxa. IlpemnoxeHHas Tex-
HOJIOTMs TIpeflycMaTpUBaeT IIPOBefieHNe
npolecca B MATKMUX YCIOBUAX U UCTIONb30-
BaHJe CTaHJapTHOro obopynoBanus. OnHa
peanusyeTca B CyIbQaTHBIX PacTBOpax 1
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He TpeOyeT IpUMeHeHNs TOPOTUX WK Jie-
(UIUTHBIX peareHToB.

UcxopaHble MaTepuanbl

[lna mpoBepeHnA MccnenoBaHU ObITa
UICTIONIb30BaHa Ipo6a MarHMTHOM Qpak-
1y QalHIITelHA, XMMUYECKUI COCTaB 1
¢dusnyeckne CBOJICTBA KOTOPOII IpuUBefe-
Hbl B Tabimmuax Vccnemyemass mpoba oT-
JIMYAeTCA HEBBICOKMM COJIEP>KaHMEM Meu
U BECbMa BBICOKOJ KOHILIEHTpaLueil Cepbl
- 15 %. 910 03HayaeT, YTO I HAHHOTO
IPOMIIPOJYKTa XapaKTEPHO HU3KOE COflep-
JKaHMe MeTA//IMYeCKMX KOMIIOHEHTOB U
OTHOCHTEIbHO BBICOKOE — CynbduoB. [To-
clefiHee OOCTOATENIBCTBO 0OYyC/IaBIMBaeT
OIIPENENEHHYIO YIIOPHOCTD JAHHOTO MaTe-
pMaa K BBIIETAYNBAHNIO B aTMOC(EPHBIX
ycnoBusax. OObIYHO KOHIIEHTPALA CEPhI B
M® He npespimraet 10 %. n Tabmmna 2 co-
OTBETCTBEHHO.

Viccnepyemas mpo6a oTmmyaeTcst HeBbl-
COKUM cOJiep>)KaHVeM MeIyl U BeCbMa BBI-
COKOI1 KOHILIeHTpauueit cepel — 15 %. JTo
O3HayaeT, YTO /IS JAHHOTO IIPOMITPOJYKTa
XapaKTepHO HU3KOe COfiep>kaHue MeTasl-
JINYECKMX KOMIIOHEHTOB U OTHOCHUTEIHHO
BbICOKOe — cynbdunos. [TocnegHee o6cTo-
ATENIbCTBO OOYC/IaB/IMBAET OIpeNeNEéHHYIO
YIIOPHOCTDb JIAaHHOTO MaTepuasia K Bblllle-
JTAYMBAHNIO B aTMOC(HEPHBIX YC/TOBUSX.
O6bryHO KOHIeHTpanusa cepsl B M® He
npesbimaet 10 %.



Ta6nuua 1 — PesynbraTtbl XMMUYECKOTO
aHasmsa MarHuTHom dpakumum

KomMnoHeHT En. namepe-  CopepxaHue
HUS
Ni % 60,2
Cu % 12,2
Co % 1,96
Fe % 9,46
S % 15,0
Pt r/T 190
Pd r/T 876
Rh r/T 22,6
Ru r/T 6,01
Ir r/T 2,79
Au r/T 23,1
Ag r/T 100
Os r/T 0,8
> BbM % 0,122

Ta6bnuua 2 — dusnyeckme cBonUCTBa U
rpaHy/IOMeTPUUYECKMI COCTaB MArHuUT-
HoW dpakumm

D w P(45) P(71)
(r/c) (%) (%) (%)
5,75 7,44 53,2 31,0

MpumeyaHue: D — nnotHocTb (r/cm3);
W — BnaxHocTb (%);
P(N) — conepxaHue knacca yactuy, N MkM (%)

B cympdupgnoit vactm MP mpucyrt-
CTBYIOT QaHAJIOTV HPUPOAHBIX MaTepua-
JIOB: XU3JIEBY[IUT, Xa/IbKO3MH-OOPHNT, KO-
OanbT-IIeHT/TAH/INT.

Upentuduxanma ¢opM HaXOXIeHN
IUVIATVHOBBIX META/UIOB 3aTpyJHEHa Ma-
JBIM UX cofep>KaHueM B ucxopHoit MO.
Omnpepenénnas mHpOpManMA IOTydYeHA
TOJIBKO JUIS1 IUIATMHBI M B MEHBIIEN Mepe
U ma/UIafivisd. YCTAaHOBJIEHO, YTO 00a Me-
TaJUIa IPUCYTCTBYIOT, [/TABHBIM 00pa3oM, B
MeTaIn4ecKkoit dase.

ATMocdepHOe okucnutenbHoe
BbiLeslaYMBaHue MarHUTHOM
bpakunm

BbI10 MccneoBaHo BIUAHYE MCXOTHOM
KPYITHOCTY Ha OCHOBHbIE ITOKa3aTeN IIpo-
necca. B kadecTBe 6230BbIX ITapaMeTPOB Ha
IepBOM 3Tare ObUIM IPUHATHL: MCXORHAsA
KUCIOTHOCTh 150 1/mM® mpopomxuTenb-
HOCTb 6 4acoB. Bo Bcex cepysAX OIBITOB MO-
crossuHbiMu 6bUM: JK:T = 7; Temmeparypa
85 °C; pacxop kucnopoga 3 am’/MuH; co-
Iep)KaHye B MCXOZHOM pactBope (r/mm3):
Ni - 15; Cu - 15. OnHa 13 HaBecoK Oblia
IIpefIBapUTE/IbHO M3Me/IbueHa B IJTaHeTap-
HOJ MeJIbHUIE B T€YEeHMEe 5 MUH; SPYTYIO
HaBecKy o6pabarbiBay 6e3 M3Me/IbueHNs.
Copeprkanne Kmacca + 71 MKM COCTaBUIO
31 % B HaBecke 6e3 n3MenbueHus u 14,8 %
— I10CIe M3MeTbueHnsA. Pe3ybTaTel ONIbITOB
II0Ka3aJIn, 4TO I0M3Me/IbyeHNie MarHUTHOI
¢bpakuyuy He OKas3bIBaeT CYIECTBEHHOIO
B/IMAHMA Ha ITOKas3aTeln Ipolecca aTMOC-
¢depHOro BBIIIeTAYNMBAHNA.

WccnenoBanme BAMSAHUA —KUCTOTHO-
CTV ITy/IBIIBI Ha IIOKa3aTeay aTMOCepHO-
rO BBIIEIAYMBAHNSA OCYIECTB/LAIN IPK
HavasnbHOM KoHUeHTpanun H,SO,: 150 n
180 r/pm3. Tlo manHbIM [1] ckOpOCTB Tepe-
xoya HyKesst 3 M@ B pacTBOp He 3aBUCUT
OT HavyanbHON KoHUeHTpauuu H,SO,. Ox-
HAKO Uil TOCTVDKEHUs TPUEeMJIEMOI CTe-
IIeHV PacTBOPEHUS IIBETHBIX METAJIOB U
JKejle3a HavajbHasl KOHIEHTPALMs CePHOIA
KUC/IOTHI JO/KHA ObITh He MeHee 150 r/mm3
(mna oruomenus JK:T = 7). YBennuenue
MCXOmHoI KucaoTHocTu mo 180 r/mm3 ot-
PasnIoCh MpeXksie BCero Ha KOHEYHON KOH-
LEHTPaLMM CEPHON KUCIOThI B PacTBOpE:
OHa Bo3pocna B 2,5 pasa. [Ipu sToM BrIxOf
KeKa yMeHbIIcA Ha 4 %. [Tocnentee 06b-
SCHACTCA CYILIeCTBEHHBIM YBelINYeHUEeM
CTETIeHY Pa3/IoXKeHNsI MEHBIX MITHEPAIOB:
U3BJIeYeHe Me[IUl B PAaCTBOP YBEINYNIOCDH

¢ 60 1o 95 %. B cocTraBe KeKa Takxe Ipu-
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CYTCTBYeT 3/IeMeHTapHasI Meflb, UTO C/Iefy-
eT NPU3HATh HEXKe/ATeJIbHbIM SBJICHUEM,
IIOCKO/IBKY 3TO HETAaTMBHO CKa3blBaeTcA
Ha IOCTIeAYIOIell OIepanuy — aBTOK/IAB-
HOM OKMCJIEHMM OCTaTKa aTMOC(pepHOro
npouecca. Ha moBenenne Hukens, xxenesa,
IUTaTMHBI, TA/UTAAVA KMUCTOTHOCTD IPAKTU-
YeCKI He OKa3bIBaeT BINAHIA, U3BIEUYEHIIE
KOMIIOHEHTOB HaXOJUTCA Ha ypoBHe 75, 90,
0,1 1 0,1 % coorBeTcTBeHHO. UTO KacaeT-
csl MeTaJUIoB-cy THUKOB ItatuHbl (MCII),
TO TPOCMAaTPUBAETCA HEKOTOpas TEHMEH-
LMs CHIDKeHMs mepexopa B pactBop Rh
(c131309 %), Ru(c41 mo38 %) ulr(c7 mo
3 %) mpu yBeIMYEHMUM VICXO[JHOI KUCIIOT-
HOCTH, HO 110 COBOKYITHOCTM ITOKa3aTesie
C Pa3IUYHON KUCTOTHOCTBIO IPU aTMOC-
¢dbepHOM BBIIeNTAYMBAHNN TIPEAIIOYTEHNE
crefyeT OTHaBaTbh IIPOLECCY C OTHOCHU-
Te/IbHO HU3KOM KoHneHTpaumernn H,SO,
(150 r/mM3®), COOTBETCTBYIOLIEHl PACXORY
KICIOTHI 0KOj10 1 T/T M.

J71s1 o1jeHKM TP OO/KUTENbHOCTY IIPO-
1jecca ObITa IpOBefieHa Cepus OIBITOB, I7ie
JUTUTEIBHOCTD aTMOCQEpPHOI CTAuM W3-
MeHsAu B iuamnasoHe oT 0,7 go 12 yacos. Bo
BCeX 9KCIepUMeHTax copepkanue Pt, Pd n
Au 6b1710 BecbMa MaJjIo I COOTBETCTBOBAJIO
UX U3BJIeYeHNI0 B pacTtBop MeHee 0,1 %.
[TosToMy mpu OOCYX/JeHUU pe3y/IbTaTOB
TAHHOV CepuM U3 IUIATMHOMIOB paccMa-
TpuBaercs Tonbko mosefeHne MCII: Rh,
RumnIr.

CormacHo pucynky Pucynok 1 - Pe-
3y/IbTaThl 3KCIEPUMEHTOB IO OIIpefierne-
HUI0 HEeOOXOAMMOJN IPORO/DKUTETBHOCTI
npolecca aTMOC(HEPHOTO BBILIETAYVBAHNS
M®, ocHOBHBIE IIpEBPALIEHN IIPU ATMOC-
dbepHOM TpollecCe MIPOUCXOAST B IepBbIe
2—-4 yaca. 3a 4 yaca Macca TBEPJOTO COKpa-
maerca B ~ 2,5 pasa. Hukenb nepexopur B
pactBop Ha 65-70 %, xene3o0 — Ha 85 %. I1o-
BefleHMe Me[y OTIMYAETCSA OT OCTA/IbHBIX

MeTaJUIoB. B Teuenme mepsoro 4aca oHa B
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pacTBOp He nepexogut. bonee Toro, B 3TOT
nepuoy, HabIIOlaeTcs MPAKTUIECKN IOJ-
HOE OCAXJEHMEe MeIM U3 MCXONHOIO pac-
TBOpa. BepoATHO, 3TO BBI3BAHO €€ IleMeH-
TalMel MeTa/In4ecKoli ¢pa3oit MarHMTHO
¢pakuyu. Kpome TOro, ocaxkpeHue Memu
B BUJe Cynbduia U3 pacTBOpa IPOUCXO-
JIAT 3a CYET €€ PeaKLUM C CEPOBOIOPOLOM,
BBIZENIAIOIMMCA IIPU  B3aMMOJEICTBUA
Hanbosee aKTUBHBIX CYIbQUIOB >Xemesa
C CEepHOV KMUCIOTOM. B TedyeHme mepBbIX
40 mya MCII B pacTBOp OYTH HE IIEPEXO-
pAt. 1o ucrevyeHnu 2 9acoB pojuil pacTBoO-
psAerca Ha 11 %, pyrenuit Ha 46 % upuanin
Ha 6,5 %. B janpHeneM npyu yBenm4eHnumn
BpeMeHM aTMOC(EpPHOTO BBIIIeNTAYMBAHNA
BIUIOTDH J10 12 4acoB 9TU IOKa3aTenu Cylile-
CTBEHHO He U3MEHAIOTCA.

CHIDKeHMe TPOJO/DKUTEIBHOCTY  aT-
MocdepHOro mporjecca MeHee 4 4acoB Co-
IPOBOX/IAETCA YBE/NIMYEHNEM KOHEUHOI!
KVMCTIOTHOCTM PacTBOPA, YTO CHIDKAET CTe-
neHb ucnonb3osanua H,SO,. B To xe Bpe-
Ms B OIBITaX MPOFODKUTETbHOCTBIO 2-4
yaca JIOCTUTAIOTCA YHOBIETBOPUTETbHbIE
U TIPUMEPHO OJVHAKOBbIE ITOKa3aTey II0
U3BJIEYEHNIO B PAaCTBOP KaK 0a30BbIX Me-
tamoB (Ni, Fe), Tak n mmatunongos. Jlo-
TIOTHUTENIbHBbIE VCCIIeNOBAHUSA ITI0Ka3asu,
YTO JIy4lllie Pe3yIbTaTbl COOTBETCTBYIOT
HIPOJODKUTENTBHOCTY aTMOCHEPHOTO TPO-
Lecca 2-4 yaca Ipy MCXOLHOM KOHLIEHTpa-
uun H,50, 140 r/gm3.

ABTOKNaBHOE OKUCNUTENIbHOE
BbiLieslaYuBaHME MAarHUTHOM
dpakumnm

Ha mepBom 3Tare aBTOK/IaBHBIX 3KC-
[EePVMEHTOB OBIIO M3YY€HO BIIVSHIE
KOHI[EHTPAL[M! CePHOI KICIOTHl Ha IMO-
KasaTenu JaHHOTO nporecca. KommuectBo
KICTIOTBI, MOlaBaeMoe IpU ABTOKTaBHOM
okucuTennbHoM BbimenadnBanunu (AOB),
BapbUpOBaIM Ha 3-X YPOBHSX, KOTOpbIE
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COOTBETCTBOBA/IM HAaYa/IbHON KOHIIEHTpA-
v H,SO, B pactBope: 20, 40 u 80 r/mm>.
Bce onbiThl cepun nposefensl npu JK:T =
9, remneparype 140 °C u jaBneHun Kncmo-
pona 0,25 MITa. ITpu ouenke addekTnBHO-
CTM aBTOK/JIABHOTO IpOIiecca OPMEHTUPO-
Ba/IVICh IIPEX/ie BCETO Ha BBIXOJ, KOHEYHOTO
KeKa. JIydime pe3yIbTaThl O BBIXOAY KeKa
(0,9 %) momy4YeHB!I B OIbITE C MAKCHMAIb-
HOI WMCXONHOM KUCIOTHOCTBIO 80 r1/mMm>3.
KucnoTHOCTD pacTBOpa He yMeHbIIIAeTCH, A
Ilake HA00OPOT yBemMuMBaeTcs Ha 8 /am>.
Taxum 06pazom, cepHasi KMCIOTa BBICTYIIa-
eT B PO/IM KaTa/In3aTopa, YCKOPsA IMpoLecc
OKMC/IeHUs CynbQU0B, caMa IIpY 9TOM He
pacxonyach. Bo3pacTaHme KOHIEHTpaunm
H,SO, mo xoxy npouecca BUAMMO CBA3aHO
C OKIC/ICHMEM 3/IeMEHTAPHON Cephl, MMe-
Iollelics B KeKe aTMOC(HEpHOro BBIIIe/a-
YMBaHUA, ¥ C 00pa3oBaHVeM HOMUAVUMUTA
(Ni;3S,). B nccnemosannsix ycmosusax AOB
IUTATVHA U TTQJUIA/IUI B paCTBOP MpaKTIUe-
CKII He IePeXOMAT, X KOHI[eHTPAIVA HIDKe
npepena oOHapyxeHus. Ilpum wmcxopHOM
KOHLIEHTpaly KUCIOTbI B pacTBope 40 n
80 r/nM> n3BedeHMe MeTalNIo0B-CITy THUKOB
crepgyromee: Ru 8,8 %, Rh u Ir He 6oree 1
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PucyHok 1 — Pe3ynbraTtbl 3kcnepu-

MEHTOB Mo onpeaeneHno Heobxoau-
MOW MPOAOIXUTENBHOCTU MpoLecca
atMochepHoro Boiwenadnsanma MO

20

10

12

%. Takum o06pa3oM, MCXOHHASA KUCIOT-
HocTb 80 r/pM® obecrieunBaeT nydime pe-
3y/IbTaThl aBTOK/IABHOTO OKVCIUTETbHOTO
BBIIL[eTTAYVBAHNSA; HUKEIIb, Meb U JKee30
IpY 3TOM M3BJIEKAIOTCA NMPUOIU3UTETHHO
Ha 96-98 %.

Vsydyenne BIUAHNA TEMIIEPATYPbI OCY-
LIECTB/IANM TaKXe Ha 3-X ypoBHAX: 140,
160 n 180 °C, opueHTHpPYACh HA pe3y/ibTa-
THI, Oly4eHHbIe B IPEABIAYIINX paboTax
(2, 3]. IloBbimenne Ttemmeparypsr AOB
OKa3bIBaeT CYLIECTBEHHOE BIMAHME KaK Ha
CKOpPOCTb, TaK U Ha IOJIHOTY IPOTEKaHNUsA
IIpollecca, B IepBYI0 o4epefb — Ha BbIXOJ
Keka, kotopblit mpu 180 °C cocrasnset 0,5-
1,0 % oT Macchl 3arpy>KeHHOrO MaTepuara.
MakcuManbHOI TeMIlepaType OKMCIEeHUsA
COOTBETCTBYET M MaKCUMajlbHOE U3BJIe-
YeHMe MEeTa/lJIoB B pacTBOp. [I/1g BeTHBIX
METajIOB U >Kejle3a OHO IIpeBbIlIaeT 99,9
%. Obpamaer Ha ceOs1 BHMMaHMeE TOT QaKT,
9TO TOJIBKO IIPM MaKCUMa/IbHON TemIlepa-
Type HaOMogaeTcsA IOYTH IIOJTHOEe pasjio-
XKeHNe CynbQUAoB, COfiepXKaHue cepbl B
keke AOB - menee 1 %. IIpu atom copep-
JKaHJe KeTle3a B KeKe, B OT/IN4Me OT Cofiep-
JKaH!A LIBETHBIX METAJI/IOB, HE yMEHbIIIAEeT-
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cs. To ecTb >kere30 HAXOAUTCA B KOHEYHOM
OCTaTKe B OKJC/IEHHON (He CyIbpUIHOIL)
dopwme.

[TnatvHa npm mo60i  Temmeparype
IpOSAB/AET CBOI MHEPTHOCTDb, XOTA IpU
180 °C e€ mpucyTcTBME B pacTBOpe CTa-
HOBUTCS YK€ 3aMeTHBbIM, M3BJIeUeHME CO-
crapnset 0,46 %. [Tammapuin u MCII maun-
HAIOT 3HAYNTE/IbHO PACTBOPATHCA yKe Ipn
160 °C, B 9TOM CiIy4ae B pacTBOp Ilepexo-
mut okono 30 % Pd u Ir. B emé 6onpiueit
CTeIeH! TP MOBBIIIEHHBIX TeMIIepaTypax
(160-180 °C) u3BIeKalTCsA B pacTBOP PoO-
nuii u pytennit: ot 20 1o 65 %.

[Ipn aHanuse pe3ynbTaTOB IPOBENEH-
HBIX O9KCIEPUMEHTOB IPOCMATPUBAETCS
obOparHas 3aBUCHMOCTb MEXAY yAe/NTbHbIM
PacxXofioM KUCIOpOZa ¥ BBIXOJOM KeKa
(xonnentpara) AOB. Ora 3aBUCUMOCTD
IpUBEEeHa Ha PUCYHKe 2.

W3 npepcTaBieHHON 3aBUCUMOCTH Clle-
[IYET, 4TO JIy4Ylle Pe3yNIbTaThl IO CTENEHN
COoKpaleHus marepuana B TedeHue AOB
OOCTUTAIOTCA IIPU pacxofe Kucmopoga 745
I/KT TB. 1 Bblllle. ITUM ITapaMeTPOM CTIeNY-
€T I0/Ib30BaTbCA M OIpefe/ieHNA OKOH-
yaHuA nponecca AOB.

Takum o6pasoMm, nmydiye pe3ynIbTaThl
NOCTUTAIOTCA TIPU  IPOJO/DKUTENIBHOCTI

332

PucyHok 2 — [padwudeckas 3aBucu-
MOCTb Bbixoga TBepgoro npu AOB ot
YAENbHOrO pacxoga Kucriopoaa

770

arMoc(epHOro BbIlIenaynMBaHus 2-4 yaca
u Temneparype 140 °C. B koHeuHOM IIpoO-
IlyKTe CyMMapHOe COfiep>KaHye 01aropog-
HBIX METAJIJIOB COCTaBNAET 25 %.

BbiBogbl
YcTaHOBJIEHO, YTO CTamuio arMocdep-
HOTO BBIIE/IAYMBAHMS  11€7IeCO00PasHO

MPOBOJUTb P KOHLIEHTPALUM CEePHON
kucmotsl 140-150 r/pm3, JK:T = 7, Temite-
parype 85 °C B TeueHue 2-4 4acoB U Ipu
VMHTEHCUBHOI a3palyy My/IbIIbl CO CKOPO-
CTbI0 ofaun — 3 yi/muH. IIpu atom ypaér-
Csl TIepeBeCTU B PacTBOP MeTAIMYECKYIO
¢dasy, a Takke IIOTHOCTBIO Pa3IOXKNUTh
HepBUYHbIE CY/IbGUABI I[BETHBIX META/IOB
(XM37IeBYAUT U XaJIbKO3VH).

V3BrieueHne HUKENSA, MeNM U >Kelesa
IIpM 3TOM HaXOAWUTCA Ha ypoBHe 75, 60 u
90 %, coorBercTBeHHO. IInMaTtuHa, manna-
OVIL U 30/I0TO NPAKTUYeCKU He Iepexo-
IAT B pacTBOP, Nepexof, poaus U UpUAUA
cocraBysieT MmeHee 14 %. OCHOBHBIE IIOTe-
p¥ Ha CTafiuy aTMOCQEpHOTro BBILIETAYN-
BaHNA CBA3aHBI C PYTEHMEM, M3BJICYEHME
koMmmioHeHTa pocturaetT 40 %. OguH u3
TEXHO/IOTMYECKUX CIIOCOOOB M3B/IEYEHMS
MCII B koHUeHTpaT BM - ux ocaxpueHue
C IIOMOILbIO TMOMOYEBMHBI IIepef] Bblfienie-
HIEeM LIBETHBIX METAJIJIOB.



Jlydmine moxasaTenu IO CTeNeHM CO-
KpallleHus Marepuaga C MMUHMMAIbHBIM
IIpY 5TOM TIePeXOJOM IUTATMHOBBIX MeTasl-
JI0B B PaCTBOP JOCTUTAIOTCA B CIEAYIOMINX
napameTpax AOB:

nucxogHoe otrHorienne JK:T = 9;

« Temmneparypa 140 °C;

o KOHI[eHTpaIus
80 r/mm3;

e IApLUMAJIbHOE [aBJieHNe KICIopoaa
0,25 MITa;

IPOJIO/DKUTETBHOCTD 5—-6 YacoB.

CEPHOM  KIUCIOTBI

V3Bneuenne HUKeNA U M€ B pacTBOP
coctasyseT 6oree 99 %, N3BIEUCHME XKeTe-
3a HaXO[UTCA Ha ypoBHe 98 %. B pexomen-
nyembix pexxumax AOB B pacTBop nepexo-
mat go 60 % MCII n oxono 30 % manmmagus.

[TonnocTtho McKMIOUNTH Nepexon MIIT
B pactBop Ha AOB He ymaércda, mosTo-
My B TE€XHOJIOTMM NPERYCMOTPEH BO3BPaT

KOHEYHOTO pacTBOpa Ha aTMOC(epHYI0
CTaMI0, I7ie 3HAYMTElIbHAasd 4YacTbh pac-
TBOPEHHBIX IUIATMHOMJOB  OCaXK/AEeTCA
MeTajUIm4eckoil (as3oil, INTaBHBIM 0Opa-
30M, HukeneM. Ilo Takoi cxeme ¢ KOHed-
HBIM PAaCTBOPOM, COAEp)KAlM IIPaKTH-
9YeCKM BCE I[BETHbIE METAJI/Ibl, BBIBOAUTCA
meHee 1 % cymmbl BM, nmocrynarmoummx ¢ uc-
XOJJHOV MarHUTHON paKiye.

VccnemoBanHass ~ arMocdepHO-aBTO-
K/IaBHas CXeMa MO3BOJIAeT MOAy4YaTb KOH-
LIEHTPAT BBICOKOTO KaueCTBa C CYMMapHbIM
cofep)aHueM OTarOpOfHBIX MeTaJJIOB
25-28 %.
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Introduction

The magnetic fraction is one of the
components of converter matte formed
during pyrometallurgical processing of
sulfide copper-nickel feedstock. This
intermediate product is formed from the
melt during its cooling/hardening and
collects in itself up to 90 % of noble metals,
among which platinum group metals (PGM)
are of primary importance. The relatively
high content of precious metals makes it
especially important to find ways to reduce
losses of these metals, as well as to reduce
the volume of unfinished production. One
of such directions is the withdrawal of
the magnetic fraction (MF) of the high-
grade matte from the pyrometallurgical
processing and its processing in a separate
hydrometallurgical cycle.

Specialists of SRC “Hydrometallurgy”
suggested the technology of MF processing
consisting of two main operations. As
a result a final product is formed - a
concentrate containing 20-30 % of the sum
of noble metals, suitable for the following
refining. The proposed technology provides
the process in soft conditions and the use
of standard equipment. It is implemented
in sulfate solutions and does not require the
use of expensive or scarce reagents.

Source materials
For the study was used a sample of the
magnetic fraction of the high-grade matte,
the chemical composition and physical
properties of which are shown in tables
Table 1 and Table 2, respectively.
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The sample under study is characterized
by low copper content and a very high
concentration of sulfur — 15 %. This means
that this industrial product is characterized
by low content of metallic components and
relatively high content of sulfides. The latter
circumstance stipulates a certain resistance
of this material to leaching in atmospheric
conditions. Usually the concentration of
sulfur in MF does not exceed 10 %.

The sulfide part of the MF contains
analogs of natural materials: chislevudite,
chalcosin-bornite, cobalt-pentlandite.

Identification of forms of occurrence
of platinum metals is complicated by
their small content in initial ME. Certain
information was obtained only for platinum
and to a lesser extent for palladium. It was
found that both metals are present mainly
in the metallic phase.

Atmospheric oxidative leaching of
the magnetic fraction

The influence of the initial coarseness
on the main parameters of the process
was investigated. At the first stage basic
parameters were taken: initial acidity 150
g/dm?® duration of 6 hours. In all series
of experiments were constant: L:T = 7;
temperature 85 °C; oxygen flow rate 3 dm?/
min; content in the initial solution (g/dm?):
Ni - 15; Cu - 15. One of the sample was pre-
milled in a planetary mill for 5 min; the
other sample was treated without milling.
The +71 pm grade content was 31 % in the
sample without grinding and 14.8 % after
grinding. The results of the experiments
showed that the regrinding of the magnetic



Table 1 — Results of chemical analysis
of the magnetic fraction

Component Measurement Content
unit

Ni % 60,2
Cu % 12,2
Co % 1,96
Fe % 9,46
S % 15,0
Pt r/T 190
Pd r/T 876
Rh r/T 22,6
Ru r/T 6,01
Ir r/T 2,79
Au r/T 23,1
Ag r/T 100
Os r/T 0,8
> BbM % 0,122

Table 2 — Physical properties and

particle size distribution of the
magnetic fraction
D w P(45) P(77)
(9/cm?) (%) (%) (%)
575 7,44 53,2 31,0

Note: D - density (g/cm?); W - moisture content (%);
P(N) - particle class N micron content (%)

fraction has no significant effect on the
performance of the atmospheric leaching
process.

Study of the influence of pulp acidity
on the indicators of atmospheric leaching
was carried out at the initial concentration
of H,SO,: 150 and 180 g/dm?. According
to the data [1] the transition rate of nickel
from MF into solution does not depend
on the initial concentration of H,SO,.
However, to achieve an acceptable degree
of dissolution of base metals and iron, the

initial concentration of sulfuric acid must
be not less than 150 g/dm? (for the ratio
L:T = 7). The increase of initial acidity to
180 g/dm3 first of all affected the final
concentration of sulfuric acid in the
solution: it increased by 2.5 times. At the
same time the cake yield decreased by 4
%. The latter is explained by a significant
increase in the degree of decomposition of
copper minerals: extraction of copper in
the solution increased from 60 to 95 %. The
composition of cake also contains elemental
copper, which should be recognized as
undesirable phenomenon, because it
negatively affects the following operation
- autoclave oxidation of atmospheric
process residue. The behavior of nickel,
iron, platinum and palladium is practically
not affected by acidity, the extraction of
components is at the level of 75, 90, 0.1
and 0.1 % respectively. Regarding platinum
companion metals (PCM), some tendency
is observed for reduction of Rh (from 13 to
9 %), Ru (from 41 to 38 %) and Ir (from 7
to 3 %) transfer into solution at increase of
initial acidity, but by totality of indicators
with different acidity at atmospheric
leaching preference should be given to the
process with relatively low concentration of
H,SO, (150 g/dm?), corresponding to acid
consumption about 1 ton/mt ME

To assess the duration of the process, a
series of experiments were conducted where
the duration of the atmospheric stage was
varied in the range from 0.7 to 12 hours. In
all experiments the content of Pt, Pd and
Au was very low and corresponded to their
extraction in the solution of less than 0.1 %.
Therefore, in the discussion of the results of
this series of platinoids only the behavior of
MSP is considered: Rh, Ru and Ir.

According to Figure 1 the main
transformations in the atmospheric process

occur in the first 2-4 hours. In 4 hours,
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the solid mass is reduced by ~ 2.5 times.
The main recoverable metal, nickel, goes
into solution by 65-70 %, iron by 85 %.
The behavior of copper differs from other
metals. During the first hour it does not
pass into the solution. Moreover, during
this period almost complete precipitation of
copper from the initial solution is observed.
This is probably caused by its cementation
by metallic phase of magnetic fraction. In
addition, the precipitation of copper in the
form of sulfide from the solution occurs
due to its reaction with hydrogen sulfide,
released during the interaction of the most
active iron sulfides with sulfuric acid.
During the first 40 minutes of MSP in the
solution almost do not pass. After 2 hours
rhodium is dissolved by 11 %, ruthenium
by 46 % and iridium by 6.5 %. Subsequently,
when increasing the time of atmospheric
leaching up to 12 hours, these indicators do
not change significantly.

Reducing the duration of the
atmospheric process less than 4 hours is
accompanied by an increase in the final
acidity of the solution, which reduces the
degree of use of H,SO,. At the same time in
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Figure 1 — Results of experiments
to determine the required duration
of the atmospheric leaching
process of MF
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experiments with the duration of 2-4 hours
satisfactory and approximately the same
indicators of extraction of both basic metals
(Ni, Fe) and platinoids into the solution
are achieved. Additional studies showed
that the best results correspond to the
duration of the atmospheric process of 2-4
hours at the initial concentration of H,SO,
of 140 g/dm?.

Autoclave oxidative leaching of
magnetic fraction

In the first phase of autoclave
experiments, the effect of sulfuric acid
concentration on the performance of this
process was studied. The amount of acid fed
during autoclave oxidative leaching (POX)
was varied at 3 levels which corresponded to
initial concentration of H,SO, in solution:
20, 40 and 80 g/dm?. All experiments of the
serieswere performedatL:S=9, temperature
140 °C and oxygen pressure 0.25 MPa. At
estimation of efficiency of autoclave process
we focused first of all on yield of final cake.
The best results on cake yield (0.9 %) were
obtained in the experiment with maximum
initial acidity of 80 g/dm?. The acidity of
the solution does not decrease but even



increases by 8 g/dm?. Thus, sulfuric acid
acts as a catalyst, accelerating the oxidation
of sulfides without itself being consumed.
The increase of H,SO, concentration in
the process is apparently connected with
oxidation of elementary sulfur, available in
the cake of atmospheric leaching, and with
formation of polydymite (Ni;S,). Under
the studied conditions of AOL platinum
and palladium practically do not pass into
the solution, their concentration is below
the detection limit. At the initial acid
concentration in the solution of 40 and
80 g/dm? the extraction of satellite metals
is as follows: Ru 8.8 %, Rh and Ir not
more than 1 %. Thus, the initial acidity of
80 g/dm? provides the best results of
autoclave oxidative leaching; nickel, copper
and iron are extracted at about 96-98 %.

The influence of temperature was
also studied at 3 levels: 140, 160 and 180
°C, focusing on the results obtained in
previous works [2, 3]. Increasing the POX
temperature has a significant impact on
both the rate and the completeness of the
process, first and foremost on the cake yield,
which at 180 °C is 0.5-1.0 % of the weight
of the loaded material. The maximum
oxidation temperature corresponds to
the maximum extraction of metals in the
solution. For non-ferrous metals and iron it
exceeds 99.9 %. Attention is drawn to the
fact that only at the maximum temperature
almost complete decomposition of sulfides
is observed, the sulfur content in the POX
cake is less than 1 %. In this case, the iron
content in the cake, unlike the content of
non-ferrous metals, does not decrease. That
is, iron is in the final residue in an oxidized
(not sulfide) form.

Platinum shows its inertness at any
temperature, although at 180 °Cits presence
in the solution becomes noticeable, the

extraction is 0.46 %. Palladium and MSP
begin to dissolve significantly already at
160 °C, in this case about 30 % of Pd and
Ir passes into solution. Rhodium and
ruthenium are extracted to an even greater
extent at elevated temperatures (160-
180 °C): from 20 to 65 %.

When analyzing the results of the
experiments, there is an inverse dependence
between the specific oxygen consumption
and the yield of cakes (concentrate) of POX.
This dependence is shown in Figure 2.

It follows from the presented depen-
dence that the best results in terms of
the degree of reduction of the material
during the POX are achieved at an oxygen
consumption rate of 745 g/kg of solid and
higher. This parameter should be used to
determine the end of the ALE process.

Thus, the best results are achieved
at atmospheric leaching duration of 2-4
hours and temperature of 140 °C. In the
final product the total content of noble
metals is 25 %.

Conclusions

It is established, that the stage of
atmospheric leaching is expedient to carry
out at concentration of sulphuric acid 140-
150 g/dm?, L:S =7, temperature 85 °C during
2-4 hours and at intensive aeration of pulp
with a feed rate of 3 I/min. At the same time
it is possible to transfer the metallic phase
into solution and completely decompose
primary non-ferrous sulfides (hyslevudite
and chalcosine).

Extraction of nickel, copper and iron is
at the level of 75, 60 and 90 % respectively.
Platinum, palladium and gold practically
do not transfer into the solution, the
transfer of rhodium and iridium is less
than 14 %. The main losses at the stage
of atmospheric leaching are related to
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ruthenium, the extraction of the component
reaches 40 %. One of the technological
methods of platinum companion metals
extraction into the noble metal concentrate
is their precipitation with thiourea before
extraction of non-ferrous metals.

Thebest rates of reduction of the material
with minimal transition of platinum metals
in the solution are achieved in the following
parameters of POX:

e L:S=09;

« temperature 140 °C;

« concentration of sulfuric acid 80 g/dm?
« partial pressure of oxygen 0,25 MPa;

o duration 5-6 hours.

Extraction of nickel and copper in the
solution is more than 99 %, extraction
of iron is at a level of 98 %. Up to 60 % of
platinum companion metals and about

750

Figure 2 — Graphical dependence of
the solid yield at POX

30 % of palladium pass into the solution in
the recommended modes of POX.

It is impossible to completely exclude
the transfer of PGM into the solution during
the POX; therefore, the technology provides
for returning the final solution to the
atmospheric stage, where a significant part
of the dissolved platinoids is precipitated by
the metal phase, mainly by nickel. Under
such a scheme with the final solution
containing practically all nonferrous metals,
less than 1 % of the sum of PM coming with
the initial magnetic fraction is removed.

The investigated atmospheric-autoclave
scheme allows to receive a concentrate of
high quality with the total content of noble
metals 25-28 %.
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