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BBIILEIAYUBAHUE METAJIJIOB U3 TOPIOYEI'O CJAHIIA
BAMCYHCKOI'O MECTOPOXKJIEHHSA U ET0O 30JIbI

o AEMCTBHUEM CEPHOM KHCJIOTBI

IIPA MAJIOM KOJUYECTBE KHUJKOHU ®A3bI

Y

E. MAREMAE, V. AHELIK

LEACHING OF METALS FROM BAISUN OIL SHALE AND ITS
ASHES UNDER THE EFFECT OF SULPHURIC ACID AT LOW
CONTENT OF LIQUID PHASE

B mpopgosiskenue pa6oTsl [1], KoTopas IMOCBsAIleHA KOMILJIEKCHOMY MCCJIe-
JOBAHUIO U3BJIEUEHUS METAJIJIOB U3 FOPIOYHUX ciIaHIeB BaliCyHCKOro MecTo-
poxgeHus (Ys30exkucraH), B HaCTOdAIlIe#l cTaThe XapaKTepHU3yeTCsA CEepHO-
KHCJIOTHOE BCKPBITHE CJIAHIIA U €r0 30JbI IPU MaJIOM KOJHUYECTBe KUAKOU
daser (to ects mpu /T << 3) MerosoM cCynbhaTU3UPYIOLIEro 0O0XKHTra
¢ TOCJeNYIOIIMM BBIIleIaYNBaHNEM IIPDOKAJIEHHON cMecu — cieka [2].

Xapam‘epnc’rmca HCXOJHBIX BelleCTB

VIcXOmHBIM BEI[eCTBOM CJIY KKJI TOPIOYUi ciaHel BaliCyHCKOr0O MeCTOPOIXK-
OeHus (XapaKTePHCTHKY CJaHIia cM. B [1]) ¥ 30JBI OT CXKHUTaHUS BTOTO
ciranna npu temneparype (500 °C) (3osa-I), 800 °C (sosa-II) u 970 °C
(3oma-III). 3ouswl-I, -II u -III (kpynmHOocTs, MaTepuasa —0.1 mMm) GbLIHM
MOJIy4YeHBI MIOCPEACTBOM CIKHTaHUSA B DJIEKTPOIEYM TOHKOIO CJIOS CJaHIA,
IMOMEIIeHHOTO0 Ha ¢dapdopoBhle NIPOTUBHU, NPU 3aJaHHOM TeMIepaType
B TeueHue 2 4. 30abl-I1V u -V (HMIKHAA U JieTydyas COOTBETCTBEHHO, KPYyII-
HocTh MarTepuasa —0,5 MM) mosyueHbl B MHCTUTyTe 3J1€KTPODUIUKU U
TepMousukun AH OcToOHMM CIKHUraHMEM CJaHIla B TONKE C KUIAUIUM
ciaoem [3].

JKCIHEePHMEHTAJbHAA YACTh

Ousa cynbdaTusanuyu HaBeCKy CJIaHIa MJIM 30Jbl IIOMeIlaJu B ILJIATHU-
HOBYIO YalllKy, 400aBJIsiii KOHIIEHTPUPOBAHHYIO CEPHYIO KHMCJIOTY B 3aJaH-
HOM KOJIMYECTBE M IMepeMelIWBaJii OO0 II0JHOH oxHopoxHocTu. IlosyueH-
HYIO IIaCTy B TOH ’Ke 4YalllKke IIPOKAJIMBAJIA B BJIEKTPOIIEYHU IIPU 3aaHHOU
TeMIIepaType M IPOAOJIMKUTEIBHOCTA. BO BCeX ONMBITAX BCe IIapaMeTDPHI
cysibdaTusanuu, KpoMe OLHOTO — MCCJIEAYEMOro, OBLINM ITOCTOSHHBIMU:
KoHueHTpanusa HoSOQ4 95—96 9, oTHOIIEHUE KULKOM U TBepA O das B pas-
naraemoii cmecu WK /T = 3, remneparypa npokaiauBaHus cmecu 250—290°C,
MPOLOJIKUTEJILHOCTh NpoKasuBanusa 30 MuH.

CIHeK BBIIIENAaYMBAJIM B KPYTJIOLOHHBIX TPEXI'OPJIOBBIX KOJIOAX (BMeECTH-
mocTh gm0 500 M), cHaOGKEHHBIX MeXaHWYEeCKOW MeIIaJKoi, 00paTHBIM
XOJIOAUJIBHUKOM M TepMoMeTpoM. IlapaMeTpsl BhINIeIAUYMBAHUS OBLIN
MOCTOAHHBIMM: KoHIeHTpamus HySO; 29, /T = 12,5 (0THOCHUTEJIBHO
HMCXOAHOTO BelmecTBa), Temmepartypa mpouecca 101—105 °C, mpomosisxu-
TespHOCTh 30 MuH. HepacTBopuMEIi 0oCTATOK (UIBTPOBAJM, IPOMBIBAJIU
Ha GuiabTpe ropsiueit Bomoir mo /T = 25 (OTHOCHUTEIBHO HCXOZLHOTO
BellleCTBAa) U BeICyIInBaIu B Tepmoinkady mpu 105—110 °C. Cyxue ocTraTku
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¥ GuabTpaTH aHaausuposaym Ha Merauuasl (Ti, Mo, V, U, Fe, Al) mo mero-
IuKe, IPUBEeAEeHHOHN B [4, 5].

IIpoBeZieHO TPU CEpUU OIIBITOB.
1. B 1-i1 cepuu usyudeHo, kak HoSO,; neiicTByer Ha cJjlaHel] U pa3jIMYHBIE
BUABI 30JIBI.
2. Bo 2-ii cepum ompezesneHo, kak HoSO, feiicTByeT Ha 301y NIpU pas3iauy-
HBIX () KoJMYyecTBaX JKHUAKON (a3hl B peaKIIMOHHOM cmecHu, (6) Temmepa-
Typax cyJbdaTtusanuu U (B) MPOJOJIKUTEIbHOCTU CYJIb(aTusaluu.

3. B 3-ii cepum u3ydyeH MPOILECC CTYIIEHYATOrO BHIIEJIAYUBAHUL, CIIEKa.

O0cyxaenne pe3yabTaTOB

1. JleilicTBHe CepHOM KHCIOTHI HA Pa3JHYHbIe HCXOAHBIe BemecTsa (Tabu. 1).
MakcuMaJbHOe H3BJIEYeHHE MEeTAJIJIOB B CEPHOKHCJIOTHBIH pacTBOP JaeT
BCKDBITHE 30JbI-I, MUHMMAJIbHOE — BCKPBITHE IPHUPOJHOTO ciaHUa. Yem
BBILIIE TeMIIEPAaTypa O30JIeHHA CJIAHIA B JTIEKTPOIEYH, TeM HIKe H3BJeve-
HHE MeTaJIJIOB M3 IIOJyduyeHHOU B30Jibl. OCOGEHHO 3aMeTHO ~yMEeHbIIeHHe
usBJIeyeHUd ypaHa u3 30asl-III — Bcero 32 9.

Ta6auua 1. U3BieyeHHe MeTAJJIOB M3 0aMCYHCKOro CJAHIIA M €ro 30JbI IOJ
IeHCTBHEM CEpPHOHM KHCJIOTHI IPH MAaJIOM KOJHYecTBe KUAKOH (assi, %
Table 1. Metal extraction from Baisun oil shale and its ashes under the effect
of sulphuric acid at low liquid phase content, %

HcxopHoe BemiecTBO

Initial product Ti Mo v U Fe Al
Crnanerr

Oil shale 63,4 62,6 92,7 70,2 T2 81,5
3oisa-1

Ash-1 89,2 96,1 97,5 93,1 93,6 87,4
3ona-I1

Ash-II 86,1 90,6 97,3 88,3 94,7 75,9
3oxna-I11

Ash-III 65,1 91,2 95,7 32,0 76,6 65,4
3ona-IV

Ash-1V 81,4 82,0 81,1 82,5 He oIp. He OIp.
3oxna-V

Ash-V 88,7 86,9 96,1 77,8 o o

B cnygae 8on-IV u -V, mosyueHHBIX CKUTaHHEM B KHUIISALIEM CJIOE,
U3BJIeYEHNE METaJlJIOB U3 JIeTydel 307kl Ha 5—15 9, GoJibllle, 4eM U3 HUMK-
Heii. McKiioyeHHe COCTaBJISET ypaH: ero H3BJIeYeHUe U3 HUIKHEH B0JIbI
mouyrtu Ha 5 Y%, Gosblle, 4yeM U3 JeTydei.

B mesnom usBneyenue merassioB us 30s-IV u -V Ha 1—16 % wmeHbIe,
4yeM u3 30JbI-1.

2. [leiicrBue CepHOM KHMCIOTHI Ha 30ay-1 (a, 6, B) u 30ay-1V (a) npu Bapsu-
POBaHMH Pa3JMYHBIX MapaMeTPOB Ipolecca:
(a) CooTHOomIeHHe JKHAKOH M TBepAoO#u (a3 B peaKIMOHHOM CMeCH.

Kak B ciayuae 3o0sbI-1I (puc. 14), Tak u B ciayyae 30iabl-1V (puc. 2) mpu
COKpAallleHWM KOJIMYecTBa KHUAKON (dasnl (ymenbuieHue or /T = 3 mo
/T = 1) usBieyeHHe MeTAJJIOB yMeHbIIAaeTcs B cpegHeM Ha 2—12 9.
IIpu paneseiimem cHukeHuu K/T mo 0,5 usBneuyenune Ti u V pesxo ma-
Jaer, Torga kKak usBiedeHue Mo u U uameHseTcs mMaJo.

(6) TemnepaTypa mpouecca cyasharusanuu (puc. 1B).

IloBhlmIeHNe TeMIEepaTyphl CyJabGaTu3alMi BJMSAET HAa U3BJIeYeHUe

B PAcTBOP Pa3HBIX MeTAaJJIOB pas3ju4YHbIM o6pasdom. Mo u U xopoiio cyJib-
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Puc. .1. 3aBUCHMOCTb CTEIIEHHM H3BJIEYEHUS METAJIJIOB B PACTBOD IIPHU
cysabdatusanuu 30JbI-1 OT COOTHOIIEHWS MKHUAKOW u TBephoud ¢as
B peakIUOHHOU cMecHu (A), TeMmnepaTypsl npouecca (B) ¥ IPOLOIKHU-
TenpHOCTH mpouecca (C)

Fig. 1. Dependence of metal extraction from ash-I into solution in
sulphated roasting process on ratio by weight L : S in the reaction
mixture (A), process temperature (B), process duration (C)
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Puc. 2. 3aBUCHMOCTH CTEIIEHH H3BJIEYEHUS METAJIJIOB B PACTBOP IPHU
cynbdarusanuu 30ab-IV OT COOTHOLIEHUS KHMAKOM U TBepAoi ¢as
B PEaKIHOHHOM CMecCH

Fig. 2. Dependence of metal extraction from ash-IV into solution
in sulphation process on ratio by weight L : S in the reaction mixture

darusupyiorcs (coorBercrBernHo 88,8 u 86,4 %) yKe IpH KOMHATHOH TeM-
nepatype, ¥ HMX MaKcuMaJbHOoe usBieueHwme npu 250—285 °C Bcero Ha
7 % 6onbure. OcTasibHbIe METAJJIBI IPDU KOMHATHOM TeMIlepaType cyJbda-
TU3UPYIOTCA Topasfo Xyxe, AaBad MaKCHMYM H3BJIEUYEHHS TOJBKO IIPU
250—285 °C. CrnemoBaTenbHO, STOT TEMIIEPATYPHBI HHTEPBAJl SABJIAETCSH
ONITUMAJBHBIM [AJIA CYJIbGaTU3aI[UU HCCIEeAYEeMO 30JIbI.

(8) IIpomon:xureabHOCTs Hmponecca cyabarudamum (puc. 1C).

Fe cynbdarusupyercs B nepBble 5 muH, V — 3a 10 musn. IIpu Gosbmiei
NPOLOJIKUTENIBHOCTH IIpoliecca CyJabGaTH3alMyd UH3BJIEUYeHHEe MeTaJJIOB
B PacTBOp IIOYTH He yBeauuuBaercd. VMckiaodeHue cocrasiasoorT Ti u Al
IlosTOoMy ONTHMAJILHEIM BPEeMEHEM HAarpeBaHHA CMEeCH CJIe[yeT BCe-TaKh
cuyutats 30 MuH.
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3. MHorocrynmeHuyaToe BblllejJauynBaHue cmeka (ta6s. 2). CymmapHoe
u3BJIeUeHHE METAJIJIOB B PACTBOP BHayaJjie C BOAOWM, a 3aTeM C pa30aBiieH-
HOM CepHOM KHCJIOTOM C KaXJaoi o6paboTkoi yBeauumBaercs. Ciemosa-
TeJIbHO, U3-3a TUAPOJIKN3a Hauboyiee MOAXOAAIIUM pPeareHTOM BHIIIeIa4yuBa-
HUS SBJISETCS HE BOJA, a pasdbaBiieHHas cepHas KucJyorta. Ilpu aTom BugHO,
YTO IIPOLIECC BBINIEJAUYNBAHUSA [Ia’Ke MOocJie MATUKPATHOW 06paboTKU creKa
ellle He 3aBepIaeTcAd — IIPOILECC OTMBLIBKHU, CJIEL0OBATEJNILHO, HOCUT B B3THUX
YCJIOBUSX HEHACHIIIEHHBIN, HEPABHOBECHBIN XapaKTep.

Ta6auua 3. Pacyer pacxoaa CepHOM KHCJIOTHI, IOTPEOHOM A Pa3IoKeHHA CIAHIA
BaiCyHCKOro MeCTOpOsKIeHuA

Table 3. Calculation of sulphuric acid consumption needed for decomposition
of Baisun deposit oil shale

KoMmoHeHT craHma KonuuecrBo Pacxop Ha Pacxop kr/T
Oil shale component obpasyie- IepeBefileHHe HCXOJHOTO
— rocs CyJib- MeTaJia B cJaHIa
HagsBaHue Copmepsxanue UWaBieueHue dara me- pacTBop, Consumption
Name B claHue, % B pacrBop, % Taiia, KT kr/100 kr kg/t initial
Content in oil Extraction Quantity of cxanma oil shale
shale, % into solu- formed metal Consumption
tion, % sulphate, kg for metal

extraction,

kg/100 kg

oil shale
AlO3 7,48 81,5 25,10 17,62" 143,6
Fe,03 (total) 8,69 72,7 21,76 13,07 95,0
CaO 9,55 - 80,0 23,18 13,63 109,0
MgO 1,30 ; 90,0 3,88 2,58 23,2
NayO 0,50 30,0 =516 0,65 1,9
K,0 1,12 30,0 2,16 0,99 3,0
Ti 0,20 63,4 » 10,70 0,41 2,6
Mo 0,17 62,6 . — 07 3 [
v 0,21 92,7 — 0,42 4,0
Bcero
Total 49,54 383,4

4. Pacxox CepHOM KHCJIOTBI B peaKIUAX CEPHOKMCJIOTHOI'O BCKPHITHUS
CJIaHIIA U €ro 30JIbl OIPEJesseTCsI KOJIHUYECTBOM PaCTBOPSIOIIUXCS B 3TOM
mmpolecce KOMIIOHEHTOB. B JaHHOM ciaydae Takoi pacuer (383,4 Kr/T) che-’
JlaH Ha OCHOBAHUM OIBITA PA3JIOMKEHUS HATYpPaJbHOro ciaHua (rabu, 3).
B ciyuyae BCKDBITHS B30JIBI CJIAHIA PACXOJ CEPHOM KHCJOTHI COCTaBUT
655 xr/r. IIpu sTrom okono 100 Kr/T cepHON KHCJIOTH MOYKHO CHHTE3UPO-
BaTh Ha 0ase. cozepskaleiics B camMoM cJuaHie 4,24 9% roproueit cepsl
(mupuTHas cepa U cepa, CBA3aHHAS C OPraHUYECKHM BeIEeCTBOM).

L

~

BriBoas!

1. MakcuMaJibHOe HU3BJIeYEeHHE MeTaJIJIoB B pacTBop (%: Ti 93,7; Mo 96,1;
V 97,5; U 93,1; Fe 93,6; Al 87,4) maer BckpsiTue 30JbI-1 (500 °C) KOHI[EHT-
PUPOBAHHON CEPHOM KHCJIOTON B CJIEAYIOIIMX YCJIOBUAX IIpollecca CyJb-
darusanmuu: coornomenue /T = 3, remneparypa mpouecca 250—285 °C,
MIPOAOJIXKUTENBHOCT, 30 MHH. YCIOBUSA BBIIEJAYUBAHUS METAJIJIOB U3
cynbGhaTHOTO CIeKa: BelleJauuBaomui areHT 2 % -uas H»SO4, Temmepa-
Typa 101—105 °C, mpogoxuTeabHOCTh 30 MUH.

2. Ilpu TOBBIIIEHUM TEeMIIEPATYPHI coKkuranumsa ciaanma or 500 mo 970 “C
U3BJIEYEHHE MEeTAJIJIOB U3 IIOJIyYeHHON B30JbI B PACTBOP YyMEHBIIAeTCH,
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npuyeM OCOOEHHO pes3Koe IaJjeHue BHIABJISETCS IJd ypaHa B cJjydae
3ouel-111 (970 “C). OnTuMaNbHOM TeMIIepaTy POl CHKUTAHUA CIAHIA B KUIIS-
mem cioe MokHO cuutath 900 °C. Ilpum BekpoiTuu 304-1V u -V (900 °C)
B YCJIOBUSX, IPUBEJEHHBIX B II. 1, MaKcuMaJabHbIe u3dBjeyenusda Ti, Mo, V u
U B pacrtBop nmoHmu:karmTca Ha 1—16 9, mo cpaBHEHUIO C UX UBBJIEUEHHEM
u3 3oasl-1 (500 °C).

3. Pacxopn cepHOU KHCJIOTHI, TPeOYyOIeHcss QA pas3JioKeHus 6alCcyHCKOro
cJIaHIla U ero 30JIbI, COCTABUT COOTBETCTBEHHO 383 Kr/T ciaHua u 656 kr/T
30J16l. CTOJIB BBICOKHMH pacXoJ, KHCJIOTHI [eJiaeT I[epepalboTKy CJIaHIEeB
ONUCAHHBIM BBIIIE METOLOM HepeHTaOeJIbHOI.

SUMMARY

The effect of concentrated sulphuric acid with a low liquid phase content
(L : S < 3) on Baisun deposit (Uzbekistan) oil shale and its ashes using the
method of sulphated roasting with the following leaching of sulphated mixture
was studied. Oil shale and its ashes received by means of oil shale layer-bed
ashing in laboratory conditions at 500 (ash-I), 800 (ash-II) and 970 °C (ash-III),
as well as bottom (ash-IV):ang light (ash-V) ashes received by means of oil
shale fluidized-bed ashing at 900 °C were used as initial product. In the sulphate
roasting process a weighed portion of initial product was placed into a platinum
dish and mixed with fixed quantity of H>SO, to get homogeneous paste. Then it
was calcinated in the same dish in an electric stove at fixed temperature and
time. The further leaching process of the sulphated ashes (clinker) was carried
out in a heat-proof three-necked bulb equipped with a stirring-rod, a reflux
condenser and thermometer. The pulp was filtrated and obtained products —
indissoluble residue and filtrate — were analyzed.

Experiments were performed in three stages.

1. Effect of sulphunc ac1d on oil shale and its ashes depending on the initial
material used.

2. Effect of sulphunc ‘acid on oil shale ashes in the sulphate roasting process
depending on: a) liquid phase content in reaction mixture, b) temperature
of the process, ¢) duration of the process.

3. Study of multistage leaching of sulphated ashes.

The optimum conditions determined for decomposition process with sulphuric
acid were the following: initial product — the ash-I (Table 1), liquid to solid
phase ratio L : S =3 (Fig. 1A4), temperature 250—285 °C (Fig. 1B), duration
30 min (Fig. 1C). Conditions of metal leaching: leaching agent 2 9% H:SO,, tem-
perature 101—105 °C, duration 30 min. These conditions guarantee the following
extraction of metals from sulphated ashes into solution, %: Ti 93,7; Mo 96,1;
V 97,5; U 93,1; Fe 93,6; Al 87,4. It is worth mentioning that rather high extrac-
tions of Mo and U (88,8 and 86,4 9%, respectively) take place at room temperature
already (Fig. 1B).

When raising the oil shale ashing temperature from 500 to 970 °C the metal
extraction from obtained ashes into solution in above mentioned process decrea-
ses. Particularly sharp decrease takes place in U extraction from ash-III — it is
only 32 9% (Table 1). The optimum temperature of oil shale fluidized-bed ashing
must be 900 °C. The maximum extractions of Ti, Mo, V and U from ashes-IV
and -V decrease about 1—16 9 in comparison with the extraction from ash-I.

Study of the sulphated ashes multistage leaching process (Table 2) indicates
that due to hydrolysis the. suitable leaching agent must not be water but dilute
sulphuric acid. The leaching process in given conditions is unfinished yet and
bears unsaturated, unbalanced character. b

The amount of sulphunc acid needed for decomposition of Baisun oil shale
(Table 3) and its ashes were 383 kg per t of oil shale and 656 kg per t of ashes
respectively. Such a-high sulphuric acid consumption makes this process econo-
mically unprofitable.
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