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METAL LEACHING FROM BAISUN OIL SHALE
AND ITS PROCESSING PRODUCTS

UNDER THE EFFECT OF DIFFERENT REAGENTS
IN VARIOUS CONDITIONS

B WuctutyTe Xxumuu AH OScrtoHum B 1966—67 rr. moz pyKOBOACTBOM
u P. Koxa mpoBeAeHO HCCJIELOBAHWE BO3MOKHOCTEM KOMII-
JIEKCHOT'0 MCIIOJIb30BAHUS I'OPIOYHX CJIaHIEeB (Kasiee — ciaHen) BaiicyH-
CKOro mecTopokaeHusi Yabexucrana (IllupaGapckuii pation Cypxas-
JapbuHCKOM 00aCTH) ¢ LEJBbI0 W3BJIEUEHHS K3 HUX MeTaJljioB. B my6iu-
KyeMoO# cTaTbe IIDUBOLSATCS DPE3yJIbTAaThl M3YyYEHUS BO3AEHCTBHSA Ha cja-
Hell ¥ TIPOAYKTBI ero nepepaboOTKU CEepHON KHCIOTOM (KOHIEHTpanud 0
80 %) u mesoyamu (koHueHTpanus o 10 %) Dpu pa3IUYHBIX TeMIepa-
Typax, AaBJICHUSAX M COOTHOIIEHUSX JKHAKON W TBepAou ¢as.

Xapam‘epnc'rmca HMCXOAHBIX BeIleCTB

B omsiTax HCIOIB30BAHBI:

— HCXOZHBIN cnaHen (kpynHocTs —0,4 MMm);

— 30JIa OT CKHUraHus cJaHna npu Temnepatype 500°C (kpymHOCTH
—1,0 mm — 3osia-I) u 900 °C (kpymsaocts —0,5 Mmm — 3ousa-1I);

— mnoaykokce (kpynHocts —0,8 MMm).

3osa-1 mosiyyeHa NPU CIKUTAHHWU CJIAHIA, IOMEI[EHHOI0 TOHKHUM CJIOEM
Ha (apdopoBbie MPOTUBHH, B dJIeKTpomedu npu Temieparype (500 -+ 10) °C
B TedyeHue 2 4, 3oya-II — mpu coKUraHWUM CJIaHIA B TOIKe C KUIMSIIUM
cioeMm B MHcruryTe Tepmodusuku u snekrpopusuku AHI [1]. [Ins monry--
YeHHUs MOJIYKOKCa CJaHel] nonyxoxcm;ann B JIa0OpaTOpHON peTopTe MIpH
Temneparype 600 °C.

XHUMHYECKHUH COCTAB MCXOAHOTO CcJjaHIa mnpuBeieH mo JI. Pougany
(radn. 1). ComepixaHue HEKOTOPBIX METAJIJIOB B MPOAYKTAX IepepaboTKEu
cJlaHIia, KI/T:
soxna-1: Ti 2,900, Mo 2,360, V 3,480, U 0,283;
soisa-II: Ti 3,120, Mo 2,263, V 2,500, U 0,260;
nonykokc: Ti 2,610, Mo 2,212, V 3,163, U 0,197.

JKCIepUMEHTAAbHAS YACTh
IIpoBesieHO IATH CEepHUil ONBITOB, B KOTOPBIX ONpPEJAEJIEHBI CleAyoliue

3aBHCHMOCTH.
1. BospeiicTBue Ha cilaHel U MPOAYKTHI ero rmepepaboTKy BOAHBIM PACTBO-
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Tabauya 1. XuMuAdYeCKH cocTaB caaHna BaicyHCKoOro
MecTopoxaeHua, %

Table 1. Chemical composition of the Baisun deposit
oil shale, %

KommoneHT CopepxaHue
Component Content
Si0; 23.90
TiO, 0.34
Py05 1.37
V203 0.32
Al,03 7.26
FeS 2 4.06
FeO 2.69
CaO 9.55
MgO 1.30
K20 1%
NasO 0.50
S03 1.93
CO, 4.86
MoOs; 0.25
U303 0.02

OB + H;0 (xoncruryuuonsHas) 39.76
Organic matter |water
of constitution

Bcero
Total 99.28

pomM, cogepakaium oT 2 10 80 % cepHO# KHCJIOTHI, IPU TeMIlepaType Kuie-
HUSA peakuuoHHON cmecu (mna 2 Y-mHoit H.SOs — 102 °C, 20 %-HOMT —
1083—104 °C, 50 9%-moit — 119—126 °C, 80 9%-nHoit — 186—193 °C) —
3aBHCHUMOCTb OT KOHIeHTpauuu HySO;. OTmenbHO paccMOTpeHa IBYXCTY-
neHuarasa obpaborka 80 9% -HOM KHCIOTOM U BOLOM.

2. BospeiictBue Ha 3oay-I u -II 2—80 9%-sHoit HoSOs — 3aBHCHUMOCTEH OT
TeMIepaTypbl 00paboTKu.

3. BoageiictBue Ha 3o0uy-II 10 9% -moit HoSO, mpu TeMmepaType KHUIIEHUSA
peakiuonHoir cmecu (101 °C) — 3aBUCHMOCTBH OT COOTHOUIEHUS MKULKOU
U TBepAoi (a3 B pPeaKIMOHHOU CMECH.

4. BospeiicTBue Ha MPOAYKTHI nepepaboTku caanuma 5—10 9 -HeIMHU pacTBoO-
pamu menoueir (NaOH, NaOH + Cly;, Na»CO3) — 3aBHCHMOCTH OT YCJIO-
BUi 06paboOTKH.

5. BospeiicTBue Ha ciaaHel u 30uay-I1 5—10 9% -HpIMu pacTBOpaMu IIeJI04YeH
(NaOH, NayCO3;) — 3aBHCHMOCThL OT yCJOBHM 06pabOTKM B aBTOKJIaBe.

IlepBble YeTHIpE CEPHUU ONMBITOB IIPOBOLUIM IIPHU aTMOC(EPHOM AaBJIeHUU
B KDYTIJIOJOHHBEIX TPEXTOPJIOBEIX KOJI0aX BMECTHMOCTHIO 1 JI, cHabxeH-
HBIX MeXaHHYEeCKON MeIIasKOoH, OOpaTHHIM XOJOAHJIBHUKOM M TepMOMET-
pom. Konbsl ¢ ucxomgusim BemjectBoM u pearenTom (MK/T 2 mo 100 mur/r)
HarpeBasJu Ha siaeKkTporure (1-a u 3-a cepuu) uau B Tepmocrare (2-a u
4-s1 cepuu) npu Temmepatrype 20—196 °C B Teuenue 30—45 muH. Ilyaemy
dbunsTpoBas Ha HYTY-QUILTPE, MOJYYEHHHIH HEPACTBOPUMBIH OCTATOK
Ha TOM e (PUJIbTPe MPOMEIBaIu Bogoi. TosbKO B 1-if cepUM ONBITOB B CIIY-
yae 80 9 -HO CepHON KHUCJIOTHI KOHILIEHTPHPOBAHHYIO a3y OTAeNAIH HU
aHaJM3UPOBAJM OT[AEJNbHO, PABHO KAK YW BOAHBIA PACTBOP, IOJIY4YEHHBIH
IocJie MOBTOPHOM 06paGoTKH TBEPAOrO OCTAaTKa BOJOH (IIpM TeMIlepaType
KuneHus B TeuyeHue 30 MMH) U MpoMBIBaJIK Ha (uiabTpe. TBepAble OCTATKHU
cymuau B tepmocraTe mpu 105—110 °C u aHaIM3UPOBAJIH.

Ilaryio cepuio ombiToB (Temmeparypa mo 205 °C, maBienue po 18 ar)
MIPOBOAMJIK BO BpalaiiieMcs o00orpeBaeMOM aBTOKJIaBe U3 XPOMOHHKe-
JneBoit cranu Stilbia 82 (BeHrpus); BMeCTHMOCThL paboueil yacTu 4 J, CKO-
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pocThb Bpaenuss 50—86 06/ mun. O6paboTKy MaTepuaJia B aBTOKJaBe IIPO-
Bogunu npu /T 10 B TeueHue 1 U, mocjie Yero aBTOKJIAB OXJAJKJAJIHU.
Ha crnexymomuii geHb, [IOCJE CIyCKa M30BITOYHOTO [LABJIEHUSA, aBTOKJIAB
OTKPHIBAJIM U MOJYYEHHYIO IyJbIly (uiabTpoBasu. HepacTBopuMEIi ocTa-
TOK Ha (PUIBTPE IIPOMEIBAJKA BOJOI.

Copepaxanue merasios (Ti, Mo, V, U, Fe, Al) B pusnbTparax u TBepAbIX
OCTaTKaX ONpEJessid 110 METOJuKe, IIPUBEeLEHHOH B [2, 3].

O6cysknenune pe3yjabTaToOB

1. JdeiicrBue 2—80 9%-Horo pacrBopa  HoSO; Ha ciaHen M IPOAYKTHI €ro
nepepaGoOTEM IpPH TeMIepaType KHIIEHHSA PEeaKIHOHHOH cmecHu (puc. 1).
YcraHOBJIeHO, UTO MOBBINIeHHe KoHIeHTpamuu HySO; cmoco6eTByeT pes-
KOMY YBEJIMYEHHIO CTEIIeHM H3BJIeYEeHHUA B pPaCTBOD BCeX/ paccMaTpuBae-
MBIX METAJIJIOB M3 HCXOJHOTrO CJaHIa, 30ubl-1 u -II. Bosblie Bcero BO3-
pacraeT pacTBOPDMMOCTH THUTAaHA, MEHBIIIe BCEro — ypaHa.

Makcumanbable usdBiaeueHus (%: Ti 91,1; Mo 98,5; V 98,0; U 98,2;
Al 84,3; Fe 99,1) naer BckpriTue 30yb1-1 90 % -Hoit HoSO4 u 3aTeM O0TAEIBHO
BOJOM IIPHM IBYXCTYyIleHYaTOM 00pabOTKe, IPK 3TOM paclipefieJiIeHHe MeTaJi-
JIOB 110 QUIbTPATAM pPa3HOe KaK [0 HCXOLHBIM BeIlleCTBaM, TAK U II0 MeTaJ-
aam (taba. 2). JIydmnre Bcero B KOHIIEHTPUPOBA HHYIO KHCJIOTY HM3BJIEKaeTCs
ypaH, XyKe BCero — »KeJeso.
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Puc. 1. 3aBUCUMOCTh CTEII€HM WM3BJIEYEHUS METAJIJIOB B PaCTBOD IIPHU
Bo3feiicTBuu Ha ciaHen (A), soxy-I (B) u soay-II (C) pacrBopom
CEepHOM KHCJOTHI IIPU TeMIlepaType KUIEHUS OT KOHIEHTPAIUM KHC-
notel (20 r TBepgoit u 250 mua xupkoi dasel, T = 30 MuH)

Fig. 1. The dependence of metal extraction from the oil shale (A),
ash-I (B) and ash-II (C) into a solution in sulphated leaching pro-
cess at the boiling temperature on the sulphuric acid concentration
(20 g of solid and 250 ml of liquid phase, T = 30 min)
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Puc. 2. 3aBUCHMOCTb CTelleHM W3BJIEYEHUS METAJIJIOB B PaCTBOP IPHU
BO3/[€HICTBHU Ha 30JIy-I pPacTBOPOM CEPHOM KHCJIOTHI Pa3IMYHON KOH-
uenTpanuu (kpuBasg I — 2 9%, 2 — 20 %, 3 — 50 %, 4 — 80 %) oT Tem-
nepatypsl npouecca (20 r tBeppoit u 100 mu xuzpkoii pas, 1 = 30 muH)
Fig. 2. The dependence of metal extraction from the ash-I into a
solution under the effect of the sulphuric acid with different concent-
ration (curve I — 2 9%, 2 — 20 %, 3 — 50 9%, 4 — 80 %) on the pro-
cess temperature (20 g of solid and 100 m1 of liquid phase, t = 30 min)

WssneueHue, % Extraction, % (wt.)
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Puc. 3. 3aBUCUMOCTh CTEIEHU HBBJIEYEHHUS METAJIJIOB B PACTBOP IIPU
Bo3zeiicTBuM Ha 3o0iy-11 80 9% -HO# CepHOH KHCJIOTOM OT TeMIIepaTyphl
npouecca (20 r tBepgoit u 100 mn xuzkoi das, 1 = 30 MuH)

Fig. 3. The dependence of metal extraction from the ash-II into a
solution under the effect of 80 % sulphuric acid on the process tem-
perature (20 g of solid and 100 ml of liquid phase, 1 = 30 min)
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2. eiictBue 2—80 % -Hoit H,SO; Ha 30,y NpHu Pa3JHYHBIX TeMIEpaTypax
(puc. 2). IloBblmieHMe TeMmIepaTyphsl 0o6paGoTku 1m0 3GhGEKTUBHOCTH He
yCTyIaeT MKCIIOJb30BAHUIO BHEICOKOKOHIEHTpupoBaHHOM H2SOs; IIpexpge
Bcero 9To oTHocuTcA K Ti: ero usBieueHue U3 30JIbI-1 IPU KOMHATHOM TEM-
nepaType He npeBsimiaeTr 6 % nmasxke B cayuae 80 9% -Hoit KucaoTel. Iloamem
Temmepatypsl or 20 o 100 °C BeI3BIBAET pe3KOe yBeJWYEHHE PAaCTBOPU-
MocTH V Ipu JIOOBIX KOHIEHTpaUuAX KUCIOTH. Ha cTemeHs U3BJIEYECHUSA
B pactBop Mo o U TemnepaTypa mpoliecca BiuseT MeHblle. Ciexyer moji-
YEePKHYTb, YTO IIPH KOHUeHTpamuu Kuciaorel 20 9% u OGojsiee uaBIedYeHUE
Mo u U pgake mpu KOMHaATHOW TeMmIepatype cocraBiaser 77—87 %.

MaxkcumaibHoe (88—96 9,) u3BieUyeHHe B PACTBOP BCeX METAJIJIOB HaeT
B 9TOH cepum onbIToB obpabGorka 80 9%-HO¥ KHCIOTONH HpU TeMmIlepaType
kunesua (206 °C), xora MakcuMalbHasA pacTBOpuMocTh Mo obecrneun-
Baetrca yxe npu 150, a U — mpu 100 °C.

IIpumepHO Takas XKe KapTHHA HMeeT MecTO U npu obpaborke 80 % -Hoit

cepHO# KucyaoTo# 30bI-11 (puc. 3). Tonbko mogsemsl KpuBbIX Ti u V meHee
KPYThie U M3BJIeYEHHE BCEX METAJIJIOB 3HAUUTEIHLHO MEHbIIIe, Y4eM B caydae
3oisei-1I. 3aTo pacTBopumMocTs Mo u U mouTu gocTuraer MaKCUMyMa yiKe
npu 50 °C.
3. Hencrue 10 %-noit HySO4 Ha 30ay-1I npu TeMmepaTrype KMOEHHA NpH
Pa3IMYHBIX COOTHONIEHHMAX JKHMAKOM u TBepaod ¢as (pme. 4). B ompobo-
BaHHOM uHTepBaye (/T = 2; 5; 12,5 u 100 miu/r) sTor dakTop 3aMeTHO
BJIMSET Ha MBBJIEYEHHE BCEX METAJIJIOB IPHU YBEJIWYEHUH COOTHOIIECHUS
/T or 2 go 6 u manee mocrenesHo ysxe a0 100. Jiumpe usBaedenue U
mouTu He Bo3pacraeT npu usmeHeHuu 4K/T or 5 mo 100. IIpu /T = 100
Boszeticteue 10 %-moit HSOs; paer [OOBOJBHO BBICOKHE U3BJIEYEHUSA
(87—92 %) Mo, V u U.
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Puc. 4. 3aBUCHMOCTb CTEIIEHU H3BJIEYEHUS METAJIJIOB B DacCTBOP IIPHU
BoszeiicTBuu Ha 30iay-II 10 %-HBIM pacTBOPOM CEPHOM KHCJIOTHI IIPU
TeMIlepaType KHMIIEHHWS OT COOTHOLICHHS JKHMAKOX U TBepaoi das /T
B peaknuoHHOM cmecu (f = 101 °C, v = 30 muH)

Fig. 4. The dependence of metal extraction from the ash-II into a
solution under the effect of 10 % sulphuric acid at the boiling tem-
perature on the ratio by weight L:S in the reaction mixture
(=101 Cyicr = 3Qumin)

4. Jleiicreue 5—10 %-HBIX PACTBOPOB Iie0YeH HAa ClaHeN M NPOXYKTHI
ero mepepaGoTkm mpu aTmMocepHOM NaBJEeHHHM W B aBTOKJaBe (Tabm. 3).
O6pa6orka 3ossl-I u -II npu aTmMocdepHoM maBieHuu pacTBopoM NaOH,
HaCBILIEHHBIM XJIOPOM (METOJ T'MIIOXJIOPUTA HATPHS), U MOJYKOKCA PACTBO-
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Tabaruya 3. UsBnedenue meraaiaoB 5—10 %-HEIMH pacTBOpPaMH INeJOYed IPH
armoctepHom naBiaenuH (oneiTel 1—4) m B aBTOKJIaBe (ombITHI 5—10)

Table 3. Metal extraction with 5 to 10 9 alcaline solutions under the normal
pressure (experiments 1 to 4) and in an autoclave (experiments 5 to 10)

OneiT Ucxoguoe  Pearent Y cnoBusi 06paboTku Wi3BiieyeHue MeTaslia
Expe- BemiecTBo Reagent Treatment conditions B pactBop, %
ri- Basic Temnepa- Hasienue, Metal extraction into a
ment material Typa, °C ar solution, 9%,
Tempera- Pressure,
ture, °C at

1 3Boxna-I

Ash-I 10 % NaOH -+ Cl, 50 ~1.0 5.9 44.7 20.8 29.8
2 3Bona-II

Ash-II 10 % NaOH + Cl» 50 ~1.0 3.7 442 186 20.7
3 Ilonykokc

Semicoke 59% NaOH 102 ~1.0 0 448 24.7 18.0
4 Tlonykokc

Semicoke 5 9% NayCO3 100 ~2.0 0 32.3 12.2. 20.0
5 Cnanern

0Oil shale 5 9% NaOH 180—205 12—18 1.9 933 778 9.2
6 Cuaasner

0Oil shale 10 % NaOH 140—170 5.5—9 3.2 91.7 84.2 10.0
7 Cnanern

Oil shale 5 9% NayCOs3 140—160 4.0—6.5 2.2 o4 176 302
8 Cnamer y

Oil shale 10 % NasCOs3 145—155 4.0—5.0 4.6 73.0'" 24,17 37.2
9 3oxna-I

Ash-I 5% NaOH 150—160 6—17 0.8 92.0 66.5 23.1
10 3ona-I i

Ash-I 5% NayCOs3 145—150 4.5—5 0.4 89.2 36.0 40.4

pamu NaOH u Na,CO; mpu Temmneparypax 50—102 °C okasamach Head-
(dexTUBHOM: H3BJeUeHHEe MeTaJlJIOB He mpeBsimano 45 %. IloswiineHue
TeMIepaTyphl ¥ [AAaBJieHWS B AaBTOKJIaBe CIOCOOCTByeT B3HAYMTEJbHOMY
MOBBINIEHUIO 3 (PEeKTUBHOCTH BCKPBITUSA CJIaHIA M ero 30Jbl JIKMIIL B CIY-
yae ABYX syieMeHToB — Mo u V. Ilpu mcrmosib30BaHHMU B KadecTBe pasiia-
rajomero pearedra NaOH wu3 cianma usBiekaerca po 93,3 % Mo u zo
84,29 V. B cinyuyae Na;CO; mMakcumaJbHEIEe pe3yJbTaThl SBHO HHUXKE:
s 3onbl-1 ussneuenue Mo 89,2 %, a V Bcero 36,0. UsBneuenune U 40,4 %,
Ti — HuxKe 5 Y% BO Bcex ciayyadax.

BriBoasl

1. IIpu mOBBINIEHUHM KOHILIEHTPAIMM CEPHOM KuciaoThl oT 2 mo 80 9% cre-
IeHb u3BJyieyeHuss B pacTBop MmerayioB (Ti, Mo, V, U, Fe, Al) us GaiicyH-
CKOT'O CJIQHIIA U ero 30JIbI IIOCTEIEHHO IIOBHIIIAETCH, ZOCTUras MaKCUMyMa
(84—99 %) npu 80 %-uHoit HySO,4 u TeMuepaType KMIIEHUA B cIydae 30JbI-1.
2. TloBhilIeHHE TeMIepaTyphl peakuuoHHOM cmecu ot 20 °C mo Temmepa-
TYPhI KUIIEHUSA IOYTHU CTOJIb JKe 3(EKTUBHO, KAK U ITOBBIIIEHNE KOHIEHT-
panuu CepHOM KHCJIOTHI TOJNBKO B ciayuae Ti m V, HO mMajo BiausieT Ha
usBaeuesue Mo u U.

3. Ilpu yBenuueHuu o6BeMHOro KosuudecTBa 10 9% -HOM CepHOM KHCJIOTHI
(WK/T or 2 mo 100 mu/r) creneHnr usBjedeHus B pactBop MmerasuaoB (Ti,
Mo, V, U) us 30xsI-11 npu TeMnepaTrype KMUIIEHUSA IIOCTEIIEHHO IIOBLIIIAETCH,
mocrurasa npu /T 100 87—92 9% Mo, V u U.

4. TIpu o6paboTke ciaHua u ero 30asl pacrsopamu NaOH u NayCO; ¢ KoH-
meHTpanueir go 10 % (makcumanpHas Temmnepatypa 205 °C, gmaBieHue
19 ar) He yzasoch LOCTUIHYTH KOMILJIEKCHOI'O H3BJIEYEHUS HHTEPeCyIo-
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II¥X HAC METAJIJIOB B pacTBOp. IlOBBIIIIEHHBIE TEMIIEPATYPHI U HaBJIEHUS
CIIOCOGCTBYIOT 3HAYNUTEILHOMY BO3PACTAHUIO CTENEeHU H3BJeYeus B IEJI0Y-
HO# pacTBOp ToNbKO Mo (zmo 93,3 %) u V (mo 84,2 %). li3BieyeHue B pac-
TBOP APYTHX METAJIJIOB B 3THUX YCJIOBUSX He mpeBnimaer 41 9%,.

SUMMARY

The effects of dilute sulphuric acid and dilute alkaline solutions on Baisun
(Uzbekistan) oil shale (Table 1), its ashes and semicoke were studied. Ash-I was
obtained by oil shale layer-bed ashing under laboratory conditions at 500 °C,
ash-IT — by means of oil shale fluidized-bed ashing at 900 °C, and semicoke —
by oil shale laboratory retorting at 600 °C.

Five series of experiments were carried out: (1) the first four at normal pres-
sure and different temperatures, and (2) the fifth one in an autoclave at
increasing pressures and temperatures.

In the first group, the experiments were carried out in three-necked bulbs
equipped with a stirring-rod, a thermometer and a reflux condenser. The heat-
proof bulbs were heated with an electric heater or in a thermostat. The pulp
liquid/solid ratio L/S was 2 to 200, the temperature was 20 to 196 °C, and the
duration was 30 to 45 min.

The following dependences were studied:

(1) The dependence of metal extraction from oil shale and its processing pro-
ducts with 2 to 80 % H»>SO, at the reaction mixture boiling temperature on the
concentration of acid. The stages of two-staged leaching (the first one with
80 9% acid, the second one with water) were studied separately.

(2) The dependence of metal extraction from ashes-I and -II with 2 to 80 %
H;SO,4 on the treatment temperature.

(3) The dependence of metal extraction from ash-II with 10 9% H>SO; at the
reaction mixture boiling temperature (101 °C) on the L/S ratio of the mixture.
(4) The dependence of metal extraction from ashes and semicoke with 5 to 10 %
alkaline solutions (NaOH, NaOH + Cl;, NasCO3;) on the treatment conditions.

Optimum conditions providing the maximum metal extraction into solution
were as follows: reagent 80 % H.>SO04, L/S ratio 12.5, and duration 30 min (Fig. 1).
The optimum source material was ash-I.

Using the two-staged leaching process, these conditions produced the following
extraction, %: Ti 91.1, Mo 98.5, V 98.0, U 98.2, Fe 99.1, Al 84.3 (Table 2).
Such results were obtained at boiling-points: 196 °C for the first stage and
103 °C for the second one. As for Mo and U, a similar degree of extraction
was achieved at lower temperatures (Figs. 2 and 3).

In case of a more diluted acid increasing its quantity was required in order
to obtain maximum metal extraction (Fig. 4).

In the fifth series of experiments, the dependence of metal extraction from
oil shale and ash-I into 5 to 10 9% alkaline solutions in the autoclave was studied
using the following treatment conditions: pressure 4 to 18 at, temperature
140 to 205 °C, L/S ratio 10 and duration 1 h. Table 3 demonstrates that simulta-
neous increases in pressure and temperature did not results in complex metal
extraction. Oil shale treatment with sodium hydroxide affected the extraction
of only two elements — Mo (up to 93.3 %) and V (84.2 %). The extraction of other
elements did not exceed 41 9%,.
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Erratum

In the article by E. Mareméde and H. Taal “Metal extraction from alum shale
ashes under the effect of ammonium sulphate” (1991, No. 4) the legend to
Fig. 1 (p. 338) is to be read as follows:

Fig. 1. The effectiveness of the metal extraction from ashes into solution under
the effect of ammonium sulphate on ashes, depending on: A — calcination tem-
perature of the ammonium sulphate and ashes mixtrue, B — calcination time
of the ammonium sulphate and ashes mixture, C — weight ratio of the ammo-
nium sulphate and ashes in the reaction mixture: I — Ti, 2 — Mo, 3 — V,
4 —U,5 —Fe, 6 — Al

ITompaeka

B cratee: 9. . Mapemss, X. A. Taans «V3BieueHue MeTAJJIOB M3 30JbI AUK-
THOHEMOBOTO CJIAHIA IOJ AEHCTBUEM CylIb(arTa aMMOHUSA», MOMEIIEHHON B No 4
3a 1991 roz, mopmuck K puc. 1 Ha c. 338 ciexayeT UUTATH:

Puc. 1. 9ddexTuBHOCTs U3BJIEYEHUS METAJIJIOB B PACTBOP IIPU BO3ZEHUCTBUM HA
30JIy CcyJIbMaTOM AMMOHHUS B 3aBUCHUMOCTH OT: TEMIIEPATYPhLI CMECH 30JIbl U CYJIb-
dara amMMoHuA (A), NMPOLOJIKUTEIHHOCTH IPOKAJTMBAHHUSA CMECH 30JIbI U CYJb-
dara ammoHuA (B) 1 MacCcOBOTO COOTHOIIEHUS CYJb(aTa aMMOHHUS U 30JIbI B IIPO-
kaysimBaemoi cmecu (C): 1 —Ti, 2 — Mo, 3 —V,4 —U,5 —Fe, 6 — Al



