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HU3BIIEYEHHE METAJUIOB H3 30JIbI TOPIOYEro CIIAHIA
BAMCYHCKOIO MECTOPOXXIEHHSA IIOJ NEHCTBUEM CYJIBPATA
AMMOHHSA

E. MAREMAE, H. TAAL

METAL EXTRACTION FROM BAISUN OIL-SHALE ASHES
UNDER THE EFFECT OF AMMONIUM SULFATE

Ily6nukyeMasi cTaThs NPOIOJDKAeT HayaToe B paborax [1, 2] KOMILIEKCHOE
HCCIIefOBaHHE U3BIIEYeHUSI METAJIOB U3 30JIbI FOPIOYMX CIIaHIeB BalicyHCKOro
MecTopoxueHus: (Y36ekucraH). M3yueHsl ClIemyrolliMe MapamMeTpbl Mpolecca
Pa37I0XKEeHMS 30561 NOL HeHCTBHEM CyIbdaTa aMMOHHUS, ONIPEIesIOIIHEe CTENIEHb
HU3BIIEYEHUST METAIOB B pacTBOp: TemIepaTypa, MNPOMOJKHTEIBHOCTh U
OTHOCHUTEJIBHOE KOJIHMYEeCTBO cyiabdaTa aMMOHHMS, MCIOOIb3yeMOro IS
Pa3I0XeHHUS.

MeTon¥Ka H yCIOBHS NPOBENECHHS ONLITOB

HicxomHoe BelecTBO — 30J1a KpyIHOCThiI0 —1,125 MM, MmosyyeHHas CXKUTraHUEM
roproyero ciaHua BaWCyHCKOro MecTOpOXIEHHS B TONKE C KHUIISIIMM CIOEM
npu Ttemmnepatype 900 °C, ¢ comep:KaHMEM HCCIEOYEeMBIX METAaJIOB, KI/T:
Ti 3,120; Mo 2,263; V 2,500; U 0,260; Fe 93; Al 114.

W3 301161 ¥ cynbdhaTa aMMOHHS F'OTOBHIIK OTHOPOIHYO CMECh M B IIIATHHOBBIX
yamkax (g S0 MM) MPOKaJMBaIK €€ B HArpeBaeMOM CHIUTOBBIMH CTEPXKEHSIMH
Tpy6UyaTOM 3JIEKTpomne4YH (TOYHOCTh pEryJIHpOBaHUS TemmepaTypel + 5 °C).
B ombITax no U3y4eHHIO BIHUSHUS TEMIIEPATYPhI MOPIIMM CMECH, COCTOSIIHAE U3
5,0 r 30abl 1 10,0 r cynbdaTa aMMOHHS, IPOKAJIMBAIH NPH TeMnepaTypax 300,
400, 500, 600 u 800 °C B TeueHHe 30 MHH. B OmbITax MO M3yYEHHUIO BIUSTHHUS
NPOJOJIKMTENLHOCTH MPOLIECCa Pa3lOXEHHS aHATOIMYHBIE MOPIHMH CMECH
NpPOKaIMBAIK INpPH YCTAHOBIEHHOM ONTHMAalbHOM TeMmepatype — 400 °C B
TeyeHue 15, 30, 45, 60 u 120 MuH. [N onpeneleHHUsST OTHOCHTEIBHOIO
KONIMYecTBa CyilbdaTa aMMOHHs, HeOOXOOUMOIO IS pa3NOXEeHHS 30JbI,
FOTOBUIU CMECH C MAacCOBBEIM OTHOLIEHHEM 30JbI U cylbdara aMMOHHUS 2 : 1,
1:1m1: 2 unpokanuBaiu B TeyeHue 30 MUH.

HanpHeuyo 06pab0TKy MPOKATEHHON CMeECH (CmeKa) C LeJbio MepeBeCTH
NOJNy4YeHHble CyiabdaThl METaIOB B pPacTBOp, TO €CTh OCYLIECTBHTH
BBILLEJTaYMBaHME, NPOBOJMIM B TeX XK€ IIATHHOBBIX YalllKaX Ha KHISLUEH
BOISIHOM 6GaHe. Bo Bcex OmBITaX MCMONB30BaIH Mo 50 mMi 2 %-HOM CEpPHOM
KHUCIIOTBI, LIMXTY NEepPHONUYECKH IepeMelIUBalH, IPOLO/KHTEIbHOCTE
obpaborku 60 mMuH, Temmepatrypa 95—100 °C. IloayyeHHyr0 MyJbIly
GUIBTPOBANM Ha HYTY-GHIbTPe, HEPACTBOPUMBIE OCTATKH Ha (HIBTPE
IIPOMBIBAJIH BOIOM, BEICYLIMBAIH B TepMocTare npu 105—110 °C ¢ B3BELUMBAIH.
ITomyyeHHbIe NPOLYKTHI aHAJIM3UPOBAIH 10 METOINHKE, omucaHHo# B [1, 2].
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KpomMe ToOro, neicrBue cyinbdara aMMOHHUS Ha MpPOLECC TEPMHUYECKOro
Pa3I0OXKeHUsT 30JbI U3YYEeHO TEPMHYECKMMH METOIAaMH — Ha JOepuBaTorpade
OII-102, pexxum TUHAMHWYECKHM, MOBEIIIeHHe TeMnepaTypsl 10 °C/MuH.

O6CcyXIeHHAE PEe3yILETaTOB

3aBHCHAMOCTH CTENICHH H3BIE€YEHHWS METAIUIOB B pPAacTBOP OT TEMIIEPATyPhI
pa3noxenus 30nb6l (puc. 12). [Ipy NOBBILIEHUH TEMIIEPATYypPbl NPOKAINUBAHUS
g0 400 °C wu3BlIeYeHHME BceX METAIOB 3aMETHO yBelWuHMBaeTcs. Ilpwu
TaJbHEHIIIEM MOBBILIEHUH TEMIIePATy pbl U3BIIeYeHHE YMEHBIIAETCS, 0COOEHHO
pe3ko B ciydyae Mo u Ti, B ciay4yae Fe Heckoibko mo3xe — mocie 500 °C u
cxoogut Ha Her mpu 800 °C. Takum 06paszoM, ONTUMAJBLHAS TeMIEpaTypa
npomecca — 400 °C.
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Prc. 1. 3aBUCHMOCTDb CTEIICHH HU3BJICUYCHHS METAJJIOB B PACTBOP IIPH BO3LNCHCTBUH Ha
30y cyiabhaTOM aMMOHHS B 3aBHCHUMOCTH OT: @ — TeMIIEpaTypbl NPOKaJMBaHUs
DEaKIMOHHOM cMeCH, b — NPOJODKUTEILHOCTH IPOKATHBAHUS PEaKIMOHHOH CMECH,
¢ — MaccOBOT0 COOTHOIICHHS cyiabdaTa aMMOHHS H 30Jb! B PEAKI[HOHHON CMECH

Fig. 1. Dependence of metal extraction from ashes into solution under the effect of
ammonium sulphate to ashes dependending on: a - calcination temperature of the reaction
mixture, b - calcination duration of the reaction mixture, ¢ - ratio by weight of ammonium
sulphate and ashes in the reaction mixture
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Ppc. 2. ITA- (I—3) u TI- (I'—3’) aHamu3: 1 u I’ — 307l 2 v 2° — cynbdara

aMMOHHMS, 3 ¥ 3’ — cMecH 30JIbl U cyiIbdhaTa aMMOHHUS B MACCOBOM COOTHOINGHHH 1 : 2;
HUHTEePBaJ TeMnepatyp 230—240°C

Fig. 2. The DTA- (I—3) and TG- (I’—3’) curves: I and I’ - ashes, 2 and 2’ - ammonium
sulphate, 3 and 3’ - ashes and ammonium sulphate mixture weight ratio 1 : 2
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3aBHCHMOCTH CTENEHH H3BI€YEeHHS METAallIOB B pacTBOp OT
NPOIOJCKHTEILHOCTH MPOMecca pa3lioXeHus 301Ibl (puc 1b). BaaumoneincTBue
MEXIy 30JI0M ¥ CyabhaTOM aMMOHHS 3aKaHYMBAETCS MO McTeyeHHMH 30—45
muH. ITocie 30 MuH u3BieyeHHe B pacTBop Ti U Fe 3aMeTHO yBelIm4MBaeTcs,
a Al — ymeHsbluaercs. I1ociie 45 MUH CHUXKAeTCS. M3BlIeYeHHUE BCeX METAJIIOB.
CreoBaTeNbHO, ONTHMAJIbHOE BpeMs pPa3ioXeHHS 3046l — 30—45 MHH.
3aBHCHMOCTh CTENCHH H3BIeYeHHS METAIUIOB B PacTBOP OT OTHOCHTEIBLHOIO
KOJMYEeCTBA CylkpaTa aMMOHHS, HCIOIbL3YeMOI'0 IS Pa3lIOXEHHS 30JbI
(puc. 1lc). Drtor dakTop oOuYeHb cyumiecTBeH. Hawmboablnas 3aBHCHMOCTD
BeIsBIeHa misi Ti — 45,4 %, HaumeHblnas — miusi U — Bcero 3,5 %. B
GOJBLIMHCTBE CJIy4YyaeB CTelMeHb MNepexoma MeTaJIOB B pacTBOpP MPSIMO
MpPOMOPIIMOHAILHO 3aBUCHT OT OTHOCHUTENIBHOTO KOJHM4YecTBa cyiabdara
aMMOHHS, TaK 4TO 3IeCh IPEANOYTHTEIbHEIM SIBISETCSI MAaCCOBOE COOTHOLIIEHHUE
30JIbI B peareHTa, paBHoe 1 : 2, yTo B 4—5 pa3 60JIbllIe CTEXHOMETPHYECKOM
MOTPEeOGHOCTH B HEM M 03HAYAET JOBOJBHO GOJIBLION €ro pacxom.
TepMuEdYecKHi aHANM3 NEUCTBHAA CylIpaTa aMMOHHES Ha POLECC TEPMHIECKOr0
Pa3NOXeHusl CIAHIEeBOM CMONEI (puc. 2). [IuddepeHIHaNbHbIA TEPMUYECKUT
aHANM3 IMOKa3all, YTO B CiIy4ae 4YHCTOM 30Jbl TepMUYyeckue 3PdeKTsI
OTCYTCTBYIOT. TepMHYecKOe pa3loXKeHHe YHUCTOro cyiabdara aMMOHHS
MPOMCXOMTHUT B IBa 3Tama. Ha mepBoM, B TeMmepaTypHOM HHTepBane 230—390
°C (sHpmoTepMHuueckuit MakcumMyM nipu 360 °C), moTepst Maccel coctaBisier 21,7
%, Ha BTOpoM, mpH 390—500 °C (3HZOTEepMHYECKHI MaKcUMyM npH 440 °C),
— 78,3 %. Cmech 301bI ¢ CynTbhaTOM aMMOHMS TOXE pa3jiaraeTcsi ¢ OByMs
9HIOTEpMHYECKUMH MakcumyMamu (mpu 360 u 470 °C), B TeMmepaTypHOM
uHTepBase 240—540 °C. OgHAaKO B 3TOM Clly4yae MOTeps. MacChl COCTaBIsIeT Ha
nepBoM atane 21,2 %, Ha BTopoM — Bcero 64,3 %. CinemoBaTenbHO, 14,5 % ot
ePBOHAYAIBLHOTO KOJMYECTBa CylIbdaTa aMMOHMS OCTAeTCS B CMECH.

ConocTaBleHHE 3HAYEHHIM H3BICYEHHS METAIOB M3 creKa, 06paboTaHHOro
cynibdaToM aMMOHHS (puc. 1), ¥ TaHHBIX TEPMHUYECKOro aHamu3a (puc. 2)
CBHIETEILCTBYET O TOM, YTO ONTHMAJIbHAS TeMIIepaTypa CyIbdaTU3ALMH 30JIbL
— 400 °C onpenensieTcs 3aBeplLIeHUEM MEPBOr0 SHIOTEpMUYECKOro 3ddexTa.
Bo BpeMs BTOpOro sHmoTepMHueckoro 3ddekra (400—500 °C) Hapsmy c
pa3lioXeHHeM H30bITKAa CyinbdaTa aMMOHHS TNPOMCXOOUT paslOXeHHe
00pa30BaBIIMXCS MMAPATHBIX CYJIb)aTOB MOJHUOIEHA, TUTAHA M AJIFOMUHHSA.

ITo npyUyYKHHe OTHOBPEMEHHOIO PA3JIOXKEHUS peareHTa M MPOLYKTOB peaKLuy
CYIHUTh O KOJHYEeCTBe Cylbdara aMMOHHS, NpPOpPearupoBaBLIEro C 30JI0H, MO
IaHHBIM TEPMOTPaBUMETPUH 3aTPYIHHUTENbHO. TeM He MeHee BUIHO, YTO IIPH
ONTHMAJILHOM IS cyibdaTH3alnuu Temnepatrype B 400 °C yneryunBaeTcs (TO
€CTh JIETKO pereHHMpyeTcst) JHIIL 21,2 % OT B3ATOr0 KOJIHMYECTBAa peareHTa.
OcranbHasi 4acTh M30BITKA Cylbdara aMMOHHS (0K0io 1,2 T/T) ocraeTcs B
CIeKe.

TakuMm 00pa3oM, TepMHYECKHM aHAJlKU3 MONTBEPKIAET M YTOYHSET
pe3yJbTaThl, NOJIYYeHHbIe MPH M3yYeHHH U3BICYEHUS METAIIOB.

BrIBOJBI

’

OnpeneleHbl ONTHMANBHBIE YCIOBHS DPA3OXEHHS 30JbI, MONYYeHHOH IpH
CXHMIaHMHM TOpIOYero CliaHma bBaWCYHCKOr0 MeCTOPOXIEHHS B TONKE C
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KHIISILIHM clIoeM npH TeMmnepatype 900 °C, cyabdhaToM aMMOHUS: TEMIIEpATypa
400 °C, nmpomoiXuTedbHOCTh 30 MHMH, MacCcOBO€ COOTHOLIEHHE 30JbI H
pearenTa 1 : 2.

ODTH nmapaMeTphl YTOYHEHEI B X01e/ Tepmnqecxoro aHanmu3a. Mx cobironeHue
obecreYynBaeT H3BIIeYeHHE B pacTBOp B cpegHeM 70—90 % Ti, Mo, V, U u Fe
150 % Al

CliemoBaTeNIbHO, CyIbdaT aMMOHHMS HOBOJBHO 3¢ GdEeKTHBEH KaK peareHT I
Pa3noXEeHHS CIAHIIeBOM 30JIbI. B TO Xe BpeMsi 60JBIION PacXOf, peareHTa U ero
BBICOKasi CTOMMOCTH OOYCIOBIHMBAlOT HeOOXOIMMOCTh pa3paboTaTh MPOLECC
pereHepaldy cyibdaTa aMMOHHUS.

ABropel 6maromapHel M. HMoxaHHec 3a HOGpbIe COBETHI M KPUTHYECKHE
3aMeYyaHHsT B XOf#e pabOThI HaJ CTAaThIMH O TEXHOJOIHH IepepaGOTKU
SCTOHCKHMX TUKTHOHEMOBEIX M Y30€KCKHX rOPIOYHX CIAHIIEB.

E. MAREMAE, H. TAAL

METAL EXTRACTION FROM BAISUM OIL SHALE ASHES
UNDER THE EFFECT OF AMMONIUM SULFATE

Summary

The effect of ammonium sulfate on Baisun deposit (Uzbekistan) oil shale ashes using the
method of sulphate roasting with the following leaching of sulphated ashes was studied. Oil
shale 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 ashes was placed into a
platinum dish and mixed with fixed quantity of ammonium sulphate to get homogeneous
mixture. Then it was calcinated in the same dish in an electric stove at fixed temperature and
time. To find out the temperature effect on the ashes decomposition process, the mixtures of
5.0 g ashes and 10.0 g ammonium sulphate were calcinated in the electric stove at 300, 400,
500, 600 and 800 °C for 30 min (Fig. 1).

To find out the duration effect on the ashes decomposition process, similar mixtures were
heated at optimal temperature 400 °C for 15, 30, 45, 60 and 120 min.

To find out the quantity of ammonium sulphate needed for ashes decomposition,
homogeneous mixtures of both were made with weight ratio 2 : 1,1 : 1 and 1 : 2. The
mixtures were calcinated at 400 °C for 30 min.

Further, leaching process of calcinated mixture was carried out in the same platinum dishes
with 50 ml 2 % sulphuric acid on the boiling water bath at 95—100 °C for 60 min
with periodic mixing. The pulp obtained was filtrated, indissoluble residue on the filter was
washed with water, dried in thermostat at 105—110 °C and weighed. All products were
analyzed.

In addition to that, the effect of ammonium sulphate on the process of ashes thermal
decomposition was studied using thermal methods. These experiments were carried out on the
derivatograph OD -102 in dynamic conditions rising the temperature 10 °C/min. In the
Fig. 2 the curves of differential thermal analysis (DTA) and thermogravimetric analysis (TG)
are presented.

The optimum conditions determined for decomposition process of ashes with ammonium
sulphate were the following: temperature - 400 °C (Fig. 1a ), time - 30—45 min (Fig. 1),
weight ratio of ashes and ammonium sulphate - 1 : 2 (Fig. 1¢). These data are confirmed and
made more exact by the results of thermal analysis (Fig. 2). The used conditions of metal
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leaching - leaching agent 2 % H,SO,, temperature 95—100 °C and time 60 min - guarantee
the extraction of Ti, Mo, V, U and Fe about 70—90 %, Al — 50 %. So ammonium sulphate
is quite an effective reagent for decomposition of ashes. Its high consumption in this process
makes necessary to elaborate the process of its regeneration.
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