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JocmimkeHo nepepoOKy anyHIiT-GpocaTHUX CHCTEM Ta30BiJHOBHHM METOIOM. BcTaHOBIEHO, IO BHACIIOK
NepepoOKn  OfepXKyroTh 3 razoBoi ¢asu cynbdimum ¢docdopy, 3 TBepmoi ¢(azm — aqOMIHATH JIYKHUX Ta
JY’)KHO3EMEJIBHIX METAJIiB, 3 IKKX MOYKHA OJIePrKaTH IIIMHO3EM a0o0 TIIMHO3EMHI IEMEHTH i CyIb(daT Kaio.
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Beryn

AwHamniz XiMIKO-MiHEpaJIOTIUHUX 1 TEXHOJOTIYHHX
XapakTepuctuk  QgocdatHux 1 cynbdaTHUX  pYA,
TIONIYKOBI JTOCITI/PKEHHS TOIIO BKa3YIOTh Ha JOLUIBHICTh
CyMicHOI TIepepoOKH HUX pyJ TEPMIUHHM IUIIXOM Y
MPUCYTHOCTI BigHoBHUKA [1 - 4].

Bimomi mokiamu anyHiTiB B Pocii, AsepOaiimkani,
VYkpaini, CIIIA, Kurai, Apcrpanii, Mekcui, Ipani. B
Vkpaini TOKJIaaM  aNyHITIB  TPEICTaBiIeHI  JBOMa
POJOBHIIIAMH: BeperiBcbkum (51,4 mun.T.) Ta
birancexum (290,3 mitH.T.) Ha 3akapnatri [2, 3, 5].

B VYkpaini Ha JaHuii Yac BIACYTHI pPOIOBHIIA
BHCOKOSIKICHOI (poc(aTHOI CHPOBUHH 1 II€ 3YMOBIIIOE
€KOHOMIYHY 3aJIeKHICTh Hamoi KpaiHW BiJl IMIIOPTY
cupoBuHH. Po3Bimani 3amacu (ocOpoOBMICHUX pyI
VYkpainu ckiaiaoTh B nepepaxyHky Ha P,Os npubiu3Ho
3, 9mupa.r. Husekuit Bmict P,Os no3Boise BimHecTH
BiTUM3HsAHY (pocaTHy cupoBUHY 110 3abanaHcoBoi [6]. Y
3B'S3Ky 3 [IMM BHHHKAa€ HEOOXIJHICTh TOIIYKY HOBHX
MiIXOMIB JO TEXHOJOTIi MepepoOKH BIACHOI CHPOBUHH,
sIKi O BpaxOBYBaJIM Cy4acHi BUMOTH.

Icuye nBa mMeromu TepmiuHOI nepepoOku ¢ocdatHol
CHPOBHHHM — €JIEKTPOTEpPMidHHUA [7] Ta Ta30BiIHOBHHI
[8]. B mnepumioMmy wMeromi ¢ochaTHy CHPOBHHY
BiIHOBJIOIOTh KOokcoM mpu 1450 - 1600°, B apyromy —
npupogHuM Tazom npu 1100 - 1300°. B obox meromax
JUIsi  3B’SI3yBaHHS  OKCHJIB OCHOBHOTO  Xapakrepy
3aCcTOCOBYIOTH (hirocyroui mobaBku — SO, [9], Al,Os
[10] Ta amomocumikatu [11]. Bemenust Takux n00aBOK
no 3abamaHcoBHX (OCHOpUTIB Yy  CIIIBBIITHONIEHHI
Ca0:S0,, Al,O3 =1:1+3 3menirye kouHrenTpario P,Os
y ¢dochaTHUX mIMXTaxX, IO BeAe A0 3HAYHHUX BTpPaT
CHPOBMHHM Ta 3MEHIIEHHS MNPOJYKTUBHOCTI peakTopa.
Kpim Toro, BifoMi MeTOmM HE BHPIINIYIOTH ITUTaHb
KOMIUIEKCHOI IepepoOKH CHPOBHHHHX MaTepialiB i
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XapaKTepU3ylThCsS HASBHICTIO 3HAYHHMX KIJIbKOCTEH
TBepao(da3HUX BIAXOIIB.

Mu mpoBenM JOCHIIKEHHS TI0  BiJHOBJIECHHIO
TpuKanbliil ¢ocdary B MPUCYTHOCTI ANyHITIB. 3aMiHa
OKCHJIO3B’ SI3YIOUMX JT0OABOK IYHITAMU MOXE BHPIIIUTH
MTUTaHHS KOMIUIEKCHOT'O BUKOPHUCTAHHS BCiX
CHPOBHHHUX KOMIIOHEHTIB. B ra3oBiil ¢a3i moxiuse
yrBOpeHHs cyinbdiniB dochopy, B TBepmii ¢azi —
AJTIOMIHATIB JY)KHUX 1 JY)KHO3EMEJIbHUX METaliB, SKi
MOXYTb OYTH Iiepepo0JieHi Ha Cyab(ar Kaliro, TIIHHO3EM
YM TJIMHO3EMHI IEMEHTH 32 BiIOMUMHM TEXHOJIOTiAMHE [5].

Onepxxanns  cynbdiniB  dochopy i3  docdary
KaJbLil0 B MPHUCYTHOCTI CyNb(aTiB Kajiro, alIOMIHIIO 1
aJFOMOKAJIIEBUX TallyHIB, MOXX€ BIIKPUTH ILUIIX M0
3aJlydeHHS y BHUPOOHHUITBO 3abayiaHCOBOI (ochaTHOI
CHPOBUHH Ta MPUPOJHUX AITYHITIB.

|. MeToanka ekciepUMEHTY Ta
00roBOpeHHs pe3yJIbTATIB

3 METOI0 BHM3HAYEHHS MOXKIHBOCTI KOMILIEKCHOT
nepepoOku  (ochaTiB KajJbIil0 TNPUPOTHHM Ta3oM B

NPUCYTHOCTI  Cynb(aTBMICHUX  COJIEH  NPOBENEHO
nocmimkennst  BigHoBneHHs Cag(POg), Meranom B
NPUCYTHOCTI  cynbdary  Kamilo, aJIOMiHiIl0O  Ta

aJFOMOKAJIIEBUX TallyHiB. B sKOCTi OKCHI03B’SA3yI04O1
J00aBKM MU Opalii OKCHJT AJTIOMIHIIO.

Jlns po3IIISIHYTHX peakmiid 3HaXOAWIN 3aJEKHICTh
3MiHH eHeprii ['i00ca Bix TemMneparypu.

BuxiznHi gaHi Ta MeTOMKa PO3PaxyHKIB OYyIIH B3ATI 3
mxepen [12,13]. Tlpu 1bOMy BHKOPHUCTOBYBAIUCH
TEepMOAMHAMIYHI PiBHIHHS, B SIKMX BpaXOBYBajach 3MiHa
3a3HAYEHHX BHWIIE IapaMeTpiB BiJ TEMIIEPATYpHOTO
PeXUMY TpOBENEHHS NpoleciB. Po3paxyHOK 3Ha4YeHb
eneprii ['100ca nMpoBoAMIN 32 PIBHSIHHSIM:
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AG’; = H °p98 — TAS 598 +¥ [Ni(H®: — H%gg)] = T [Mi(S* —
S)i]

re  Y[n(H%G—H%g )], XIN(Ss—Sxse)i] —

CTEX10METPUYHUX KOe(DILiEHTIB N; VIS BCIX PEYOBHH, SIKi
MPUIMalOTh y4acTh Yy peakii.
Po3paxyHOk MpOBOAMBCS /sl HACTYITHUX CyMapHHX

anreOpaiuHi cymMH JOOYTKIB  BHCOKOTEMIIEpATYPHHX PIBHSIHB peaxilii:
CKJIQJIOBHX BINNOBIHO e€HTANbMii Ta eHTpomii 1

5K,S04+Caz(P04),+8Al,03+20CH,=1/2P4S;o+3Ca(Al Oy),+10K Al O,+20CO+40H, (1)
3/2K,S04+Caz(PO4)2+9/2A1,05+19/2CH,=1/2P,S5+3Ca(AlO,),+3/2Kal O,+19/2CO+19H, (2
3K,S04+Caz(P0O,),+6Al,05+14CH,=P,S3+3Ca(Al O,),+6Kal O,+14CO+28H, (3)
2K,S04+Caz(P04),+5A1,05+11CH,=2PS+3Ca(Al O,),+4Kal O, +11CO+22H, 4
2K,S04+Caz(P0y),+5A1,05+11CH4=P,+S,+3Ca(Al O,) +4Kal O,+11CO+22H, (5)
5/3A15(S04)3+Cas(PO,)+4/3A1,05+20CH,=1/2P4S;¢+3Ca(Al O,),+20CO+40H, (6)
Y2 Al(S04)3+Caz(POy)2+5/2A1,05+19/2CH=1/2P4,S3+3Ca(Al O,),+19/2CO+19H, (7
Al(S04)3+Cas(PO,)+2A1,05+14CH4=P,S3+3Ca(AlO,),+14C0O+28H, (8)
2/3Al15(S04)3+Casz(PO,),+7/3A1,05+11CH,=2PS+3Ca(Al O,),+11CO+22H, (9
2/3A15(S04)3+Caz(PO,)+7/3A1,05+11CH4=P,+S,+3Ca(Al O,),+11CO+22H, (20)
5/2Kal (S0,),+Caz(PO4),+3Al1,03+20CH,=1/2P,S;0+3Ca(AlO,),+5/2Kal O,+20CO+40H, (11)
%Kal (SO4),+Caz(POy)2+3Al,03+19/2CH,=1/2P,S3+3Ca(AlO,),+3/4Kal O,+19/2CO+19H, (12)
3/2Kal (S0,),+Caz(PO4),+3Al,03+14CH,=P,S3+3Ca(Al O,),+3/2Kal O,+14CO+28H, (13)
Kal(S0,),+Caz(POy4),+3Al,03+11CH,=2PS+3Ca(Al O,),+Kal O,+11CO+22H, (14
Kal(S0,),+Caz(PO4),+3Al,03+11CH =P, +S,+3Ca(Al O,),+Kal O,+11CO+22H, (15)

AHamniz TepMOJMHAMIYHHMX MapaMeTpiB OKPEMHUX
peakuiii BimHOBIEHHS (ocdar-cyiabpaTHUX cUcTeM, SIKi
MOXXYTh TPOTiKaTH B cucteMi (ocdar — cymppar —
IJIMHO3EM — BIJHOBHHMK II0Ka3aB, [0 HaWOLIBII
WMOBIpHUMH 1 JOIUIBHUMU € peaknii 6 ta 11 3
YTBOpEHHSIM IeHTacynbdiny ¢ocdopy, BogHIO i OKCUIY
Byriemo.  Ile  miATBepMKYEThCS — BiANOBITHUMHU
3HaYeHHAMU eHeprii ['i66ca 1wmx peakuiit (puc. 1).

[Ipore, Ha OCHOBI oOIEepKaHUX TEPMOIMHAMIYHUX

KOMITOHEHTIB y pearyrodii cucremi. Ha mpaktuni npu
BiJTHOBJIEHH] cucTeMu Qocdat — cynbpar — rimHO3eM —
BiTHOBHUK  MOXYTh  IIPOXOJIUTH OJHOYACHO, SIK
napajienbHi Tak 1 IOCTIJOBHI peakiii. Meror maHuX
JIOCHI/DKEHb € TIOBHMH TEPMOIWMHAMIYHUE  aHaui3
PIBHOBXKHHX  CKJIQJIB  IPOAYKTIB  TOCITIIKYBaHOL
CHCTEMH.

[IpoBeneHo po3paxyHOK pIBHOBXHOIO —CKIIAIy
MPOAYKTIB pearyrouoi cucremMu ¢ocdar — cymbdpar —
IHTEpBaJli TEMIIEPATyp
BUXI1HUAX

T K

JIAHUX JIMIIE OKPEeMHX peakliii He MOXKHa 3poOuTH [JIMHO3EM — BIiJJHOBHHUK B
BHCHOBOK IIPO  OCOONMBOCTI  XiMIYHOI ~ B3aeMomii 800+ 1400K mpu tucky 1,01510°TIa i
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Puc. 1. 3anexnicts eneprii ['i00ca Bij TeMIiepaTypy B AOCHTIIKYBAaHUX CHCTEMAX
(mymepallist KpUBHX BiMOBimae HyMepallii piBHSHb B TEKCTi).
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CIIBBIHOIIEHHIAX KOMIIOHEHTIB, IO BIAIIOBIIAIOTH
piBHsHHAM peakuiii 1 — 15,

AHaJti3 ofiep)KaHUX JaHUX ITOKa3ye, IO B 1HTEPBAJi
temnepatyp 800+ 1200 K OCHOBHMMHU KOMITOHCHTaMH
ra3oBoi ¢asu €: P,S3, P4S3,P4Sy0, Hp, CO myns peakuiii 1 -
4,6-9,11-141a Py, S;, CO, H, as peakiii 5, 101 15.

KoHieHTpariiss BCiX Ta30BUX IHPOIYKTIB CYTTEBO
3pocrae no 1000 K, micnst goro 1iedd pict NpUITUHSETHCS.
Le miaTBepmxye Tol (akt, 10 B iHTEpBaIi TeMIieparyp
800+ 1000 K B OCHOBHOMY 1 3aBEpIIYETHCSA IPOIEC
onepxkanHs P;S;p. OpHak, MOXXHa CTBEpPKYBaTH, LIO
micnst 1100 K nmounnae nepeBaxkatu Hag P4Syo yrBopeHHs
eneMeHTHUX (ocdopy i Cipku.

KiHnleBUM MpOOyKTOM TMpoIeCy € YTBOPEHHS B
TBepAii (a3l aNoMiHATIB JTY)KHHX Ta JIYKHO3EMEIbHUX
Mmertaiie KAIO, i Ca(AlO,), Ta mammmky Al,Oz . Taki
MPOAYKTH MOXXYTh OyTH TepepoOJicHI 3 OIepKaHHIM
Al,O3 B TBepmiii (asi Ta B po3uMHAX ANIOMiHATIB
JNY)KHUX 1 Jy)KHO3eMeNbHHX MeraniB. OpepxaHuii
[JIMHO3EM MOXKe OyTH TIOBEepHYTHH B TIpolec, a
BWJIY)KCHUH pPO3YMH NOLUILHO MiagaTth KapOoHizarlii. B
MpolLeci B3a€EMOJii aTIOMIHATIB 3 BYIJICKUCIUM Ta30M B
ocan pumnagae Al(OH) 3. B posuuni omepxxyrotbes K,COs
i Ca(HCOj3),. OcranHi MOXYTh OYyTH pO3AiJCHI MpHU
Harpianti 10 100°. [Ipu upomy rigpokapOOHAT KaIbIi0
6yzae nepesenenum B CaCOs, a AI(OH) 3B AlO3:

Ca(HCO3),= CaCO3+CO,+H,0 (16)
2Al (OH) 3= A|203 +3H20 (17)

TakuM 4YHHOM KIHIIEBUM IIPOXYKTOM IepepoOKH
anyHiT-pocharnux cucrem € CaCOz K,COs AlOsz i
cynbpimn  ¢pochopy. Onepxani ocamu CaCOz i
[JIMHO3EMY MOXXYTh OYTH BHKOPUCTaHI B TEXHOJOTIT
B’ SDKY4YHMX PEYOBUH — IJIMHO3EMHHX LIEMEHTIB.

BucHoBkn

AHanmiz  TepMOIWUHAMIYHUX  Ta  KIHETUYHHX
PO3pPaxyHKIB MiATBEPIKYE MOUUIBHICT 3aCTOCYBAHHS Y
skocTi  (urocyrodoi  go0aBKM  CcynbdariB - Kaljito,
aIIOMiHIIO, 3B'S3yBaJIbHOI — TJIMHO3E€MY, a Y SIKOCTI
BiJTHOBHHKAa — METaHy, 110 B CYKYITHOCTI MPU3BOIUTH SIK
0 3HWKEHHS TEMIIEpaTypu TMpOLECY BiJHOBIICHHS
anyHiT-¢pochaTHUX CHCTEM, TaK 1 JO IIiABHIICHHS
€KOHOMIYHOI JOLIIBHOCTI BEIECHHS MPOLECY.

3aMiHa JIOKCHAY KPEMHIIO Ta aJIOMiHIH OKCHIYy Ha
alyHITH B TexXHOJOrii mepepoOku 3abanaHcoBOl
¢docdaTHOI CHPOBMHU J1a€ MOXIIUBICTH IIPOBECTH
KOMIUIEKCHY TIepepoOKy CHpPOBHHHMX MarepianiB Ta
CIPOIIYE caMy TEXHOJIOTII0 MepepoOKu. 3 ra3oBoi (asu
BITHOBHOI'O  IIPOLIECY  KOHIEGHCYIOThCS  CYIb]inu
dochopy, sKi MOXHA PO3MIIMTH pekTH(dikamieo. 3
TBepnoi (a3 OJEPXKYIOTh TIIMHO3EM a00 TJIMHO3CMHHUIMA
LIEMEHT Ta COJi JY)KHUX METAaiB.

TakuM 4YuHOM, BigHOBIEHHS (ochaTHOI CUPOBHHU
VYkpainu B TpUCYTHOCTI  CynbdariB Mae  3HAYHY
MEepCIeKTUBY sl OaraThbox  Trajy3edl  HapoIHOTO
TOCIIOJIAPCTBA, OCKIIBKM PO3B’s3ye BaXKJIHMBY HPOOJIEMY
onepkaHHs came cynbQiniB Gpocdopy, sKi JOBOAUTHCS B
JIaHWH Yac iIMIIOPTYBATH 13-3a KOPJIOHY.

Xyooaposa O.C. — cTapuivii BUKIIaa4 Kaeapu XiMii;
Kpuxnueuii /1.1I. — nokTOp TEXHIYHUX HAYK, IIPodecop;
Ioniwyx F0.0. — acUCTEHT.
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The Complex Processing of Alunite Phosphate Systems
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The processing of alunite phosphate systems has been investigated by gas-recovering method. It has been
ascertained that on account of processing in gas phase sulfides of phosphorus are obtained. In solid phase duminates
of akaline metals and alkaline soil metals are obtained, which are used for getting of aluminaor alumina cements and
potassium sulfate.
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