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PE3IOME

A3BeCTHO €, Ye pellaBaHETO Ha ronsama YacT OT eKONOrMyHUTe NpobriemMn e CBbP3aHO C KOHKPErH! TEXHOMOMMYHM pelueHns. MNpemaxsaHeTo Ha Makcum TabaH B
rpap [NepHuK 1 CBbp3aHWTE C HEro 3aMbpCsBaHUS Ha Bb3fyXa M BOAWTE € Bb3MOXHO W KenaHo, Tbii KaTo NMKBWAauusTa Ha TabaHa we ce duHaHcupa oT
peanu3auusTa Ha BBIMWLLHWA NPOAYKT OTAENsH npu npepaboTkata My kato eHepruitHo ropuso B TEL|. V3BbplueHOTO ekcnepuMeHTMpaHe B MpoMMLLNEHa
vHcTanauws B benms cbe cyposuHa oT Makcum TabaH nmokasa TEXHOMOTMYHUTE Bb3MOXHOCTY Ha XMAPOLMKMOHHOTO CenapupaHe B aBTOreHHa cycneHsus. [lpu
NALTHOCT Ha cycneHanaTa 1,44 glcm® 1 AnHaMUyHUTE YCOBYMA B CPeaTa B KOSTO Ce M3BbPLUBA Pa3fensHeTo OCUrypsaBaT peanHa pasgenuTentHa nibTHocT 1,65
glcm® npu KOSITO BBITIMLHUAT KOHLEHTPAT e ¢ paHaemaH 21,43 % npu A% 21,5 %. Mpu NPOMMLLNEHOTO EKCTIEPUMEHTUPaHE B MHCTANauMsiTa npeaHasHadeHa 3a
13BNUYaHe Ha YepHW KamMeHHW BbIMWLLA OT TabaHuTe B Benrus ce ycTaHoBMXa U HAKONKO HeBnaronpusiTHu hakTa UMaLLy OTHOLLEHWE KbM CypoBHHaTa oT Makcum
TabaH, C peliaBaHeTO Ha KOMTO MOXe Aa ce nogobpu WKOHOMMYeckaTa eqeKTMBHOCT Ha XMAPOLMKMOHOTO CenapupaHe Ha CypoBWHaTa B aBTOreHHa
cycneHans. ToBa ca: Hannuue Ha BbIMULLHN KbCOBE WMk cpacTbLy no-eapu ot 40 mm; BUCOKa NennuBOCT Ha rmuHuTe oT Makcum TabaH, KouTo npy BUCOKa Bnara
Cb3faBaT ycrnosus 3a (OpMUpaHe Ha arperatv OT BBITMLLHWA W LINCTOBM YacTULM W OTAENSHETO UM KaTo edapoKbCOB MPOAYKT B knac +40 mm; no-rpyba

OWUCNEPCHOCT Ha rMUHUTE CPaBHEH CbC 3bPHOMETPUYHUAT CbCTaB Ha aBTOreHHaTa CyCneHsuns 13nonasaHa npu NpoMULLNEHNA EKCNepUMEHT U OpYri.

Kntoyosu aymu: TabaH, BbIMLLa, aBTOreHHa CyCneH3na, XmapoLUnKnoHMpaHe.
YBO[

B nocnegHuTe rogunn Bennkobputanus, benrvs, ®paHums u
OPYrM CTPaHW HAcOYBaT 3HAYMTENTHW MHBECTULMM KbM Mpe-
p360TKaTa Ha BUCOKonenenHu Bbruwa W OoTnaabvyHU
MaTepuanu W3BafZeHu OT Beye HedenCTByBalW pPyAHWULM.
MHBeCTI/ILWII/ITe [aBaT BMCOKa WMKOHOMMUYEeCKa e(*)eKTI/IBHOCT n
Ce Bb3CTAHOBSIBAT MHOMOKpaTHO. YcnopeaHo ce nogobpsisa
HapyLeHMAT BMA Ha OKONHaTa cpefa, KoeTo € CBbP3aHo U ¢
NNKBNONPAHETO Ha U3TOYHULMTE HA BPEeaHW ra3oBu, Npaxosu
W TEYHU EMUCUN.

MonobpsiBaHETO Ha XapaKTepUCTUKUTE Ha OKONMHaTa cpeaa B
rpag lepHuk e akTyaneH npobnem,Tbi kato curypupa B
CMUCbKa C MecTaTa C Hail-ronemu CTOWHOCTU Ha PasnuyHu
BMOOBE 3aMbpcaBaHus B bwnrapus.lonam gan B 3ambpcs-
BaHETO € uMano, a W B MOMEHTa WMa XAMUYECKOTO
U3BETPsIBaHe Ha BbIMULLHUTE TabaHu, B pesynTaT Ha KoeTo ce
OTAENAT CEepHU CbeauHeHus,mpax ¥ Texkun metanu. [lpu
Banexu Te Ce HaTpyneaT BbB BOgocOOpuTe, a OTTaM upe3
BOZATa Ce MPeHacsT 1 B noyBata.

EKONOTMYHWN NPELNOCTABKN 3A NUKBUONPAHE HA
MAKCWM TABAH

Makcum TabaH - xapakTepucTuka

Makcum TabaH ce Hamupa B ceBepHaTta YacT Ha rp. [epHuk,
3anagHo ot [IMBOTUHCKA peka, B HEMOCpeacTBeHa Brm3ocT o
pyoHuk Ceeta AHa. Ha BbHWeEH Bug uma dopmata Ha
€NMUMCOBMAHO Pa3TerfieH MpeceyeH KOHYC C pa3mep Ba ocuTe
390 x 230 m npu cpegHa BuCOuMHa 28 m. WMa CTPBMHK
cknoHoBe ¢ HaknoH 30 - 40 %. MopHaTa My 4acT e OTHOCH-
TenHo fobpe nogpasHeHa € HaknoH 0,5 - 2 %. TabaHbT ce
XapakTepusupa CbC CriegHuTe (HNU3MYecKn nokasatenu: Brara
- Hag 30 %, nnbTHOCT 2,2 - 2,7 t/m®, nopboaHocT 50-65 %.
Mpes 1972 r. TabaHbT € npefafdeH 3a CTOMAHWCBaHE Ha
obwwHaTa B rpaa MepHuk ¢ nnowy 76 gekapa. Mpe3 1974 r. e
npoBefeHa necobuonornyHa pekyntueaums Ha TabaHa. B
MOMEHTa Mragata ropa ce e 3anasuna camo Bbpxy nnoiy 30 -
35 % ot nnowa Ha TabaHa no cesepHus ckat. OcTaHanata
4acT e u3cbxHana nog Bb3LeNCTBUETO Ha MpoLecuTe NPoTu-
YalLly BbB BbTPELIHOCTA Ha TabaHa.

[o 1992 r. ca npokapaHu 6 Npoy4BaTENHN SAKOBU COHAAXM
Ha ynobHM 3a coHgupaHe Mecta 6e3 mpoydBaTernHa Mpexa,
CMnef KOETO NPOYYBAHETO € NpeycTaHoBeHO. Hama JoctaTbyHo
[aHHM NMOKa3BalLW pasnpedeneHneTo Ha ropuMata maca BbB
BbTpeWBoCcTa Ha TabaHa. [JaHHMTE 3a MenenHoTo Cbabp-
XaHWe Ha SAKUTE OT BCEKW COHAAX BapupaT B LUMPOKM
rpaHMuM B WHTepBana oT okono 70 % [0 CTepunHu
maTepuanu. o ekcnepTtHa oOueHka B TabaHa MMa OKOno
200000 ToHa BbraMLa.



ExonornyHu npobnemm

Makcum TabaH e ropsiw TabaH. CamosananBaHeTo Ha
BBLIMLLHMTE YacTULM CTaBa NpuW LOCTbM Ha KMCMOPOZ, A0 TAX.
B pesyntat Ha xemocopbuusTa cTaBa AuyHOMpaHe Ha
KMCMOPOZHM MOMEKYnM Mo nopute W agcopbupaHeTo UM no
aKkTUBHUTE LeHTpoBe. Tam ce obpa3yBaT CbeauHeHus OT
npekuceH Tun. CbeanHeHusiTa ca HeTpaHW W cnopeq
TeopusTa 3a BEPUXKHO-PaaMKanHUTe npouecu Te ce pasnagat
Ha CMIHO peakTMBOCMOCODHM pagukanu. Te aTakyBaT opra-
HWYHaTa CTPyKTypa Ha Bbrmuwara W obpasysar apyru
MEXOMHHM CbEOMHEHWUS, KOWTO CbLLO Ca HeTpailHm W ce
pasnagat. ToBa o0OpasyBaHe Ha HeTpailHM CbeauHEHMs
npoTya NaBMHOOBPA3HO M Ce CbMPOBOXAA C HEMPEKbCHATO
nokaysaHe Ha Temneparypata. Korato TemnepaTtypata
[OCTUTHe TOuKaTa Ha 3amanBaHe Ha BbIMMWATa 3arnoysa
MpOLECHT ropeHe, Npu KOWTO Ce OTAENAT AUMHN ra3oBe. B Tsx
ce cbabpxar. CO, CO, SO, CS; u pgpym. Tvit kato
OTHEMAHETO Ha TOMnMHa OT 3acbuKanswwTe LEHTbpa Ha
ropeHe MatepuarM He € eqeKkTUBHO, TO TemnepaTtypara
HapacTBa, B pesynTaT Ha KOeTo MpoThYaT MPoLecH No3HaTu
npu rasudukauymaTta, npu kosto ce otaens HS,, kakto u
pasnuyHu BBLINEBOLOPOAHM ra3oBe KaTo: €TaH, eTureH,
aueTuneH 1 Apyrn. BbaMOXHO € B HSIKOM 30HM [a HacTbMu U
0e3kNCnopodeH pPexum Ha OECTPYKUMS Ha  OpraHU4HOTO
BELLECTBO OT BbAMLLATA, NpU KOETO ce 0bpasyBa BbITMLLEH
kaTpaH, Cbabpkaly pasHoobpasHM XMMMYECKN CbeaMHEHUS,
HSIKOM OT KOWUTO ca KaHLeporeHHn kaTo BeHanupeHa. Otaoenst
Ce W KACNOPOL CbAbpXaljW CbeauMHeHus Kato peHonu, a
CbLLO Taka M amuHW. Te3n MpOAYKTM MPOHWKHAT rpaBUTa4HO
npes3 CypoBuHaTa Ha TabaHa, koeTo ce bnaronpusaTcTeysa OT
MoBWLLEHATa MOPUCTOCT Ha HacunmaHus Matepuan. Tesu
CbeaMHEHNsT Ype3 MOBLPXHOCTHUTE BaNeXHW BOAWM U Ypes3
MOAMOYBEHNTE BOAM CE MpeHacaT [0  Han-bnuskute
BogocOOpHMLY.

NanusawmTe AMMHK rasoBe Npes NyKHaTUHUTE U KaBepHUTe
MpU KOHTAKT C aTMOCthepHaTa Bnara [10Bexaat 10 obpasysaHe
Ha KUCENWHM, KOUTO 3aMbPCABAT, KaKTO NMOBBLPXHOCTHUTE, Taka
11 NOANOYBEHUTE BOAM.

BcnepcTaue Ha eposusita B torou3ToyHaTa YacT Ha TabaHa
Ce 3ambpcsiBaT C HepasTBOPUMM BeLecTBa BOAUTE Ha
MWHaBallaTa B HerocpegcTBeHa Onn3ocT peka, MPUTOK Ha
Crpyma. [lpu cyxo Bpeme mo4YBMTE B OKONMHOCTA Ce
3aMbpCsBaT OT NPEHACSHUS OT BETPOBETE Npax OT 06pyLLeHNs:
CKMOH Ha TabaHa. OueBnagHO Makcym TabaH, B yCnoBusTa Ha
npouecuTe Ha FOpeHe B Hero, € EKOMOTrMYHO BpedeH 3a
OKOMHaTa cpeda. Tesn MpoLecu Ha ropeHe 3atuxeaTt M ce
nposiBsiBaT C HOBA CWNMa B 3aBUCMMOCT OT MPUPOAHUTE
yCnoBus 1 ca Henmpeasuaumu. He moxe ga ce onpegenu
BPEMETPaeHeTO Ha TO3W Mpouec 4O MbAHOTO W3rapsHe Ha
BbrMWara. To MoOxe Aa npogbimku Jeceturnetus. Tesu
eKonoruyHu npobnemu ca JOCTaTbYHO OCHOBAHWE 3@ ThpCEHe
Ha Bb3MOXHOCTM 33 HErOBOTO JINKBUAMPAHE.

TexXHONOrMYHM Bb3MOXHOCTH

B npaktukata ca o4epTaHu TpW OCHOBHW HampaBrneHus 3a
OMON30TBOPSBAHE Ha BBbIMUWHWUTE oTnagbun (Lnmpt M.A.,
1986 ):

a) noBTOpHO oboraTsiBaHe Ha OTNagbLMTE;

6) paspaboTBaHe Ha kOMOGWHMpaHW Cxemn 3a oboraTsBaHe
CbY€TaHM CbC CXEMW MO3BOMSIBALLM M3MOM3BAHETO Ha
BenHu Ha ropuma Maca npogyKTy;

B) OMON30TBOPSIBAHE Ha OTNagbuUuTe OT BbrMenobuea B
ApYrv 0Tpacnu1 Ha NPOMULLNIEHOCTTA.

B nobuBa Ha Bbrmuwa oT TabaHu, CbabpXally CMECEHU
MaTepuanu (HeKOHOMUMOHHM BbIMMWA W CKanHM Maca),
benrs e egHa OT BogewwTe CTpaHu. Tam LIMPOKO ce
npunaraT MeTOAW Ha W3BMMYaHe Ha ropuma maca upes
rPaBUTALMOHHM METOMM, KaTo: CenapupaHe B TEXKM cpeaw,
oboratsiBaHe B YTaeYHM MallMHWM, BWHTOBM CenapaTtopu W
KOHLEHTPALMOHHN  Mack, XWAPOLMKIIOHWpaHe U [pyru.
Benruiickata ¢upma WAUTELET npegnara TeXHONOMMYHU
CXeMU Ha WHCTanaumu 3a oboraTsBaHe Ha BbIMWA B
XWAPOLMKIOHN C aBTOCYCreH3us. B cycneHaonaa ca BKIYEHN
KOMMOHEHTU OT oboraTsiBaHaTa CypOBMHA - [MABHO [MMHM,
MACbUM M ckanHa maca. Mctopuuecku BbruMwLHOTO obora-
TIBAHE € 3[paBO CBbP3aHO C MOM3BAHETO Ha TEXKA Cpeau.
CenapupaHeTo B TakaBa cpeja € CbC cnabo um3paseH
JQvHaMuyHM edbekTn. AnTepHaTiBa Ha ToBa oboraTsiBaHe B
TEXKa cpeda e oboraTsBaHeTo B aBTOreHHa camoreHepumpatya
Ce cpeda, KOSTO € C MO-HUCKA MITbTHOCT M CEPUO3HM
QUHaMuuHM edbekTn. PeanHo Heobxogumarta NIbTHOCT Ce
KOMMeHCcMpa OT BUXPOBUTE 1 LIEHTPOBEXHM NOTOLM Cb3aaBaHy
B MallMHUTE peanuavpaly cenapupaHeTo Ha YacTuuuTe Ha
ropumara Maca oT YacTULMTE Ha CkarHaTa Maca.

EKCMNEPUMEHTAITHA YACT

3a pa ce pokaxe npakTMyeckata Bb3MOXHOCT 3a
npepaboTka 1 OMon3oTeOpsiBaHe Ha CypoBuHata oT Makcum
TabaH Oele Heo6XOAMMO NPOBEXAAHETO Ha MPOMMLLIIEHO
eKcrepumeHTupaHe. Tbil kKaTo y Hac HAMa WHCTanauuu 3a
npepaboTka Ha CypOBWHM OT TakbB Xapaktep, TO
eKcrepuMeHTUpaHeTo ce npoBede B benrus Ha wHCTanauws
Ha cwupmata WAUTELET B okonHoctute Ha Lapnsopoa.
Hapep ¢ noTBbpXAaBaHETO UMK OTPUYAHETO Ha Ta3n Bb3MOX-
HOCT TpsibBaLle fja ce onpedent 1 TEXHWUKO-MKOHOMMYeckaTa
LenecbobpasHocT oT Bbaellata npepabotka Ha CypoBuHaTa
ot TabaHa.

MpeacTaBuTenHocT Ha npobara

BsemaHeTo Ha npefcTtaBuTenHa npoba € TpyaHO
ocbliecTBMMa  3ajaya, NoOpagn  HepaBHOMEPHOCTa W
HernocneaoBaTeNilHocTa Ha hOpMUPaHETO Ha TabaHa. Bbnpeku
TOBAa KONMMYECTBOTO Ha npobata 3a npoBexaaHe Ha
ekcnepuMeHTa TpsabBa a OTroBaps Ha 3bpPHOMETPUYHUSAT
CbCTaB Ha CypoBuHaTa B TabaHa M MakcymanHaTa efpuHa Ha
kbcoBeTe. BsemaHeTo Ha npobata e u3BbpLIEHO OT 6
cryyaiHo moaBpaHW TOYKM OT MOBbPXHOCTA Ha TabaHa ¢
enHokogdoB Barep. OT Beska Touka ca u3sageHu no 20 ToHa
po obbnounHa onpefeneHa OT pamoTo Ha DarepHata koda.
Bsetata cypoBuHa e HaTpynaHa Ha KOHyC BbpXy NroLiajka,
KbLETO crefj TPMKpPATHO CbOMpaHe M pascTunaHe ca OTAeneHu
okono 60 ToHa upe3 KkBapToBaHe. [lpu HaTOBapBaHETO Ha
npobata Ha .n.earoHa e oTAeneHa npoba 3a npoBexaaHe Ha
npesBapuTenHu nabopaTopHu M3cneaBaHus.



INabopatopHu uscnegBaHus

Ot npegsapuTenHute nabopaTopHW U3cCneaBaHus e
YCTaHOBEHO, Ye cypoBuHaTa oT Makcum TabaH e ¢ Bnara 16 %
W nenenHo coabpkanue 70 %. M3BbpleH e dpakumoHeH
aHanM3 Ha CypoBMHaTa B TeXka TeYHOCT 6GpomodopMm.
lMonyyeHuTe pe3yntatv ca AageHu Ha Tabnuua 1.

Tabnuua 1. Pesyntati OT (hpakLMOHEH aHanW3 Ha CypoBKHa
ot Makcum TabaH

Mo paHHWTe oT Tabnuua 1 ca MOCTPOEHW KpuBMTE Ha
0boraTMMoCT, KOUTO Ce BUXAAT Ha durypa 1.

MAbmwocm Ha pasgeaumeanama cpega g/cm3
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Queypa 1. Kpugu Ha 0boeamumocm Ha cyposuHa om Makcum

mabaH.

MeToauka 3a NpOMULLIIEHO eKCepUMEeHTUpaHe
Bbanpuetata MeToaMka 3a MPOMULLIIEHOTO EKCTepUMEH-
TMpaHe € CPaBHUTENHO-CUMYyMaUmMoHHa. TS MpeaBuxha Ha
WHCTanaumWsi C ONTUMM3MPaH TEXHOMOTMYEH NPOLEC Ha
cenapupaHe Ha CypoBWHa OT TabaHW (hopMupaHn npn aobuea
Ha YepHM BbITMLLA 4pes NpeKkbCcBaHe Ha NOToka fa ce nofane
3a obpaboTka cypoBuHaTa OT Makcum TabaH. 3a pasrpa-
HWU4aBaHe Ha [1BETE CyPOBMHM [a Ce OCTaBM WHTEPBAN OT Mo 5
MWHYTM B  3axpaHBaHeTO MpW 3anovBaHETO M Mpy
3aBbPLUBAHETO Ha EKCrepuMeHTUpaHeTo. To ce MpoBexaa C
W3non3BaHata B MHCTanauusita CycneHsus, TbA  KaTo
KOMMYECTBOTO Ha CypoBWHaTa OT Makcum TabaH, Kakto U
BPEMETPAeHETO Ha eKCNepUMEHTUPAHETO He ca AO0CTaTbYHM
3a (opmupaHe Ha cobctBeHa cycneHsus. [lmbTHOCTa Ha
CYCMeHausiTa ce OTYMTa N0 BPEME Ha eKCrEPUMEHTUPAHETO Ha
BCEKM [BE MUHYTW. Ha CbLMAT MHTEpBan Ce B3EMaT e4HaKBY
no obem npobu oT cycneHausTa, Kouto ce obeanHsear B obLua
npoba npu 3aBbPLIBAHETO Ha eKCrepuMeHTUpaHeTo. Ha
WHTEPBAN OT 4 MMHYTM Ype3 MpecuyaHe Ha noTouuTe Ce

B3emar npobu OT KOHUeHTpaTa 1 06eAMHEHNST oTnaabk. 3a

MOMbIIBAHE Ha KOMMYECTBEHUTE [JaHHW Ce ONPeaensT u:

—  KONMYECTBOTO Ha nmpepaboTeHata cypoBuHa OT Makcum

TabaH;

KOMMYECTBOTO Ha OBUTHS BBITMNULLEH KOHLIEHTPAT;

— TMenenHo CbAbpXaHMe W Brnara Ha  BbIMAWHUAT
KOHLieHTpaT.

OnuTHa MHCTanauus
OnuTHaTa uHCcTanauus e gageHa Ha ur.2

Al

X

Quaypa 2.. TexHonozu4Ha cxema 3a cenapupaHe Ha omnadbk
0m YepHU 8vanuuja

1-3axpaHgawa neHma; 2-sycumosa npeceeHa ypedba; 3-nomna; 4-

XUGPOUUKIOH; 5-0b2080 cumo; 6-06e3800Hs18aWO CUMO 3@ OMNadbk;
7-06e3800Hs18aL0 CUMO 3@ 0Mnadbk 0m XUOPOUUKIIOHU; 8-

npomugHo cumo; 9-npomuseH 6apabar “bapen”; 10-pesepgoap 3a

npomugHa 60da; 11-wnamosa nomna; 12-nomna 3a 06opomHa 800a;

13-mpaHcnopmHa fieHma 3a npomumu ebanuwa; 14- mpaHcnopmHa
neHma 3a omnadek; 15-06e3800Hs8aWa ueHmpoghyaa; 16-

mpaHChopmHa fieHma 3a 8ba/lUleH KOHUeHmpam.

OnuTHYM pe3ynTaTy

EkcnepumeHTUpaHETO € NpoBeAeHO CbrMacHo npensa-
PUTENHO M3roTBEHATA METOAMKA MPW YCTAHOBEH TEXHONOMMYEH
pexuMm. Hauyanoto Ha ekcnepumeHTupaHeTo e 4 yaca crnep
nyckaHeTo Ha uHcTanaumsata. CyposuHaTa oT Makcum TabaH e
npepaboTeHa Ha emuWHMs oOT pgBata Mogyna. [lpogwbn-
XMTEITHOCTA Ha ekcrepuMeHTupaHeTo e 24 muHytu. Obuiata
Maca Ha npepaboteHata cypoBuHa oT Makcum TabaH e 56
ToHa ¢ nenenHoct 70 % u Bnara 18 %. [onyyeHust
KOHLEHTpaT € 12 ToHa ¢ nenenHoct 21,5 % u Bnara 15,3 %.
Ha npencraButentute npobu oT  cbOpanute  npu
€KCTepYMEHTUPAHETO KONMYECTBA OT:
—  aBTOreHHa CycrneHsus,
—  BbIINLLEH KOHLEHTPAT;
—  OTNagbK OT CypoBMHATa.
B MY ca u3BbpLueHi nabopaTopHu uacneasaHus. MnbTHoCTa
Ha aBTOCYCMeH3usATa U3MepeHa ¢ apeoMeTsp ¢ obxsat 1,0 -
1,5 g/ cm® npn 18 °C. OtyeTeHa e nmbTHOCT 1,44 g/ cm®.
3BbPHOMETPUYHUAT CbCTaB Ha ABTOCYCMEH3NsATA € OMpeaeneH
Ha nasepeH ceaumeHTorpad AHanusete 22 W € [afeH Ha

curypa 3.

Ha npobata oT BbIMMLLEH KOHLEHTPAT BbB BMAa J0OUT Ha
WHCTanaumsTa € onpefernieHa Brarata npu W3cyllaBaHe npu
105 °C, kosito e 15,3 %. Crien AOMbIHUTENHO NPOMUBAHE Ha
KOHLeHTpaTa ¢ uucTa Boga Ha cuto 0,063 mm e u3BbpLUEH
3bPHOMETPUYEH aHaNM3 Ha W3CYLUEHUS! HALCMTOB MPOAYKT.
Pesyntatute OT aHanu3a ca fageHu Ha Ttabnuua 2. [lpu



NPOMWBAHETO Ha KOHLIEHTpaTa € OTAENeH LINaMOBO-TMMHECT
NpOAYKT, KOWTO € yTaeH 1 M3cylleH. HeroBoto komm4ecTso e
8,05 % c nenenHoct 67,6 %.

lMpobata oT oTnagbka e npecsTa BraxHa Ha cuto 40 mm.
Knac + 40 mm e cbCTaBeH OT 4Be rpynu KbCoBe:
a) MaCMBHM KbCOBE;
) arperati OT CrieneHn C BRaXHa MWHA BBLIALWHK U
MeprenHu 3bpHa.
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Queypa 3. 3bpHOMEMPUYEH CbCMag Ha a8MO2eHHa
CyCcneH3us u3nosi3saHa Ha UHcmanayus 3a
XUOPOYUKITOHUpaHe Ha mabaHu om YepHU ebauuia 8 bemeus.

Tabnuua 2. PesynTtatit OT 3bpHOMETPUYEH aHanN3 Ha NPOMUT
Bbpxy cuto 0,063 mm M u3CyleH BbIMULLEH KOHLeEHTpaT
nomy4eH Npu NPOMULLNIEHOTO eKCnepUMeHTUpaHe B benrus

CymapHu pesyntatu
Knac No6vs Menen- | no "+", ‘%
o HocT
mm % % pobws, | nenenHocr,
% %
+20,0 2,59 24,5 2,59 24,80
-200+ 9,0 | 16,05 11,0 18,64 12,87
-90+ 50 | 22,33 10,7 40,97 11,69
-50 + 25 | 2425 141 65,22 12,58
-25 + 1,25 | 20,50 16,4 85,72 13,50
-1,25+ 05 | 913 25,8 94,85 14,68
-05 + 063 | 515 422 100,00 16,10
Bemuko 100,0 16,1 - -

Ha Tabnuua 3 e aafeHa 3bpHOMETPUYHATA XapaKTepUCTUKa
Ha noacuToBms knac - 40 mm ¢ nenenHocT no Knacu.

Tabnuya 3. 3bpHOMETPUYHA XapakTepucTMka Ha knac — 40
mm OT OTnagbka NOMyYeH Mpy MPOMMWLLAEHOTO EKCTepUMEH-
TupaHe B benrus

Ot knac + 40 mm ypes pbYHO COPTMpaHe ca OTAENeHu
MacuBHWTE KbCOBE OT arperatute, cnef KOeTo ca OTAeneHu
MEprerHnNTeE OT BbINLHUTE KbCOBE. Arperatute OT BbIMLLH
W MEeprefHu YacTiLy ca CBbp3aHu ¢ ruHu. Cnep gesuHTerpu-
PaHETO M MPOMWBAHETO Ha Tasn dpakuus ce monyyuxa
pesynTaTi fageHu Ha Tabnuua 4.

Ot rnuHectuat npogykt (- 0,063 mm) Ha Tabrmuya 3 e
otgeneHa npoba 3a cutoB aHanu3. OnpegensHeTo e
M3BbPLUEHO Ha nasepeH ceaumeHtorpad AHanusete 22.
PesynTaTsT OT aHanu3a e gageH Ha durypa 4. Ot Tasu knaca
we ce copmupa aBTOCycNeH3usTa npu npepaboTkata Ha
cypoBuHaTa oT Makcum TabaH.

Tabnuua 4. 3bpHOMETpUYEH CbCTaB Ha knac + 40 mm ot
OTNagbka MOMyYeH MpU MPOMULLIIEHO EKCTIEPUMEHTUPaHE B
Benrus
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®Oueypa 4. 3bpHOMEMpPUYEH CbCMag Ha 2nuHecm NPoOykm
-0,063 mm om Makcum mabaH.

AVCKYCUA

CypoBuHaTa ot Makcum TabaH € nogxofsila 3a cenapupaqe
B aBTOreHHa CyCrneH3us, npeactaBnssalla uHata yact oT
[MUHECTO-NACbYHATa hpakums Ha cyposuHaTta. OT dwmrypa 3
ce Bukaa, Ye benruickara CycneHsns e cbCraBeHa npeobna-
[aBalLo oT huHM YacTuum - okono 90 % nog 2 MukpoHa. ToBa
ca (OMHW LUMCTOBM 4YacTuLM, TbA KaTo BbB BMECTBALLMTE
BbIIMLLATA CKanu HaMa rMuHW. 3a pasnuka oT TaX dumHaTa
yacT OT cypoBMHaTa oT Makcum TabaH e npefcTaBeHa OT
MWHM 1 (DUHW CKanHu (rnaBHO MeprenHu) yactuum. Cropeg
curypa 4 pakumsata nog 2 mukpoHa e okono 30 %, a makcu-
ManHaTa eapvHa HagmuHaBa 40 MukpoHa. CpaBHWTENHO
PaBHOMEPHO pasmnpefeneHne umat YacTuumMTe B Knacute oT 2
- 20 mwukpoHa. mmHata ot Makcum TabaH e nennmvea u
nnactmyHa. Tean CBOWCTBa Ce [OKasBaT OT HaNM4MeTO Ha
ronsam Gpon arperat B knac + 40 mm cbCTaBeHa o1 obma-
3aHM C IMHA BBITMLLHM M MEpreniHv gpebHn vactuup.

AHanu3bT Ha OTnagbka OT MPOBEAEHOTO MPOMMLLNEHO
eKcnepuMeHTpaHe B benrvs nokassa, ye WMa pesepsu 3a
nogobpsiBaHe Ha epeKkTUBHOCTA Ha cenapauusTa. B knac + 40
mm, koiTo ce oTaens 0e3 Aa ce nognara Ha cenapupatqe ce
CbAbPXaT BbIMULWHN YacThLUK, KOUTO NO nenenHocT Morat Aa
ce npuobLLaT KbM EHEPrUMHOTO ropuBO. TO3W KNac e CbCTaBeH
OT [iB€ rpynu KbCoBe:

al MOHOMUTHW BBIWLLHW 1 MEprenH KbCOoBE;
6/ arperatu.

MMpn pbYHOTO OTOGMpaHe no BRACHK U LBAT € OTAeneHa
BbIMLWHA pakums B konmyecTBo 16,48 % ot knac + 40 mm
c A’ - 34,1 %. Tasu knaca HaMa laHc fa ce oboraTsisa
XVAPOLMKIOHHO CBITAaCHO EKCIepUMEHTMPaHaTa Cxema, Ho TS
MOXE [a CE OTAENM KAaTO MEXAWHEH MPOAYKT NpY NPOMUBHUST
GapabaH Barrel n ga ce obeanHu ¢ KOHLEHTpaTa nonyyaBaH

CNef XNapOoLMKNOHMpaHeTo. [lpyrata Bb3MOXHOCT 3a 0no3oT-
BOpSIBAHE Ha MpOLyKTa € HaTpolaBaHe Ha TO3W knac [0
enpvHa - 40 mm n oboraTsiBaHe No eKcrnepUMeHTUpaHaTa Tex-
HOMOTMYHa CxeMa OT omrypa 2, Ho Mpu HaManeHo U3BMnMYaHe.

WHTepeceH pe3eps UMa B arperaTuTe oTaeneHu B knac + 40
mm. CbCTaBsWuMTE arperatute YacTuyM no pasnpeaeneHuve,
€[pWHa 1 NenenHoCT CbOTBETCTBYBAT Ha YacTULMTE BKIHOYEHN
BbB BbMIMLLHUAT KOHLEHTPAT 1 B OTNaabKa ¢ egpuna - 40 mm.
Ol-IeBI/IAHO npu ycnosuda, B KOWUTO rnuHaTa He NpoABABa
nennuBoCTa 1 NnacTUYHoCTa CW, Te LWe 6baaT pasnpeaeneHu
B KOHLiEHTpaTa ¥ oTnagbka B CbOTHOLUEHNETO NONy4eHO npu
eKCnepuMEHTUPAHETO, C KOETO Le Ce YBENNYM KONUYECTBOTO
Ha [obuBaHus KOHUeHTpaT. [lposBUTE Ha NNacTUYHOCT U
NennnMBOCT MoraT Aa ce u3berHar npy NpeaBapuTENIHO MOBY-
LUaBaHe Ha Brarata Ha rnuHaTa unu Npu HeWHoTo npeaBapu-
TETHO MOACYLIaBaHE.

Tean pesepsin obsicHsBaT CpaBHUTENMHO ronamMoTo pasnnyne
B KONMYEeCTBOTO M KayeCTBOTO Ha O00uUTHS BBITINLLIEH KOH-
LeHTPaT OT AaHHMTE NONy4eHN No KPUBUTE Ha oboraTumocT.

lTbTHOCTA Ha aBTOreHHaTa CyCMeH3ust Mpu eKcrepyUMeH-
TupeHeto e 1,44 g/cm® npu HamMuMe Ha CUNHO W3SBEHN
QUHaMUYHM  ebeKTn, KOeTO OTroBaps Ha pa3genuTernHa
MITbTHOCT B CcriokoiiHa cpedga 1,6 - 1,65 g/cm®. Cropea
opmata Ha kpuBaTa Ha enemeHTapHuTe dpakuum (A)
BbrMwara or Makcum TabaH ca neko oboratumw.
TeopeTyHO Bb3MOXHUAT J0OMB Ha BBITMLEH KOHLIEHTpAT €
33,2 % c A?42,8 %.

MonyyeHuTte pesyntat¥ OT MPOMULLIIEHOTO EKCMEPUMEH-
TUpaHe 3a KoHLeHTpaTa ¢ paHaemaH 21,43 % npu A? 21,50 %
ca [oCTa MO-HUCKM OT pes3yntaTuTe OTYETEHU MO KPUBUTE Ha
oboratumocT. C BHACAHETO Ha HAKOM KOPEKUMM B TEXHOMO-
rMYHaTa Cxema, OTuYMTalM MOCOYEHWUTE MO-TOpe pesepBy,
paHaeMaHbT Moxe Aa ce nosuwm 4o Hag 30 % npu A° He no-
Bucoka ot 40 %. Tesau pesyntatm ce pgobnuxasaT Ao
pesynTatute OTY4ETEHU MO KpuUBMTE Ha  0BOraTUMOCT.
MnbTHocTa 1,6 - 1,65 g/cm® e nogxoAdwa 3a oTaensHe Ha
€HepruiHo ropwBo OT KadsiBW BbIMWLLA, KakKBUTO Ca
Bbrnmwara B Makcum TabaH, gokaTo C Tasu MIbTHOCT OT
YEepHWUTE KaMeHHU BBITMLLA Ce OTAENS KOHLEHTPAT C HUCKO
nenerHo CbabpXaHue NoaxoasLy 3a NPOU3BOLCTBOTO Ha KOKC.
OT Ta3n rmegHa Touka M3BOPBT Ha MHCTanauws 3a NPOMMLL-
NEHO eKCNEPUMEHTMPaHe Ha CypoBMHaTa oT Makcum TabaH e
TOYEH 1 MOAX0aALL,

3AKMIOYEHNE

[MpoBEOEHOTO MPOMMULLIEHO EKCNEPUMEHTUPaHe Ha Cypo-
BuHaTa oT Makcum TabaH 3a oTgensHe Ha ropumara maca nog
hopmaTa Ha eHepruiHo ropuBo MOAXOASALLO 3a u3rapsHe B
TEL| naBa nonoxuteneH 0TroBop Ha BbAPOCa 3a UKBUANMpaHe
Ha TabaHa. C n3BNMYaHETO Ha ropumata maca OT CypoBKHaTa
Ce NUKBMAMPAT MOTEHUMANHNTE KOPEHW Ha eKOMOTMYHOTO
3ambpcsBaHe npeau3sukBaHo o1 Makcum TabaH. KonuyecTse-
HWTE U KaYeCTBEHMTE NOKA3aTeN Ha BLITMULLHUAT KOHLEHTpaT
ca ybeguTenHu, a HanmpaBeHWTE MKOHOMUYECKM pasyeTy



nokasBeart, Ye pasxoguTe no npepaboTkata Ha cypoBuHaTa ce
MOKpMBAaT OT peanu3auusaTa Ha KoHUeHTpaTa ¢ okono 15 - 40
% nevanba B 3aBMCMMOCT OT MPOW3BOAMUTENHOCTA Ha obora-
TUTENHaTa MHCTanauus.

CenapupaHeTo Ha cypoBuMHaTa OT Makcum TabaH B
WHCTanauusita ¢ XMAPOLMKIOHHO OTAENsSHE Ha BbMULLEH
KOHLEHTpaT e nopxofsw, meTod. B wHctamauusita peanu-
3Mpawa metoga TpsbBa ga ce 0ObpHE BHUMAHME BBPXY
CNEefHNTE TEXHONOMYHN 0COBEHOCTY:

a) rMuHuTE B CypoBKHaTa oT Makcum TabaH npw Brnara Haj

15 % ca cMnHO NNacTU4HU U NEennuBY;

Mpenopvyana 3a nybnukysaHe om
kamedpa “MunepanHu mexHonoauu” Ha MT®

0) BbB (hpakumsTa OTAENSHA Npeau cenapauusTa ¢ egpuHa
+ 40 mm uma BbIMNLHA KbCOBE;

B) B MEpresiHuTe KbCcoBe C egpuHa + 40 mm uma TbHKM (1 - 2
mm) CroeBe BbIMLLA.
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ENVIRONMENTAL AND TECHNOLOGICAL PROBLEMS WITH SEPARATION OF
“MAXIM” WASTE DUMP MATERIAL

Lubomir Kuzev
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“St. Ivan Rilski”
1700 Sofia, Bulgaria

ABSTRACT

It is well acknowledged fact that solving of certain environmental problems is connected to development of specific technological methods. The liquidation of Maxim
dump in the city of Pernik coupled with elimination of the whole spectra of air and water pollution problems linked to that dump is both possible and highly welcome,
since dump elimination itself will be self financed via realization of the rejected coal product and its utilization as a fuel in the Thermo power Station. The results from
the exploitation testing of Maxim dump material performed in Belgium suggest the technological feasibility for hydrocyclone separation in an autogenous suspension.
When tests were performed under 1.44 g/cm® suspension density, the dynamic conditions of the media secure real separation density of 1.65 g/cm® under which one
could obtain coal concentrate with yield 21.43% with 21.5 % ash content. During the course of the industrial trials at the Belgian installation designed for recovery of
black coal form local dumps, some negative factors were figured out having influence upon Maxim dump material treatment by which elimination better economic
efficiency could be target in the case of hydrocyclone separation of the material in an autogenous suspension. These factors are: the existence of coal particles or
intergrowths larger than 40 mm; the high tixotropic features of the clay met in Maxim dump which under increased moisture content of the material tend to form
aggregates between coal and shale and their rejecting as 40 mm oversize; coarser dispersion of the clays in comparison to the granulometric characteristic of the

autogenous suspension used in the industrial scale testing and others.
Key words: dump, coal, autogenous suspension, hydrocycloning.

INTRODUCTION

During the recent years countries such as UK, Belgium,
France and others are allocating appreciable investments for
processing of high ash coals and waste materials extracted
from past not existing anymore mines. These investments are
characterised by high rate of return. Parallel, devastated
landscapes are improving and harmful gaseous, dust and
liquid emissions are eliminated.

The improvement in the local environment in the city of
Pernik is an urgent need, since this region is known as one
having heaviest pollutants load on Bulgaria. Great deal of this
pollution is due to chemical erosion from the coal dumps as a
result of which sulphurous compounds, dust and heavy metals
are emitted. During rainfalls these pollutants report into water
courses and subsequently enter into soil system.

ENVIRONMENTAL INCENTIVES FOR MAXIM DUMP
ELIMINATION

Maxim dump - characteristics

The Maxim waste dump or tip is located in the northern part
of Pernik city vicinity, west to Divotinska river and in close
proximity with the “St. Ana” coal mine. The outside view of the
tip is a non-uniform cut cone having axis dimension 390 x 240
m with 28 m mean height. There are slopes reaching 30-40 %
tilt. The upper surface is flattened at 0.5 - 2° elevation. The
dump is characterised by the following physical properties:
moisture content — above 30 %, density 2,2 - 2,7 t/m®, porosity
50 - 65 %. During 1972 the dump with a total area of 76 decars
was transferred to Pernik municipal Council for further
management. A plantation/biological rehabilitation has been
performed in 1974. At the present time young not very well

developed plantations remained only at about 30% of the tip
surface mainly on its northern part. On the remaining part of
the tip the wood plantations are dried as a result of the
processes occurring inside the tip.

Up to 1992 six exploration wells were established for
convenient for drilling spots however without an exploration
grid after which further testing was not carried out. Hence, no
sufficient data concerning the energy bearing mass distribution
inside the tip is present. Data about ash content from each well
differ significantly in a range from 70 % to nil. According to
expert estimation about 200000 tones of coal are contained
inside the tip.

Environmental problems

Maxim tip is a burning dump. Self ignition of the coal particles
results as a result of oxygen contact. As a result of
hemisorption oxygen molecules diffuse towards pores and
adsorbs onto coal active centres. There compound of peroxide
type are formed. These are non-stable compounds and
according to chain-radical process theory they dissociate into
radicals having high reaction affinity. The later attract coal
organic structure and form intermediate compounds which are
also non-stable and undergo dissociation. This formation of
non-stable compounds is going fast and is accompanied by
constant increase in temperature. When temperature reaches
coal ignition point, burning takes place accompanied by
release of fume gases. They contain CO, CO,, SO,, CS; and
others. Since temperature abstraction from the materials
surrounding the burning center is not effective, this is leading to
temperature increase as a result of which processes known
from gassification occurs leading to release of both HS, and
other CH containing gasses like ethane, ethylene, acetylene
and others. It is possible in some zones an anoxic regime of
coal organic matter destruction to be formed which is leading to



formation of tar containing various chemical compounds some
of which like benzopyrrene are cancerogenic. Oxygen
containing compounds like phenols are also emitted as well as
amines. These product penetrate under gravity through pit
volume, which process is facilitated by the increased porosity
of the material. Surface waters coming from rainfalls collect
these compounds and dispersed them towards the closest
water catchments.

The fumes released via cracks and caverns coming in
contact with atmospheric moisture are leading to acid
generation which pollute both surface and underground water
Ccourses.

As a result of the erosion occurring in the South-east part of
the tip the running near by river which is tributary to Struma
river is polluted with non-dissolved solids. In dry seasons
surrounding soils are polluted from the dust carried on by the
winds carving the tip surface. It is obvious that Maxim tip with
its burning features is highly environmentally harmful object.
Burning processes are difficult to be forecast since they
suddenly seize and start again depending on natural factors. It
is not possible to evaluate the duration of complete burning
process for the coal contained. It could last for decades. The
above mentioned process provide a sound incentive for a
search of mitigating options leading to their elimination.

Technological possibilities
Three principle directions are known from practice
concerning coal wastes utilisation (Shpirt M.J., 1986):
a) wastes re-processing;
b) development of complex processing flow sheets enabling
to use products with low content of burning mass;
c) utilisation of coal wastes in other industrial sectors.

Belgium is among the leading countries in extraction of coals
from tips containing mixed materials (cut-off-grade coals and
rock mass). Gravity methods aiming for burning mass recovery
are widely practised in Belgium. Among the gravity methods
the following are employed frequently: heavy media
separation, separation in jigs, spirals, concentrating tables,
hydrocyclones etc. The Belgian company WAUTELET offers
technological flowsheets of installations designed for coal
processing in hydrocyclones working with autogenerated
suspension. The suspension is generated from the
components coming with the raw material — mainly clay, sands
and rock mass. From historical prospective coal washing is
closely linked with the use of heavy media. Separation in such
a media is characterised by not very strongly pronounced
dynamic effects. An alternative option to such a heavy media
separation is the separation in an autogenous self-generated
media which has lower density and significant dynamic effects.
The density practically required is compensated by the vortex
and centrifugal currents which are generated inside separation
devices aiming the recovery of burning components from the
rock gangue.

EXPERIMENTAL

In order to prove the practical possibility for processing and
utilisation of Maxim dump material an industrial scale trials

were needed. Since in Bulgaria there is no installation for
processing raw materials of such kind industrial testing was
carried out in Belgium at WAUTELET installation in the
Charleroi vicinity. The objective of the testing was twofold -
first to prove or to reject that possibility and second to evaluate
the technical and economic feasibility for the eventual future tip
re-processing.

Sample representativeness

Obtaining of a mean representative sample seems a difficult
task since waste tip has been formed non-uniformly and under
non-constant time intervals. Nevertheless, the quantity of the
sample raw material subjected to experimental testing should
comply with the granulometric composition of the material
inside the tip and with the maximal particle size. Mean sample
has been prepared by sampling of six randomly chosen points
at tip surface via bucket elevator. From each point about 20
tones were digger out from a depth limited by bucket elevator
arm. The material taken out has been stored as cone-shaped
on a special site from where after three times joining and
dispersion about 60 tones were collected by quart method.
Separate sample for laboratory studies has been collected
immediately upon material loading onto the railway carriage.

Laboratory studies

Preliminary laboratory tests have proved that the material
from Maxim pit has 16 % moisture content and 70 % ash
content. Material fractionation (sink/float analysis) in a
bromoform as a heavy media was carried out as well. The
results obtained are presented at Table 1.

Table 1. Sink/float results for Maxim dump material

Table 1 analysis data were used for construction of the
theoretical processing curves presented at Figure 1 below.

Industrial testing method

The method used for industrial scale testing is comparatively-
simulative. It presumes subjecting the Maxim tip material by
interruption of a working installation with parameters optimised
in advanced for processing of black coal tips. It was decide to
envisage 5 minutes time interval in order to precisely delineate
between start-up and finishing for the two materials — the one
originally processed at the installation and the Maxim dump
material. However, the originally generated suspension is used
for the Maxim materials well, since the quantity of the material
and its residence time inside installation are both enough for
generation of self-suspension. Suspension density has been
monitored every 2 minutes. Same time interval was used for
sampling, when two equal samples from the suspension were
taken, and were joined by the end of the experiments. In a 4
minute intervals samples from concentrate and collective tails



were taken by means of pulp sectioning. In order to satisfy
data compilation the following items were additionally
estimated:

- overall quantity of treated material;

- quantity of coal concentrate yielded,;

- ash and moisture content of the coal concentrate.

Density, g/cm3
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Figure 1. Theoretical processing curves for Maxim dump
material

Industrial installation
The principal sequence of the industrial installation is shown
at Fig. 2

wash water
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Figure 2.. Black coal waste separation flow-sheet- unit
sequence

1- feeding belt; 2- double deck vibration screen; 3- pump; 4-

hydrocyclone; 5- arc screen; 6- drainage screen for waste;

7- drainage screen for hydrocyclone overflow; 8- wash screen; 9-
washing drum “Barrel’; 10- wash water tank; 11- slime pump; 12-
recycled water pump; 13- rubber transportation belt for washed coal;
14- rubber transportation belt for waste material; 15- drainage
centrifuge; 16- rubber transportation belt for coal concentrate to
storage.

Experimental results

The experimental testing has followed an initially agreed
routine for and established technological regime. Experimental
start-up has coincide with hour four after initial installation
running. The Maxim dump material has been processed on
one of both modules. Total test duration has been set to 24
minutes. The total amount of material processed was 56
tonnes with an ash content of 70 % and 18 % moisture. 12
tonnes of concentrate were obtained having ash content of
21,5 % and 15,3 % moisture. Representative samples from the

following products were collected — autogenous suspension,
coal concentrate, tail. They were subjected to lab studies at the
UMG in Sofia. The suspension density measured with
aerometer ranging form 1,0 - 1,5 g/ cm® at 18 °C has indicated
1,44 g/ cm?®. Its granulometric composition was obtained by
means of a laser particle sizer Analyzzette 22 and is given ate
Figure 3.
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Figure 3. Granulometric characteristic of autogenous
suspension used for black coal waste tips hydrocycloning in
Belgium

Table 2. Size analysis for washed onto 0,063 mm sieve coal
concentrate obtained during an industrial testing in Belgium

For the coal concentrate sample as taken from the
installation moisture content after drying at 105 °C, has been
estimated as 5,3 %. After further concentrate washing with tap
water on 0,063 mm sieve a granulometric analysis of the
oversized dry product has been done. Data from that analysis
are presented ate Table 2. During concentrate washing a
clayey-slime products was collected which was settled and
dried. Its mass yield was 8,05 % and ash content 67,6 %.

The tailing sample was wet sieved on 40 mm screen. It was
found out that size class + 40 mm encompasses two groups of
particles:

a) massive lumps;



b) aggregates consisting of coal and loamy marl particles
glued by wet clay.
Table 3 presents the granulometric composition of class 40
mm undersize with the respective ash content for each class.

Table 3. Granulometric composition of class 40 mm undersize
for the tailing obtained during industrial testing in Belgium

By means of hand sorting massive lumps were separated
from the aggregates of + 40 mm class after which loamy marl
particles were separated from the coal particles. The
aggregates between loamy marl and coal particles are glued
by the clay. After disintegration and washing of this fraction the
results shown ate Table 4 were obtained.

Table 4. Granulometric composition of class 40 mm oversize
for the tailing obtained during industrial testing in Belgium

From the clayey product (- 0,063 mm) shown at Table 3 a
sample for sieve analysis has been taken. It was subjected to
Analyzzette 22 particle sizer. Figure 4 presents the result form
that analysis. This class was generally responsible for
autosuspension formation during Maxim dump material
processing.
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Figure 4. Granulometric characteristic of clayey product
- 0,063 mm from Maxim dump

DISCUSSION

Maxim dump material is suitable for separation by means of
autogenous suspension which itself presents the finest part of
clayey-sandy fraction of the material. Data at Figure 3 support
the fact that the Belgian suspension consists predominately of
fine particles — about 90 % under 2 micrometers. These are
fine loamy particles, since there is no clay in the host rocks. In
contrast, the finest part of Maxim tip material is presented
predominately by clay and fine rock (mostly marl) particles.
Owing to data at Figure 4 the fraction 2 micrometers undersize
is around 30 %, and the maximal grain size exceeds 40
microns. Particles in the range 2 - 20 microns are
characterised by relatively random distribution. The clay found
in Maxim dump is sticky and has high plasticity. These features
of the material are additionally supported by the fact that
significant aggregates are present in class + 40 mm consisting
of fine coal and loamy marl particles coated with clay.

The analysis of the gangue obtained during the industrial
testing suggests that definite reserves for improving separation
efficiency exist. Coal particles are found in class + 40 mm,
which is not subjected to treatment. These particles have low
ash content which makes them suitable as power plant fuel.
This class consists of two groups:

a) monolithic coal and loamy marl lumps;
b) aggregates.



Coal fractions having 16,48 % mass and A’ - 34,1 % has
been separated from the class + 40 mm during hand sorting
based on colour and blister. This material could not be treated
via hydrocycloning according to the flow sheet tested , but it
could be successfully separated by the means of Barrel
washing drum and joined the concentrate obtained after
hydrocycloning. The other option for utilisation of this product is
to subject it to size reduction down to - 40 mm and to
processed it according to the flowsheet given at Figure 2,
however with lower recovery anticipated.

The aggregates rejected in class + 40 mm present also an
interesting reserve. Based on distribution, size and ash
content, the aggregates which form this class are similar to the
particles met in the coal concentrate and in the tailing - 40 mm.
Obviously, if a conditions under which clay does not manifest
its plasticity and adhesives are maintained, they will report in
the concentrate and in the tails in ratio estimated during the
experiments, which will lead to overall increase in concentrate
yield. The unwanted effects of clay could be eliminated also
either by initial increase in its moisture content or by its
preliminary drying.

These reserves are proving the relatively large difference in
the quality and amount of the obtained concentrate compared
to the data suggested by the theoretical processing curves.

The autogenous suspension density during experimental test
was 1,44 glcm® demonstrating strong dynamic effects, which is
equal to separation density of 1,6 - 1,65 g/cm® for calm media.
The shape of the (A) curve (elementary fractions curve)
suggests that the Maxim dump coals are easily beneficiated.
The theoretically possible yield is 33,2 % with A? - 42,8 %.

The experimental results, however are indicating yield of
21,43 % for A® - 21,50 %, which are fairly below those
suggested by the curves. Provided some correction in the
flowsheet are taken into consideration, accounting some of the
reserves mentioned above, yield could be increased above 30
% for A° lower than 40 %. These results are approaching those
suggested by the theoretical curves. Density of 1,6 - 1,65 glcm?®
is a suitable one for recovery of energy material from brown

coals such as those met in Maxim dump, while such a density
does not work effectively for black coals where concentrate
with low ash content suitable for the coke industry could be
recovered only. Gives this issue, the choice of the industrial
testing installation for the material coming from Maxim dump
seems the right one.

CONCLUSION

The industrial testing performed with the Maxim tip material
with objective of recovery of burning fraction suitable for
Thermo Power Stations fuel, provide a positive answer to the
problem of tip liquidation. By means of extraction of the
burning-prone fractions from the tip, the potential source of
environmental pollution are eliminated. Qualitative and
quantitative characteristics of the concentrate obtained are
quite convincing, while the economic estimations suggest that
the costs associated with material re-processing are entirely
covered by realisation of the concentrate with about 15 - 40 %
profit depending upon installation capacity.

The separation of Maxim dump material via installation
working with hydrocyclone scalping is a suitable method. A
special emphasis should be placed on the following
technological peculiarities during the course of operation:

a) clay met in Maxim dump material possess high plasticity
and adhesives when moisture is above 15 %;
b) coal lumps are present in the fraction rejected ahead of

the separation, i.e. + 40 mm;

c) thin (1 - 2 mm) coal layers are met inside loamy marl

particles.
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