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Bbnpeku cToroguiHaTa Uctopust Ha BUOPaLMOHHOTO CMUNaHe BCe OLLe CbLLECTBYBAT Bb3MOXHOCTM 3a peluaBaHe Ha HOBWM TEXHOMOrMYHM 3afauu. Mpu uHOTO K
1361paTenHoTo (PMHO CMUMaHe e M3CNeABaHO BMMAHWETO Ha (opmata Ha enemeHTMTe Ha paboTHaTa cpefa Mpu fenamuHauMsTa Ha KaonuH no mMeToda Ha
BUBPALMOHHO CTpuBaHe. MPOBEPEHN Ca BL3MOKHOCTUTE 3a W3GMPATeNHO CMUNaHe C feku paBoTHM enemeHTM ¢ nbTHOCT nog 1 glem® ¢ newooBpasHa,
TabneTkoBMaHa W KbCa LMMMHAPUYHA dopMa, Npu YecToTa Ha BubpaumuTe ot 30 go 75 Hz u amnnutyga ot 0,25 1o 1.8 mm. YcTaHoBEHa € 3aBUCUMOCT MeXay
enemeHTUTe Ha paboTHaTta cpeaa v CTeneHTa Ha fenammnHaLms Ha kaonvHa. Hait-Biucoka echekTMBHOCT Ha N30MpaTenHoTo cMunaHe Ype3 BUOpaLyoHHO CTpuBaHe e

nocTurHata npu ynotpebara Ha neloobpasHa paboTHa cpeaa.
KIKOYOBW OYMW: lenamuHupaHe, kaonuH, cTpuBaHe, (puHN YacTuum.

BBLBEAEHME

MHoroobpasueTo Ha MaTepuanuTe 3a CMUNaHe U
MOCTABEHUTE OT KOHCyMaToOpuTe M3WUCKBAHWS MO OTHOLLEHWE
Ha 3bPHOMETPUYHMS CbCTaB, PUHOCTTA HA CMUIaHe, NMOHsKora
W KbM hopMaTa Ha 4acTULMTE B CMIIEHUS| MPOJYKT, cTaBat
MpuYMHa 3a Cb3gaBaHe Ha Pa3HoOBpPasHU MO KOHCTPYKLMS
arapaTi, KakTo U Ha CIOXHW 33 M3MbIHEHUE TEXHOMOTUYHM
cxemu.  BuBpauMOHHUTE  MENMHWLUM € XOPU3OHTAHO
PA3NonoXeHW pPaboTHU KaMepu HaMMPaT LUMPOKO MPUIOKEHIE
Mpu (OMHOTO CMUMAHE Ha PYAN M MHOYCTPUAMHW MUHEepanu,
MpW CMUNaHe Ha MeTann 1 MeTarnHu Cnnaeu, peLuknvpaqe Ha
TEXHOTEHHM OTNaAbLM , MEXOUHHM NPOAYKTA U Ap.

MpeoumcTBata Ha BUOPALMOHHUTE MEMHWLM NpU (PUHO
CMUNaHe Ha TPagWUMOHHM MaTepuanu ca [obpe W3BECTHW K
ca pasrnegaHu B ronam Opow nybnukaumm (Magep, 1966,
Bubpauumn B Texuuke, 1981, Poys, 1964, Croes, 1979). 3a
OMpeseneHn CypoBWMHM W3BECTHM, KaTO TPYAHOCMUMIAEMU M
npu nogobHM Ha BMOPALMOHHOTO CMUMaHe mpouecy,
BUOpAUMOHHMTE  MENHULM  MpWU  MOAXOAAWO  M3bpaHu
BuOpauMoHHM napameTpu ¥ paboTHu cpeau npegnarat
Bb3MOXHOCTW 32 HOBW OPUTMHAMHM TEXHOMOMYHU PELLEHMS.
MMpn BMBPALIMOHHUTE MEMHULW C XOPU3OHTANHO PasnonoxeHa
paboTHa Kamepa CbLUECTBYBAT BCE OLle HEU3ACHEHN -
CnesoBaTenHo HEMOAO3NpaHN Bb3MOXHOCTW OT TEXHOMOMMYHA
V1 TeOpeTUYHa rMeaHa TouKa.

TEOPETWYHM NPEANOCTABKN
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NaucksaHuaTa Ha npolieca Ha iHO BUGPALIMOHHO CMUMaHe
BbB BUOPALIMOHHN MENHULM Ce CBeXaaT A0:

[lpunaraHe Ha OTHOCUTENHO Maku CUMK;

»  l3nonssaHe Ha MakcMManHO BWCOKM YecToTU Ha
BMOpALMOHHO Bb3AECTBYE;

»  THHKOCMOIHO pa3npefeneHue Ha CMUMAHUA MaTepuar
MeXay eneMeHTUTe Ha cMunallaTta cpeaa.

lMpunaraHeTo Ha ydapHu yCunus ¢ ronsiMa CTOMHOCT npu
(PMHOTO CMUNaHe He e OonpaBdaHO OT MKOHOMUYeCcKa rmefHa
Touka. OcBeH TOBa nMpw ronemu ycunusi paboTHuTe Tena
[EeiCTBAT paspyLUMTENHO, KaKTo KbM 0BnMLOBKaTa 1 Kopnyca
Ha MerHuuaTa, Taka W BbpXy MOBLPXHOCTUTE Ha paboTHUTE
Tena. lpu PMHO CMWMNaHe C BKUCOKA WHTEH3MBHOCT Ha
yaapute, CMUNaHUAT MaTepuan ce 3ambpcsiBa C ronsamo
KONWYECTBO HexenaHn npumecn. ETo 3awo npu duHOTO
CMUraHe CTOWHOCTTa Ha amnnuTygata Ha Bubpauunte e
OrpaHu4YeHa B HUCKWUTE CTONHOCTU. Vi3MeHeHne B YucToTaTta Ha
BuUbpaLuuTe ce gonyckaT B uHTepsana o 50 Hz, nopagu
CbobpaxeHns CBbP3aHN C AKOCTHUTE NoKasaTenu 3anoxeHu B
KOHCTpYKUMSITa Ha BMOpauuoHHaTa MenHuua. Hait-necHusT
HauMH 3a ocurypsisaHe MnpOMyCKaHETO Ha MaTepuana 3a
CMUIaHe Ha TbHKM CrioeBe € TOW fda ce nogasa B obnacT ¢
MITTHO NakeTMpaHa CTpyKTypa OT paboTHa cpeda C ronemu
KOHTaKTV MEXy CbCTaBALLMTE 5 eNeMeHTU.

XapakTepHUTe CTOMHOCTM Ha MapameTpuTe Ha BubpauunTe
npu BUOPALMOHHUTE MEMHULM C XOPWU3OHTAMHO Pa3noroxeHa



paGOTHM Kamepu npu HopManHa ekcnnoarauud, 3a CMunaHe
Ha (bI/IHM Nno efpuHa YacTuum ca:

¢ Awnnutyga go 6 mm;

*  Yecrora 15-50 Hz;

e Oopma Ha BMOpauuuTe — enuncoBuaHa, Onuaka Ao
Kpbrosara.

TexHOMOTMYHUTE  BB3MOXHOCTM  Ha  BUGpaLMOHHUTE
METHULM C XOPU3OHTAIHO Pa3nonoXeHn paboTHU kamepu Hail-
YecTo Ce peanuaupaT npu  pUKCMpaHW  BUGPALMOHHM
napameTpu. OMTUMM3MPaHETO Ha Tean MapameTpu e
OrpaHMYeHO B MaiTbK WHTEPBAN COPe MOCOYEHUTE MO rope
rpaH1LM.

W3sectHata KkoHCTpykums Podmore Boulton Vibro-Energy
Mill.  (Podmore,1969) uma cneuuuyHa  NpPBLCTEHOBMAHA
copma Ha paboTHaTa kamepa, KOSTO OCUrypsiBa MABTHO
nakeTMpaHe Ha paboTHa cpeda, NpeAcTaBeHa OT  KbC
UMNMHAPUYHK Tena. [NbTHOTO nakeTupaHe Ha paboTHaTa
cpefja ocurypsisa YCrioBUETO 3a pasnpefensiHe Ha CMUnaHus
MaTepuan B TbHKM cnoese. PaboTHata cpepa ocurypsisa
rOfleMM KOHTaKkTHM o0bnactM Mo IMHUA W NIoW, Mexay
CbCTaBAWMTE S €NeMEHTW, a CblWo M ¢ Bubpupawara
MOBBPXHOCT Ha MPbCTEHOBMAHATA kamepa Ha MenHuuata. B
paboTHaTa Kamepa Ce Cb3gaBaT YCMOBMSI 3@ CBPbX (HWHO
CMUNaHe, KOETO e Pe3ynTar rMaBHO Ha CTPUBALLOTO AeiCTBUe
Ha ernemeHTUTe Ha paboTHaTa cpega W yaapwute C Hucka
WHTEH3MBHOCT MEX/Y TAX.

CTpuBaHeTO € eAMH OT OCHOBHUTE BWAOBE Bb3AEACTBUSA
npunaraly nNpu OUHOTO CMUNAHE Ha MUHEPATHUTE CYPOBUHM.
CobrnacHo noctaHoBkata Ha JKyasen npu CTPUBAHETO
[eiCTBaT eaHOBPEMEHHO /Ba BUAA YCUNUS Ha pa3pyLuaBaHe —
HaTUCK M OmbH. [poueca CXeMaTUYHO € WMICTpUpaH Ha
durypa 1 (Magep, 1966).

-
Queypa 1. CxeMamu4Ho paspywagaHe npu cmpueaHe

Peanuaupare Ha npoueca Ha CTpuBaHe BbB BMOpaLMOHHA
MerHWLa C XOPW3OHTanHO pasnonoxeHa paboTHa kamepa
moxe ga ce mocturHe npu 100% 3anbnBaHe Ha paboTHaTa
kamepa C paboTHa cpeda, npu KOeTO ce peanuaupar
W3UCKBAHMA 33 (PMHO W  CBPBX(PMHO CcmunaHe. Tesu
W3UCKBAHMS Ca B curna W npu M3BMpaTerHoTo CMuUraHe Ha
cnoectu MuHepanu (Kyses v gp. 1995).

OMNNTHW PE3YNTATU

MpouechT Ha BUBPALMOHHO UHO 1 CBPBX(UHO CMUNaHe e
eKCNepUMeHTUpaH Mpu [enaMUHUPaHETO Ha KaomuH, npu
N30MpaTeNHOTO CMUNaHe Ha MUKPOMIOCMECT MPEOTIIOXEH
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XeMaTWT, MPU CMUNAHETO Ha KOBKW MeTanu, MeTanHu cniasu
u ap.

[llenamnHaumsa Ha KaonuH

Wacnepgsavnsta ca npoBefeHu C u3beneH KaonuH OT
PedoBHOTO MPOKM3BOACTBO Ha (hupma “Kaommu”, CeHoBO MMally
cneaHusT xumudeckn cbetas: AlbO; - 32,21%, Fe,05 — 1,02%,
TiO, - 0,31%, SiO, - 51,62%.

WanonseaHa e [gBykamepHa nabopaTopHa BuOpaLWOHHa
MenHWLa ocurypsiealla amnautyga 4o 5 Mm u yectota o
75Hz. MeToabT Ha fenamuHupaHe e BubpaLymoHHO CTpUBaHe.

M3nonssaHu ca neku fenamuHMpally cpeau, Ha KouTo no-
BaXHUTE XapaKTepuUCTWKW ca AageHn B Tabnuua 1, a B
Tabnuua 2 ca gafeHn 3bpHOMETPUYHIUTE UM XapaKTepUCTUKM
(Kuzev, 1997, Kyses, 1998).

Tabnuua 1. XapakTepucTukv Ha AenaMUHUpaLLuTe CPeay.

WacnegsaHo e BnusHMETO Ha opmata Ha paboTHUTE
€NIeMEHTW Ha JenamUHMpaLLuTe Cpeay, Thii KaTo pasnukuTe B
NITbTHOCTUTE Ha W3CMEeABaHUTE MaTepuanu — NOMUCTUPON U
MONMETUNEH € MHOTO Manka M MOXe fJa ce npueme, ye
MonyyYeHnTe pes3ynTaTi nokasaHu Ha Tabnuua 3 ca cneacTeve
OT pasnuyHaTta opma. [lonucTupornosata rpyna e
npeacTaBeHa OT KbCM LMAWHAPWM, a MonMeTureHosata OT
TabnetkoBugHa U newosnugHa  dopmu.  CpaBHUTENHUTE
“3cneaBaHus ca nomyyeHun npu Yectota Ha Bubpauuute ot 50
u 75 Hz u noctosHHa amnnuTyaa Ha Bubpauuute ot 0,6 mm.
MnbTHOCTTA Ha kaonuHoBaTa CyCneH3us npu
ekcnepumeHTupaHeto e 15%, a npogbmXUTENHOCTTA Ha
penamuHauusta e 10 min.

Tabnuua 2. 3bPHOMETPUYHN XapaKTEPUCTUKA Ha LenaMUHM-
paLyuTe cpeau.



lMocTurHatata genaMuHaums € oTYyeTeHa ype3 U3MEeHeHMe
Ha BUCKO3UTETA PErUCTPUPaH C POTALMOHEH BUCKO3UMETBP TV
(Wsenuapws) cbe ckana rpagyvpaHa Ha 100 paBHu YacTu.

Tabnuua 3. TlocTurHatata AenamuHaUMsl OTYyeTeHa uype3
N3MeHeHMe Ha BUCKO3MTeTa.
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C wvact oT nonyyeHute B nlabopaTOpHM  YCrOBMS
AenamMuHIpaHu MPOAYKTU Ca M3BbPLUEHW W3CreaBaHus Mo
onpegensiHe U3MEeHeHUsITa B 3bPHOMETPUYHMAT UM CbCTaB.
[lenamnHMpaHusAT KaonuH € MNOMyyeH NpU €4HWM U Chbluu
YCNOBMS HA EKCMepUMEHTa CcaMO C  W3MEHeHue Ha
amnnutygata Ha Bubpaumute. PabotHata cpeda e
nonuctupon. MpogbmxutenHoctTa Ha obpabotkara e 10 min,
npu 50 Hz udectota u nnbTHOCT  Ha nynna 15 %.
W3cneaBanuTe CTOMHOCTM Ha amnnuTygata ca: 0,25 mm, 0,52
mm, 0,70 mm, 1,10 mm, 1,45 mm.

B Tabnuua 4 usxopHata npoba e oTbensidaHa C Hyneea
CTOMHOCT Ha amnnutydaTta. EgpuHata Ha yvactuuute e
OTYETEHa, KaTo eKBMBANEHTHA CepuyHa YacTuLa, Npu KOeTo
He MOXe fJa ce peructpupa edekta OT pasnocnBaHeTo.
AHanusute ca WN3BBPLLEHM B nabopatopust
“Ceanmentaumorer aHanud” Ha CKAXTT npu LWXMN, rapa
Nckbp C TEYHOCTEH MUKHOMETBP W CEAMMEHTALMOHHA Be3Ha
Captopuyc 4610 no BAC 10550-78.

Tabnuua 4. [obueu Ha knacute B 3aBMCUMOCT OT aMnnu-
TyAaTa Ha BubpaummTe.



CpenHust pa3Mep Ha YacTULWTE B KAONMHOBATa CyCreH3us
npeou fenamyHauusiTa, Kakto W npu genamuHauus npu
pasmnuyH1 YCroBwMs NogbpaHn Mo MeToAa Ha craTucTyeckara
obpabotka e u3MepeH C MOMOLUTa Ha MUKPOCKOMCKO
HabntogeHue. Ha Tabnuua 5 ca otbensiaaHn, npu 6poeHeTo
Ha vacTuuuTe, Knacu ¢ pasmep -2 pm, 2-5 pm, 5-10 pm, u
+10 UM, N0 KOWUTO JaHHU M3YMCTISIBAME CPEAHUS AMaMETLP Ha
HabntogaBaHaTa npoba.
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Tabrmuya 5. CpegeH guameTsp M GopMa Ha YacTuuuTte
ornpeAeneHm Ypes MUKPOCKONCKO HabntoaeHme.

Ha Tabnuua 6 ca gapeHn ycrnosusita, NpuW KOWTO ca
AenamuHupaHn npobuTe, 3a KOMTO ca OnpedeNieHn CpeaHuTe
AvameTpu paneHu B Tabnuua 5.

Tabnuua 6. Ycnoeus 3a NpoBexaaHe Ha AenaMUHaLMOHHUTE
eKCepUMEHTH.



ANCKYCUA

B 3aBuCcMMOCT OT (DW3MKO-MEXaHWYHWUTE CBOWCTBA Ha
CMUNaHus MaTepuan npu BUbpaLnoHHO CTpUBaHe Morat a ce
nomnyyat (UHW AMCNeprupaHn YactuuM ¢ pasnnyHa dopma.
MMpn cnoectute MUHEpPanu, KaTo KaomnuH, rpadut, cnekynaput
v op. npeobnapaBalyata opma Ha YactuumuTe Moxe aa 6bae
nnacTuHyata WnW Mcnecta npu  CronmyvnvBo nogbpaHu
pabotHa cpega w BubpauuoHHu napametpu. [lpu apyru
napameTpu Ha BubpauuuTe W BMA Ha paboTHata cpega OT
ChLLMTE MMHEpanu MoXe fa ce nonyyat (uHW Ancneprupaxm
npogykTh ¢ npeobraga.allo KOMMYECTBO  M3OMETPUYHM
4acTuLm.
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3a nomnyyaBaHeTo Ha YacTuuy ¢ nocnecta popma e HyxKHO
cunata, KOSTO AbpkKW OTAENHUTE KpUcTanyeTa B KaONMHOBUS
nakeT no octa “c” E = 644x10°, cal/cm?, durypa 2 pa e ¢ no-
Marnka CTOMHOCT OT CTpuBaLyaTa Cuna Mexay nib3ralute ce
noBbPXHOCTM Ha paboThute Tena (Conly,1987, Davis and
Dawson, 1989).

Hauyneare E = 2.6x10°, cal/cm?

[enamuHupaHe
E = 644x10°, callcm?

®Oueypa 2 EHepaust Ha 8pB3KUME 8 KA0UHOBUS Kpucmar.

HOqueHMTe npu u3CneaBaHETo pe3yntatM [afeHn B
Ta6nl4ua 3 33 Wu3CnedBaHETO Ha  BMCKO3WTETa  Ha
nenaMnHnpaHnuTe npu pasnuyHu pa6OTHI/I cpean KaOnnHOBU
CyCneH3nu nokasear:

e Hai-BuCOKM  CTOWHOCTM  Ha  MOBUWABAHe  Ha
BMCKO3WTETa Ce romnyyasaT npu pabotHa cpega oT
nonveTuneHoBu newy. KoHTakTHaTa MOBBPXHOCT MEXZy
ernemeHTUTe Ha paboTHaTa cpega npu TAX e Hal-ronsama.

e Husxopswata rpagauus npu  edekTMBHOCTTa Ha
paboTHUTE cpeau C pasnuyHa opma ca: newm, TabneTku,
uunungpu. MogpexaaHeTo Ha Te3n opMu CLOTBETCTBA Ha
HamarnsBaHETO Ha KOHTaKTHUTE MNOWW MeXZy enemeHTuTe.
Mpu rnewwute KOHTAKTHaTa nMOW € Hai-ronsma, npu
Tabnetkite  (koMBuHauMATa  OT  UMAWMHAPM W newp)
KOHTaKTHaTa NroLy e no-marka, Tbi KaTo cbyeTaBa NioLUeH 1
NIMHEEH KOHTaKT, a HaW-Manka KOHTaKTHa Mnow, uma npw
UMNUHAPUYHUTE ENEMEHTH, KbAETO KOHTaKTUTE ca NpeauMHo
NUHEHN.

Pasrnexgaikun UudpoBuTe fAaHHM oOT Tabnmua 4 B
KOMOHKMTE OTuMTawy [JobuBa Ha OTHENHMTE Krmacu ce
3abenssBa, Ye Mma peaneH edekT Ha CMuraHe, Tbil KaTo
CbLUECTBYBALMTE NPU U3XOAHMS M3BEneH KaonmMH YacTuum
egpyHa Hag 20 pm cnep [LenaMWHALMOHHWAT Mpouec,
HEe3aBMCUMO OT roneMuHaTa Ha amnnutygata, 6posT um ce
Hamansea. Otyutanku ctonHoctute Ha knacu 20, 10 1 T.H. 10
2 Um efpuHa B KOMOHKUTE C pasnuyHu amnnuTygu, ce
3abenssBa MHOrO XapakTepeH MUHUMYM B CTOMHOCTUTE Mpw
avnnutyga 0,7 mm u HapacTBaHe Ha pobusute npu
HamansiBaHe Ha amnnuTyaata U npu yBennyaBaHe Ha Tasu
CTOMHOCT. Ha npbB norne uma aHoMarus, Ho TS IECHO MOXe
pa ce 00sCHM C MPOMEHEHWTE YCNOBMS Ha CTpuBaHe, a
MMEHHO Ye NMOCKOCTTa Ha MiTb3raHe OCTaBa MOCTOSIHHA Mpy
pasnuYHUTE aMniUTyaM, HE3aBMCMMa OT 3HAKOMPOMEHMNMBATa
CKOPOCT Mpeaun3BuMKkaHa oT BubpaLnoHHUTe konebaHus, AokaTo
OT Apyra cTpaHa NpeMMHaBaHeTO Ha CyCMEeH3Ws B KOHTaKTHaTa
MMoW, Ha MiTb3raHe OcTaBa edHa W Cblia. ETo 3awo npw
CKOPOCT Ha MPeMWHaBaHe Ha CyCneHsnsiTa no-rofiiMa oT Tasu
Ha NITb3raHeTO BOAM A0 MOBULWABAHe Ha [oOMBMTE Ha PUHM



knacu. Mpu n3paBHABaHETO Ha ABETE CKOPOCTW MMa ONTUMYM
Ha CMWNaHe, Npu KOWTO Ce MOCTUraT Hail-puHMTE MPOAYKTU.
Cren npemuHaBaHeTO npe3 paBEHCTBOTO B CKOPOCTUTE
YBENUYaBaHEeTO Ha aMnnuTygaTa Ha BUGpaLunTe He Moxe fa
[afe NONOXWTENEH pesynTaT Mo OTHOWEHWe (WHOCTTa Ha
CMUNaHeTo. ABCOMITHUTE CTONHOCTW OTYETEHN 3@ OTAENHUTE
knacu B Tabnmua 4 ca Marku, HO B Ka4eCTBEHO OTHOLUEHME
n3passBallo [enamMuHauMsTa Ha KaonuHUTEe MOXe Aa ce
BM3yanuampa cbec cHuMkm ot CEM. Ha ®urypa 3 e mokasaH
06w Bug Ha u3beneH kaonuH, Ha ®urypa 4 genamuHupaH
KaomnuH.

WHTepecHn pe3ynTaTi 3a M3MEHEHWe Ha CpefHWs pasmep
Ha YacTMUMTE ca OTYETEHW M nokasaHu Ha Tabnuua 6 ypes
MWKPOCKONCKOTO HabrioaeHue Ha uaxogHata npoba KaonuH u
AenamuHIPaH KaomuH npu:

¢ [loctosHHa amnnutyga 0,25 mm n vecrota 30, 40, 50,
60, 75 Hz;

* [loctosHHa yectota 50 Hz u amnnutyga 0,31 mm, 0,7
mm, 1,1 mm, 1,45 mm.

OT cpeneH pa3mep Ha M3XOAHWS 13BeneH KaonuH 2,62 um
npu AenamuHaumsaTa npu pasnnyHu BubpauyoHHn napameTpu,
NPOABIKUTENHOCT Ha 0BpaboTkaTta M NABLTHOCTTA Ha nynna
cpenHus pasmep ce Hamanu o 1,29 pm. [davHute 3a
OTYETEHWS CPEdEH pa3Mep Ha KaONMWHOBMTE YacTuuW npu
noctosiHHa yectota 50 Hz u amnnutyga ot 0,31 mm go 1,45
MM HambfHO CbLOTBETCTBAT M MOTBbPXAABAT [aHHUTE OT
Tabnuua 5.

Queypa 3. CEM cHumka Ha kaonuHos nakem. Ysenuyerue
10000 nemu, Mapkep 1 um.
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Q®ueypa 4. CEM cHumka Ha KaonuHosu yacmuyu (rrcnu).
YeenuueHue 6200 nemu, Mapkep 1 um.

3AKNIOYEHWE

/13BbpLLEHO € u3creaBaHe BbpXy BIUSHWETO Ha ¢opmaTta
Ha paboTHaTa cpepa npu u3bupaTenHo (UHO CMUNaHe —
AenamMuHaLMsl Ha KaonuH MpW YCroBiWe Ha BUOpALMOHHO
CMUraHe B MemHuLa C XOPU3OHTaNHO Pa3nonoXeHn paboTHu
kamepu. WscnegsaHute nekm pabotHn Tema ca ¢
npeHebpexMMo Manka pasnuka B NibTHOCTTa. EfpuHaTta e ot
2,5 0o 50 mm. MNpn nekute paboTHM Tena ce W3KNK4BA
Bb3MOXHOCTTA 3a yAap Mexay enemMeHTUTe Ha cpefata, kakto
M 3a cmayksaHe. [pu Te3u W3KNKOYMTENHO OnAronpusTHU
YCIOBUS € OTYETEHO BAMSHMETO Ha hopmaTta Ha eneMeHTUTe
Ha paboTHaTta cpefa 3a u3bupartenHoto cmunaxe. [Jokasa ce,
e C yBenmyaBaHe Ha KOHTAKTHUTE MIOLLM MeXay enemMeHTuTe
Ha paboTHaTa cpefa, KOeTo € Npsiko CreAcTeue OT hopmata
UM, yCKopsiBa mpoleca Ha aenamuHauus. Hain-nogxogswa e
newoobpasHata ¢opma cregsaHa oOT TabnetkoBugHaTa W
UMNMHOpKUYHaTa.
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In spite of the one-hundred-years history of the vibration milling process, there are still possibilities for solving new technological tasks. An investigation on the
influence of the working media elements shape to the process of fine and fine selective milling was carried out. Vibration attrition method for the delamination of the
kaolin was used. The possibilities for selective milling with light working elements having density bellow 1 g/cm® having lens, short cylindrical and tablet shapes were
examined. The frequency of the vibration was between 30 and 75 Hz, the amplitude between 0.25 and 1.8 mm. Dependence between working media elements and
the degree of delamination of kaolin was established. The highest efficiency of the process of selective milling by vibration attrition was achieved by usage of lenses

as working media.
KEYWORDS: Delamination, kaolin, attrition, fine particles.

INTRODUCTION

The variety of the materials being milled and consumer
requirements in respect of granulometric characteristics,
maximum size and shape of the particles motivate creating of
different in constructions machines, as well as technical
flowsheets with high complexity. Vibratory mills with horizontal
placed working chamber find wide application for fine milling of
ores, industrial minerals, metals, alloys, recycling of
technogenic wastes and by-products.

The advantages of the vibratory mills for fine milling of
traditional materials are well known and described in wide
number of publications (Magep, 1966, Bubpauum B TexHuke,
1981, Poys, 1964, Crtoes, 1979). Vibratory mills with well-
defined vibration parameters and working media offers
possibilities for new technological solutions for milling of
materials considered as hard-milled. There are still obscurity in
the process of vibration milling therefore there are unsuspected
possibilities for finding of new theoretical and technological
solutions.

THEORETICAL PRECONDITIONS

The requirements of the process of fine vibration milling
could be generally grouped in:

» Appling of relatively small forces;

» Usage of as high frequency as possible of the vibration
impact;

» Ensuring of thin-layered distribution of the material being
milled between the milling media.

Appling of high-energy hit impacts for fine milling is not
exculpated from economical point of view. Moreover, strong hit
impacts cause destroying of the facing and corps as well as
working elements surface. The milled materials are
contaminated with big quantity of unacceptable impurities,

when a high-intensity fine milling is applied. Therefore, in the
fine miling, the amplitude is limited in the low values.
Variations in the frequency of the vibrations are allowed in the
interval up to 50 Hz ensuring the solidity of the mill
construction. The easiest way to ensure the thin-layered
distribution of the material being milled between the milling
media is to be feed in as much packed as possible stricture of
the working media with large contact area between working
bodies.

The typical value of the vibration parameters in the vibratory
mills with horizontal working chamber for producing of fine in
size products are:

» Amplitude up to 6 mm.
» Frequency between 15 and 50 Hz;
» The form of the vibration — elliptic or near to the circular.

The technological possibilities of the vibratory mills with
horizontal working chamber are frequently realized with fixed
vibration parameters. The optimization of these parameters is
limited in short interval according to the above shown limits.

The known construction Podmore Boulton Vibro-Energy Mill
(Podmore,1969) has specific ring-type form which ensures
compact packing of the working media represented by short
cylindrical bodies. Compact package ensures the condition of
thin-layered distribution of the material being milled between
the milling media. The working media ensures large line and
area contacts between the elements as well as working
elements and vibrating surface of the ring-type chamber.
Conditions for ultra fine milling, as a result mostly of the
attrition action of the working media elements and hits wit low
intensity between them are created in the working chamber.

The attrition is one of the base impacts applied for fine milling
of mineral raw materials. Two types of efforts take action
together in the attrition process — pressure and tension
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according to the Joazel theory. The process is schematically
illustrated at Figure 1 (Magep, 1966).

-
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Figure 1. Attrition destroying.

Realizing of the attrition process in the vibratory mill with
horizontal chamber could be achieved by 100% filling of the
working chamber with working media whereupon the
conditions for fine and ultra fine milling are realized. These
conditions take place in the process of selective milling of
layered minerals (Kyses u gp. 1995).

TEST REZULTS

The process of fine and ultra fine milling was examined for
delamination of kaolin, for selective milling of fine-flaked
hematite, for milling of malleable metals, metal alloys etc.

Delamination of kaolin

The investigations are carried out with bleached kaolin from
the current production of the kaolin treatment plant Senovo,
having chemical content Al,O; - 32,21%, Fe,0; - 1,02%, TiO,
-0,31%, SiO, — 51,62%. Two-chamber laboratory vibration mill
ensuring amplitude up to 5 mm, and frequency up to 75 Hz
was used. Vibration attrition was applied as delaminating
process. Light delaminating media with main characteristics
given at Table 1 were used. Table 2 shows the granulometric
characteristics of the media. (Kuzev, 1997, Kyses, 1998).

Table 1. Characteristics of the delaminating media.

Table 2. Granulometric characteristics of the delaminating
medias.

The influence of the working elements form on the process of
delamination was examined. The differences in the density of
the delaminating media pollistyrol and polyetilen are small,
thus it be considered that the obtained results, shown at Table
3, are resulted from the different forms of the working media.
Short cylinders represent pollistyrol group whereas polyetilen
group by tablet and lens forms. The results are obtained with
vibration frequency of 50 and 75 Hz and constant amplitude of
0.6 mm. The density of the kaolin suspension is 15% and
duration of the delaminating process 10 min.

Table 3. The obtained delamination registered by changes in
the suspension viscosity
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The obtained delamination was proved by the variation in the
suspension rheology registered with rotation viscosimeter TV
(Switzerland) with measuring scale divided to 100 equal parts.

Table 4. The yields of the classes in dependence of the
amplitude of the vibrations.
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Investigations for determination of the changes in the
granulometric characteristics of the part of obtained in
laboratory scale delaminated products were carried out.
Constant conditions, only variations in the amplitude and
frequency, were used for obtaining of delaminated kaolin in the
laboratory. The working media was pollistyrol. The treatment
duration was 10 min, the frequency of vibration - 50 Hz and the
pulp density - 15 %. The amplitude was: 0.25 mm, 0.52 mm,
0.70 mm, 1.10 mm, 1.45 mm. The initial sample is marked with
label Zero (0) of the amplitude at Table 4. The size of the
particles is determinated as equal spherical particle whereupon
the effect of the delaminating process could not be registered.
The analyses were performed at “CegumeHTaunoHeH aHanns’
laboratory in CKAXIT at LMXM, Gara Iskar with a liquid
picnometer and sedimentation balance Sortarius 4610
according to BJC 10550-78.

Table 5. Medial diameter and particle shape defined by
microscopic observation.

The medial size of the particles in the kaolin suspension
before delamination as well as after the delamination in
different statistically defined conditions was measured by
microscopic observations. In result of the counting of the
particles, at Table 5 are shown classes with size -2 um, 2 - 5
pm, 5 =10 ym, and +10 um. The medial diameter is estimated
according to the dates of observed sample.

Table 6 shows the conditions for delamination of the samples
represented at Table 5.

Table 6. Experimental conditions for delamination.
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DISCUSSION

As a result of vibration attrition process, fine dispersed
particles with different forms, according to the physical-
mechanical properties of the material been milled, could be
obtained. The correct definition of the vibration parameters and
working media, leads to obtaining of particles with
predominantly plate forms from layered minerals such as
kaolin, graphite, specular hematite etc. From the same raw
material, at different conditions - parameters of the vibrations
and working media could be predominantly obtained particles
with isometric forms.

For obtaining of kaolin particles with flake forms it is
necessary the force in direction of “c” axes (E = 644x10°®
callcm?), which keep different crystals in one kaolin stack, to
have smaller value, then the attrition force between the
slithered surfaces of the working bodies. (Conly,1987, Davis
and Dawson, 1989).

Fracture E = 2.6x10°%, cal/cm?

——= Delamination
E = 644x10°, cal/cm?

Figure 2. Bonds energy of the kaolin crystals.

The obtained in the investigation results, shown at Table 3,
for the viscosity of kaolin suspensions after delamination with
different delaminating medias shows:

»  The highest value of viscosity increasing is obtained by
usage of polyetilen lenses as working media.

e Downstream climax of the efficiency of working
elements with different forms is lenses, tablets and cylinders.

Arrangement of these forms corresponds to the contact area
decreases between the elements. In the case with lenses as
working media, contact area is the largest. Contact area is
smaller with usage of tablets (or combination between tablets
and cylinders) because there are line and area contacts. The
smallest contact area is with usage of cylinders as working
media, because the contacts between the elements are
predominantly lines.

A real effect of grinding could be observed browsing over the
numeric data at Table 4, in the columns showing the yields of
the different classes. After the delamination with different
amplitudes, the number of particles with size over 20 um
decreases. Taking into account the size of classes from 20 to 2
um a character minimum could be observed with the amplitude
of 0.7 mm. The yields of these classes increase with the
variations of the amplitude up and down from 0.7 mm. There is
an anomaly at first view, but it could be easily explained with
the changed attrition conditions. Namely, the glide plane
remains constant at different amplitudes and remains
independent of the different speed of the working media
caused by the vibrations, while the speed of the suspension
movement in the contact area of the working elements
depends on the amplitude. That is way, at higher suspension
speed than the glide speed increases yields of the fine classes.
At the equation of the speeds, there is an optimum of the
milling, whereupon the finest products are obtained. After the
passage of the speed equation, the increases of the amplitude
could not increase the fine classes yield. The absolute values
for the different classes at Table 4 are small but the quality of
the delaminated kaolin could be visualized by Scanning
Electron Microscope (SEM) pictures. A general view of the
bleached kaolin is shown at Figure 3. Figure 4 shows
delaminated kaolin.

Figure 3. SEM picture of kaolin stack.
Magnification 10 000 times and Marker 1 um.

Interesting results for changes of the medial size of the
particles are perceived by microscope observation of the initial
and delaminated in the following conditions samples:

- Constant amplitude 0.25 mm and frequency of 30,
40, 50, 60, 75 Hz.

- Constant frequency 50 Hz and amplitude of 0.31
mm, 0.7 mm, 1.10 mm, 1.45 mm.
Results are shown at Table 6.
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Figure 4. SEM picture of kaolin particles (flakes)
Magnification 6 200 times and Marker 1 um.

The medial diameter of the bleached kaolin 2.62 ym was
decreased to 1.29 um after the delaminating process by
applying of different vibration parameters, duration of the
treatment and density of the slurry. The data for the received
medial diameter of the kaolin particles at constant frequency
and amplitude from 0.31 to 1.45 mm, completely correspond
and confirm the data shown at Table 5.

CONCLUSION

An investigation on the influence of the working elements
form to the fine selective milling — delamination of kaolin under
conditions of vibration milling in the mill with horizontal working
chambers was performed. The investigated light working
bodies are with inconsiderable differences of the density. The
size is between 2.5 to 5.0 mm. Usage of light working bodies
as milling media excludes the hit impacts between the bodies
and crushing of the material being milled. Under these
extremely conductive conditions, the influence of the working
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elements form on the process of selective milling was
investigated. The increasing of contact area between the
working elements of the milling media, which is a direct result
from the working bodies form, accelerates the process of
delamination. The most appropriate form of the working bodies
is lenses, followed by tablets and cylinders.
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