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3non3BaHeTo Ha BUCOKO EDEKTUBHU MUPOENEKTPUYHIM MaTepuany KaTto YyBCTBUTENHW ENIEMEHTU HA KaTapOMETpK B ra3oBM Xpomatorpacy H1 No3sonsiea fa ce
HaManaT rpaHMuMTe Ha aeTekTupaHe Ha rasa o 10° — 10° 06.%. WscneasaHu ca NMPOENeKTPUYHNTE U AMENEKTPUYHN CBOINCTBA Ha CErHeTOKepaMuyHu obpasuy,
13paboTEHM OT YNCT KamnLMEeBO-0MIOBEH TUTAHAT, @ ChLLO W HA MOAMMULMPAHY C HUKEN 1 MaHraH. PeayniTaTtute Nokaseat Ye NoBEYETO OT NapameTpuTe ca NOBMMSHI
1 OT KOMMYECTBOTO Ha Kanlusi B HaYanHWUs Matepuan, 1 OT eCTECTBOTO M KOMMYECTBOTO Ha MOAMMMLMPALLMS areHT. CUHTE3VPaHUTE NUEe30EeNeKTPUYHM MaTepuank
Ha OCHOBAaTa Ha YMCTUS KamnuWeBO-ONOBEH TUTAHAaT OCUrypsiBaT MogobpeHu M3NYecku napameTpu W CTaGunMaupaHu OMTAMANHW XapaKTepuCTUKM Ha

UYBCTBUTENHUTE ENEMEHTM 33 Fa30BM AHATM3ATOPH
YBOL

Mpe3 60-Te roguHu Ha XX Bek 3anoyea ycuneHa pabota no
TbPCEHE Ha Bb3MOXHOCTM M HauWHM 3a YBenu4yaBaHe Ha
YyBCTBUTENHOCTTA Ha rasoBuTe xpomartorpacdm. Ycunusara ca
HacoYeHU [MaBHO B [Be HanpaBneHus: paspaboTBaHe Ha
ekcnpeceH MeTog 3a xpomatorpacus ([Leithe, 1980) wu
BHEJPSIBAHE HA HOBW  MEPCMEKTMBHM  MUPOENEKTPUYHM
MaTepuanm B Ka4ecTBOTO Ha YyBCTBUTENHN enemeHTu (HoBuk,
1979). Tbit KaTo CUrHAITBLT HA NUPOENEKTPUYHIUS KATapOMETBLP
€ TMponopUMOHaneH Ha CKOPOCTTa Ha W3MEHeHWe Ha
KOHLIEHTpaLysiTa Ha OTHOXEHOTO BELLECTBO, CTaBa Bb3MOXHO
pa3paboTBAHETO Ha EKCMPECHW MeToaM 3a aHanuanpaHe Ha
MeTanypruyH1, COHAKHW W OpYri rasoBe B CbYyeTaHue CbC
cTeneHHata xpomartorpacms (yrnsa v gp., 1973; T'yrns v gp.,
1984). 13non3saHeTo Ha BUCOKO-E€(HEKTUBHM MNPOENEKTPUYHN
MaTepuanu B YyBCTBUTENHWUTE E€NIEMEHTW Ha KaTapoMeTbpa
Nno3BOMsiBa ONMPEENsiHE Ha MHOTO HUCKM KOHLEHTpauuW Ha
BELLECTBOTO B CMecTa. B Hsikou criyyan Te gocturaT nopsigbka
10° — 10°® vol.%. ETo 3alio n3BopbT U CUHTE3MPAHETO Ha
NOAXOASLY, MaTepnan € ChLLECTBEH eTan Mpu Cb34aBaHETO HA
npeobpasyBaTtenute, ONpeaensiy TEXHUTE Ka4ecTBa.

MWpPoEeNeKTpU4ECTBOTO € ABNeHNe, HabMiofaBaHo 3a rpyna
MMEe30ENeKTPUYHN  KPUCTanM € HUCKA  MPOCTPaHCTBEHA
cUMETpUSA (MMpoenekTpuuy), Mapassisa ce BbB Bb3HUKBAHE Ha
CMOHTaHHa MONsipU3aLMst B [OMENEKTPUYHUTE KPUCTANM B
OTCBCTBUE Ha BBHLUHO eNeKTpiyHo nore. Mpu u3meHeHe Ha
Temneparypata Cce M3MeHs W TOieMWHaTa Ha CrOHTaHHaTa
nonsipusaLus. 3a pasnuka OT CETHETOENEKTPULIUTE, 3HAKBT Ha
nonsipusaLusiTa npu NUPOENeKTPULUTE He Ce NPOMEHST Mpu
npunaraHe Ha enekTpUYHO none.

OBbwKHOBEHO nonsapu3aunoHHUTE 3apagn ca KOMNeHCUpaHu
nopagu 3anaBsaHe Ha ENEKTPUYHO 3apedeHn npallnHKA U VIOHU
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OT Bb3dyxa, a CblWo M B pesyntaT Ha cobcTBeHaTa
eJeKTPIYHa NPOBOAMMOCT Ha M1POENEKTPMKA.

Mpn paBHOMEPHO HarpsiBaHe WNM  OXNaxgaHe Ha
NUPOENEeKTpUYHUTE  Kpuctanu, obave, ce Habnogaea
M3MEHEHWe Ha MNNBbTHOCTTA Ha MNUPOENEKTPUYHUA 3apsa,
CbOTBETHO MOMSIPU30BaHOCTTa Ps Ha mupoenekTpuka. Mexay
M3MEHEHWETO Ha Temnepatypata AT W U3MEHEHWETO Ha
nonsipuaosBaHocTTa AP CblLUECTBYBa NpaBo-NponopLMoHanHa
3aBMCMMOCT.

B 3aBucumocT OT npegHasHaueHWeTo Ha npeobpaso-
BaTenHWs enemMeHT M3UCKBaHMATa KbM MaTepuanure ca
HaCOYEHW UMK KbM KOMMNeKca (hn3N4HN CBOMCTBA, C KOMTO Aa
Ce MOCTUrHAT MaKCUManHW  eKCnnoaTauMoHHW — XapakTe-
PUCTUKM, UAM KbM NogobpsiBaHe Ha TEXHUTE KOHCTPYKTUBHMW U
TEXHOMNOMMYHM  BB3MOXHOCTW. 3ana3BaHeTo M Bb3Npous-
BEXJaHEeTO Ha CBOWCTBaTa Ha MMPOENeKTpuYHMA npeobpa-
3yBaten npu ycrnoeusita Ha pabota (ygapu, CbTpeceHus,
PagMoaKTMBHO O0OMbYBaHE, KIMMAaTWYHM akTopy W ap.)
3aBMCAT OO ronsiMa CTeneH OT CBOWCTBAaTa Ha u3bpaHus
matepuan.

OT cobluecTByBaWMTE TPU PYNM MMPOENEKTPUYHM MaTe-
puann  (MOHOKPUCTAmHW, NOMMKPUCTANHM W OpraHWu4HM
nonuMepm) ¢ Han-gobpyu Bb3MOXHOCTW Ce O4vepTaBaT Momu-
KpUCTanHuTe nMpoenekTpuuu. Te paaBaT Bb3MOXHOCT 3a
MBKAaBO YrMpaBeHWe Ha CBOWCTBATa WM, CTO MPOLIEHTHO
M3MON3BaHe Ha MaTtepuana, Hucka cebecToiHocT (6-8 mbTu
Mo-HUCKa OT Tasn Ha MOHOKpUCTanuTe), ronsMa cneludnyHa
MOBBPXHOCT (A0 HSKOMKO XUNaau cm?/g), [OMyckaT LWMPOKO
BapupaHe Ha CBOMCTBaTa Ype3 U3MEHEHME B XMMUYHUS CbCTaB
W pexuMma Ha nonspusauus v apyru. 1o Tesn npuumHm
pasrnexgaHuTte Tyka W3cneaBaHus 6sxa OrpaHuyeHn camo
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BbPXy  MMPOENEKTPUYHM  KepaMUYHW  MONMKPUCTAITHN
matepuanu.

EKCNEPVUMEHTANHA YACT
M3yyeHn ca NUPOENEKTPUYHMTE U AWNENEKTPUYHUTE

CBOWCTBA Ha CEerHeTokepammnyeH matepuman oT YUCT Kanuueso-
ONnoBEH TUTaHaT, a Taka CbLLO U Ha o6pa3L|,|/| Ha Ta3n OCHOBa C
JJ,OGE]BKI/I Ha HWKENn W MaHraH B oOnpeaeneHo noCToAHHO
KONM4ecTBO. V|3XO,£I,HI/I9|T OCHOBEH MaTepwuan, KOMTO MMa
cnegHua  CTEXMOMETpPUYEeH CbCTaB, W3pPa3eH B at.%,
(Pb0_75C80_25)[(C00_5W0_5)o_04Ti0_06]03, NoKa3Ba Hal-BMCOKa
MUPOAKTVUBHOCT, Hali-HUCKA AMENEKTPUYHA NPOHWLAEMOCT U
HanW-BUCOKa TEPMOYCTOMYMBOCT B CPaBHEHME C  Apyru
CbOTHOLUEHUA Ha aTOMUTE Ha u3rpaxgalimTe ro eneMeHTn.

3a cuUHTe3MpaHe Ha TO3M MaTepuan € W3ronaBaH OflIoBEH
TutaHat (PbTiO;), B CbCTaBa Ha KOWTO 4YacT OT ONOBHUTE
atoMuW Ca 3aMeCTeHU C KanuueBu C Orfef YKpensaHe Ha
CTpyKTypata. Macneasaxu ca npobu, B KOUTO KONMYECTBOTO Ha
kanuus e mexay 23 u 27 at.%, T. €. OCHOBHOTO BELLECTBO
pobuea obwara dopmyna (PbiCax)[(CoosWas)oos Tioos]Os,
kboeto x = 0.23, 0.24, 0.25, 0.26, 0.27. ObGpa3sunte ca
MOMyYeHn W3MonaBaikv cTaHgapTHa MeTOAWKA: XMAPaBMAUYHO
CMUIaHe Ha CypoBMHAaTa B TOMKOBA MENHWLA, TEpMUYEH
AByyacoB cuHTe3 npu 900 °C, BTOpO cMuUnaHe Ha NpogykTa 4o
cneuuduyHa  noBbpxHocT  ¢,=4000 cm?g, [OBYKpaTHO
nnactucuympade ¢ 10% pasTBop Ha MONMBMHWMOB arkoXorl,
npecoBaHe noa opmata Ha guckose ¢ AnameTsp 20 mm u
pebenvHa 2 mm W [OBY4acOBOTO WM  M3NWYaHe mpw
Temnepatypa B uHTepsana 1170 - 1210 °C cbe ckopocT Ha

JoCTuraHe Ha 3agageHata Temneparypa 200 °C/h. CbcraBbT
Ha Bceku 0bpaseL € U3roTBEH B TPW BapuaHTa — 0cHoBeH (6e3
Mogumdumkatop), ¢ mogudmumpaly, areHt NiO B konmyecTso 1
mol.% u ¢ moandmkatopHa aobaska 1 mol.% MnO.. Crnen
M3CTVBaHe Ha AuckoseTe febenvHata um ce Hamanssa o 1
mm. OBBPXHOCTTa UM CE Hama3Ba CbC cpebpo-ChabpaLla
nacra, uanuya ce npu 950 °C 1 no 1031 HauymH Cce noryvasa
TbHBbK Cno  cpebbpHo nokputue. [onspusaumsta  Ha
obpasunte € u3BbpLIEHA B CUIMKOHOBO Macrno mpu
Temneparypa npubnuautento 100 °C v UHTEH3UTET Ha NONETO
6 kV/mm B npogbrkeHne Ha 1.5 h. W3vakea ce ouwe egHo
LeHoHowwe (24 h), cnen koeTo ce 3amoyBa M3MEpBaHe Ha
CNeAHUTE ANENEeKTPUYHM NapameTpy:;

OTHocuTerHa  [MenekTpuYHa  MPOHMLaEMOCT

L,
AVenekTpuuHu 3arybu tgd, pesoHaHcHa YecToTa no AMaMeTbp
f,, aHTMpe3oHaHCHa 4ecToTa MO AvameTbp f,, PE30HAHCHO
CbMpOTMBNEHNE R, pe3oHaHcHa yectoTa no gebennHa f' u
aHTUpe3oHaHcHa 4ectota no pfebenuHa f,'. [pobute ca
O3HAaYeHU MO CMEAHWS HAYWH: MbPBOTO YWCMO MOKa3Ba
KONMYECTBOTO Ha kanuus B at.%, a uudpaTta cneg TMPETO —
MoamdukaumsTa Ha obpaseua: ¢ Huken “1”, maHraH “2” 1 “0” 3a
Hemoguduumparute obpasum. (Hanpumep 25-1 nokasea, 4e
0bpaselbT cbabpxa 25 at.% kanuuit M e mogucuumMpaH ¢
NiO)

OMUTHW PE3YNTATU N OBCHXAAHE

Crnep 13BbpLUBaHE Ha ABYYACOBOTO TEPMUYHO CUHTE3MpaHe
npu 900 °C ca onpegeneHn 3arybute Ha maca. PesynTatute
nokasBar, Ye Te He Ca rofiemMu 1 ca B rpaluuuTe Ha 2%.

Tabrmuya 1. BrmsiHve Ha Kkamnuusi, HUKENa M MaHraHa OT CTPyKTypaTa BbpXy CTOMHOCTUTE Ha OTHOCUTENHaTa AWEneKTpu4Ha
MPOHULIAEMOCT U AMeneKkTpU4HUTE 3arybm Ha nupoenekTpuka. O3HayeHneTo Ha 0BpasuuTe e CreaHOTO: MbPBOTO YMCHO NOKa3Ba
CbObPXaHNeTO Ha kanuus B obpaselia, MoaucukaLmsTa Ha obpasuuTe e 03HayeHa ¢ uudpa cneq Tupeto: “0” 3a uncTus obpased,
“1” 3a 00pasuM C HUKenoB U “2” 3a obpasuy C MaHraHOB MOAMCUKATOPU. (&')o M &3' Ca OTHOCUTENHUTE AMENEKTPUYHU
MPOHWLIAZEMOCTN Ha MaTepumarna CbOTBETHO NPEAM W Cnef nonsipusaunsTa, a tgd, u tgo- amenekTpuiHuTe 3arybu Ha Matepuana

npeau u cneg nonapusaumaTa CbOTBETHO.

O6paseL Temnepatypa  Ha OTHoCHUTenNHa AvenekTpUyHa NpoHMLLaemMocT [nenekTpuynm 3aryu
13nuyaHe
[°C] Mpean Cren Mpean Cnep

nonsapusaumaTa, (&s'), | nonspusauymsra nonsipusaumsTa nonsipusaumsTa

X1014 (533T)/ (533T)o tg5° t95
24-0 1210 208 163 4.71 3.35
25-0 “ 232 201 8.06 2.89
26-0 “ 221 194 8.27 2.69
27-0 “ 195 152 4.62 2.60
23-1 1170 196 166 6.45 6.08
24-1 “ 225 208 6.14 6.18
25-1 “ 227 216 427 6.10
26-1 “ 225 214 5.30 7.93
27-1 “ 235 225 4.75 723
23-2 1200 186 179 2.46 1.98
24-2 “ 192 182 2.35 1.75
25-2 “ 185 181 1.85 1.59
26-2 “ 194 185 242 1.79
27-2 “ 191 186 2.1 1.71
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B Tabnuua 1 ca nokasaHn pesyntaTuTe 3a OTHOCUTENHaTa
QVENeKTPUYHa NPOHWLAEMOCT Ha AMCKoBMTE 0bpasuy npeap
nonspusauusiTa, W3MEHeHWeTo W Ccnep  nonspusaumsaTa,
OTHECEHO  KbM  MbpBOHAYanHaTa #  CTOMHOCT W

nvenektpuanute  3aryn npean  (1gd) w cnen (tgd)
nonspu1saumsTa.

T
MosuiasaHeTo Ha £ 5, 0 v Haa 200 (3a uncTn KpucTanm

ot PbTiO;, Hanpumep, £3T3 e 78-80) BeposATHO Ce AbMKM, OT

eHa CTpaHa Ha pas3NMYHOTO KONMYECTBO Ha Kanuus B
npobuTe, a OT gpyra — Ha €CTECTBOTO Ha MoavduuMpalLLms
arent. Cnep 3ameCTBaHETO Ha OMOBHUTE aToOMM B
KpucTanHaTa pelleTka C KarnuueBu B OCHOBHUS MaTepuman ce
HabnpaBa NOHWKEHWE Ha TETParoHanHOTO W3KpPUBSIBAHE,
KOETO Ce XapaKkTepuaupa ¢ HamansBaHe Ha Temneparypara Ha
Kiopu. Korato oTHoweHmneTo Ha PbTiO; kbm CaTiO; e 1:1, 10

T=80 °C, a ¢ 3T3 ce ysennyasa o 800. Twit KaTo OCHOBHA

3ajava Ha u3cneABaHeTo e f[a ce Mnomyyn mMatepuan ¢ BUCOKa
YYBCTBUTENHOCT (T.e. HWUCKA MPOHULAEMOCT) U  BUCOKM

MUE30CBONCTBA, BHEPSBAHETO Ha KamnuuMeBuUTE aToMu €
orpaHuyeHo o 27 at.%. [pegctaBeHnte B Tabnuuata
pesynTaTi 3a u3bpaHus 0b6xBaT Ha KanuueBOTO CbAbpXaHue

T
NoKasBaT U3MEHeH!e Ha AnenekTpUyHaTa NpoHMLaeMocT € ;.

B MHTepBana 5 — 25 % 3a BCeku aTOMEH MPOLEHT Kanuui B
3aBMCMMOCT OT €CTECTBOTO Ha Moaudmumpalumsa areHt. pu
obpasynte c Hukenosa pobaBka ce 3abensssa crnabo

T T
NnoBuLLIaBaHe Ha 533 ,anpuTesu,C pobaBka Ha MaHraH, 833

Hamansiea M ce crabunmaupa. [uenexktpudHute 3arybu Ha
npobute C MaHraHOB MogucukaTop HamansieaT —chef
nondpusauuaTa M no4vtn He 3aBUCAT OT KONMMUYECTBOTO Ha
Kanuua, [okato npu Te3u C HUKeNOB — Te HapacteBaTl C
MOBWLLUABaHE Ha KaNLMeBOTO CbabpXaHue B MaTepuana.

T T
B tabnuua 2 ca nokasaHi OTHOLIEHNETO & ;. /(8 33)0 B

pasnuyHnuTe TEMnepaTtypHu UHTEpBann wu CTOMHOCTUTE Ha
TeMmnepartypHua KOG(*)MLWIGHT Ha OTHOCUTENHaTa

WenekTpudHa npoHnuaemoct TKE 2.
a p poHuL 33

Ta6nmua 2. BringHue Ha TeMmnepartyparta BbpXy roneMvHaTa Ha OTKIOHEHNETO Ha OTHOCUTENHATa ANENEKTPUYHa NPOHNLaeMOCT 1
TeMnepatypHusa KOGCI’.’)MLI,VIGHT Ha OTHOCUTENHATa gNeneKTpuyHa NnpoHULaeMocCT npu pasnuvHn Monmd)mumpamw [n006aBKy.

ObpaseL Temnepatypa /3meHeH1e Ha oTHOCUTENHATa TemnepartypeH KoeULIMEHT Ha
Ha U3nuyaHe [IMeNeKTPUYHA NPOHIULIAEMOCT &'/ &, OTHOCUTENHATA AMENEKTPUYHA
% npoHuuaemoct, TK&,. 107, [K1]
[°C] -25+15 15+70 -25+70 -25+15 15+70 -25=70

°C °C °C °C °C °C
23-1 1210 9.48 5.07 14.55 2.37 0.90 1.53
24-1 1210 15.50 9.46 24.96 3.88 1.72 2.63
26-1 1170 13.45 13.89 27.34 3.36 2.52 2.88
27-1 1190 14.09 12.76 26.85 3.52 2.32 2.83
25-2 1200 8.28 19.26 27.54 2.07 3.50 2.90
27-2 1200 8.48 21.56 30.04 212 3.92 3.16
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B wmartepuana, moandmumpaH C Huker, ce 3abensssa
T T
fectabunuaupase Ha OTHOLUEHUETO 833/(833)0 npu

N3MeHeHue Ha KanuueBoTO ChabpxaHue. ToBa, cropes Hac,
Mpou3TM4Ya OT MOHWKABAHETO HA TemnepaTypata Ha Kiopu ¢
yBenM4aBaHe CbObpXaHWeTo Ha kanuus. Mpu Hemoaudu-

UnpaHuTe (HemokasaHu B Tabnuuata) M npu moauduum-
paHUTe C MaHraH npobu ce 3abensisa cTabunuanpaHe Ha
TOBA OTHOLIEHWe. TeMNEPaTypHUAT KOeULMEHT Ha anenek-
TPpUYHATa MPOHULLAEMOCT, pPa3fiyeH 3a TpUTe BapuaHTa Ha
npobuTe, € CPaBHUTENHO NO-CTabUNEH.

Tabnuua 3. BriusHue Ha Temnepatypata BbpXy rofieMuHaTta U nocokata Ha OTKIOHEHWE Ha pe30HaHCcHaTa YecToTa U
TEMNepaTypHUs KOeUUMEHT Ha YecToTaTa npy npobu ¢ MaHraHoB MogudUKaTop.

Obpasey, OTKNoHeHWe Ha pe3oHaHCHaTa YecToTa, f; TemnepaTypeH KoeULMEHT Ha pe30HaHCHaTa
% yectoTa, TKf, x10°%, [K']
-25+15°C 15+70°C -25+70°C -25+15°C 15+70°C -25+70°C
25-2 0.425 0.159 0.159 1.062 0.404 0.631
27-2 -0.492 -0.768 -1.250 -1.231 -1.402 -1.316
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B T1abrnuua 3 ca nokasaHu [aHHW 3a TemnepaTypHus
KoedMUMEHT Ha pagwanHWTe TpenmTeHus 3a [fea  OT
MoannLMpaHnTe ¢ MaHraH obpasuy. AHanmorMyHU CTOMHOCTY
ce Habniogaeat M 3a moguduumpaHuTe ¢ Huken npobu. C
MOBWLLABaHE Ha TemnepaTypata CTOMHOCTUTE f, Hamansear 3a
npobute C MO-BUCOKO CbAbPXAHWA Ha kanuui. 3a gageH
TEMNepaTypeH UHTepBan, Korato CbabpXaHWeTO Ha Kanuus e
po 25 at.% pesoHaHCHaTa 4ectoTa f. ce OTMEecTBa KbM NoO-
ronemmuTe CTOMHOCTW, @ NpK CbabpkaHue 27 at.% - kbm no-
MankuTe.

Tabnuua 4. BnnsHue Ha enekTpoMexaHU4HUTE Bb3AENCTBUS
BbPXY pagnanuute, K, n nebenunHute, Ki Tpentenus

Obpasey | Temneparty- K Ki KiK:
pa Ha
n3nnyaHe
23-0 1210 0.270 0.485 1.80
24-0 ‘ 0.137 0.450 3.28
25-0 ‘ 0.096 0.450 462
26-0 ‘ 0.096 0.438 4.56
27-0 ! 0.110 0.483 4.39
231 1170 0.094 0.522 5.55
24-1 ‘ 0.153 0.502 3.28
25-1 ‘ 0.176 0.498 2.83
26-1 ‘ 0.116 0.483 4.16
27-1 ! 0.136 0.462 3.40
23-2 1200 0.142 0.352 248
24-2 ‘ 0.125 0.428 342
25-2 ‘ 0.125 0.442 3.54
26-2 ‘ 0.129 0.434 3.36
27-2 ! 0.197 0.466 4.31

Pesyntatute 3a koeduUMEHTA Ha eneKkTpoMexaHuyHa
BPb3ka Npu paguanHu K. 1 aebenuHHM K; TpenTeHus 3a

V|36paHaTa Temnepartypa Ha u3nm4yaHe ca noco4eHn B Ta6nmua
4.

Mpupogata Ha Mogudmumpawata [fobaBka, KakTo U
KOMMYECTBOTO Ha KanuueBUTe aToMu B pelueTkaTta, BRMSST
BbPXY aHU30TponHocTTa Ha Matepuana. fJobassHeTo Ha NiO

1 MnO, KbM OCHOBHOTO BELLECTBO NPELN3BUKBA KAYECTBEHO
pasnuyHM CBOWCTBA Ha kepamukata. [pegnonmara ce, ue,
KoraTo  HWKENOBUTE aTOMM  W3MECTAT  TWUTaHOBUTE  OT
KpucTanHata peLleTka, B Hest Ce MonyyaBaT OfOBHM BakaHLuK,
KOMTO BOAAT [0 TMOBWWIABAaHE Ha  AMEneKTpuyHata
MPOHNLLAEMOCT W AMENeKTpuYHMTE 3arydu (Bwx Tabnuua 1), u
Ha koeduLMeHTa Ha eNeKTpOMexaHnYHa Bpb3ka (BIpk Tabnmua
4). BnusHneTo Ha MaHraHoeaTta AobaBka BCe oOule He e
HaMb/HO W3SICHEHO, MOpagW MpOMsiHA Ha BaneHTHOCTTa Ha
MaHraHa npu YCrnoBusiTa Ha TEXHOMOMUYHUTE OnepaLuy.

3a moguduumpaHuTe maTepuani Hain-obllo Moxe fa ce
Kae, Ye NpuTEXaBaT MO-HWUCKA OMENEeKTpUYHA NpoHULae-
MOCT, Marku [AMENeKTPUYHM 3arybn W HesHauuTenHu
nameHeHus Ha K. u K. bu morno pa ce ovakea no-gobpo
MOHWKEHNE Ha CTOMHOCTUTE K: M moBuMwaBaHe Ha K;, ako ce
nofobpyn 1 YCLBBLPLLEHCTBA TEXHOMOTUATA 3a MoSyyaBaHe Ha
MaTtepuana 1 npu npoMsiHa Ha ecTeCcTBOTO Ha MogudmkaTopa
M HerosoTo  konuyectBo. [loBaBkata  Pb(CoysWos)0s,
KOMNeHcupalja BaneHTHocTTa Ha Mn, KoATO He €
CETHETOENEKTPUK, no-Bcska BEPOSTHOCT Ccb3aasa
LOMbITHATENHM OFOBHM BaKaHLMW M MO TO3W HAYMH Ce NocTura
cTabunuavpaHe Ha CTpykTypata. BbB BCWukM u3cregBaHm
06pasuy T € B NOCTOSHHO KONMYECTBO.

B Tabnnua 5 ca n3noxeHn CpaBHUTENHUTE XapaKTEPUCTUKM
Ha CMHTE3MPaHWTE OT HaC NUEe3OoKepamiUyHU MaTepuani n Ha
Takuea, npomssexpaHu B Anowns. Bwkga ce, ye no
M3NOXEHUTE NOKa3aTenu CUHTE3MpaHuTe OT Hac obpasuu ce
pobnuxasat o SAnoHCKUTE MaTepuanu, KoeTo e ykasaHue 3a
€BEHTYanHoTo UM GbAeLlo NpUNoXeHWe KaTto YyBCTBUTENHM
eremMeHTM B KaTtapomeTpusTa. [lpegmeT Ha cnefsalim
M3cregBaHWs €  M3y4aBaHETO Ha  MWEe3oKepaMU4HWTE
MaTepuanM B KayeCTBOTO MM Ha [JETEKTOPM 3a HSKOU
HEOPraHW4HM ra3oBW KOMMOHEHTM.

Tabnuua 5. CpaBHUTENHN XapaKTepUCTUKK Mexay Bbnrapcki 1 SNoHCKM Ne3oeneKTpuyHI1 MaTepuanm

MNapameTbp bbnrapcku SAnoHckm
Towwba Xutaun
231 25-2 27-2 C-10 C-12 PC-11
53T3 166 181 186 250 180 170
6.08 1.59 1.71 - - 1.00
tgo
X 0.094 0.125 0.197 0.14 0.06 0.05
Kr 0.522 0.422 0.466 045 0.47 0.5
t 1874 2470 2022 2454 2358 2150
N, Hzm
80 90 95 61.6 55.6 52.8
.10, CIN
54.40 56.18 57.70 27.11 34.62 35.13
g33.10_3, Ym/N
0.219 0.220 0.220 - - 0.220
0, N/m?
325 308 309 360 340 355
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Lisemrkos C. u dp. MMMPOEJIEKTPUYEH MATEPUATT 3A ...

T, °C

138O
1. CuHTesupaHu ca M ca wn3crnefBaHu [OUENeKTPUYHU 1
NUPOENEKTPUYHW MoKasaTenn Ha Tpu Buga npobu ot
CErHeToenekTpuyeH Matepuan Ha Gasata Ha ONOBHO-
Kanunes TUTaHaT C HAUKENOB U MaHraHoB MOAVI(*)I/IKaTOp;

2. TokasaHo e, 4e B MHOrO OT Cry4auTe CTOMHOCTWUTE Ha
u3cnedBaHuMTe  MapameTpu  3aBUCST  KakTO  OT
KOMMYECTBOTO Ha Kanuus B OCHOBHUS MaTepuar, Taka u
OT KONMU4YECTBOTO W E€CTECTBOTO Ha MoauduLupallaTa
nobaBska;

3. YCTaHOBEHO e, Ye AMeneKTpuYHMTE 3arybu ca yHkums
OT npupogarta Ha mogudmumpaiyms atom. Mpu gobaska
OT HWKEN T ca He3HauuTesHW, a Npu fobaBka OT MaHraH
— 3aBUCAT OT KanLMeBoTo CbAbpXKaHWe B CTPYKTypaTa Ha
OCHOBHOTO BELLECTBO.

4. Tlony4yeHuTe NMe30ENEKTPUYHN MaTepuani Nokasear, ye
€ Bb3MOXHO Aa Ce MocTurHe nogobpsiBaHe W cTabunu-

IMpenopvyaxa 3a nybriukysaHe om
kamedpa ‘Xumus *, MT®

3vpaHe Ha cneuuduyHMTE 3a Tesn BeLlecTBa (U3NYHU
napamMeTpu 1 Ce YCTAHOBSIBAT OMTWMamnHW Xapak-
TEPUCTUKA Ha YyBCTBUTENTHUTE ENEMEHTW Ha XpoMaTo-
rpapHUs KaTapoMeTbp.
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The possibility of utilization of phosphates’ saturated zeolites as raw materials for the obtaining of mixed phosphorous fertilizers has been substantiated. Taking into
consideration that the regeneration of the sorbing agent is economically baseless, the proposed alternative solution presents an interest.

It has been demonstrated that the adsorbed in the structure of the zeolite phosphate ions are in the form of P,Os, able to be assimilated. The cation less and modified
forms of the different clinoptilolites’ samples preserve their structure and adsorption capacity. The quantities of the total P,Os and of the citrate’s soluble P,Os in the
calcium and potassium modified forms are more important that in the natural zeolites. In spite of the lower content of able to be assimilated phosphorous in the
potassium form in comparison with the calcium modified, the first one is recommended as a raw material for obtaining mixed phosphorous fertilizers, due to the

introduction in the ground of the essential for the plants potassium.

INTRODUCTION

The widespread natural zeolites, including in our country, find
a polyvalent application in several areas of the industry and the
agriculture. Today predominates their use as catalysts or
catalysts’ matrix in petrochemical industry and oil refining
processing, as adsorbing agents in order to solve ecological
problems, as nutritional additives to insure useful and essential
microelements for the breeding and the plant-growing.

Their unique adsorption’s and molecularly sieve’s properties
initiated the studies on the natural clinoptilolites, beginning
from the 60" years of the XX century, in order to remove
phosphate ions from waste and washing waters from
phosphates’ productions. The economically baseless
regeneration of phosphates’ saturated adsorbing agents
represents a prerequisite for the search of an alternative
solution for their posterior utilization. It is known that the
mechanic mixture of clinoptilolite and super phosphate (Lian, et
al, 1978) ensures the more complete phosphorous
assimilation by the plants and the possibility of supplementary
ground’s enrichment with useful microelements, as well as the
amelioration of its structure.

For this purpose, the synthesis of phosphorous containing
zeolites has been tested, by substitution of Al from the network

Table 1. Chemical composition of the tested clinoptilolites’ samples

with phosphorous, applying a controlled copolymerization and
coprecipitation in  homogeneous phase. However, the
characteristics of the obtained products are their reduced
thermic stability and adsorption capacity, that sometimes reach
50 % of that of the non-containing phosphorous zeolites
(Flanigen, et al., 1971).

That why the investigations on the phosphates’ removal by

adsorption with natural zeolites and the use of the enriched
sorbing agents as a raw material for the obtaining of mixed
mineral fertilizers represent an interest.
Currently phosphates’ removal is carried out by neutralization
with lime or by intermediary flocculation with polyelectrolytes
(0,20 - 0,25 mg/cm®) with pH = 11. The degree of extraction
reaches 90 %.

RESULTS AND DISCUSSIONS

In order to study the sorption’s mechanism of the phosphate
ions on clinoptilolote, comparative researches on the sorption
capacity of samples coming from some bulgarian deposits and
one from Georgia, whose chemical composition is presented in
table 1, have been accomplished.



Admixtures of [(-quartz, P-tridymite, orthoclase, albite,
anorthite, biotite, chrysotile (in the green clinoptilolite BG-
green) have been established.

The preliminary researches concern studies on the influence
of particle dimensions on the adsorption capacity of the
samples. The experiments have been carried out using three
samples of each type with particles’ dimensions in the interval
respectively 0.2 — 0.5 mm, 0.8 — 1.0 mm, 1.2 - 1.5 mm. The
effect of the granulation composition of the clinoptilolite on the
adsorption is presented in fig. 1. The obtained results allow to
admit that the following tests have to continue by using
samples with particles’ dimensions 0.2 — 0.5 mm.

2,3
2141
1,9 - ‘\’\w—o
1,7 1
1,5 2
1.3 7 BD\G\M
ol 4\‘\M
0.9 1 A\A\A—\A
0,7 -
0,5 T
002040608 1 121416

d, mm

a, %

Figure 1. Influence of the clinoptilolite particles’dimensions on
the sorption capacity, %:
1. BG-green; 2) BG-pink; 3) BG-white; 4) Dzegvi.

In fig. 2 are presented the adsorption isotherms obtained at
ambient temperature and with particles’ dimensions of
clinoptilolite 0.2 — 0.5 mm. A direct relationship between the
adsorption capacity and the stability towards acids has been



observed, as well as of the purity of the mineral. The important
quantity of limestone in the zeolite from Dsegvi - Georgia
explains its higher capacity against P,Os, that will be
mentioned again below.

It is known that an important characteristic of the
phosphorous fertilizers represents the quantity of the able to be
assimilated P,0Os, i.e. phosphorous soluble in water and in
citrates.

a, %

P,0s, %

Table 2. Solubility of the adsorbed by the clinoptilolite phosphorous

The obtained results allow concluding the following:

5. As much the silicate module is great, i.e. as much the
quantity of aluminum in the structure is small, as much the
adsorption capacity of the clinoptilolite expressed via P,Os
is low and as much is the relative content of its soluble in
water form.

6. The soluble in citrates phosphorous that, as it is known, is
a phosphate of alkaline earth elements and especially of
the calcium is the best to the plants form of P,Os, able to
be assimilated. Its constant quantity in all samples with
the exception of that from Dsegvi, in which it is
approximately 1.5 times greater represents again a proof
for the higher quantity of limestone in this sample, who’s
chemical and R@&-structural analysis confirm that the
CaCOscontent reaches 40 %.

Figure 2. Adsorption isotherms of P,0s at 20°C on clinoptilolite
with particles’dimensions 0.2 - 0.5 mm:
1) BG-green; 2) BG-pink; 3) BG-white; 4) Dzegyvi.

It is interesting to test under what form is the adsorbed
phosphate. For this purpose an experiment has been
accomplished, during which samples of clinoptilolite with
similar particles’ dimensions have been saturated with an
aqueous solution of P,0s with a concentration of 3%. Then the
samples have been treated respectively with Petermann
reagent (ammoniac solution of ammonium citrate), with distilled
water and with HCI 20 %. The quantities of the different forms
of phosphates in the filtrate have been established, as shown
in table 2.

3. In order to increase the sorption activity of the clinoptilolite’s
natural tuff, expressed via P,Os and taking into consideration
data in table 2, experiments using aluminum less and modified
samples have been carried out. For this purpose, the zeolite
BG-green has been treated with HCl 4 mollL at 25°C by
applying a standard methodology [3] and a cation exchange
has been accomplished, transforming it in a hydrogenated
form. The partial Al substitution in this case increases the
silicate module and leads to a supplementary widening of the
structural pores. This insures a higher adsorption capacity.
Parts of the obtained dehydrogenated form are transformed in
calcium and potassium forms by treatment with CaCl, 1 mol/L
and with KCI 1 mol/L respectively. This kind of modification is
chosen in order to increase the quantity of the citrates’ soluble



phosphorous and to ameliorate the nutritional properties of the
mixed fertilizer by the addition of a third important for the plants
element, the potassium. Aside this, it is known, that when in
the structure of the zeolite are introduced cations with greater
dimensions than those in the natural zeolites, its thermic

Table 3. Chemical composition of the modified clinoptilolites’ samples

The obtained modified and cations less forms have been
saturated with P,0Os in static conditions and at ambient
temperature. Each of the samples, in quantity of 1.0 g, has
been treated during 1.5 — 2 hours with HsPO,, containing 4 %
of P,Os. It has been established after analysis, that the calcium
form contains 4.76 % of total P,O5 and 0.15 % of citrate soluble
P,0s, while in the potassium form these values are 4.07 % of
total P,Os and 0.13 % of citrate soluble P,Os, what is
approximately 50 % more than of P,Os forms in the natural
clinoptilolite.

In spite of the lower adsorption capacity of the potassium
form, it is recommended as a raw material for obtaining mineral

stability and elements’ arrangement in its structure are
ameliorated. Thermodynamic and Ré-structural studies show
that the skeleton is conserved, while the results of the chemical
analysis are given in table 3.

mixed fertilizers, because of the introduction of the third
essential for the plants’ grow element, the potassium.
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