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B pabote uccnenosana cucrema Mg;(PO,),—Mg,Na(PO,); MeTonamMmu Tepmuyeckoro aHanusa, POA u
PCMA. TToka3zaHo, 4TO B ciiydyae 00Kura KOMIoHeHTOB cucteMbl mpu 800°C He poucxoauT (pa3oBbIX U3-
MEHEHMI, B TO BpeMsI Kak rpu ooxxure Boliie 1000°C o6pasyercst omHoba3HbI 06pa3ell, YTO CBSI3aHO C UH-
KOHTPY3HTHBIM IUJIaBJIeHUMEM JBoitHoro optodocdara marHusi-Hatpust Mg,Na(POy);. st coenuHeHuit
cucrteMbl Mg3(PO,),—MgyNa(PO,); ¢ pa3IMYHbIM COOTHOILLIEHHMEM KOMITOHEHTOB MCClIeJoBaHa 06JacTh
roMoreHHocTH MeTonoM PCMA. MUKpPOCTpyKTypa KEpaMUUYECKMX MaTepUaioB Ha ocHoBe Mg, Na, (PO,),
XapaKTepu3yeTcsi CpeIHUM pa3MepoM 3epHa MeHee 10 MKM nipu ciekanuu npu temrieparype 1000°C. Cun-
Te3MpOBaHHBIC OMOKepaMUUYECKHNE MaTEPUAIIbI MOTYT OBITh ITePCIEKTUBHBI IJIST JaTbHEMIIIETo UX TPUMEeHe -
HUS B KAaYeCTBE MMILIAHTATOB MPU pereHepaiu KOCTHOI TKaHU.
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BBEAEHHWE

Hecmotps Ha To YTO KOCTHasI TKaHb XapaKTepH-
3yeTCs CITOCOOHOCTHIO K (PM3MOJTOTUIECCKOMY PEMO -
JIeIUPOBAHUIO 1 CAMOBOCCTAaHOBJICHUIO, IIPU BO3-
HUKHOBEHUU OOIIMPHBIX KOCTHBIX Ae(EKTOB, T.H.
nedeKTOB KPUTUYECKOTO pa3Mepa, HeoOXOgnuMO
BHEIIIHEEe BMEIIATEeIbCTBO MJIsI pereHepalun KOCT-
Ho¥i TKanu [1]. dng nedeHust neeKTOB KOCTHOM
TKaHU HEOOXOAUM MOMCK HOBBIX MaTepuajoB C O1O-
JIOTUYECKUMU 1 (PU3NIECKUMU CBOMCTBAMHU, COIIO-
CTaBUMBIMU C YEJOBEYECKOM KOCTHOM TKaHBIO,
BKJTIOYast OMoKepaMuKy [2, 3] 1 opraHOHEOpraHu-
yecKre KOMITO3uTHl [4—8]. M3-3a XMMHYECKOro
CXOICTBAa ¢ MUHEpaJIbHOI (pa30if KOCTHOI TKaHU B
OCHOBHOM HCHOJIB3YIOT CHUHTETHUYECKHE MaTepua-
JIbl, BKIovaroniue ¢pocdarel Kanabuud [9, 10]. B ka-
YeCcTBE aJbTEPHATUBBI BO3MOXKHO NpUMEeHeHUEe (hoc-
daroB maruus. OCHOBHBIMM IPUYMHAMM UCITOIH30-
BaHuA ¢docdaToB MarHUSI NpU JICYeHUN He(PEKTOB
KOCTHOI TKaHM SIBIISTIOTCS 00Jiee BBICOKasI pe30pom-
pyeMocTs [11] 1 cMelIeHre paBHOBECHUS B CTOPOHY
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oOpa3oBaHMsI HaTypajlbHOII KOCTHOII TKaHum [12].
Kpome Toro, meduiumt Mmarausi B OpraHu3Me IpuBO-
IUT K MHOTOUMCIIEHHBIM IIPO06JIeMaM CO 3I0POBbEM,
TaKMM KaK CHIDKEHME POCTa KOCTHOM TKaHU, OCTEO-
IIOpO3 M MOBHIIIEHHAasT XPYIIKOCTh cKeiera [13].
KimoueBast posb MarHus B mpollecce OCTEOCHHTE3a
CBsI3aHa C aare3reii 1 pOoCTOM OCTEOOJIACTHBIX KJle-
TOoK [14, 15].

B otmiuue ot ocdaros Kanbiys hochaTbl MarHust
HE MOIYYMJIN 3aCITy>KEHHOTO BHUMAaHUS B OMOMEINITIH-
ckux npumeHeHusix. Kpome opymura (CaHPO,-2H,0)
1 okTakanpluuero ¢gocdara (Cag(HPO,),(PO,),5H,0),
npyrue pocdaThl KATbIUSI HE coaep>KaT KpUCTAJLIN-
3allMOHHOM BOJBI, TOTJA KaK OOJILIIMHCTBO docda-
TOB MarHusl TUAPATUPYIOTCSI NPU HU3KOI TeMmIiepa-
Type [16]. @ocdarsl Maruus ABISTIOTCS KOMITOHEH-
TaMU MMHEPAJIOB, TaKMX KaK KaMHHU B IIOYKax U
KocTHasl TKaHb. B padote [17] moka3aHo, 4YTO aKTUB-
HOCTb OCTE€O0JIaCTOB Ha IL€MEeHTax U3 OpyliuTa
(CaHPO,2H,0) u crpyBura (NH,MgPO,6H,0)
BBIIIIE, YEM Ha 1IEMEHTaxX U3 TMIpoKcuaraTura C 1e-



522

¢unmrom kanbuus (Caqe(PO,)sHPO,OH). AsTopsl
MTOKa3aJI, YTO caMas BBICOKAasS BBIXKMBAEMOCTb M
KJIeTOYHass aKTUBHOCTH HabIomansach y ocreobia-
CTOB, KyJIbTUBUPOBAHHBIX Ha (pocdare MarHums 1 11e-
MeHTax Ha ocHOBe cTpyBuTa. Kak m dpocdars! Kamb-
s, ¢pocdaTbl MarHUAS MOTYT BKJTIOYaTh B CBOM CO-

CTaB Jpyrue KaTWoHbI, Takue kak NHy, Na® u K*,
00pa3ysi HOBble MaTeprayibl C U3MEHEHHBIMU (HU3U-
YyeCKMMU cBoiicTBamu [18].

Takum o6pa3oM, coeauHEeHUSI Ha OCHOBe docda-
TOB MarHusi MOTYT OBITb PACCMOTPEHBI B KayecTBe
KaHIUJATOB JJISI CO3JaHUSI HOBBIX OMOMaTepHUajoB 3a
CUET TaKUX MPEUMYIIECTB, KaK OOJbIIAasi CKOPOCTh
JIEeCTPYKLIMM B cpelie OpraHu3Ma U CTUMYJISILIUsS 00-
pa3oBaHUs HATYpaJIbHOU KOCTHOM TKaHMU.

Panee [19] Hamu ObLIO MPOBEAEHO KCCIIeNOBa-
HUE YCJIOBUM CUHTEe3a U MoJuMopdu3Ma IBOMHBIX
¢dochaToB MarHusi-HaTpuUsl, BXOISIIUX B CUCTEMY
Mg;(PO,),—Mg,Na(PO,);. B nanHoii pabote BHU-
MaHUe COCPENOTOUYEHO Ha U3yuyeHUHU (ha30BbIX OTHO-
meHuii cmeceit Mg;(PO,), + Mg ,Na(PO,); u nomny-
YEeHUU KepaMHUueCKHUX MaTepuajioB Ha OCHOBE pac-
CMaTpUBaEMbIX COSTUHEHUIA.

Ilenpio maHHON pabOTHI SIBUJIOCH 3KCHEPUMEH-
TajJlbHOE U3y4YeHUe NBOIHHOI cuctembl Mg;(PO,),—
Mg,Na(PO,); MeTonamMu TepMUYECKOTO aHaIU3a,
P®A u PCMA, a Takxe MoJjiydeH1e Ha e OCHOBE Ke-
paMMYECKUX MaTepUaioB.

BSKCITEPUMEHTAJIBHAA YACTDb

Ha nepBoii cranuu nosyyanu nupodocdar mar-
HUSI U3 CTpyBUTa (Tekcaruapara aBoiiHoro ¢ocdara
Marnusi-amMmoHust NH,MgPO,-6H,0), kotopslii 6b1
MOJIy4YeH MPY OCaXKIEHUHN 13 BOTHBIX PACTBOPOB COJICi
[20]. Ons cuHte3a ucnoab3oBanu (NH,),HPO,
“x.4.” u MgCl, “x. 4.”. K npuroroieHHomy 0.15 M
pactBopy (NH,),HPO, npu nocrossHHOM Tiepeme-
IMWBAaHWM HAa MAarHUTHOI Metmanke rmprnBaim 0.5 M
pactBop MgCl,. ITonydyeHHyI0 CyCIEH3UI0 OCTaBJISI-
JIM TIepeMEeIINBaThCS B TeUCHME 2 9 TP KOMHATHOM
temniepatype. [Tupodocdar Maramus momydann Tep-
MUYECKUM pa3jioxkeHueM crpysuta npu 1100°C B Te-
yeHue 6 9 Mo peaKiuu

— Mg,P,0, + 2NH, T + 7H,0T .

Oprodocdar maraust Mg;(PO,), (M3P) nonyya-
JIu TBeproda3HbIM METOIOM M3 CMECH OKCHIla Mar-
Husg MgO u nupodocdara marnus Mg,P,0,. MgO
MnoJiyyajav npu ooxure kapoonara marausg MgCO,
“x.4.” mpu 600°C B TeyeHure 3 4 MO peakiuu

MgCO;— MgO + CO,. 2)

(1)
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PaccuutaHHble HaBECKM MCXOIHBIX MOPOIIKOB
rnomeniaid B 6apadbaH U3 cTaOUIU3UPOBAHHOIO AU~
oKcuJa IMPKOHMS, MOCJe Yero MpoBOAMIN TOMOTe-
HU3alLMI0 U MEXaHUYECKYIO aKTUBALIMIO YaCTHUIL] CMe-
CU B 1IapOBOI MeJIbHUIIE TUIaHeTapHOTo Tumna Pul-
verisette (Fritsch, I'epmanusa) B TedyeHue 15 MuH co
ckopocrthio BpamieHus 500 00./MuH. i1t momoa muc-
MOJIb30BAJIM 1LIaphl U3 AUOKCHIA TUPKOHUS TUAMET-
pom 1 MMm. CoOTHOILIIEHUE MaTepUal : Iapbl COCTaB-
asno 1 : 10. B xagecTBe KMIKOM Cpeabl NCITOIb30Ba-
qu anetoH ((CH;),CO, “x. 4.”). IlomyuyeHHbIN
MOPOIIOK o6xuranu mmpu temmeparype 1100°C B Te-
yenue 12 4. [Tocne o0xura mpoayKT Ae3arperupoBa-
JIU B CTyMe WU B IIaApOBOI MeJIbHULIE TJIaHETApPHOTO
TUIIAa W MpoceuBaqd 4Yepe3 MNOoAU3(UPHOE CHUTO
Saatilene HiTechTM c¢ pa3mepom stueek 220 MKM.
CHHTEe3 NMPOBOJWIIM T10 PeaKlIuu

MgO + Mg,P,0; — Mg;(PO,),. 3)

HBoitHoit pocdart marHus-Hatpuss MgNaPO, no-
Jiygyanu comiacHo [19]. Iins aToro cMmech, COCTOSI-
IIyro u3 nupodocdara Maruus 1 KapooHaTa HaTpuUs
Na,CO; “x. 4.”, mocje MexaHU4eCKOM aKTUBalLlMM B
IIapOBOii MeJIbHUIIE 0OXKUTaIN B 1Be cTamuu mpu 900
u nipu 600°C, 1IUTETbHOCTL 006KNTa B 000UX ClTyda-
sax cocranisiia 10 4. CuHTe3 OCyIIeCTBIISLIM TBEPAO-
(a3HBIM METOIOM IO peaKIInu

Mg,P,0, + Na,CO, — 2MgNaPO, + CO,T. (4)

HBoitHoli oprodocdat marHusi-Hatpust Mg,Na(PO,);
(M4Na) nonyyanu TBepAoda3HbIM METOIOM U3
nBoitHoro docdara marnusi-Hatpust MgNaPO, 1 op-
todochara marnus Mg;(PO,), nipu temmneparype
1100°C B Teuenue 10 g [19]. CuHTE3 NPOBOIUIN IO
peakiuu

Mg,(PO,), + MgNaPO, —» Mg,Na(PO,);. (5)
st uccnenoBanus pa3oBbIX PABHOBECUI B CUCTE-
me Mg;(PO,),—Mg,Na(PO,); ucronp3oBaju cMecu

nopowkoB Mg;(PO,), u Mg,Na(PQ,);. Pacuet cme-
cell IpoBOaMIIM ITO hopMyIIie

(I =3x)Mg;(PO,), +
+ 2xMg,Na(PO,); — Mg;_.Na, (PO,),,

roe x = 0—0.25.

IToMon KOMIIOHEHTOB OBOWHOI CHUCTEMBI OCY-
LLIECTBJISLIN B IIIAPOBOI MEIbHUIIE, KOTOPYIO UCTIOb-
30BaJIy JIJIsI TIOJIy9eHUSI UCXOMHBIX TTOpoIIKoB. [Tocie
CYIIIKH Ha BO3yXe MOPOIIKU IIPECCOBAIN B TAOJIETKI
auamMeTpoM 6 MM 1 oGxkuranu npu 800°C B TeueHue
48 4. CootHomeHust M4Na Kk M3P B 3aBUCUMOCTH OT
X B ypaBHeHUM (6) mpeacTaBieHbl B TaoI. 1.

(6)

MeTtoapr ucciaenopanusa. KadyecTBeHHBIIT peHTTE-
HO(MA30BEIN aHAJIN3 TOJTYIYSHHBIX ITOPOITKOB pocda-
Ne 5
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TOB MarHMsI IPOBOIMJIN HA PEHTT€HOBCKOM A paK-
tometpe Rigaku D/Max2500 ¢ BpamaronimMcst aHO-
noM (Anonust) ¢ ucnonbzoBaHueM CuK  -U3IydeHUsI
(A = 1.5406 A) (26 = 2°—70°, war no 26 = 0.02°).
J1s1 3aKperuieHrsT MOPOIIKOBEIX 00pa31ioB UCIOIb-
30BaJIM pacTBOpuUTeIn (aeToH “X. 4.””) PacimmdpoB-
KY ITOJIyYE€HHBIX PEHTTeHOTpaMM IPOBOIMIIN C IIOMO-
mpo nporpaMmmbl WinXPOW (6aza manxeix ICDD
PDF-2 [21]).

MUKpPOCTPYKTYPY KEpaMUYECKUX MaTepraJioB Ha
ocHoBe (octhaToB MarHusi UCCAeOOBaId Ha pacTpo-
BOM 3JICKTPOHHOM MUKPOCKOIIE€ C aBTOOMUCCUOHHBIM
ncrouHukomM LEO SUPRA 50VP (Carl Zeiss, I'epma-
Hus). OOpas3ibl HAKJIEUBAIM Ha MEIHYIO TOMJIOXKY
MpY TIOMOIIM MPOBOMSIIETO YIJIEPOMHOTO CKOTYA.
1t IipenoTBpalleHus 3apsiaKu 0OpaslioB B ITpolecce
CbEMKU TPU OOJYYEeHUU BJICKTPOHAMU TIPOBOAWIU
HambUIEHUWE CJI0eM Xpoma 25 HM (HaIllbUIUTEIbHas
ycraHoBka Quorum Technologies QT-150T ES, Be-
JIMKOOpUTaHUS). YCKopsitolee HallpsikeHUe 3JIeK-
TPOHHOH MyWIKM cocTaBisiyio 21 kB. M3o0paxeHus
MoJIiy4ajayd BO BTOPUYHBIX 2JIEKTPOHAX MPU UCTOJb-
30BaHUU ieTekTopa Tuma SE2.

g n3ydeHUsT TTOBeIeHUST MaTepUaIoB TIpU Ha-
rpeBaHUU U UCCIIeIOBaHMS (PA30BBIX PABHOBECUIl B
HMCCIIeIyeMOM cucTeMe NCTTONIb30Bann 1nddepeHIIn-
aJlbHyI0 cKaHupyilonnyo Kajopumerpuio (JICK), ko-
TOPYIO ITPOBOIWIIM C UCITOJIb30BAHUEM CUHXPOHHOTIO
tepmoaHanmu3aropa STA 409 PC Luxx (Netzsch, I'ep-
Mmanus1). McciaemoBanms TpOBOOWIM B WHTEpBAJC
Temrmepatyp ot 25 10 1400°C co cKOpOCThbIO HarpeBa
5°C/MuH Ha Bo3ayxe. J1JIst uaMepeHus MCITOIb30BaIu
ayHnoBble TMIIM. CHadaja roTOBWIM TaOJEeTKU U3
HcclienyeMbIx cMeceid 1 ooxkuranu mpu 800°C B Teue-
Hue 48 4, 3aTeM 00pa3iibl NepeTUpaiu, IIsI aHaIu3a
Opanm HaBecKH oKoJo 150—250 mr.

PeHTreHocnekTpaibHbIii aHaNU3 HCIOJb30BAIU
IUJIsl OLIEHKU 00JIacTeii TOMOT€HHOCTH COeOUHEeHMIA
cucteMbl Mg;(PO,),—Mg,Na(PO,); u npoBonuiu Ha
mukpockone LEO SUPRA 50VP, ocHameHHOM
aHeproaucnepcuoHHbIM criekTpoMeTpoM INCA En-
ergy 300 (Oxford Instruments, BenukoGputaHus)
pu yckopsitonieMm HanpsokeHuu 21 kB. CbeMKy Beu
C MOBEPXHOCTU 00Pa3110B, HAKJIEEHHBIX C TTOMOIIbIO
YIJIEPOIHOIO CKOTYA Ha MOMJIOXKY.

PE3YJIBTATBI U OBCYXIAEHHUE

PaccmarpuBaemas cucrema Mg;(PO,),—Mg,Na(PO,);
MaJio UCClieIoBaHa 1 COACPKUT HECOTIACOBAHHOCTH
OTHOCUTEILHO TeMIlepaTyp (a30BbIX IIEPEXOIOB.
B nutepaTtype oTpakeHBI ITOTILITKM ITOCTPOSHUS (a-
30Boit auarpammbl Mg;(PO,),—Na;PO, Ha ocHoOBe
pe3ynbTaToB JITA m BEICOKOTEMIIEPATypHOM MUKPO-
ckonuu [22], HO OHa IBISIETCS HETOCTPOCHHOIM.

HEOPTAHUYECKWE MATEPUAJIbI
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Ta6mmma 1. PacueT cooTHOIIEHUS KOMIIOHEHTOB B CMECH

X M4Na : M3P
0.05 15:85
0.10 30:70
0.15 40 : 60
0.20 50:50
0.25 70:30

Kpome TOro cyliecTBYIOT pa3HONIACUS TIO TTOBOAY
KOJIMUeCTBa MOJUMOPGHBIX Moaudukanunii pocda-
TOB MarHusi-HaTpusl. BxiioueHne HaTpusi B COCTaB
OMOKEepaMUKU II03BOJIMT BapbUpPOBaTh PacCTBOPU-
MOCTb, KpOME TOTO HATPUIl SIBJISICTCSI BAXKHBIM O1O-
JIOTUYECKHUM BJIEMSHTOM [23].

Hns ycraHoBIeHHS (pa30BBIX OTHOIIIEHWIA 1 TPaHUII
¢azoBbIx nosieil B aBoiiHoM cucteme Mg;(PO,),—
Mg,Na(PO,); uccienoaiu cMecu Ha ocHoBe M4Na
u M3P, oroxckeHHbIe pu Temmeparype 800°C B Te-
yeHue 2 gHeit (puc. 1). TemrnepaTypHBbIil 1Uana3oH
ucciaegoBanus 6611 BeIOpaH oT 800 mo 1400°C. CwMme-
cu Ha ocHoBe Mg;(PO,), n Mg,Na(PO,);, B3TbIC B
pa3IUYHBIX MAaCCOBBIX COOTHOIIEHUIX (0T x = 0.05 mo
x = 0.25) roroBunu c marom x = 0.05.

P®A 06pas31i0B MpOBOAMIIM IIPU UX OOKUTE 0 3a-
NAHHOM TeMIlepaTyphbl U OXJIAXKAEHWUU 10 KOMHATHOMI
TeMIIEPATypPhl CO CKOPOCThIO 0KOJI0 3°C/MuH. TeM-
nepatypy 3P @PEKTOB OIIpeneIsin 110 JMHUM HarpeBa
n oxnaxaeHus. CormmacHo maHHbIM P®A (puc. 1),
npu ooxure cmeceii npu 800°C ocHOBHBIMU (pazaMu
aBismiorcss M4Na u oprodocdar MarHust, mpuyem

* MgqNa(POy4)3(ICDD 34-671)
A A Mg3(PO4)2(ICDD 33-878)
*

A 0.25
d 0.20
0.15

0.10

0.05

0 10 20 30 40 50 60 70
20, rpan

Puc. 1. [ludpakrorpamMmmbl 00pa3iioB Ha OCHOBE cMeceit
MgyNa(POy); + Mg5(POy), mocie obxura npu TeMrie-
patype 800°C B TeueHue 2 gHeit (cMm. Tabu. 1).
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Puc. 2. ICK nopowkos Ha ocHoBe cMmeceit Mg;(POy4), m MgyNa(POy); ipn x = 0.05 (a), 0.10 (6), 0.15 (8), 0.20 (1), 0.25 (1)

(cM. Tabm. 1).

MPHU YBETWYCHUM X TIPOUCXOINUT YBEIIMICHHE COIEP-
xXaHus ¢a3el M4Na, 4To 0COOEHHO BUIHO IO XapaK-
TepHBIM TTKaM Tipu 20 = 10° 1 16°. Takum o6pa3om,
B ciryuae orxkura 1mpu 800°C He IIpOMCXOaUT B3aUMO-
IEeUCTBUST MEXOy KOMITOHEHTaMU W OOpa3oBaHMS
HOBEBIX (pa3.

Ha JCK-kpusbix cmeceit M4Na + M3P na6aro-

IaloTCsI OT OMHOIO MO NIBYX TEIUIOBBIX 3((EeKTOB
(puc. 2). JIns Bcex 00pa31ioB HAOII0MAETCsI 9K30-3(-

HEOPTAHUYECKHWE MATEPHUAJIbI

dekt npu oxnaxneHuu ot 1072°C (x = 0.05 u 0.10),
1012°C (x = 0.15) 1 990°C (x = 0.20 u 0.25). Pe3kne
MKW, HAaGJIIOMaloIuecs I BCEX COCTaBOB IIPU Ha-
TpeBaHWM, TO3BOJISTIOT CAENATh BHIBOA O BBICOKOI
CKOpPOCTH (pa30BOro mepexoma.

IMocae JCK mpoBognam 0O0XNUT NCCIEIYEMBIX 00-
pasloB pu TeMneparypax nukoB u PDA nojydyeH-
HbIX 00pa3ioB (puc. 3). [Ipu obxure mo TemMIepaTypbl
NMKa HaOIIogaeTcs repexon B oprodocdar MarHmsl.
Ne 5
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HKCIHNEPUMEHTAJILHOE U3YYEHUE JIBOMHON CUCTEMBI

* Mg3(POy4),

X

0.25

LJMMMWWW 0.20
W 0.15

[WNETONTS DY N DUV 0.10

W 0.05

10 20 30 40 50 60 70
20, rpan

T kk g kL

Puc. 3. [ludpakrorpamMmmbl 0Opa3iioB HA OCHOBE cMeceit
Mg;(POy4), m MgyNa(POy); cxo10.05 10 0.25 (cm. TabI. 1),
OTOXKEHHBIX 10 Temrmepatypsl tuka: 1072°C (x = 0.05,
0.10), 1012°C (x = 0.15) 1 990°C (x = 0.20, 0.25).

TTocie o0xuTa B 00pa3iiax MpuCcyTCTBYET TOIBKO Op-
Todocdar MarHus, T. K. B JaHHOI 00JacTu cTa-
OMJIBHBIM SIBJISIETCSI UMEHHO 3TO COEOMHEHUE, YTO
MOXHO OOBSICHUTh MHKOHTPYHTHBIM ILIaBJICHUEM
Mg,Na(PO,);. Takum 0o6pa3oM, yCTaHOBJIIEHO, YTO
Beitre 1100°C B cmecsix M3P + M4Na nipu x = 0.05—
0.25 obpasyercsa oprodocdar marauss. C TOUKH 3pe-
HUSI UBTOTOBJICHUSI KEPAMUKU ONTUMAaJbHbBIE TeMIIe-
paTypbl o6xkura HaxoasaTcs Huke 1100°C, TOCKOIbKY
IpU MOBBIIICHUM TeMIepaTypbl 00pa3yeTcsl OMHO-
¢da3HbIi TPOIYKT.

ITockonbKy ¢ocdaThl SIBISIOTCS CTEKITYIOLICHCS
¢a3oit, HEBO3MOXHO TPUMEHSTh PEHTIEHOBCKUE
METOMBI IJTS OIIpeesieHus 06J1aCT TOMOTE€HHOCTH U
YacTo NMpuoOeraroT K KOMOMHAILIUM Pa3IUdHBIX METO-
noB. [11s1 uccienoBaHUs HAJTMUMsI 00J1aCTU TOMOTEH -
HOCTU oOpa3subl uccienoBaiu MerogoMm PCMA Ha
COOTHOIIIeHNEe MarHus K pocdopy, 3HaUeHUST Opain
B aTOMHBIX IPOILIEHTax U IiepeBoauian B x (puc. 4).

30/70 (x = 0.10)

IM!- Criexc p
//

Crextp TieKTp 8
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30HI (ISITHO 3JIEKTPOHHOTIO JIy4da) ObLI BEIOpaH Tak,
9TOOBI HAXOIUTHCS B IICHTPE aHATM3UPYEMOTO 3epHa.

Paccunrannbie 3HaueHust Mg/Na IIst COOTHOIIIe-
Huit M4Na/M3P, pasusix 30/70, 50/50 u 70/30, co-
crapisiorT 11.0, 7.0 1 5.3 coOOTBEeTCTBEHHO;, 3HAYCHUS
Mg/P: 1.4, 1.4 u 1.3 coorBercTBeHHO. [1pn yBemmye-
HuU cootHomeHuss M4Na/M3P HabmomaeTcst TeH-
IEeHIINST YBEJIMYCHUST COOTHOIIEHWS MarHusa K Ha-
tpuo. PCMA noarBepkmaeT paBHOMEPHOE pacIipe-
neneHue anemMeHToB Mg, Na u P B momyyeHHOM
coemuHeHny. O6act romoreHHOCTH 1t M4Na/M3P
cocrapistoT: npu 30/70 x = 0.10—0.12, 50/50 x
=0.16—0.20, 70/30 x = 0.19—0.21.

TemmepaTypsl (ha30BBIX IIEPEXOIOB, BKIIOYAs
noJimMopdHBIE TTepeXoabl ABOMHEIX (hocdaToB Mar-
Husi-HaTpus [19], 6bUIM HaHEeCceHBbl Ha TpahuK TeM-
mepaTrypa—cocTaB JISI XapaKTepu3allmud (a3oBBIX
oTHolIeHui B cucteme (puc. 5). [lomydyenHsie 3Ha-
YeHMSI TIO3BOJISIOT CIeIaTh OIIEHKY TPaHUII (pa30BBIX
nosieii B uccnenyemoii cucreme Mgy (PO,),—Mg,Na(PO,);.

POM ucnionb3oBaiu 1jisi U3y4eHUsI MUKPOCTPYK-
TYpbl CUHTE3UPOBAHHOI OUOKEpaMUKU U XapakTe-
pu3anuu rnpoliiecca criekaHusl. XapakKTepUCTUKU MO-
BEPXHOCTU, TaKue KakK MOPUCTOCTb U MOPGhOJOTUs
MMIIJIAaHTAaTOB, MOMOTAIOT PeTyJIupoBaTh Iposude-
paluio KJIETOK, TpUKperUieHUe KJIETOK U aIcCOpOIIUIO
Oenka [24]. MukpocTpyKTypa oOpa3loB KepaMuKu
Ha ocHoBe cMmeceii M4Na/M3P, criedeHHBIX HpU
temrieparype 1000°C, mpencraBieHa Ha puc. 6. Bei-
0Op TeMmIiepaTyphbl CBsI3aH C TEM, UTO, COTJIACHO JINTEe-
paTypHbIM JaHHBIM, He SICHO, KaKkue TeMIlepaTypbl
OyIyT ONTUMAILHBIMHU 151 TIOJIyYeHUsI TUIOTHOM Ke-
paMUKM Ha OCHOBE paccMaTpHMBaeMbIX COCTaBOB, a
temmeparypsl Boiiie 1000°C nmpuBenyT Kk o6pa3zoBa-
HUIo onHoda3zHoro npoaykra M3P u pacriasa, Ko-
TOPBI OyIEeT IoIanaTh B IIOPUCTHIM KepaMUIeCKUA
o0Opa3sell, yCKOpsisl TIpoliecC PEKPUCTAIU3ALIMU, YTO
He TT03BOJIUT MOJYYUTh MIOTHYIO KEpAMUKY.

Haubonpmmit pasMep 3epeH HaGIogaeTcst B 00-
pasie ¢ cootHomeHueM M4Na : M3P = 50 : 50. Bo

U

/-\

Puc. 4. O6nactu wist PCMA kepamudeckux o6pasiioB coctaBoB M4Na/M3P nipu criekanuu ripu 1000°C.
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Puc. 5. Temneparypsl (ha30BbIX HpeBpalllcHU 110 pe-
synapratam JJCK.

BceX oOpa3iax oOHapyXeHBI IUIOTHO YITaKOBAaHHBIE
3epHa U pa3inuuMble TPaHULIbI 3€PEH, YTO YKA3bIBAET
Ha xopouiee yrjioTHeHue. CpeaHuil pa3Mmep 3epeH
COCTaBIISIET OT 3 M0 6 MKM, 9YTO MO3BOJISIET CAeaTh
BBIBOJI O TOJIYYEHUU KEPAMUKHU CO CPEITHUM pa3Me-
pOM 3€pHa, TaK KaK YCJIOBHO MPUHSITO CUMTATh, UTO
3epHa KepaMUKH, UMerone pa3mep 6ojee 10 MM,
SIBIISIIOTCSI KPYITHBIMU, a B cTydae 1—2 MKM — MEIKUMHU.
JobGaBiaeHne BTOPOIi (ha3bl TAKKE BHI3BIBAET YMEHb-
1IIEeHUE pa3Mepa 3epHa, YTO MOKHO CBSI3aTh C Pa3iny-
HOI KMHETHKOM criekaHus ¢a3. OnTuMaabHBIM CO-
CTaBOM LISl cTieKaHus siBseTcss cMecb M4Na : M3P
¢ cootHomeHueM 50 : 50, KoTopas XxapaKTepu3yeTcs
HauOOJBIIUM pa3MepoM 3€pHa COIIAaCHO AAHHBIM
POM. IlpenmyiiecTBOM TaHHOI KEpaMUKM SIBIISIET-
csl TaKXKe MaJioe KOJIMYeCTBO MOp U TO, YTO OHU oOpa-
3yI0TCS Ha TrpaHUllaX 3€peH, CAeA0BaTEIbHO, MOTYT
OBITH yIaJICHBI IIPY JAIbHEHNIIIE ONMTUMMU3ALNY IIPO-
ecca cnekaHus. s oOpa3loB ¢ COOTHOIIEHUEM
30 : 70 mpu Temnepatype cnekanus 1000°C Habmo-
JlaeTcsl OIJIaBJIeHWE 3epeH ¢ 00pa30BaHUEM 3aCThIB-
11IETO pacrijiaBa MeXIy 3epHaMU.

SAKJIIOYEHHME

B paboTte n3yyeHsl (pa30BbIe OTHOLICHUS B CUCTE-
me Mg;(PO,),—Mg,Na(PO,); 1o pesyabraram Tep-
mudeckoro aHaimsza u PDA. 1 Bcex 00pa3LioB Ipu
TEpMOOOpPabOTKe 0 TeMmepaTyphl 3¢ deKTa HadJro-
naetcs nepexond B oprodocdart maraus. I1pu co3ma-
HMU OMOKepaMMKM Ha OCHOBE HCCJIEIYEMOM CHUCTe-
MBI ClieAyeT BhIOMpaTh TeMnepaTypbl Huxke 1100°C,
YTO CBSI3aHO ¢ 0Opa3zoBaHueM opTodocdara MarHusl
U3 CMECU KOMITOHEHTOB. bbuiu ucciegoBaHbl 00J1a-
CTU TOMOTEHHOCTHM JJISI COSAMHEHNIT OMHApHOI CH-
crembl Mg;(PO,),—Mg,Na(PO,);: mi1s cooTHole-

HEOPTAHUYECKUWUE MATEPUAJIBI

MMPEOBPAXXEHCKHWM wu 1p.

M4Na: M3P=30:70

Puc. 6. Mukpodororpadun KepaMuyecKrx o0pasLoB Ha
ocHose cMeceit MgyNa(POy); + Mg3(POy),, 060xKeH-
HbIx Tipu 1000°C.

Huit Mg,Na(PO,);/Mg,(PO,), 30/70, 50/50 u 70/30
00JIaCT TOMOTeHHOCTH cocTaBisgoT x = 0.10—0.12,
x=0.16—0.20 u x = 0.19—0.21 cOOTBETCTBEHHO.

Kepamuka, crieuennas npu temrmepatype 1000°C,
XapaKTepU3yeTcsl pa3MepPOM 3epHa OKOJIO 3—6 MKM.
Haubonee miorHas cTpykrypa, mo JaHHBIM POM,
obpasyercs 11t cootHomeHnss M4Na : M3P 50 : 50.
TlonyyeHHBIE MOPOIIKM MOTYT OBITH ITEPCIIEKTUBHBI
Ne 5
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