XUMUNUYECKAS TEXHOJIOI'US
MPUPOIHBIX
SHEPITOHOCHUTEJIEHU "
YIVIEPOJIHBIX MATEPHUAJIOB

IIpenogaBarennb
® JleBamoBa Aab0uHa UBaHoBHA, K.T.H.
®pannuHa Esrenuss BaagumupoBHa,

accucreHT Kageapol XTT

[ 900igr.net |




CIIMCOK JIMTEPATYPbI:

byxapkuna T.B., urypoB H.I'. XumMus npupoIHBIX SHEPTOHOCUTENEN U
yriepoaHsix MarepuanoB. — M.: PXTY, 1999

[Torexun B.M.,I1lorexun B.B. OCHOBBI TEOpUN XUMHUYECKHUX MPOLIECCOB TEXHOIOTUH
OpraHWYECKHUX BEIIECTB U HedTenepepadoTku. YueOuuk aiist By30B-C.-I1.: Xumuszaar,

2007.-994 ¢. (rpudp YMO).

AxmeroB A.C., UmmusipoB M. X., Kaypman A.A. Texnonorust nepepaOoTKku HETH,
ra3a v TBEpAbIX FOPIOYUX HMCKOoMaeMbIX. YdyeoHoe nocooue. CII6 Heapa, 2009.—832 ¢

(rpud YMO).

Xumus He@Tu U rasza noxg pen. B.A. IlpockypsikoBa u A.E. Jlpankuna.YueOHoe
nocoobue ais By30B.-JI.: Xumus, 1995.-495¢. (rpud YMO).

ManogsiH A.K. Texnonorus nepepaboTky NpUPOIHBIX dHEeproHocutenei, 2004
Bepxxuuunckas C.B., Jurypos H.I'. Xumus u texnonorust Hegtu u raza, 2007

A.N.JIeBamoBa, A.B. KpaBiioB XuMusi MpUPOIHBIX SHEPTOHOCUTENIEH U YITIEPOIHBIX
marepuanos. — Tomck: TITY, 2008.-119 c.

A.N.JlepamoBa, H.B. YmeBa Xumus npupoaHbIX SHEPrOHOCUTENEH U YITIEPOIHBIX
matepuanos. [Ipumeps! u 3agauun. — Tomck: TITY, 2008-92 c.



BBEJAEHHUE

XYMHUS IPUPOTHBIX SHEPrOHOCUTEICH M YITIEPOIHBIX
MaTCPHUaIOB PACCMATPHBACT CHIPHEBBIC MAaTECPUAIIBI —
IIPUPOIHEIC SHEProHOCUTEIHN (Toproune uckonaeMele I'N):

IIPUPOIHBIN Ta3

HE(PTH

TBepabic ['U (Topd, yromns, roprodrie CaaHIbl U Ip.)
MaTepHajbl C BRICOKHM COACpPKaHUE YIIIepoaa
(rpaduThl, aaMa3bl, KOKCHI, HEPTIHEIC H
KaMCHHOYTOJIbHBIC TICKH)



BBEJAEHHUE

B nepBom npubnmxkenuun (pazoBoe cocrosHue I'1
MOYET OBITh COMOCTABJICHO C COOTHOIICHUEM
H/C
MAaKCHMYM BOJIOpOJIa COAEp KaT rasbl,
MHUHHUMYM TBEpP/IbIC BEIICCTRA,
HEe(TH 3aHUMAIOT MPOMEKYTOYHOE TT0JI0KEHHUE.

YT0ObI IepEBECTH BEIIECTBO U3 TBEPAOTO COCTOSHUS B
KUJIKOE HEOOXOJIMMO €ro 000raTUTh BOJOPOIOM.



OCHOBHBIE PA3JIEJIBI KYPCA:

PU3MUECKUE U XUMUYECKUE CBOUCTBA yIepoaa

TepmoarHaMuKa U OCHOBHBIE CTAJIMHU MPOLIECCOB
TEPMHUUYECKOU NECTPYKIIUHU

TBepable TPUPOHBIEC SHEPTOHOCUTEIIH
XapaKTepuCTUKa HE(TH U rasza

XYWMHU3M U MEXAHU3MbI OCHOBHBIX IPOILIECCOB TEXHOJIOTUU
MIPUPOJHBIX SHEPTOHOCUTEIIEU U YITIEPOAHBIX MATEPUAIIOB

Tepmuyeckue mpoeccol

Karanmutudyeckuii KpeKUHT U aJIKUJIUPOBAaHHE y/B
[Iporecchl ¢ meEpeHOCOM BOAOPOIA

OKHCIIEHHUE YITIEPOACOACPKAIIMX BEMIECTB
Cuntesbl Ha ocHoBe CO, n H,



YIUIEPO/L.
AJIJIOTPOITHBIE MOAU®UKALIMA
YIUIEPOJIA

AJLJIOTPONHA — CIOCOOHOCTh aTOMOB OJHOTO M TOIO K€
3JIEMEHTA CYIIECTBOBATh B BUJIE€ HECKOJBKUX MPOCTHIX
BEIIICCTB.

AJTOTpONIHBIE MOAU(PHUKALIMN YITIEpOa:

Anmas sp® — rubpuaAn3aIus
I'padur

OynnepeHbl sp;— ruOpuan3aIus
Kapoun Sp — rHOpUaAN3aLNs

Paznnune pu3nuecKuxX U XMMHUYECKHUX CBOMCTB ATHUX
MOJU(UKAIIAN 00YCIOBICHO Pa3IUUYUEM CBS3EH MEXKIY
aTOMaMM yIjIepojia B 3TUX COCAUHEHUIX



CTPYKTYPHBIE ®OPMYIbl PA3JINYHbBIX
ANNOTPOMHbLIX MOOAN®UKALIMV YIMEPOOA

—C=C—C=C— vwm =(C=(C=(C=(C=
NONVVH NONUKYMyneH
ueno4xm kapouHa rpapwmT




®U3NYECKHUE CBOMCTBA YIJTIEPOJA

BekTopHbIe

/N

Mexann4yeckue
(yIpyrocTs,
XPYIIKOCTb,

IJIACTUYHOCTD)

TerutoBble
(TETI0MPOBOTHOCT,
TEIIOEMKOCTb,
TEIUIOBOE PaCIIHPEHUE)

DJIEKTPUUYECKHUE
(3MIEKTPOIPOBOIHO
CTh)

CkajsipHbie

l

[1;1oTHOCTD, yaenbHas
TEIJIOEMKOCTh, TEMIIEpaTypa
(a30BbIX MMEPEXO/IOB




XUMNUYECKUE CBOUCTBA
YIUIEPOJIA

[Ipr HU3KMX TeMIieparypax yIJIEPOAHBIE MaTEpUaAIbI
JIOCTAaTOYHO MHEPTHBI KO MHOTHM pPE€areHTaM, OJHAKO IpPH
BBICOKHUX TEMIIEpATypax OHH CIIOCOOHEI K
B3aUMOJICUCTBUIO CO MHOTMMH BelllecTBamMu. Hawunboiee
M3Y4YECHBI PEAKIUU YIJIEPOAA:

C razamu (xeMocopOIIMsl, KaTaau3aTop, CTPABIMBAHHE
ne(deKToB)

Kap6unoobpasosanue (Al C,, Ca,C, S1C, B,C,, ¢
KUIKAM METaJIoM, MOTU(UKAIUSA yriaerpaduTOBBIX

MaTCPHAJIOB)

Peakuuu ¢ 00pa3oBaHUEM CIOHUCTBIX COCAUHECHUI



CJIOUCTDBIE COEAUHEHUA
HenpoBoasiuue:

[Tomywaror npu o6pabotke rpapura cmecero HNO, n H,SO ,
IBIMSILEN stO , W JID. CHJIbHBIMH OKHMCJIUTETIAMH

C o™ C O _H_(okcun rpadura)

n

[TomyuaroT nmpu 00paboTKe rpaduTa NpsIMbIM BO3JICHCTBHEM
razoobpasnoro F,:

C +12F, . (CF)_(¢ropun rpadura)
IIpoBoasimme:

o [Tony4aroTcsa HarpeBaHuem rpadura B
IMPUCYTCTBUU Me 110 ¢, oTBEeUaromen
ONPENCIICHHOMY JABJICHUIO TTapoB Me.

Co
>




TEPMOJIUHAMMUKA MTPOLECCOB
TEPMWUYECKOW JECTPYKIIUU

TepmonuHaMHuUecKass BEpOSTHOCTh IIPOTCKAHMS XUM.
pPCaKIUU ONPEICIACTCS BEIMUNHON N3MCHCHHS
cB0oOOHOI SHeprun I mo6ca AG (M306apHO-
M30TEPMHYECKOTO IOTCHIIAAIIA):

AG K
le Kp = — Kp= "
gkp=— 1 P=

0op

Peakiy 1poTeKkaeT B IPsIMOM HAITPABIIEHUH, €CJIU

AG<O0

Peanust mpoTekaeT B 0OpaTHOM HaNpaBJICHUH, €CIIU

AG>0

ITpornecc B cocrossHnM paBHOBecus, eciin AG=0



SABUCUMOCTBb AG CUHTE3A ¥Y/B U3

INPOCTbBIX BEIHECTB OT

TEMINEPATYPbI
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AG aBnsieTcs XxapakTepuUcTUKOn
Ha4anbHOro N KOHEYHOTO
9HEPreTMYeCcKoro COCTOSAHUS CUCTEMBI U
He YYMTbIBAET CKOPOCTUN nepexoaa ot
NCX.BELLIECTB K NpOoayKTaMm.

// 6 - CsHin
/
7-Cu Hz

TepMmoauHaMmuyeckas
YyCTOMYMNBOCTL BellecTB
npwu t<400°C:

napaduHbl > HaPTEHbI >
oneduHbl > apeHbl

TepMmoauHamuyeckas
YyCTOMYMNBOCTL BellecTB
npwu t>700°C:

apeHbl > oneduHbl >
HadpTeHbl > napaguHsbl



SHEPTHUS PA3SPBIBA CBSA3EU B
OPITAHUYECKOM BEHIECTBE

JHeprus pa3pbiBa HEKOTOPBIX XHMHYECKHUX CBSA3EH
N3 cpaBHEeHUs

JHepriA pasphiea SHEPTUM CBSI3H CIIEAYET
Cas3b Coenunenue sgaed, Wk p AYCT,
C_C napaduHL 332 9TO B IICPBYIO O4YCPCAb
C=C | onehuu 588 OyJlyT pBaThCs CBS3H:
C =C alleTHIICHOBHIC 823
C-C HadTeHkI 385
C-C | apomaruka 610. ;
| Cy-Cux | C¢Hs—CH, 384 1. Yrnepon
C-H napaguHbl 413
s e T a— rerepoarom (NH .
C-COOH | KucnoTsl 230 '
C-S Cynb(HIbI 138 HZS’ COZ H I[p)
Cyu~OH €HOJIbI 293
i C-0 3bupEl 376
| C-N aMHHBI 334

2. C-C u C-H (nmapadumn, onedun)

CH,-CH,-CH,-CH, —2CH,-CH, —> CH,—CH, +CH, =CH, ‘




CHUHTE3 YIUIEPOJIA

Marepuaibl, COCTOSIINE U3 aTOMOB yIJIepoaa MOTYT OBITh
MOJTy4Y€HBI BRICOKOTEMIIEPATYPHOI 00pabOTKON YIIIEPOICOASPKAIIMX
BEIIECTB KaK B ra3oBoii (ha3e, Tak U B KOHASHCUPOBAHHOM.

CuHTe3 yriiepoaa u3 razoBou
dazbl

[TpouCXoauT U3 MOJTHOCTHIO
HECTPYKTYPUPOBAHHOW CUCTEMBI
IIPU BBICOKUX TEMIIEpaTypax
IPaKTUYECKH MTHOBEHHO,
MO3TOMY HEBO3MO>KHO
npoCiaeanuTh (HOPMHUPOBAHUE
KPUCTAJIJIUTOB.

TakuM 00pa3oM MOIyYarOT Caxy

dyiiepeHsl, TUPOYyIIepPoI, ajiMas.

CuHTe3 yriiepoaa u3 KOHJAEHCUPOBAHHOM
(da3bl (TsDKENIBIC OCTATKU YIJIC- U
HedTenepepabOTKN)

[IpoTrekaeT npu Oosiee HU3KUX t U 3a OoJiee
muTenbHoe Bpems. [Iporiecc npoBoasT B
00J1aCTH TEPMOANHAMUYECKOU
CTAOMILHOCTH BBICOKOKOHACHCHPOBAHHBIX
y/B. IX MOXXHO paccMaTpHBaTh Kak
3apOJbIIIU rpauTONOA00OHBIX CTPYKTYP.
MexaHu3M -paguKaabHO-LEITHOM.



CUHTE3 YIVIEPOJA U3 IIEKOB

IleKkH - KOHJICHCUPOBAHHBIC apOMATUYECKUE U
Ha(TEHOBBIE CTPYKTYPHI.
Craauu cuHTE32a:

Hectpykmus o csa3sim C-C ¢ obpa3oBaHreM JIETKUX y/B paJIMKaIOB
H TSXKEIBIX Makpopaaukanos npu t = 350-360°C.

(Olenon — [} + ondn

KonpgeHcaruss MakpopaguKaaoB U 00pa3oBaHue MakeToB (GKHIKas
daza) — me30(asza (MPOMEKYTOUHOES COCTOSHUE).

IIpu t = 500°C nepexos peakIMOHHOI Macchl B TBEPIOE COCTOSHUE,
HA3bIBAEMOE KOKCOM.

Teepnodasznbie mporecchl (TEpMOASCTPYKIIUS, KOHACHCALINS U
YIHOPSIOUCHHUE CTPYKTYPHI).



TPEBOBAHUA K CbIPBIO

1.

OTCyTCTBHE B ChIpbe Kap0ooua0B ((ppakium
HEPaCTBOPUMEIC B OPT'. PACTBOPUTEIIAX) — OHH
SBJISIFOTCS MHOXXKE€CTBEHHBIMH LIEHTPaAMM POCTa
Me30(pa3HbIX YaCTHUI], KOTOPHIE OKA3bIBAIOTCS CIUILIKOM
MEJIKUMH JIJIsI POPMHUPOBAHHUS KPYITHBIX 00JacTen
AHU30TPOITUH. AHU30TPONIHUSA —
pazianune (pU3NIECKUX CBOMCTB B PAa3HBIX
HaMpaBJICHUAX

OTCYTCTBHE B CHIPHE JErKHX (PpaKkuMil — OHU
CHHKAIOT BSI3KOCTh JKMJKOW (Pa3bl MpU HAarpeBaHUU U
pa3pyImarT YaCTULIBI ME30()a3bl



