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NCCIIEAOBAHUE TEPMOJECTPYKIIUU OTXOA0B PACTUTEJIBHOI'O 1
CUHTETUYECKOI'O TIPOUCXOXIEHUA

B cmambe uccrnedyemcs  enusHUe  ycrio8ulu  nuposiu3a  0mxo008
pacmumersibHO20 U CUHMEeMUYECKO20 MPOUCXOXOEHUS C UEJIbIo MOSTy4eHUs XKUOKO20
monnuea. M3y4deHa 3agucuMoCmb CMeneHU KoHeepcuu cmecel rnosiumMepos om ux
COOMHOWEHUS,  Hanuyuss  Kamanusamopoe U memrepamypbl  NuUposusa.
PaccmompeHo ernusiHue amux ¢ghakmopoe Ha cocmas XUOKuX rpodyKmos.

Kntoyesnbie criosa: nuposnus, mepmodecmpykuyus, buomacca, buomoriueo.

Xvmunyeckme BellecTBa, MNoflydaemble Ha OCHOBe Ouomaccbl, MoryT 6biTb
MCTOYHMKaMM anbTEPHATMBHOIMO TOMMAMBA M CO BPEMEHEM 3aMEHUTb MHOrne
NpoAYKTbl HePTEXMMMYECKOrO cuHTe3a (OeH3MH, au3enbHoe TOonnuBo, TypOuHHOE
TONNMBO M Ap.). B kavecTBe cbipba ANA NONyyYeHUs TOMMBaA MOXHO MCMNONb30BaTb
pacTuTenbHble Macrna, KOTopble Mony4yawT W3 CeMSH TEXHUYECKUX KynbTyp W
AnKopacTyLmnx pacteHum (parnca, cou, NoAcOonHeYHnKa). Takke nepcnekTMBHbIM eCTb
Mcnonb3oBaHMe pasHoobpasHbIX OTXOAOB, HAaNPUMEP, OTXOA0B CESbCKOro X03ancTea
(wenyxn, crtebnen nNOACONMHEYHMKA, KyKYPYy3HbIX MOYaTKOB); ObITOBbLIX OTXO40B
(NONNATUNEHOBON UM MOMAMMNPOMNUIIEHOBOM YMNAKOBKM); OTXOO40B aBTOMOOWUITbLHON
npoMbIWneHHoCcTn  (0TpaboTaHHbIX  LWWH); OTX04OB AepeBoobpabaTtbiBatoLlen
NPOMbILLIIEHHOCTU (ONUIOK, CTPYXKKK, BETOK) N apyrux [1].

PactutenbHas 6Guomacca ApeBecCHbIX MNOpog COCTOMT M3 LEennonossbl,
NUrHWHA, TeMUUEnMNo3, a Tawkke Hebonbloro KonmyectBa 9SKCTPAKTUBHDBIX
BELLECTB W HeopraHuyecknx npumecen [2]. OAna npeBpalleHUs pacTUTESbHOW
Buomacchl B Xugkue npoaykTbl HEO6XOOMMO NPOBECTU AECTPYKUMIO MOSIMMEPHbIX
MakpoMOneKkyn,  npegoTBpaTUTb  PeKOMOWHaUMIO  pagukanoB,  YBENUYUTb
KOHLEHTpauuio BOAOPOAA W CHU3UTb KOHUEHTpauuio Kucrnopoda B MOMyYeHHbIX
npogykrax. [pu nuponuse OpeBeCcUHbl, NpoTeKalLwen B HECKONbKo ctagumn [3], B
pesynbTarte nosiyqyatoT TBepable, Xuakue n rasoobpasHbie npoayktbl (CO,, CO, Hy,
yrneBoaopoabl, 3dupbl, KapboHUNbHbIE COEANHEHUS, YKCYCHAsA KMUCMOoTa, Tskenas
cmona w gp.).

N3BeCTHO, YTO COCTaB M KONMMYECTBO NPOAYKTOB TEPMUYECKOrO PasroXeHus
3aBUCAT OT COOTHOLLUEHMS KOMMOHEHTOB nepepabaTbiBaeMon CMecu, nopoabl
aepeBa, TemnepaTtypbl M MPOAOIMKUTENBHOCTU Mpouecca, MeToda HarpeBaHus,
Hanuuusa katanusaTopa [3,4]. YcraHoBneHo 6onee 350 nHameuayanbHbIX BELLECTB B
NpoAyKTax, NOSyYEeHHbIX NPU NMPONM3e OPEBECUHbI, NPUYEM 3TO YMCMO HEe ABNSETCA
OKOH4YaTesnbHbIM [2].

MpyM Hanuumm COOTBETCTBYKOLWEro KaTanusatopa npouecc obpa3oBaHus
AN3enbHbIX TOMMMB MOXET OblTb OYeHb MepcrnekTUBHbIM. [loaToMy OAHMM U3
HanpaBneHun nonydYeHns OGMOTONNMBA, KOTOpPble Tak CTPEMUTENbHO pa3BUBAOTCA
cerofHsi, ABNAeTCA npouecc KatanuTu4eckoro Nuponusa gpesecHon Guomaccsl npu
CpaBHUTENbHO HM3KUX TeMnepaTypax: oT 300 go 400°C [5].

Llencto Hawen paboTbl ObIIO MccnegoBaHWE BO3MOXHOCTU  MOMyYeHUs

XMagKoro TonnmBa W3 pPaACTUTENIbHbIX W CUHTETUYECKMX OTXOOOB. Ob6bekTamu
]
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nccnegoBaHvuss 6N BbIOpaHbl  OpEeBECHble  ONUITKK,  MOMUITUNEHOBbIE W
NONUCTUPOSIbHbIE YNAKOBOYHbIE MaTepuarnsl.

Mpouecc TepMOAECTPyKUNn nonnumMepos Mbl nposoaunu Ha
9KCNepMMEHTaNbHOM YCTaHOBKE, KOTopasa nNpeacTaBnsaeT cobon cTanbHON KOHTENHEpP
C rasooTBOA4HOM TPYOKOW, KOTOpPLIN nomewianca B MydenbHy nedb. TBepabin
NPOAYKT OECTPYKLUMU — OpeBeCHbIM Yroflb — OCTaBasiCa B KaMepe CropaHusi B Buae
octatka. Xungkme u rasoobpasHble NPOAYKTbl BbIAENANUCb B BUAE CINOXHOW
naporasoBon cmecu, KoTopyto oxnaxganu. KoHgeHcaT cobupanum B CTEKNSAHHYHO
konby-npuemMHuk. B xoge akcnepumeHTa BapbMpoOBanu COOTHOLLIEHME KOMMOHEHTOB
ncxogHom cmecu (T.e. COOTHOLLUEHWE MacCbl OMWMOK K Macce CUHTEeTUYEeCKOro
nonumepa) B OTCYTCTBUU W MPU HANUYUKM KaTanuaaTopa npu pasHblix TemnepaTtypax.
KoHTponupoBanun Mmaccy TBepAbIX W XUAKMX NPOAYKTOB, MOfyYEeHHbIX B pe3yrnbraTe
OEeCTpyKUMM, W MPOBOOUNIM aHaNU3 KayeCTBEHHOro cocTaBa 3TUX NPOOYKTOB
XpOMaTo-Macc-CnekTpoMeTpU4eCKUM MeToL0M.

B kayecTBe kaTanu3aTopoB MCMOMb30BanM TOHKOAMCMEPCHOE >Xenes3o U
GeHTOHNT. BbiOOp Takon [obaBku, Kak >xene3o, obycnoBneH ero cnocobHOCTbHO
CBA3bIBaTb B X04e NMPOonn3a ApeBeCuHbl 3HAYUTENbHYIO YacTb KMCIOpoaa, KOTOPbIN
COOepXnTca B UCXOOHOM cbipbe [5]. EcTecTBeHHas rnvMHa Takke wuMeer
KaTanuTuyeckylo akTMBHOCTb, KOTopas OOycrioBrieHa HanuuMem Ha MOBEPXHOCTU
OCHOBHOIO KOMMOHeHTa 6eHTOHMTOB [ MOHTMOpWNOHUTa [0 aKTUBHbIX LIEHTPOB
pasHoun npupoasbl [6].

WNccnepgosaHus npoeoavny B TemnepatypHoM mHTepsane 200-550°C ¢ warom
50 rpagycoB. YCTaHOBMEHO, YTO TemnepaTypa, Npu KOTOPOW MPOBOAUTCHA OECTPYKUMS,
CUNbHO BNUSIET Ha xod npouecca. lMpu 200°C BbIXOA ra3o06pasHbIX M KUOKUX
NPOAYKTOB MUHWUManbHbI. C yBenuyeHnem Temnepatypbl A0 550°C  OCHOBHbIM
NPOAYKTOM TEePMUYECKOro MpeBpalleHnsa SBMATCA rasbl, CMONUCTblEe BeLLecTBa
00pa30BbIBAOTCA B HE3HauuTenbHbIX KonuyecTBax. [anbHenwee noBblLeHVe
TemnepaTypbl  HeuenecoobpasHo, TaK KaK BbIXO4 >KMOKMX  YrneBoAopOLOB
yMeHbllaeTcs. Takum  obpasom, Obin  coenaH  BbIBO4, YTO  OMNTUMAarnbHbIN
TemnepaTypHbIi AnanasoH NposeaeHUs npouecca coctasnseT 350-450°C.

O6bI4HO a(hheKTMBHOCTL NpoLecca TEPMOLECTPYKUNN NONIMMEPOB, NyOuHY
NX PasnoXeHns A0 HU3KOMONEKYNAPHbIX MPOAYKTOB OLIEHMBAKOT MO BENUYMHE
cTeneHn KoHBepcun. B npueegeHHon paboTe cTeneHb KOHBEPCUM pacCHUTbIBaNu
Kak OTHOLWEeHWe MaccCbl MONYYEeHHOro TBepAoro octaTka K Macce WCXOOHOW
NOSIMMEPHOWN CMECH.

CteneHb KOHBEpPCUM ApeBeCUHbl Mpu ee TepmoaecTpykumm 6e3 gobasok
coctaBngaet 54% macc. (tabn. 1).

Tabnuua 1. 3aBUCMMOCTb CTENEHN KOHBEPCUM CUCTEMbI OT COOTHOLLEHMS
KOMMOHEHTOB (APEeBECUHbI U CUHTETUYECKUX MONTMMEPOB) U HaNMYNS KaTann3aTopoB

npu 450°C
CocTaB cucTtemsbl Katanusartop CrteneHb koHBepcun, %
— 54%
[peBecHble onunkn »Keneso 54%
OEeHTOHUT 57%
[pesecHble onunku + — 55%
NONMUATUIIEH, Keneso 59%
60:40 % GEHTOHUT 55%
[peBecHble onunku + . 820%
nonmcTMpon,

60:40% xeneso 83%
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MpucytctBne nonuatuneHa cnabo
BNMSIET Ha CTeneHb npeBpaLleHns
cmecu, nosblLIEeHne B Heun
NPOLEHTHOro coaepxxaHus
nonmaTtuneHa NpaKTU4eCKu He
n3mMeHseT cTeneHb KOHBEpCcUu
(kpyBass 2 Ha puc.l). [pwm
pobaBneHnn nonuctupona creneHb
npespaLleHnss CMecu 3HauYUTesNbHO
5 o ” 2 0 yBenuuymBaeTca U go 77-83% macc.
CopepxaHnue nonumepa, % (KpVIBaSI 1 Ha pVIC.l) n, No BCeu
PVIC.jI.. 3aBUCUMOCTb CTEMNEHU KOHBepCVIliI BUANMOCTMN, 3TOT nokasartesnb
nonMMepHon cCmMecun OT coaepxXaHua B0 Heun Oﬂpe,ﬂ,eﬂﬂeTCﬂ OTHOCUTENBHBLIM
nonuctmpona (1) u nonnatunexa (2) npu 450°C
cogepxaHnem KOMMOHEHTOB CMeCH.

MakcnmanbHass KOHBEpPCUA MNONMMMEPOB [OOCTUraeTcs Mnpu  COOTHOLLEHWUU
nonucTtupona u gpesecuHol 40:60%, KONMYECTBO 30J1bl ANS TAaKOro coctaBa CUCTEMbI
cocTtaBnset Bcero 18% macc. U OOHOBPEMEHHO 3aMETHO YBESIMYUBAETCHA BbIXO4
Xngkux npogyktoB. O4eBMOHO, 3TO CBHA3AHO C TeM, YTO MNpU TEePMOAECTPYKLUM
NOSIMMEPHbIX MOJIEKYST CUHTETUYECKOIO MPOUCXOXOEHNA, B COCTaB KOTOPbIX BXOOAT
apomMaTtuyeckue CTpPyKTypbl, obpasytoTca cBoboaHble paaukanbl, CNocobCTByOLME
B6onee nosiHOMY pacnagy MakpoMOSieKyn PEBECUHBI.

B xome nepepaboTkm 6GuomMaccbl pacTUTENbHOrO MPOUCXOXAEHMS Oblno
YCTaAHOBIIEHO, YTO HanuMyMe Katanu3aTopoB (kenesa u 6eHTOHUTA) NpakTUYEeCcKn He
BNUSIET Ha CTeneHb KoHBepcuu aepeBa. Kak BuaHo m3 T1abn. 1, C xenes3om oOHa
cocTtaenseTt 54% macc., ¢ 6eHToHnTOM [0 57% Macc., YTO CPaBHMMO CO 3HAYEHUEM,
nosfly4eHHbIM Anst apeBecuHbl 6e3 obaBok.

B xope akcnepumeHTa Takke ObIIO M3y4EeHO BIMAHME KaTanuM3aTopoB Ha
CUCTEMBI, KOTOpble COCTOSMM U3 CcMecen nonumepoB  (PacTUTENbHbIX U
CUHTETUYECKMX). YCTAHOBMNEHO, YTO U B 9TOM Cly4yae OHU He BNUSAIOT Ha CTeneHb
KoHBepcuu nonmmepoB. CTeneHb NpeBpaLLeHNa CUCTEMbI C KaTanm3aTopamn nveet
NPaKTUYECKN Te Xe 3HAYeHUs!, KaK N 3HAYEeHUS, NMosydYeHHble ONA TakuX Xe CUCTEM
6e3 pobaBok katanusdaTtopoB (Tabn.l). [Ona cmecen ©6e3 kaTanus3aTopoB B
NPUCYTCTBUM MONMUITUNEHA JTOT noka3atenb coctaengetr 55-59% macc. wn
83% macc. B MpuUCyTCTBMW MONUCTUPONa, [ANA MONUMEPHbIX CMecen npu
JOMNONMHUTENbHOM BBedeHun xenesa u OeHToHmTa O 55% macc. n 82% macc.
COOTBETCTBEHHO.

Bbin npoBefeH KavyeCTBEHHbIN aHanuid XWOKuUx MNpPoAyKTOB, MOMYYEHHbIX B
pesynbTarte nuponusa cmecen pasHoro cocTaBa. PacwmdpoBka
XpomMmaTorpaguyeckmx CnekTpoB nokasana, YTo XWOkue NpOoAYKTbl NpeacTaBnsaT
cobo  MHOFOKOMMOHEHTHbIE CUCTEMbI, KOTOPble COCTOSAT B OCHOBHOM U3
OpraHNUYyecKnx KUCMoT, CINPTOB, NMPOCTbIX U CIOXHbIX 3PUPOB, anbaerngos, dpeHona
M MHOXeCTBa MX MPOU3BOAHbLIX. TO €CTb BCe 3TM BewecTBa, HECMOTPA Ha WuX
pa3Hoobpasue, — kucnopogcogepxawme. B tabn. 2 npMBeaeH XMMMYeCcKnin coctaB
NOMNyYEeHHbIX XWUAKUX ppakumii (B Tabnuuy BKMOYEHbl TOMbKO Te BeLWecTBa,
coaepxxaHune KoTopbix npesbiwaeT 1,0%).

NcknioyeHnem okasanucb CUCTEMBbI, KOTOpble COCTOSAT W3  OMUMOK W
nonuaTuneHa: B MNpOoAyKTax MOoSABMASATCA apoMaTuUyeckne BellecTBa, Takme Kak
TONyon u ero npousBoAHble, KOTOpble SABMSAIOTCA COCTABHOWM 4acCTbi AM3erbHbIX
Tonnme. Kak BuaHoO 13 Tabn. 2, B ANCTUNNATHON hpakuum obHapyxeH MeTunbeHson
n 3-nsonponunbenson. CoaepxxaHne meTunbGeH30noB coctaBnseT okono 10% ot
obLLero Konn4ecTBa XUAKNX NPOAYKTOB NMPOSn3a.

CreneHb KoHBepcuu, %
(o2} ~
o o
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Ta6bnuua 2. OCHOBHOM COCTaB ANCTUNNATHON dopaKLmmn
XMOKNX NPpOAYKTOB NMponusa

CocraB XnMmunyeckue BeLlecTsa
NOSIMMEPHON CUCTEMDI HassaHune Copgepxanwve, %

YKcycHas kucnota 68.3
dypdypon 11,3
2-meTokcu-1,3-anaTtmn-2- 70

rMMAOPOKCULMKITONEHTEHOH-1 ’
[peBecHble onumnku ®eHon g;

2-meToKcu-4-meTundeHon ’
2-MeToKCU-4-3TundeHon 1.8
1,2

4-rngpokcn-5-metundypcypon

1,3-umknoneHTaHgmon-1,2 11
YKCYCHbIV aHrmapug 87,9
[peBecHble onuUKn dypdypon 4,1
+Keneso 2-MeToKCMdEHOonN 2,6
2-meToKcu-4-meTundeHon 1,1
MeTunnoBbI 3cTep YKCYCHON KACMOTbI 94,1
[peBecHble onuKkn dypdypon 3,2
+ BEHTOHUT 2-aueTundypaH 11
3-MEeTUNUMKNONEHTaAHANOH-1,2 1,0
YKcycHas kucnota 38,3
2,3,4-TpumeTurndeHon 15,5
®eHon 12,4
dypcypon 11,4
1-meTun-3-nsonponunbeHson 7,5
ApesscHLie O | e noyaon 29
4,6,6-TpumeTnnbuunkno[3,1,1]renteH-2-0H-2 2,5
4-annun-2-meTokcndgeHon 1,3
4-aTundeHon 1,1
2,2,3-TpumeTnn-3-umKnoneHTaueTansgermg 1,0
1-aueTnnokcMnponaHoH-2 1,0

[obaBkn kaTtanusaTtopoB, B OTNUYME OT CUHTETUYECKUX MNOSIMMEpPOB,
M3MEHSIOT, KaK 1 npeanonaranoch, KONMYECTBO U COAEepKaHMe XUOKMX NpoaykToB. B
NPUCYTCTBUM  Xene3a CMeKTp MOSlyYeHHbIX BellecTB craHoBuTca  6onee
OorpaHu4eHHbIM. M3 Tabn. 2 BMQHO, 4YTO B NPOAYKTax TEPMOAECTPYKLMM OBHapYXeHO
TOMBKO YeTbIpe XMMUYECKMNX COEQUHEHNS, KONUYECTBO KOTOpPbIX npesblwaeT 1%.

B uenom, npoBefeHHbIN 3KCMEPUMEHT MO3BONAET caenaTtb BblBOA, YTO MNpU
TepModeCTPYKLMM OpEeBECHbIX OTXOO0B LienecoobpasHbiM ecTb nepepabaTbiBaTb U
apyrue otxogbl (Hanpumep, 6biToBbIE). TO NPELOCTaBUT BO3MOXHOCTb peLlaTb Kak
aKonornyeckme npobnemsbl, Tak U ynydwaTb TEXHOMOrM4Yyeckme YcrnoBus npouecca
aectpykuun. BBegeHne B COCTaB  CUCTEMbl  CUHTETUYECKUX MOSIMMEPOB W
KaTtanms3aTtopoB XOTS U B HEBObLLOW CTeNeHN, HO N3MEHSAET HanpaseHne npouecca
ee Tepmopacnaga, YTO NposIBNSAETCH B YBENMYEHUUN CTEeneHn KOHBEPCUU CMECMH;
YMEHbLUEHUN Konu4yecTBa o06pasyloWNXCa BeLWecTB; MNOSABMEHUI0 B MNpoayKTax
nepepaboTkn apomMaTU4ECKNX YrNeBogOPOLOB.

HanbHenwyto paboty Mbl npegnonaraeM BeCTW B HanpasneHuax nogdopa
HOBbIX KaTanu3aTopoB W YCMOBUM npouecca TepMoOecTpyKuMM  OTX040B
pacTUTENBHOrO MNPOUCXOXAEHUA C UENbl MOMyYeHUs KUOKUX Oe3KMcnopoaHbIX
NPOAYKTOB, KOTOPbIE MOTYT UCMONb30BaTLCA KakK anbTepHaTUBHOE TOMNSIMBO.
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V]IK 663.846:66.0652

A.N. NocTopoHKo (YKpanHckas NHXeHepHo-negarormyeckasi akagemms)

BJIMSHUE NOJTUMEPHBIX ®JIOKYJ/ISIHTOB HA CEAUMEHTAIITMOHHBIE U
PUJIBTPAIIMOHHBIE CBOUCTBA T'MIPOKCHUJIA MAT'HUA

UccnedosaHo enusiHUe rnonuMepHbIX (briIoKynsiHMo8 Ha ceduMeHmauUuOHHbIE
U unbmpayuoHHble ceolcmea eaudpokcuda MmaecHusi. [lonydeHbl 8bICOKUe
pe3ynbmambl MpU  UCMOb308aHUU  MOSIUMEMAKPU/I08020 aHUOHHOAKMUBHO20
coeOuHeHusi «Komema» ¢ KoHueHmpauueu 0,005%. Ckopocmb pa3deneHusi
cycneH3uu Mg(OH), e npucymcmeuu dobasok 8 46 pa3 6osbwe, yem 6e3 006a8ok.

Knoyesble crosa: nonumepHblie hroKynsaHMbl, pal3defieHue CycrneH3uu,
2udpoKcud MazHUS.

B nocnegHee Bpemsa B pasnMyHbiX OTpacnax MpPOMbILWIEHHOCTN ANs
ynydlweHns  CeAMMEHTAUMOHHbIX U PUMbTPaAUMOHHBIX  CBOWUCTB  CYCMEH3uu
NPUMEHSAIOTCA  ONOKYNAHTBI.  [Ona  6onbLUMHCTBA  CYCMEH3UW  MaKcumarbHoe
YyCKOPEHMEe NpoLLeCCOB CryleHna n unbTpauun SOCTUTHYTO NPU UCMONb30BaHUN
nonuakpunamumaHblx ¢nokynsHToB [1-5]. OTme4vaeTcs, 4TO NpU MNONOXUTENBHOM
3Hake 3apsga  TBepablX BeLlecTB rmaponu3oBaHHbin  nonunakpunamung (MAA)
YCKOPSIET OTCTOM PasnmyHbIX Nynbn 06bl4HO BonbLue, YeM HErMOPONM30BAHHbIN.

Mpn pobasneHun nonuakpunammga K CycneHaumum rugpokcnga marHus (2]
obpasyeTca KpYnHbIA U MAOTHbIN (PNOKKYNMPOBaHHbIN 0CafoK U CKOPOCTb OCeAaHus
3aMeTHO yBeNn4MBaeTCS.

[na yckopeHusa oTCToA CyCneH3un rmgpokcuaa MarHus U kapboHaTa Kanbums
npu o4YnCTKe paccona xnopuaa Hatpusi pactBopamm Na,COz; n NaOH 6binn
onpo6oBaHbl C NOMOXUTENbHBIMU pe3yrbTaTtamMmu HOBble (PNOKYNAHTbI [ aMUHO- 1
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