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A.E. AOAHACBEB, O0.C. MUCHHUKOB, .M. CYJIbBMAH, B.B. AI®GEPOB
Tsepckoii cocyoapcmeentblii mexHUYecKutl yHusepcumem

HNCITOJb30BAHUE KATAJIMTUYECKHUX ITPOLHECCOB
A TASUOUKAIIUUA OPTAHUYECKUX MATEPHUAJIOB

[IpencraBneHsl pe3yabTaThl MCCIEAOBAHUM MO KATAJIUTHYECKOH rasupukanuy (TTHPOIH3Y)
Topha U TOpHOMHUHEPATHHBIX KOMIO3HINH. DKCIEPUMEHTAIBHO yCTAaHOBJICHO MOBBIMICHUE TEIl-
JIOTBOPHOH CIIOCOOHOCTH MHPONM3HBIX TA30B 3a CUET YBEIWYCHHS B MX COCTaBE YIIIEBOJOPOIOB.
OO0O0OCHOBaHO TMPHMCHCHHE B KAYCCTBE KATAJIHTHYCCKHAX CHCTEM TIIMHUCTHIX MaTCpHAIIOB, 3alie-
TarIIUX O] TOP(SIHBIMU MECTOPOKICHUSIME WIH B HEIOCPEACTBEHHOM OJM30CTH OT HUX.

The result of investigations of peat and peat-mineral compounds catalytic gasifications
(pyrolysis) are presented in this work. Increase of gas heat of combustion by the increase of
hydrocarbons concentration was experimentally proved. Use of aluminosilicate-mineral materials,
lying under peat deposits or near of them, as catalytic systems was founded.

[lpu rasudukanmu opraHMYECKUX MaTe-
pHaOB BO3HUKAET LENbIM psana mpobiieM, CBs-
3aHHBIX C ONTUMH3ALMEd TEXHOJIOTUYECKOTO
npolecca, YHEProcOepeKeHUEM U METAIIIOEM-
KOCTBIO 000pya0oBaHus. Beicokas TemmnepaTypa
B KHCIIOPOJHOM 30HE TIa30r€HEepaTOPHBIX yCTa-
HOBOK, HEoOXoaumasi JJIsi TepMHYECKOTO pas-
JIOKEHUS] OPraHWYECKOro BELIECTBA M IOCIIE-
JYIOIIEro CHHTE3a FOPIOYMX ra3oB, IPUBOAUT K
IUTABJICHUIO 30J1bI MHOTMX BHJIOB TBEPIOrO TO-
uBa. [IpoayKTel M1aBieHus, B CBOIO O4Yepelb,
3aCOPSIIOT KOJIOCHUKOBYIO PELIETKY rasuguka-
Topa. IIppuMeHeHne U3BECTHBIX METOAOB CHHU-
JKEHUsI TeMIIepaTyphbl NMPUBOAUT K CHIKECHHIO
KII/I mporecca.

Karanmutiueckas rasuukanus TBEpIOTO
TOIUIMBA, & TAK)KE IPYIMX OPraHUYECKHX MaTe-
pHAJIOB MO3BOJISET MPU CPEIHETEMIIEPATYPHOM
TEPMOJIM3€ 3HAYUTEIBHO YIPOCTUTh KOHCTPYK-
U0 TazorenepaTopoB 6e3 camkeHus KI1J] yc-
TaHOBOK. (OCHOBHOM TPYJHOCTBIO pEIICHUs
ATOTO BOIPOCA SIBJIAETCS pa3paboTKa KaTaauza-

TOpa Uil KOHKPETHBIX BUJOB U TUIIOB OpTaHU-
YECKUX MaTEepHUasoB.

B skcnepumeHTax B KauecTBE MCXOJHOTO
CBIPBSl UCIOJB30BATUCH Pa3IUYHbIE OpTraHUye-
CKHE MaTepHalibl OMOTEHHOTO MPOUCXOXKICHHMSI:
BEPXOBOW W HHM3WHHBIN THIBI Topda, OpraHu-
YEeCKHUIl carporenb, KOMIIO3UIH Topda ¢ riu-
HUCTHIMHU MaTepHATIAMHU.

[Ipouiecc TepMonnza TBEPAOTO TOILUIMBA
MpeNcTaBiIsieT co00M COBOKYITHOCTh psilia TO-
CJEJOBATENbHBIX W TAapaUICNbHBIX PEAKIUH,
KOTOpBIE BCJIEACTBHE CIOKHOCTH CTPOCHUS HX
3JIEMEHTAPHBIX CTPYKTYPHBIX €IUHUI], TPOTE-
KaloT B HECKOJLKO CTaaMi. DTH CTaJAUU BKIIIO-
YalOT ONPENENICHHBIA PAN OJHOTUIHBIX TPYII
peaknuii co cenupUIecCKUMU KHHETHIECKAMU
3aKOHOMEPHOCTSIMH. Topd CpaBHHUTEIHHO TPO-
CTBIM ITyTEM MOJKET OBITh Pa3JIeJICH Ha TPYIIITBI
BEILIECTB C XapaKTEPHBIMH TOJIBKO JUISl HUX XHU-
MHYECKHMU cBoMcTBaMHU. [lorTOMY mosIBIIIETCSA
peasibHasi BO3MOKHOCTh H3Y4YEHHUS MEXaHU3Ma
TEPMUYECKOTO PA3JI0KEHUS W TOA00pa ONTH-
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Puc.1. 3aBUCHMOCTb KOHIIEHTPALMU YTIIEBOAOPO-
108 C OT BpeMEHHU ¢ IpU ra3uQUKalul BEPXOBOTO
MYyHINIEBO-c(harHoBOro Topda B MPUCYTCTBUI
KaTaJIN3aTOPOB Ha OCHOBE HUKeENA (1), ITaTHHEI
(2) n mammnanust (3)

MaJbHOM CBIPHEBOM 0a3bl 1 CO3JaHUs BBICO-
KOIIPOU3BOAUTENBHBIX T'a30T€HEPATOPHBIX YC-
TaHOBOK.

[Ipu narpese Boime 250-275 °C opranu-
YeCKHe COCTaBJsoIMe Topha U campomens
MOJIBEPraloTCs NECTPYKIMH C 00pa3oBaHHEM
psAoa JETydyuX KOMIIOHEHTOB, CIIOCOOHBIX K
JNAIbHENIIEMY B3aUMOJEUCTBHUIO IPYT C NIPY-
roM, BELIECTBAMH, BBOJUMBIMH B PEaAKLHOH-
HYI0 CMECh, U C HMCXOJHBIMH cyOcTpaTamu.
Bo03MOXHBI Takke W pEeaKUUu BHYTPUMOJIE-
KyJisipHOTO pacnaaa. Ho npu pectpykuuu op-
FaHUYECKUX COCTaBIAIOIIMNX Topda momyya-
I0OTCS, B OCHOBHOM, MOHOYTJIEPOJHBIE IpO-
JYKTHI.

[Tpomeccer ra3000pa3oBaHus MPU TEPMO-
JM3€ UMEIOT JOCTATOYHO BBICOKUE YHEPIHH aK-
THUBAIUH, U JUIS UX OCYIIECTBICHUS HEOOXOaU-
MBI 3HAYMTENbHBIE TeMIepaTypbl. Benenue
KaTaJIn3aTopa B PEAaKIHOHHYIO CHUCTeMy obec-
MEYMBAET MPOTEKaHUE PEaKUUH C MEHBIIUMHU
SHEPrUsAMHU AKTHUBALMU U COOTBETCTBEHHO IMpPH
MEHBIINX TEMIEPATYPAX.

K Hacrosimiemy BpemeHM pa3zpaboTaHO
00JIbIIIOE YUCIIO KATAJTUTUYECKUX CUCTEM, MpH-
YeM IOJABJISIoNniee UX OOJBIIMHCTBO CO3aHO

T
30 40 50 60 70 80 7, MuH

Puc.2. 3aBrCHMOCTB TEIUIOTBOPHOH CIIOCO0-
HocTH ra3a Q 6e3 karanuzatopa (1) u mpu
ucnons3oBanuu kuciot JIetonca NiCl, (2),
ZnCl, (3), AlCl; (4)

Ha OCHOBE d-3JIEMEHTOB (B OCHOBHOM, MeETall-
JIOB TUIATHHOBOW rpymnmbl). [azudukamnms Top-
da B MpHUCYTCTBUHM KaTaau3aTopa Ha OCHOBE
¢dranonuanuna Hukens (puc.l, kpusas 1) moxa-
3bIBAET, YTO OH CYIIECTBEHHOTO BO3JEHCTBUS
Ha TPOIIeCC KOHBEPCHH TOIIJIBA HE OKA3bIBAET.
B ero mpucyrctBum npu temmepatype 300-
350 °C mpoucxomuT modyKoKcoBaHue (OepTu-
HUPOBAHHUE), @ COCTaB M COJEP)KaHHE ra3z000-
pa3HBIX MPOAYKTOB MPAKTUYECKU TAKOE Ke, KaK
npu razudukanuu 6e3 katanuzaropa. [lnaTuHa,
HaHECEHHasi Ha OKCUJ amroMuHus (puc.l, Kpu-
Basi 2), WHTCHCU(PHUIUPYET OKHUCIEHHE IHPO-
JU3HBIX Ta30B TOp(a W HE BIUSIET Ha BBIXOJ
yriaeBoaopo1oB. Heo0xoaumMo oTMETUTH, YTO B
TAHHOM Clly4ae HPOHMCXOAMT IIOJIHOE OKHCIIEe-
HUE TOp]a U BBIJIEIEHUE Ta30B 3aKaHUYMBACTCS.
Vcrnonp30Banne MNaUIaJUeBOTO KaTalu3aTtopa
(puc.1, xpuBas 3) mpu 06pabOTKE TOPIOYHX Ta-
30B NMPHUBOANT K 3HAUYUTEILHOMY IOBBIIICHUIO
BBIXO/Ia YIJeBOJOpoaoB. MX conepkanue B
BBIJICTISIIONICICST Ta30BOM CMECH NPUMEPHO B
1,5 paza BbllIe, yeM npu rasudpukanuu Topda
0e3 KaTanu3aropa.

OfHUM W3 TEPCIEKTHBHBIX HANpaBJICHHUH
B IMOJyYEHHUHU TOPIOYETo rasza u3 topda u apy-
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TMX OPraHUYECKUX MaTEepPHAaJOB SIBISETCS €ro
ra3udukanus B MPUCYTCTBUU KUCIOT JIbrouca.
[Ipu Takom Buje ra3uduKalnnU B KAUeCTBE Ka-
TAIUTHYECKUX CUCTEM UCTIOJIB3YIOTCS XJIOPUIBI
MetamnoB AlCl;, ZnCl, u NiCl,, HaneceHHbIe
NPONUTKOM U3 CIIUPTOBOTO PACTBOpA B KOJINYE-
ctBe | % ot maccel obpasma Topda. B sTom
cilyyae HOCHUTEJIEM KaTajlu3aTopa SBISETCS caM
OpraHWYECKUH cyOCcTpart.

HccnenoBanus tepmoiinia Topda, Mporu-
TAHHOTO COJISIMH METAJLIOB, IIPH TEMIIEPATypax
300-350 °C, noka3bIBaloT, 4TO B Cllyuyae HEMo-
CPEICTBEHHOTO KOHTAKTa KaTaJN3aTop YCKOps-
€T He TOJIbKO 00pa3oBaHUE OPIOYUX T'a30B, HO
U TEPMHUUECKYIO JECTPYKIHUIO OPraHUYECKOTrO
BeliecTBa Topga B 1EI0M.

[Tpu razudukanuu Topda B IPUCYTCTBUU
XJopuaa Hukens (puc.2, KpuBas 2) TemioTa
CropaHHUsl ra3a CYyIIECTBEHHO HE MEHSeTCs
(puc.2, xpuBas 1). OgHako HE0OXOAMMO OT-
METHUTh, YTO BpEMsI BBIJCIICHHS ra3a Mpu TOM
BO3pacTaeT mpumepHo B 2 pasa. IIpu mpose-
neHnn Tasudukanum Topda B MPUCYTCTBUU
XJIOpHa NHUHKA (pUc.2, KpuBas 3) U XJopuaa
amoMuHus (puc.2, KpuBas 4), HaOI0HaeTCA
pEe3KOe YBEIMYECHHE TEIUIOTHI CTOPAaHUS BbI-
JeJIsieMOro rasa.

Bonee sddexTuBHBIM crocoOOM KaTaiu-
THYECKOTO BO3/CHCTBUS Ha Ta3sU(HUKAIMIO SB-
JsIeTCsl IEPeBO/T IIpoIiecca B TOMOT€HHBIE YCIIO-
BUS, TaK KaK TPU ATOM cHUMaetcs muddys3u-
OHHOE TOPMOXKEHHE Ha CTaIHsIX B3aWMOJEHCT-
B Top( — kucmopoa. Takodl 3KCTEpUMEHT
MO3BOJIUT OINPENEIUTh MAKCHMAIbHO BO3MOX-
HYI0 3()(peKTUBHOCTH TOTO WM WHOTO BHJA Ka-
TAJIUTHYECKOW CUCTEMBI, & TaKXe ONTHMAaJb-
HYIO KOHICHTpALUIO Karanuszaropa. [Ipu raszu-
(uKanu B cpelie BHICOKOKHUIISIIETO OpraHnye-
CKOTO pacTBOPUTENSI B IMPUCYTCTBHUH PACTBO-
PUMBIX KaTaJu3aTOpOB CHayajga MPOHCXOIHUT
pacTBOpEHHE  OPraHUYECKOTO  KOMIIOHEHTa
Topda WK campomnens, a 3aTeM IMPoIecc Mpo-
TEKAeT B TOMOTCHHBIX YCIIOBHSIX.

OcHOBHOI TpoOeMOH, caep>KuBaroLIeit
NPUMEHEHUE TAaKOTO TOAX0JIa K BOIPOCAM Tep-
MHUYECKOW JECTPYKIMH OPTaHUYECKUX Mare-
pHAJIOB, SBISIETCS OTCYTCTBHUE TOCTAaTOYHO Je-
HIEBBIX M JKOJIOTUYECKU OE€30MacHBIX pPacTBO-
pUTENEl ¢ BBICOKOW TEMIEpPaTypoll KUIEHUS.
Ho merox xuakoda3sHOro TepMosn3a MOXKHO

OPUMEHSTh Ui HaydHOro OOOCHOBaHHWS TO-
TEHIMATbHBIX BO3MOXKHOCTEH Tra3u]HKannuoH-
HBIX TPOIIECCOB, MPOUCXOIAIINX PU TEPMUYE-
CKOM Pa3JI0KEHUU TBEPABIX TOIUIUB.

Hekotopble XWMHUYECKHE COETUHEHUS,
BXOJISIIIIE B COCTAB MPUPOJHBIX MUHEPAIbHBIX
MaTepHUaJIOB, 30JIbl PACTCHUH M TOIUINBA, TAKKE
HE OCTAIOTCS HMHEPTHBIMH TIPH TEPMUYECKOMH
obpabotke. Tak, Hampumep, Ca(OH),, CaCOs,
Fe(OH)s, Al(OH)3, ammuak u p. CyIIECTBEHHO
BJIMSIFOT Ha TPOILIECCHI TEPMOJIM3a TBEPABIX TO-
wB. D¢ eKT AecTBUS 30JbHBIX JEMEHTOB,
SIBIISIFOIINXCS €CTECTBEHHOW COCTAaBHOM 4aCThIO
pacTeHWi WM TOIUTMBA, W BIMSHHUE CICIIHAIb-
HO BBOJHMMBIX B TOIUIMBO J00AaBOK 3aBHUCST OT
COCTaBa MHHEPAIBHBIX TPUMECEH, COIyTCT-
BYIOIIIMX OPraHUYECKOH YacTH, U OT XUMHYe-
CKOro cocTtaBa 100aBoK. CTeneHb BO3ACHCTBUS
MHUHEPAJIIbHON YaCTH Ha MPOLIECC TEPMHUUECKOTO
pacrmaga ¥ o0pa30BaHUs HOBBIX COCIWHEHUMN
3aBHCUT, KPOME TPOYET0, U OT 3aJaHHBIX Ta-
paMeTpoB TEpMUUECKONH 00pabOTKH.

B kxauecTBe MHHEpanIbHBIX J00ABOK HC-
MOJIB30BAIMCH TIMHUCTBIA MEPrelib U 03€PHO-
00J0THAs TJHMHA, 3aJETallue MOJX CJIOEeM
Topdha WM HaxonmsImuecs BOIU3H TOPPSIHBIX
MecTopoXkaeHniH. OHM BHOCWINCH B HHM3WH-
HBIH TOpd (cTemens pasznoxenus R =30 %),
IpeBapuTEIbHO Pa3apoOJIEHHBIN 0 pa3me-
poB 3-5 MM, B KonuuecTBe 5 % OT Macchl abco-
JIIOTHO CYXOT0 BelecTBa Topda.

[Ipu nmpoBeneHUU ra3upuKaKA B KHUIKOH
¢daze ymanoch yCTaHOBUTb, YTO NPUMECHEHUE
NPUPOAHBIX MHHEPAIBHBIX MaTEPUAIIOB MO3BO-
JSIeT 3HAYUTENIFHO TOBBICUTH KOHIICHTPALIUIO
YIJIEBOJIOPOAOB B roprouem rase (puc.3). Ilpu
3TOM MAaKCHUMalbHas KOHLIEHTpalMs MeTaHa
Bo3pactaer Ha 30 %, stana B 3-3,5 pasa, mpo-
naHa B 3,8-4 paza. Kpome Toro, cokpamiaercs
BpeMs mporecca rasupukanuu. Takum oOpa-
30M, TIpU HEKOTOPOM YBEIMYECHUH 30JIbHOCTH
TBEPJIOTO TOIUIMBA, MOXKHO CYIIECTBEHHO IIO-
BBICUTh TEIJIOTBOPHYIO CIIOCOOHOCTh M MHTCH-
CU(UIMPOBATH TIPOIIECC €T0 ra3uduKanuu (UiIu
cxuranus). B aTom ciydae MuHepasibHbIE Ma-
TEpUaNbl CaMH SIBIISIOTCS «IIPUPOAHBIMH KaTa-
JUTUYECKUMU CHCTEMaMM».

HccnenoBanue TIIMHUCTOTO MeEprenis H
TJIUHBI METOJIaMH 3JIEKTPOHHONW MHKPOCKOIIUHU
MOKAa3aJlo, YTO B MX AJIEMEHTHBIH COCTaB BXO-
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Puc.3. Kunetnueckast 3aBUCHMOCTB TEKYILLEH OTHOCUTEIbHON KOHIIGHTPALlMK MeTaHa (a), 3TaHa (6) 1 npomasa (8)
B MPOJIM3HOM T'a3e, MOJyYeHHOM IPH TEPMUUECKOM Pa3oKeHUH HU3UHHOTO Topda (1) u TopdhoMuHepambHbIX
KOMIO3UIHUIA: Topdha ¢ TIIMHUCTEIM MepreiieM (2) 1 03epHO-0010THO# riiHOH (3)

JIST alFOMUHUHN, JKene30, Kanbliui u T.1. Ho, mo
NpeIBapUTENbHBIM OLEHKaM, 3(()EKTUBHOCTh
MPUMEHEHUSI TOTO MJIM UHOTO THUIA MUHEpPAJb-
HOT0 IJIMHHMCTOIO MaTepuana, KpoMe COCTaBa,
OyZeT 3aBHUCETh W OT croco0a BHECEHHUS €ro B
top¢d. C Hamiei ToUkH 3peHusi, HanboJiee mpu-
emsieMo ¢opMoBaHHe (TPECCOBaHHE, IKCTPY-
3MsI, OKaTbIBAHUE U T.II.) NIPEABAPUTENIBHO MO/~
TOTOBJIEHHON OpraHOMHUHEpaJIbHON cMmecH. B
ATOM CJIy4ae KOHTAKThl MKy pearupyroummMu
KOMIIOHEHTaMHU TMO3BOJISIT 3HAYUTEIBHO YCKO-
PUTHh pEaKIUH TEPMOJIM3a U ra3000pa30BaHuUs.
Bonbiioro BHUMaHMS 3aCHy>KUBAaeT TEXHOJO-
TUYHOCTh IOJIyYE€HUS M TNPUMEHEHHS TaKOIO
BU/1a TOrutuBa. J{00aBKM MUHEpPaTbHBIX KOMIIO-
HEHTOB 3HAYUTEIBHO CHIKAKOT HAYaJIbHYIO

BJIa>XHOCTbD, HCO6XOI[I/IMYIO AJI1 OKCTPY3HUOHHO-
Tro (I)OpMOBaHI/IH KOMIIO3UIIHH.

BoIBOaBI

[IpoBeneHHBIE HCCIEIOBAHUS TTOKA3aIH
NEPCHIEKTUBHOCTD Ta3u(UKAIIUHN TBEPAOTO TOII-
JuBa (B YaCTHOCTH, TOp(a) B KOMIIO3UIUSAX C
MUHEPATBHBIM TJIMHUCTBIM ChIpbeM. MuHe-
palbHBI MaTepuas 3HAUYUTENIIbHO MHTEHCU(DU-
LHUPYET MPOIIECC, BBHIMOIHSISA POJIb KaTaluTHUe-
ckoil cucremsl. lllupokoe pacnpocTpaHeHue
TTTUHUCTBIX MAaTEepHAJIOB JIMIIb HE3HAYUTEIHHO
YBEJIUYHUT 3aTPaThl IPH BHEAPCHUN TEXHOIOTUU
Ha TPOMBIIIJICHHBIX MPEAnpusATHAX. B paspa-
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OaTeiBacMOl cxeme Tasuukanuu B oOmIeH
CTPYKTYpE MHUPOJU3ZHOTO raza 0OJbIION yaesb-
HBI BEC HAYMHAIOT 3aHMMATh YTJIEBOJOPOJIbI,
YTO CIOCOOCTBYET MOBBIMIEHUIO 3((HEKTUBHO-
CTH (YHKIIMOHUPOBAHUS Ta30T€HEPATOPHBIX
ycTaHOBOK. [IpuMeneHmne >QQpeKTUBHBIX KaTa-
JUTUYECKUX CHUCTEM CHIDKAET arpecCUBHOCTh
BEIOPOCOB BPEIHBIX BEIIECTB B atMochepy. U3

BCEX HUCCIICJIOBAaHHBIX OMOTCHHBIX MaTEPUATOB
JUIS TIOJIy4€HHUsl TOpIoYero raza Hamoosee 3¢-
(EKTHUBHBIM OKa3aJICsl OPraHUYECKHU Ccarpo-
Telb.

BrimonHeHo TeopeTndeckoe 000CHOBaHHE
HAaYYHBIX HCCIICIOBAHUI, B KOTOPBIX paccMat-
pUBaeTCcss BO3MOKHOCTh JAJIBHEUIIEH XUMUYe-
CKOH 1epepaboTKH TOPIOYero rasa.
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