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N3 OTPABOTAHHBIX KATATM3ATOPOB

MpoBedeHUii TEPMOAMHAMIYHWMIA aHani3 peakuilid, sKi Nnexatb B OCHOBI CyMILLEHOro npouecy
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KaTanisatopis. [loka3aHo, WO TepMoAMHaMiYHA BIpOTiAHICTb PO3rMSIHYTUX TUMOBMX peaKLiii
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3MEHLLYETHCA MPU 36iMbLUEHHI CTYNEHIO OKUCHEHHS HITporeHy. B ymoBax, 6/M3bKMX A0 HOPMaNbHUX,
TepMOAMHaMiYHi 06MeXeHHSs PO3rNAHYTUX peakLili BIACYTHI.

The thermodynamics analysis of reactions, which lie in the basis of the combined process for nitrogen
oxides chemisorption of outgoing gases and extraction of metals from the spent catalysts, is conducted.
It is shown, that thermodynamics probability of the considered model reactions diminishes at the in-
crease of degree of nitrogen oxides oxidizing. In terms near to normal thermodynamics limitations are
absent.

lMpon3BOACTBO KaTa/M3aTOPOB CBA3aHO C UCMO/b30BaHWEM OAHOMO U3 OCHOB-
HbIX BWAOB Cblpbf — HUTPATOB MeTanoB. [py MOMyYEHUN HWUTPATOB, Hanpumep
MEeAN UM HUKENS, MyTeM PacTBOPEHNS B a30THONM KMUCNOTE COOTBETCTBYHOLMNX Me-
TaNno0B, B rasoByto (pasy BblgenstoTcs okeuasl azota NO 1 NO, B KonmyecTBe, 9K-
BMBA/IEHTHOM Pa3NoXeHuto = 25 % Maccbl UCXOLHON a30THOM KUCNOTbI, HE0bX o-
OMMOI Ans pacTBopeHust HuKens [1]. Kpome Toro, Mpov3BOACTBO KaTann3aTopoB
HaHeceHHOro Tuna, Hanpumep, MATr-8, TMATM-3-6H n K-905 Bkno4aet ctagunio
TEPMUYECKOTO Pa3NOXEHWUA HUTPATA HUKENS, KOTOPbIM NPOMUTLIBAETCA HOCUTESb
Ha ocHoBe 0-Al,Os. [pn 3TOM C OTXOAALMMM ra3aMmn CTafum NpoKaMBaHusa yaa-
nsetca =59% macchl HATpaTa HUKeNA B BUAE OKCUAOB a30Ta.

Hanb6onee pacnpocTpaHéHHbIMW B KaTann3aTOpHbIX NMPOM3BOACTBAX METOLa-
MW 06€e3BPEXMBaHNA OTXOAALLMX ra3oB, COAePXALMX OKCWUAbl a30Ta, ABAAIOTCA
abCoOpPOUMOHHbLIN 1 KaTaIMTUYECKMIA. TepBbIi N3 HUX CBSA3aH C MCMO/b30BaHMEM
60nbLMX KonmMyecTB pacTBopoB Na,CO; nin NaOH. BTopoii — ¢ UCnob3oBaHMEM
BbICOKUX TemnepaTyp (350 °C n 60nee), a TakxKe GO/MbLUNM PACcCXOA0M TOBAPHOIo
ammuaka. ObpasytoLLmecs B nNepeom ciydae pactsopbl NaNOj; yalle BCero ytuim-
3mpyroTcsa Ha coopyxeHuax @XO nan BXO. Obpasytowmiics BoO BTOPOM Cyyae
a30T BblbpackiBaeTca B aTMocepy. HuUTpaTHas cocTaBnsollas KaTaamsaTopHOro
CbIpbsi B 060MX C/lyyasx 06e3BpeXUBaHNA YAansaeTcs U3 NpPon3BOACTBEHHOIO LK-
Na 1 NOMHOCTLIO TepseTca. CTeneHb KUCMOb30BaHUA KaTanmn3aTopHOTO Chipba Npu
Npou3BOACTBE, Hanpumep, Katanusaropa MNAAIM-3-6H ¢ yyeTom 3atpar Ha /IMKBU-
[laLUmMIo OKCUA0B a30Ta He npeBbllwaeT 66% [1].

AHanm3 cnocoboB NOMyyYeHWUs TPagWLMOHHOTO KaTafM3aTOPHOrO Chipbs U
yTUAM3aLMM 0TPaboTaHHbIX KaTan3aTopoB MokasbiBaeT [1, 2], UTO COBMeCTHas
yTUAM3aums 0TpaboTaHHOro Katanm3aTopa U OTXOAALMX HUTPO3HbIX rasos C Mno-
NyYeHneM pacTBOPOB HUTPATOB MeTasI/I0B, MO3BONSET A0 87% yBeNUUUTL CTeMeHb
MCNO/b30BaHMsA Cbipbsi U A0 1,3 pa3 CHU3UTL CeB6ECTOMMOCTb KaTasm3aTopos. KoH-
TaKTMpOBaHMe CMeCu OKCWOB a30Ta M BO3fyXa C KaTa/M3aTopoM B NPUCYTCTBUU
BOAbI NPUBOAMT K Xemocop6oLmn NO, 1 3KCTpaKLMM KOMMNOHEHTOB KaTanmsaTopa ¢
00pa30BaHNEM pacTBOpa a30THOKUC/IbIX COME MeTaloB. PacCMOTpUM Tepmogu-
HaMWUYEeCKMe BO3MOXHOCTM XeMOCOPOLIMM OKCUAO0B a30Ta ¢ 06pa3oBaHneM pacTBo-
POB HWUTPATOB N3 XMMUYECKUX BELLECTB, ABNAIOLUMXCA KOMMOHEHTAMW KaTanns3aro-
POB WM NPUMEHSAIOLLMXCA B NpoLeccax NPOM3BOACTBA KaTaIM3aTOPOB B KayecTse
MCXOLHOTrO CbIpbs, MPOMEXYTOUHbIX N KOHEYHbIX NMPOAYKTOB.

O6006LLeHHbIE YpaBHEHUS Xumumyeckoro B3ammogelictemusi NO, NO, n O, ¢
METa/I/IOM, ero OKCUAOM, FTMAPOKCUAOM MM Kap6OHATOM MOTYT ObiTb 3anucaHbl B
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Bnae COOTBETCTBYHOLLNX YPaBHEH WiA:

1 3-X 1
—Me+NO,, +—0,=—Me(NO
- x T 02% (NO3),,

1 5-2x 1
—Me,0,+NO, + ——0,==-Me(NO
n 2%~n X 4 2 n ( 3)n

5-2x

L Me(oH), +NO +22X 0, =L Me(NO,), +%H20
n n

1 5-2x 1
—Me,(CO,),+NO, +——0,=—
on 2(CO3);, x*— 027

1
Me(NO3)n+EC02
B npuBefeHHbIX hopMyiax N — Ba/IEHTHOCTb METafia; X — CTeNeHb OKUC/IEHHOCTU
OKCMAOB a30Ta (X =1, 2). PacueT YMC/eHHbIX 3HAYeHN AG,, 3TUX peakumii npu
CTaHAAPTHBIX YCNOBUSX NPOBEAEH MO YPaBHEHUIO:

AG‘S&)s = Zk:| kAGSQSk —Zl nAGgan
n

OTpuLaTenbHOe 3HadeHne AGL, MOXET 6biTb OLEHEHO B BMAE MaKCUMaslb-

HOW paboTbl peakunn W — TepMOAMHAMWYECKOW ABVXKYLLE CUbl XeMOCopoLmn
OKCMOB a30Ta, KOTopas conpoBoxgaeTcs obpasoBaHneM Me(NOs),. McxogHble
TepMoguMHaMuyeckue AaHHble B3ATbl U3 [3, 4] (ana La(NOs)s paccuutaHbl 13 3H-
TaNbNUIAHOM W 3HTPONUIAHON COCTaBASIIOLLMX MO METOAMKE, U3NOXEHHOW B [4]).
PaccumTaHHble 3HaueHns W (Kx/Monb) peakumii 06pa3oBaHNa HUTPATOB MeTan-
nos npu B3aumogerictaum NO ¢ MeTa/inamu pacnonararoTcs B pAs:

Zn Ni Fe Cu Ag Pd
265,9 215,1 2134 170,4 115,0 103,9

N5 peakumid ¢ yyacTeM OKCUAOB METasIIoB UMEET MECTO psif;:

La,0; CaO MnO CuO ZnO NiO Ag,0 Fe0; ZrO, PdO
604,7 1669 126 114,7 1094 109,1 98,8 70,0 62,4 60,0

Peakuun ¢ yyacTvieM rmapoKCuaoB UMerT 60/bLyto W, YeM COOTBETCTBYHO-
LWMMK okengamm, 3a ucknroveHrem Ca(OH), n Mn(OH),. OHa y6bIBa€eT B pagy:

La(OH); Ni(OH), Ca(OH), AI(OH); Cu(OH), Mn(OH), Fe(OH), Zr(OH),
3483 1535 1533 1228 118 117 91,6 75,5

[ns peakumii ¢ yyactmem KapboHaToB, B 60/bLUMHCTBE C/TyYaeB, XapaKTepHb!
3HaueHMs W, Haxopgswimecs Mexay OKCuAamu W rmpokcupaMn W pacrnonarato-
Lyecs B ybblBatOLLEM pAAY:

CuCO; NiCO;, CaCo; ZnCO;  Ag,CO; FeCO,
1176 103,1 101,7 94,5 93,6 78,5
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YBenuueHne Ba/IEHTHOCTU OAHOI0 U TOFO XXE MeTasfia NMPUBOANT K CHIDKe-
HUIO MOMe3HON paboTbl. Hanpumep, peakummn ¢ yvactmem MnO n MnO, umetoT
3HaveHns W 126 n 72, a B cnydae ¢ Fe(OH), n Fe(OH); 91,6 n 79,1 kx/Monb
COOTBETCTBEHHO. Bce paccMOTpeHHble BELLECTBA pearvpytoT ¢ OKCMAOM asoTa U
KNUCNOPOAOM MPaKTUYecKn HeobpaTumo. Hanbonbluein spheKTMBHOCTU B OTHOLLIE-
HUKM ynasnmBaHus NO cnegyeT oxuiatb 0T 0TpabOTaHHbIX KaTasnM3aTopos, B KO-
TOPbIX MPUCYTCTBYET MeTanmueckas hasa, ocobeHHo Zn, Ni, Fe, Cu.

B KayecTBe npumepa, MOSICHAKOLLEr0 TEPMOAUHAMMYECKME BO3MOXKHOCTY
MPEAN0XKEHHOI0 cnocoba, MOXKHO pacCMOTPeTb ynasnmBaHue NO BOAHO cycneH-
3veli 0TPaboTaHHOr0 a/IlOMOHUKE/NIEBOTO KaTasm3aTopa NapoBoli KOHBEPCMU MeTa-
Ha TMAIM-16. B ero coctas, Kak OCHOBHble KOMMOHeHTbI, BXoAsaT Ni, NiO, Al,O;,
1 anomuHaT Kanbuua CaO-Al,Os. [6]. Peakuun atux Bewects u NO ¢ o6pa3oBa-
HWeM HUTPATOB META//I0B B PACTBOPE, & TAKXKE COOTBETCTBYIOLLME UM 3HaYeHus W
(kO>X/Monb) MOTYT 6bITb NPeACTaB/EHbI B BUAE:

NO+0,750,+0,5H,0=HNO; 49,01 @)
0,5Ni+NO+0,=0,5Ni(NO3), 2151 @
0,5Ni0+N0+0,750,=0,5Ni(NO5), 109,1 3)
0,17A1,05+N0+0,750,=0,34AI(NO); 98,66 @)
0,5Ca0 +NO+0,750,=0,5Ca(NO5), 157,6 )
0,5Ca0-Al,0;+NO+0,750,=0,5Ca(NO3),+0,5A1,0, 226,89 (6)
0,125Ca0-Al,0;+NO+0,50,=0,125Ca(NO3),+0,25AI(NO3); 99,25 @
0,375Ni+HNO;=0,375Ni(NO5),+0,25NO+0,5H,0 85,97 (8)
0,5Ni0+HNO;=0,5Ni(NO5),+0,5H,0 67,23 ©)
0,5Ca0 +HNO4=0,5Ca(NO3)+0,5H,0 108,7 (10)
0,17A1,05+HNO;=0,34AI(NO3)3+0,5H,0 50,21 11)
0,5Ca0-Al,0;+HN0;=0,5Ca(N0;),+0,5A1,05+0,5H,0 13468  (12)

W3 aHanm3a 3TMX AaHHbIX CnegyeT, 4yTo 0b6pasoBaHMe a30THOW KWUCMOTbl MO
OAHOI M3 KMacCUYecKUx peakuuin (1) — TepMOAMHAMUYECKN OAMH M3 HaMMeEHee
BEPOATHbIX MPOLIECCOB M3 PacCMOTPEHHOro psga. Hambonbliein TepmoguHammye-
CKO BepOoSiITHOCTbIO 06nafatoT peakuumn (2), (5) n (6) B3aMMOAENCTBUS MeTanu-
UECKOr0o HUKeNs, OKCKaa 1 antoMmHaTa Kanbuys ¢ NO u O,. Peakuuu (8+12) B3au-
MOJENCTBMS KOMMOHEHTOB OTPab0TaHHOro KaTanmsaTopa C a30THOM KMCNOTOi
umetoT W, MeHblLyto Ha 31+61,3%, Yem aHanormyHble peakumu (2+7) ¢ yqactrem
NO u O,. 3ameHa NO Ha NO, B peakuusx (2+7) NpUBOAUT K CHWXeHUO W Ha
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15,6+35,8%, HO 1 B 3TOM CMy4ae UX TepMOAMHaMMYecKas BepOSTHOCTbL B 1,4+3,8
pa3 60/bLLe, YeM COOTBETCTBYIOLLUMX peakuuii (8+12) ¢ yyactnem HNOs.

CoBMeLLiEHHbI NPoLecC 06e3BPEeXMBaHNS OTXOAALLMX HATPO3HBIX ra3oBs, Ha-
NpUMep, Kataan3aTtopHbIX NPOU3BOACTB U U3BNEUEHNA META/INIOB 13 0TPabOTaHHbIX
KaTann3aTopoB C NOJy4eHNEM TPaaULMOHHOIO KaTann3aTopHOro Chipbsi — PacTBoO-
POB HATPATOB META/I0B MOXET ObITb peasm3oBaH B COOTBETCTBUM CO CrefytoLLeit
6/10K-CXeMOIA:

Me - cogep>kaltlee OTpaboTaHHbIi
cbipbé, HNO3 KaTanusaTop
Mpou3BOACTBO KaTannsaTopa
(OTgenbHble cTagun)
»| [lonyyeHune pacTBOpPOB NOx | YnasnusaHve aspo3ons,
HWTPaTOB META/INOB A ~| xemocop6ums Nox,
1 A 3KCcTpakums Me
[}
' v '
PacTBsop OuMLLLEHHBII
| TepmoobpaboTka | L_ Me(NO3)n, ras
loToBbIN Ha goouncTky
KaTanmsaTop (8 aTMmocepy) y

PucyHok - MpuHUmMnuanbHas 6/10K-CXeMa COBMELLIEHWS MPOM3BOACTRA
¥ YTU/I3aLMM 0TPaGOTaHHbIX KaTasM3aTopoB

TakuMm 06pa3oM, COBMELLIEHHbIN NMPOLECC yNaBMBaHWA OKCUA0B a30Ta M 3KC-
TPaKLUMN METANIIOB 13 0TPabOTaHHbIX KaTa/IM3aTOPoB B HOPMa/IbHbIX YCNOBUAX HE
VIMeeT TepMOAMNHAMUYECKUX OrPaHUYeHWd. Bonblumve 3HauyeHus TepmoguHamuye-
CKOW [ABWXYLUEA CW/bl PACCMOTPEHHLIX pPeakuuii KOMMNOHEHTOB OTPaboTaHHbIX
KaTtanu3aTopoB C OKcMAamy asoTa B COBMELLEHHOM  XemocopOLMOHHO-
3KCTPaKLMOHHOM NpoLecce M OTCYTCTBME YCOBUIA 41 HAKOMAEHUs a30THOW Ku-
CoTbl B abcopbeHTe, CBUAETENLCTBYHOT O BO3MOXHOCTU AOCTUXKEHMA BbICOKMX
(99,99%) cteneHein npespatieHnss NO 1 NO,, obecrneunBaroLnx JOCTUKEHNE UX
PaBHOBECHbIX KOHLEHTpaLmii Ha yposHe MAK 1 HUXKe, a Takke BbICOKMX CTEMEHEN
M3B/IEYEHNA METASIIOB B PaCTBOP B BUAE UX HUTPATOB.
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