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ﬂpeacraBﬂeHb/ SKCrepuMeHTallbHble JaHHble NCCIIEQOBAHNA KNHETUK BOCCTAHOBIIEHNA ﬂapaMOﬂl/l6ﬂaTa aMMOHWA BO4OPOAOM, cohep-
XKalynm d)TOpOBO,[{OpO,[{, B 3aBUCUMOCTV OT TeMrepartypbl 1 KOHLUeHTpaummn HF, onpegeneHa sHepriv aktmeaunn n INMUTPYoLLasa cra-

MK npoLecca.

BBepeHue

Ponb TyrornaaBKux MeTajjioB TPYIHO TEPEOLCHUTh
10 BXXHOCTH Y LIMPOTE UCTIONb30BAHUS MX B COBPEMEH-
HoW TexHuKe. COBEpILEHCTBOBAHME TEXHOJOTUM 3THX
METaJITOB CBSI3aHO C Pa3BUTHEM Ta30(TOPUIHOM MeTalI-
Jypruu. M3BeCTHO, 4TO MOMyYeHHE TYTOTLTABKMX METAI-
JIOB METOIOM BOCCTaHOBJICHUS BBICIIMX TAIOTEHUIOB, B
YaCTHOCTH, (PTOPUIOB TYTOIIABKUX METAJIOB B ra30BOM
(baze BOIOPOIOM, MMEET LBl psif TIPEUMYIIECTB T1e-
pel TpamuIMOHHOM IOpPOILIKOBOWM MeTamrypruei [1].
DTN TIperMyIIeCcTBa 3aKTI0YalOTCS B YHUBEPCATbHOCTH
JAHHOM TEXHOJIOTWHM, TMO3BOJISIOLICH MMOJyYaTh MOPOILL-
KU, TUIEHKA Y KOMIIAKTHbIE M3MENUS U3 TYTOMIaBKUX
METaJIJIOB, BapbUpysl YCJIOBHUS Ta30(pTOPMAHOTO BOCCTa-
HOBJIEHYSI, TIPUYEM TeMIepaTypbl (POPMUPOBAHMST KOM-
nakTHbIX m3peanit Ha 1500...3000 °C Hike Temmeparyp
miasieHns Mo, W u Re, coorBerctBeHHO. OmHNM 13
JOCTOMHCTB ra30()TOPUIHON CXEMBI SIBIISETCS BO3MOX-
HOCTb CO3/IaHUsI MaoCTAIMIHON CcXeMbl TepepaboTKu
KOHIICHTPATOB U METALTMYECKMX OTXOAOB TYTOMIABKUX
METaJJIOB B paMKax pa3pa0daTbiBa€MOM TEXHOJIOTUMU.

[Tpu pa3paboTke ra30(pTOPUIHON TEXHOJIOTUU II0-
JIy4eHMs U3IeIUI U3 TYTOILUIaBKUX METAJLIOB, BKJIIOYa-
IOLIEH CTauK: BOCCTAHOBJIEHUE AMMOHUMHBIX COJIEN
Mo, W u Re BomopomoM; noydeHue rekcaTopuion
3THX METAJIOB; BOCCTaHOBJIEHUE rekcadTopunoB Mo,
W u Re Bomopomom — mpemiaraeTcss Ha CTagusIx BOC-
CTAaHOBJIEHUS COJIEi1, OKCHIOB U TeKCA(PTOPUIOB COOT-
BETCTBYIOIIMX META/UIOB KCIIOJIb30BaTh BOAOPOM M3
aNeKTpoIn3epa s mpous3BoacTBa Gpropa. OObIYHO —
BOJOPOJ, 00pa3ylOLIMICS B KaTOOHOM IPOCTPAHCTBE
3JIEKTPOJIM3epa I IIPOM3BOACTBA (hTOpa U colepxka-

it Hy —91...93; HF —5...8 06. %; uHepTHBIE TIprMe-
CU — ocTabHOE, Tocie ouncTtk oT HF cxkuraercst.

[Tpu mosydeHnM U3EUi U3 TYTOTLIABKUX METALIOB
METOIOM TOPOLIKOBOM METaLTypriy K MCXOAHBIM TO-
pOLLIKaM TPEAbSIBISIIOTCS BHICOKUE TPeOOBAHUS TO MX
YUCTOTE U aucriepcHocT. Hammuue B Bonopone 4...8 %
00. TapoB BOIbI MPUBOIUT K YBEJMYECHUIO KPYITHOCTH
TIOPOIIIKA U JIEJIAET er0 HETIPUTOMHBIM JUTS TIPeCCOBAHMS
nzaenuit. IToaToMy 00BIYHO BOCCTAHOBIEHUE AaMMOHMIA-
HBIX cojieit Mo, W 1 Re mpoBoasIT BOnopoaoM, OCYILLIEeH-
HbIM 110 To4kM pockl (—40)...(=50) °C [2, 3].

Becbma BeposiTHO, uto npucyrctBue HF B Bomopo-
Jie MOXeT MPUBECTU K 00pa3oBaHMIO KPYIHOAUCIIEC-
Ho¥ (pakimu U 3arpsizHeHu0 Mo ¢ropom. OgHaKo,
Py MocneaytoieM (GTopupoBaHUU MopoinkoB Mo, W
n Re aneMeHTHBIM (PTOPOM AMCTIEPCHBIN COCTaB TO-
poIlKa He SBJISIETCS OMPEAeISIONNM MapaMeTpoM, a
HaTnuue Gropa He TOJIbKO HUBETHUPYETCS, HO M MOXKET
OKa3aTb OJaromnpusTHOE BO3ICHCTBME Ha MPOLECC.
®top, comepxaluiicss B MOPOIIKe MOJIMOAEHA, B Xe-
MOCOPOMPOBaHHOM COCTOSIHUM WJIM B BUJIE COEIMHE-
HUN CMOCOOCTBYET MJaBHOMY pPa3BUTHIO Tpoliecca
(bTOPMpPOBAaHUS M YCTPaHSET JIOKAJIbHBIC TTepErpeBHl
TIOpOIIIKA MeTalia, ero CreKaHue.

He cMoTpst Ha 60JIbIIIOE KOMTMYECTBO paboT, B TOM
yucne u MoHorpacduii [2, 3], B 1uTepaType OTCyTCTBY-
0T JaHHBIE 110 UCTOJIb30BAHUIO B KAUeCTBE BOCCTAHO-
BUTeNA cofeii, okcunos U propunoB Mo, W u Re Bo-
Jopofia U3 3IEKTPoIM3epa o POM3BOACTBY GTOPA, U,
COOTBETCTBEHHO, HE pacCMaTPUBAIUChH BOIIPOCHI, TTOC-
BsIIlIEHHbIE (DU3UKO-XUMUUYECKAM OCHOBAM 3TOT'0 MPO-
Hecca: TepMOAMHAMMKY U KUHETHKH.
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Mertonamu nepuBarorpaguyeckoro, MK-cnexkrpo-
METPUUECKOTO U peHTTeHO0(}a30BOro aHauau3a OblT Mc-
ClieJIoBaH MeXaHM3M BOCCTAHOBJICHUS apaMoinOaaTa
ammoHust (ITMA) BonopoaoM 13 (DTOPHOTO 3JIEKTPO-
mm3epa [4].

KuHetnueckue mcciaenoBaHus Hapsiay ¢ TMOJyde-
HUEM MapaMeTpoB, HEOOXOAUMBIX ISl TOCIEAYIONIETro
pacueta ¥ IPOeKTUPOBAHUS ammapaTypbl, OpraHu3a-
MM TEXHOJOIMYECKOro Mpoliecca Takke AalT KOc-
BEHHOE TIPECTaBIeHUE O MEXaHU3Me PEaKIIH.

3KCI'IepMMEHTaJ1bHaﬂ YacTb

st uccienoBaHus KUHETUKU BOCCTAHOBJIEHMS
ucnonb3oBam [IMA, TOMy4eHHBI MepeKpPUCTaIIN-
3aIMeil 13 aMMHUAaIHOTO PacTBOpa CTAHAAPTHOTO peaK-
TBa Monubaata ammoHus (MA) kBanmugukamy "una”
T'OCT 3765-53 ¢ comepxaHreM OCHOBHOIO KOMIIO-
HeHTa 99,8 % Mac.; Bomopon "xu"; aproH "uma"; ¢pTopo-
Bozopon, 6e3BoaHbII "xu". Bomopon u3 anekTpoausepa
VTSI TIPOM3BOICTBA (PTOpA MOZETMPOBAIN CMEIIEHUEM
H, u HF npu 3agaHHBIX COOTHOILIEHHUSIX.

DKCIepUMEHTHI ITPOBOAMIM HA YCTAHOBKE C Hell-
PEPBIBHOM pErMCTpallMeil UBMEHEHMS MacChl HABECKU,
cxeMa KoTopoi u3o0paxeHa Ha puc. 1.

YcraHoBKa MmpeacTaBisieT codoi BepTUKAIbHBIN pe-
aKTOp C 3JEKTPOOOOTPEBOM — 2, YCTPOICTBOM PETHCT-
palyy U3MEHEHHUS Beca, COCTOSIIMM U3 Yalleyku — I,
KyJa rmomMelnancs uccienyeMsiii oopazen IIMA, moase-
ca, TIyHXepa ¥ MHIYKIIMOHHOI KaTyIIKW — 7, cOenu-
HEHHOIi ¢ PerucTpUpYIOIIUM MPUOopoM ¢ auddepeH-
LuajabHo-TpaHcopmatopHoit cxemoit KCI-2 — 14.

VYcTaHoBKa cHaOXeHa y3/710M J03MPOBaHUS Ia30B,
COCTOSIILIETO M3 0ATJIOHOB C aprOHOM — 3 M BOIOPOAOM
—4, poraMerpa — 5, oborpeBaemoii emxocti ¢ HF — 6
u peomerpa — 11, a TakKe y3/10M MOTJIOIIEHHUS OTXO/IS-
IIMX Ia30B, BKJIIOYAIOLIETO MOTJOTUTENbHbIE KOJOHKN
¢ CaCl, — 8 u KOH —9 1 KooHKY ¢ XMMIOTJIOTUTEIEM
— 10 nng ynasnuBanus HE M3mepenue u peryaupoBa-
HUe TeMIepaTtypsl B peakTope 1 emkocty ¢ HF ocymie-
cTBisiock moteHomerpom KCIT-4 —13.

Puc. 1.
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Uccnenyembrii obpaszen; IIMA B3periuBanu 1 mo-
MeIlaIM B YalleyKy, a 3aTeM OIMyCKaau B IpeaBapu-
TENbHO PA30rpeThlil peakTop, KOTOPBI Mocie 3TOro
repMeTU3UPOBAIN U TIPOLYBaIM aproHOM ISl yaase-
Hus kuciaopoaa. Ilpu 3Tom TeMmepartypa B peakTope
3aMEeTHO Majana.

IMocne mpomyBKy B y3en cMelieHusT — 12 mopaBaiu
cMech Boiopozia U hropoBonopona. Konuenrpaimio HF
B Bofopoje yeTaHasmuBaiu 3; 7,5; 10 % 06. u perympo-
Basiv Temneparypoii 6aona ¢ HF B mpenenax 20...45°C
1 HamycKHBIM BeHTWwIeM. OO0 OKOHYaHMM PeaKiiu Cy-
JIAITH TIO YCTAaHOBMBILIEMYCS TIOCTOSTHCTBY Beca.

KoHeuHble TpOAYKTHl peakiiMyd BOCCTAHOBJICHMS
IMMA wupeHTUGUIUPOBATIU PEHTIEHO(MA30BHIM 1
HK-cnexkrpomerpryeckuM Metomamu. Prop-moH B
TIPOAYKTAX BOCCTAHOBJEHUS aHATU3UPOBATUA XUMH-
YeCKUM METOIOM, a (PTOp M KMCIOPOA OMpEAessIa
HENTPOHHO-aKTUBALIMOHHBIM aHAIU30M.

0Gcy>xpaeHu e pe3ynbTaToB

NccnenoBanne KuHeTMKM BoccTaHOBIeHMsT TTMA
BonoponoM ¢ HF npoBoaunu B auanasoHe TeMreparyp
350...600 °C ¢ comepxanuem HF B Bomopome 5; 7,5;
10 % 06. KiHetrueckue 3aBUCUMOCTH CTENEHU TIPeBpa-
meHust [IMA ot Temneparypbl 1 KoHueHTpauun HF u
pe3y/IbTaThl MaTeMaTUYeCKOil 00pabOTKU TOMyYeHHbIX
JAaHHBIX 110 YpaBHEHMIO S HIepa IprBeIeHbI Ha pHC. 2, 3.

Kak BuaHO 13 puc. 2, MOBBILIEHNUE TEMIIEPaTyphl OT
350 mo 600 °C mpHBOIMT K YBEITYCHUIO CKOPOCTH TIPEB-
palieHs B pacCMaTpMBacMOM MHTEpBaie KOHIIEHTPa-
it HF B rase. YcranosieHo, 4To yBeInueHue comep-
xanusg HF B Bomopone yMeHbIIaeT abCOMIOTHBIN TpK-
POCT CTETIEHU TIPEBPAIleHUS TIPU TIOCTOSIHHBIX 3HAue-
HUSIX TEMIIEpaTyphl U BpeMeHU. Tak, mpu TeMmeparype
500 °C u BpeMeHHM KOHTaKTa Bogoposa ¢ [IMA, paBHOM
40 MyH, cTereHb IpeBpamieHus 11 conepxanusa HF B
rase 5 % 06. cocraBuia 0,81 gomu, a pu comepKaHUN
HF 7,5 1 10 % 00. (Tipy MpoYnx paBHBIX YCIOBHSX) —
0,751 0,71 noneii, coorBeTcTBeHHO. [Tom00HAs 3aBUCH-
MOCTb XapakTepHa IUIA OPYTUX BPEMEHHBIX CPE30B.

H; Ar
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Cxema nabopaTopHOW yCTaHOBKM [T MCCIIEA0BaHMS KMHETVKM BoccTaHoBneHus [IMA Bogoponom ¢ itoposonoponom
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Cr0J1b 3HAUYMTEIEHOE YMEHBILICHUE CTETICHU pearrpoBa-
HUSI MOXET OBbITh OOBSICHEHO pa3daBlieHHEM BOIOpOia
HMHEPTHBIM ra30M, B KaUeCTBE KOTOPOTO, B TAHHOM CJTy-
yae, BbICTyMaeT (pTopoBoaopo, 00pa3oBaHUEeM OKCH(-
TOPHIOB MOJIMOIEHA ¥ TIPEBATUPYIOIIM BO3ICHCTBIEM
I(pPy3MOHHBIX TIPOLIECCOB HAa X0 B3aMMOJIEIHCTBUSL.
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Puc. 2. 3aBucumocTs cTenenu npespalyeqns [IMA sogopogom
OT BpeMeHu v TeMrepatypbi. KoHueHTpauws HF B Bogo-
poge: a) 5, 6) 7,5, 8) 10 % 06. Temneparypa: 1) 350;
2) 400; 3) 450, 4) 500, 5) 550, 6) 600 °C

C Ipyroii CTOpOHBI, 3Ty 3aBUCUMOCTb MOXHO 00b-
SICHUTb MCXOJISl U3 MPEJCTABIEHUII O CBS3M 2IEKTpUYEC-
KIX CBOMCTB TBEpPIOTO BEIIECTBA 1 CBOICTB aicOPOMPO-
BaHHOTO Ha HEM Ta3a, MOJYYMBIIMX IIMPOKOE Pa3BUTHE
B 2JIEKTPOHHOM Teopry ancopbiuy 1 Kataausa [5]. Kak
U3BECTHO [6], KOHIIEHTPAIMsl CBOOOIHBIX JIEKTPOHOB
uMeeT ofpelensoniee 3HauYeHUe TpU 3apOXICHUU U
pocTe HaualbHbIX IIEHTPOB peakiu. Ancopouust HF —

aKIIeNTopa 3JeKTPOHOB MOXET NMPUBOAUTH K CHIKE-
HUIO CKOPOCTM 00pa30BaHMs] HaYaJIbHBIX 1IEHTPOB, a,
CJIEIOBATEIbHO, K ODIIEMY CHIDKEHMIO CKOPOCTH pa3-
JoXeHWs ¥ BocctaHopeHus [IMA, B To BpeMsI KaK BO-
JOPOI — JOHOP 3JIEKTPOHOB — CIIOCOOEH YBEIUYUBATD
CKOPOCTb 00pa30BaHUS HAYAIbHBIX LIEHTPOB PasIoxke-
HUS U CKOPOCTb PeakLIMi BOCCTAaHOBJICHMS.

XapakTepHoil 0COOEHHOCTBIO B3aMMOAEHCTBHUS BO-
nopona ¢ [IMA sBrsieTcsi MakcuMasbHasi CKOPOCTb
MIPOTEKAHMS IIPOIIecca B HAYAIbHBIM OTPE30K BpEMEHH,
3aTeM 3aMeJJIeHue mpoliecca. Takoi BUI KMHETHYEeCKIX
KPMBBIX (pHC. 2) MOKHO OOBSICHUTh IIPOTEKAHUEM HeC-
KOJIBKHX MTapaJuTeIbHBIX TIPOLIECCOB, 8 UMEHHO: TEPMU-
yeckuM pasznoxeHneM IIMA u oOpazoBaHueM (a3bl
MoO;; BocctaHoBneHueM MoO; 1o MoO,; nanbHeiiiei
MoTepeit Kucnopoa 1 nossieHneM (assr Mo.

AHaJM3 KOHEYHBIX TIPOTYKTOB BOCCTAHOBJICHUS Ha
colepxaHue Kucaopoaa u (ropa, mokasaji, 4To OHU
colepXaT 3HAUYMTEeJbHBIC KOJIMYECTBA KHUCIOPONa U
(bTopa, IpUUeM TP YBETMIECHUN TeMIIEpaTyphl MpPo-
1iecca TPOMCXOIUT YMEHBIIEHUE COMePKaHMs KICIIO-
pona. Tak mpu Temneparype BoccraHopieHus 350 °C u
koHueHTpau HF 5 % 00. B ipoyKrax peakiuu co-
JepxuTcs kucioponga u gropa 32,0 u 2,8 % mac., co-
oTBeTcTBeHHO, a Tipy 600 °C TIpy TeX Ke YCIOBUSAX IO
1,5 % xaxmnoro smeMenTa. OMHAKO TIOITHOTO YAATCHHS
KHCJIOpOIa He TIPOMCXONT.

AHajiornyHasi 3aBUCMMOCTb MMeET MeCTO i (pro-
pa: cofepxaHue (hTopa B MPOAYKTaX peaklui Bo3pac-
TaeT MmponopuuoHansHo coaepxxanuio HF B Bomopone.
VBenmuuenue cogepxkanus propa B IPOAYKTaX peakiuu
MOXeT OBITh 00bsICHeHO B3anMonelictBueM HF ¢ obpa-
30BaBIIMMMUCS B TIPOIIECCE BOCCTAHOBJIEHHS OKCUIAMU
MONMUOIEHA HECTeXMOMETPUYECKOTO COCTaBa WM 3K
xeMocopOuueit 6e3 00pa3oBaHusI COOCTBEHHOH (a3bl.

Vnanenue ¢ropa u Kucnopoga u3 00pa3ioB IMPOUC-
XOJMJIO TIPY HATPeBaHMU TIOJYYEHHOTO Topolika Mo B
TOKE YACTOTO OCYLIEHHOTO BOIOPO/A C TOUYKOM pOCHI —
45 °C B unTepBaie Temneparyp 800...950 °C B TeueHue
2-x 4. OcTaToyHOE colepXaHue puMeceil Kiucaopoaa
n ¢Topa B MONMOAEHE HE NpeBHIANO IS (TOopa
3-107, mns xucnopona —4-102 mac. %.

PentreHoda3oBbIM aHAIM30M YCTAHOBJIEHO OTCYT-
cTBUME (a3bl OKCU(PTOpUIOB MOIMOAEHA B MPOAYKTAX
peakiMy, 4TO, ONHAKO, He MCKIII0YaeT MX HaJW4us B
TIOCTIETHUX B KOJIMYeCTBe MeHee 5 % Mac., T.e. 3a Tpa-
HUIIEN YyBCTBUTEIbHOCTH MeToga PDA.

Matematuyeckasi 00paboTKa KUHETUYECKUX JaHHBIX
1o ypaBHeHUIO fHaepa, XapakTepu3aylolieMy MpoTeka-
HUeE MPOLIECCOB BO BHELTHEAM(DDY3MOHHOI 0071aCcTH,

N-(1-a)") =kz

1oKasaja, yTo npoiecc BocctaHopaeHus: IIMA B uH-
tepBayie TeMmmepatyp 350...600 °C y1oBIeTBOPUTETHHO
OIMUCHIBAETCS BHINIETTPUBEICHHBIM YpaBHEHUEM JUIS
a = 0,05...0,80 m1a Bcero mHTEpBasa KOHIIEHTpALMA
(bropoBomopona B Bomoponde, puc. 3. JInHeapuzamus
BKCIEePUMEHTAIBHBIX JaHHBIX B KOOPAMHATAX YpaBHe-
Hus SIHIEepa roBOPUT O COOTBETCTBMM MeXaHM3Ma IIpo-
1iecca BEIOpaHHOM (PU3MIECKOI MOJICIIH.
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Puc. 3. Marematnyeckas o6pa6on<a KUHETNHYeCKMX AaHHbIX MO0

BoccTaHosneHwio [TMA Bogoposom ¢ pTopoBoJopoLOM
no ypasHeHuio Araepa. KoHueHTpauma HF B Bogopose,
% 06.:a) 5,6) 7,5, 8) 10. Temnepatypa: 1) 350, 2) 400;
3) 450, 4) 500, 5) 550; 6) 600 °C

Kaxymasica sHeprusi akTMBallMu Tpoliecca BOC-
ctaHoBieHusa IIMA BogoponoM HaiiieHHas 13 rpadu-
Ka appeHUycoBcKo# 3aBucumoctu In k = f1000/7),
puc. 4, cocranseT 46,1+1,4 kI /MOIb U XapaKTepH-
3yeT MpoTeKaHue Mpolecca BO BHelHeAuh y3uoH-
HOI 00J1aCTH, T.€. TUMUTUPYIOIIEH CTafuell SBISIeTCs
1 dys3us Bogopoaa yepes o mpoaykTa [6].

0 1.1 1,2 1.3 1.4 1.5 1,6

1000/T

X
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Puc. 4.  33BUCMOCTb KOHCTaHTbI CKOPOCTY peakLym BOCCTaHOBJIe-

Hua [IMA Bo[opoLoM ¢ (TopoBOJOpOAOM OT TeMrepary-
pbl. KoHueHTpaums HF 8 Bogoposne, % 06.:1)5;2) 7,5, 3) 10

KoHcTaHTa CKOpOCTY XUMUYECKOI peaKIIvy B3aruMOC-
Bf3aHa C TEMIIEPATYPOI U SHEPIUE aKTUBALHA; TIPEAIKC-
TTOHCHIMABHBIM MHOXUTENb OMPENENISIETCS TI0 ypaBHe-
HUIO AppeHuyca 10 M3BECTHOM METONMKE, Kak OTPE30K
opIvHaThI Ha rpaduke 3aBucumMocty In k=£{1000/7)
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_ —E/RT
k =k,-e .

[Tpu onpenenaeHMM KUHETUYECKUX MTApaMeTpOB JJIsT
BOOPOJIA C PA3IMYHBIM cofiepkaHheM (HTOpoBOIOPO-
na k, OyneT UMeTh TpU pa3TMuHbIX 3HaueHus. M3 rpa-
(uka 3aBucumoctu k;=f(Cyz), BbIBEIN YpaBHEHHE:

Ink, =y, —aCy =2,5-0,09C,;,
e Cyr —conepXaHue (hTopoBOIOPOIA B BOTOPOIE, MK

_2,5-0,09Cy
ky=¢e .

TakuM 00pa3oM, IMOJHOE KMHETMYECKOE YpaBHe-
HuUe IS Tpoliecca BocctaHoBaeHus [IMA Bogoponom
13 3JIEKTPOJIM3epa /IS TPOM3BOACTBA (PTOpa B 3aBUCH -
MocTu oT KoHueHTpauuu HF MoxHo mpencrtaBuTh B
CIeayIoIeM BUIIE:

[1_(1_a)l/3]2 =7 .k‘e—E/RT,

NINn [1 _( 1—a)1/3 ]2 =T .(62’570~09C1[F) .e*E/RT' (1)

Pemast yp. (1) OTHOCUTENBHO CTEIIEHHU IIpeBpalie-
HUS, TIOJIYyYMM YpaBHEHME 3aBUCHMMOCTU CTEIECHU
npespatieHus: [IMA npu pazaM4yHbIX TeMIiepaTypax 1
cogepxanusax HF B Bomopoae:

a=1- [1 705, g (2:5-0.09C) E/RT ]3.

2)

Pacuer crenenu npespanienust [IMA BogoponoM ¢
HF npu paznnyHbIX mapameTpax BedeHMs Mpoliecca
1o yp. (2) moKasa yIoBJIeTBOPUTEIbHYIO CXOIMMOCTh
BKCIIEPUMEHTAIbHBIX U pacyeTHBIX AaHHBIX. Ommoka
He mpesbimiana +10 % orH. CiemoBatenbHo, yp. (2)
MOXET OBbITh MCIIOJb30BAaHO AJISI pacyeTa CTeIeHH
npeBpaiteHusa [IMA g ucciaenoBaHHOTO MHTepBaia
TemmepaTyp 1 KoHueHTpauuii HF B Bonopone.

[TonyyeHHble 3HAYEHUST KaXYILIEHCs HEPTUM aK-
THBALIMM OTJIMYAIOTCS OT 3HAYCHWH, MPUBEACHHBIX B
pabote [7]. 1o 1uTepaTypHbIM JaHHBIM MPOLECC BOC-
cra”oeHust [IMA — MoO, 1o MmonubaeHa BOOOPOIOM
MPOTEKAET B KWHETUYECKON 00JIaCTH: BOCCTAHOBJIEHHE
MoO, 1o MoO, (3Heprus aktuBaimu — 73,7 KJIx/Monb
[7]) n BoccTanoBeHne MoO, 1o Mo (3Heprust akTuBa-
uun — 114,8 xJIx/Moib [7]). D10 oTIMYMe MOXET ObITh
00BSICHEHO Pa3HBIMHU YCIIOBMSIMM ITPOBEACHUS TIPOIIEC-
ca, B TOM YKCJIe M UCIIOIb30BAaHUEM /ISl BOCCTAHOBIIE-
HUS B OJHOM CJIyyae YHMCTOro CyXoro Bomopoaa [7], B
JIPyroM BoJopo/a, coiepkKaliero GropoBoaopo.

BobiBoAb!

KuHetnyeckumMu MccleoBaHUSIMU YCTAHOBJIEHO,
YTO CKOPOCTb MPOLIECCa YMEHbBIIAETCS C YBETMUEHUEM
KOHIIeHTpalmu proposogopozaa ot 5 1o 10 % 06. On-
peneneHbl 3HaUeHUs Kaxylieics 3Hepruy akTUBALUK
M YCTaHOBJIEHO, UTO TIpoliecc BoccTaHoBIeHUS [IMA
BOIOPOIOM, colepXamiuM (HTOPOBOIOPOI, TIPOTEKAET
BO BHEIIHeAU((GY3MOHHON 001aCTU U TUMUTUPYETCS
i dysueit Bomopoaa yepes cioil mpoaykra. Beisene-
HO KMHETMYECKOEe YpaBHEHME Ul pacueTa CTeNeHU
npespaieHus [IMA B McclieoBaHHOM MHTepBaje
TeMriepaTyp 1 KoHueHTpauuii HE
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TMpuBeneHs! pesyibTaTbl TePMOANHAMUYECKOrO PACYETa CUCTEMBI: NaPaMosMOAaT aMMOHMS - BOAOPOL - (TOPOBOAOPOA. YCTaHOBIEHO,
YTO MY BOCCTAHOBIEHMM Mapamonnbaata aMMOHNS NPy MOBbILLEHHbIX TEMIEPaTypax Heobxoaum 6osb IOV M36bITOK BOAOPOAA M HTO
B [JaHHOV CUCTEMe BO3MOXHO 0Opa3oBaHme auokcuangdTopmaa MombaeHa.

BBepeHue

TpagulIMOHHO TOJyYEHME MOPOIIKa MOJMbAeHa
OCYLIECTBIISIIOT BOCCTAHOBJGHMEM TapamoiubaaTa
amMoHust (ITMA) cyxuM 4MCTBIM BOIOPOIOM B Hec-
KOJIBKO CTAIWii TIPH OTPeAeIeHHBIX TeXHOTOTHIECKIX
pexuMax. K 91cToTe MCXOMHBIX BENIECTB M BOIOPOIA
NIPEABSBISIOTCS BHICOKME TPEOOBAHMS, TTOCKOIBKY OT
3TOT0 3aBUCST YUCTOTA U TUCTIEPCHOCTD MOPOIIKOB TY-
TOTJIaBKUX METAIOB, UCTONb3YEeMbIX B JajibHeli1eM B
MTOPOLIKOBOI MeTamypruu [1].

[Tpu monyyenuu nopouikoB Mo, W u Re, npenHas-
HAUCHHBIX AJIS CHHTe3a TeKcadTOpUIOB, YMCTOTA U
JMCTIEPCHOCTD TMIOPOLIKOB HE MTPaeT TaKo ONpees-
I01LIEH POJIK, TO3TOMY JIJIsl BOCCTAaHOBJICHHUSI aMMOH U -
HbIX coneil Mo, W u Re MOXHO MCIonb30BaTh BOIO-
poxm, obOpasyoliuiics B KAaTOJHOM IIPOCTPAaHCTBE
ANIEKTPOIIN3epa /IS TPOU3BOACTBA (PTOpA.

[MTocnenytomee proprpoanue Mo, W u Re aneme-
HTHBIM (DTOPOM, HapsiIy ¢ MOJyYeHUEM COOTBETCTBY-
0IIMX TeKcahTOPUI0B, HOCUT XapakTep ahbuHaKHOI
OTepaIvu: TPYTHOJIETYdre (TOPUABI METAJIOB IIe-
JIOYHOH M 1enoyHo3eMeabHOM rpymmbl, Al, Fe, Ni u
JPYTUX 2JIEMEHTOB KOHIIEHTPUPYIOTCS B Orapke, a Jier-
KoseTydre propuasl KpeMHUs, pocdopa, cephl, a30ta
OCTalOTCSl B Ta30BOM (paze Mmocjie KOHAEHCAMM TeK-
caropunoB Mo, W u Re.

Panee coo0Imanoch 0 MexaHM3Me BOCCTAHOBJIEHMS
TTMA BomoponoM U3 3JIeKTpoar3epa Ajist MPOM3BOICTBA
(dropa [2]. Bomopon, 00pa3yromiuiicst B KATOTHOM IIPOCT-
paHCTBE 9TOTO 3JIEKTPOIM3epa, COmEPXKUT, % 00.:
H,-91...93; HF —5...8; uHepTHbIE Mp1MecH —OCTaTbHOE.

Hammaue B Bomopone HF (5...8 % 06.) B mporiecce
BoccTaHoBjeHus1 [IMA MoXeT MpUBECTH K LIeJIOMY psi-
JIy MOOOYHBIX peakuuid. [Jis onpeaeneHus: onTUMab-
HBIX YCIIOBUI BOCCTAHOBJIEHVSI aMMOHUWHBIX COJNEN U
oKcuIoB Mo M TpOOyKTOB, 00pa3oBaHUE KOTOPBIX
Bo3MoxHo B cucteme [IMA — H, — HE 6511 npoBeiex
TePMOJAMHAMUYECKUIA aHAIU3 TAHHOW CUCTEMBI.

TepmoauHamuka BocctaHoBneHus NIVIA sogopopom ¢
npumMecbio GTOpoBOAOPOAA
B paccmaTpuBaemoii cucteMe mapaMoOnMOmaT am-

MOHUS — BOAOPOJ — (PTOPOBOJOPO BO3ZMOXHO MPOTE-
KaHUe CICAYIOUINX PeaKIuii:

3(N H4)20,7M003,4H20 pasnoxenne 280..300 °C

— 6NH; + 7Mo0; + 7H,0; (1)
MoO; + H, > MoO, + H,0; (2)
MoO, + 2H, — Mo + 2H,0; 3)
MoO, + 2NH; — Mo + 3H,0 + N;; 4)
MoO, + 2HF — MoO,F, + H,0; @)
MoO; + 4HF — MoOF, + 2H,0; (6)
MoO, + 4HF — MoF, +2H,0; W)
MoO,F, + 3H, — Mo + 2HF + 2H,0; (8)
MoOF, + 3H, — Mo + 4HF + H,0; )
MoF, + 2H, — Mo + 4HF; (10)

NH, + HF — NH,F. (11)

Tepmonunammueckue mapamerpsl IIMA B cTanza-
PTHOM COCTOSTHMHM B CITPaBOYHOM JIMTEpaType HAaMU He
HaWIeHBI, a, TOCKOJIBKY, OCHOBHBIMU ITPOAYKTAMU TEp-
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