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AxkmyanbHocmb uccnedogaHusi 0bycriosnieHa Heobxodumocmblo pa3pabomku HOBbIX MEMOOUK NOMMyYEHUSs Cbipbs U3 antoMUHUE8020
noma. [JaHHoe HanpagneHue npu NPUMEHEHUU pa3fuyHbIX UHMeHcuduyupyrwux 8o3deticmeuli no3gonsem peanusosams NPoOUEce
CUHMe3a Cbipbs U3 Memarsionoma 8 pecypcocbepezarlyeM pexume, MUHUMUSUPYyowem obbeMbl 3ampam Ha nod2omosky UCXOOH020
Cbipbs, nocnedyrowue nepepabomky u npou3godcmeo.

Lenb: usydums ¢huauko-xumuyeckue 3aKoHOMepPHOCMU npouecca nepepabomku amomuHuesbix 0omxo008 8 none ynbmpassyka 8 Kuc-
niomHol cpede, npedIoXumb MexaHU3M 3Mo20 NPoLecca U Ha OCHOBaHUU YCmaHOBIIEHHbIX 3aKoHOMepHocmell U npednoXeHH020 Mexa-
Hu3ma paspabomams MemoOuKy nepepabomKu amoMUHUEBbIX 0mxo008 C nosy4yeHueM 80cmpebosaHHbIX 8 NPOMbILUIEHHOCMU NPOOYK-
moe peakyuu.

O6BbekmbI: 06pa3ub! amoMuHuUesbIx omxodos 8 8ude NIacmMuUHOK U CMpYXKU.

Memo0dsI: sontomomempusi, COHOXUMUYECKUL CUHME3, OUEHKa U aHaslu3 KUHeMUYeCKUX KpughIX npoyecca npu pasHbIx meMnepamypax,
peHmeeHoha3oebIii aHanus.

Pesynbmambl. [posedeH aHanu3 KUHEMUYECKUX KPUBbIX, paccyumaHbl KOHCmaHmbI ckopocmel npouecca npu pasiudHbIx meMnepa-
mypax, onpedenéH nopsdok xumuyeckol peakyuu. 1o paccyumarHol aHepeuu akmugayuu npoyecca 0aHa xapakmepucmuka KUHemu-
yeckoli obmacmu npouecca. CoenacHo nomyyeHHbIM 0aHHbIM, 8030elicmeue Ha cucmemy yrbmpassykoMm cnocobemeosasno y8enudeHuUo
ckopocmu xumuyeckoeo npouecca Ha 90 % npu 303 K; Ha 5 % npu 313 K. Cam npouecc HaquHasncs 8 medeHue 10...30 cekyHO u 3asep-
warncsi 8 Mme4YeHUe HECKOMbKUX MUHYm, 4mo nodmeepx0aem 803MOXHOCMb NepepabomKu amoMUHUEsbIX 0mxo008 C NOMOUWbI0 KUC-
JIOMHbIX pacmeopos Npu HedbICOKUX memnepamypax. [lonyyeHHbIl 8000p0O MOXHO UCNhOb308amb 8 8000POOHOL 3Hepaemuke, no-
CKOMbKY OH fi8nisiemcs €QUHCMBEHHbIM 2a3000pasHbiM NPOOYKMOM peakyuu, Ymo CHuMaem Heobxo0uMocmb 6 e20 o4yucmke neped
mparcnopmupogkoll. CuHMe3Upo8aHHbIl 8 X00e peakyuu pacmeop xinopuda amoMUHUS MOXHO UCNO/Ib308aMb NPU OYUCMKE CMOYHbIX
800, obpabomke OpesecuHbl, NPou3sodcMee aHMUNEpPCNUPaHMOos, a makxe nepegecmu 8 gocham unu 2udPOKCUO ankMUHUST U UC-
nonb308amb 8 Kepamu4eckol NPOMbILUTEHHOCMU.

Knroyesnie crosa:

CoHoxumusi, ymunu3ayus omxo008, nony4eHue 8000poda, nomyyeHue xnopuda amoMUHUs,

nonyyeHue ¢hocchama amoMUHUS, 8OIIIOMOMEMPUS, U3yYeHUe KUHEMUKU, PeHMaeHOha308bIl aHau3.
BeepeHve 70B. [IpenmyiecTBOM 3TOro MOAX0/a ABISIETCS BO3MOK-

Vrunnzanus MeTaIndecKnx OTXOMOB sBISETCS ox-  HOCTh HCIOJIB30BAHMA ChIPbS-IOMa 0e3 ero mpensapu-

HOM M3 BaKHEHIINX 3374 METAJLTYpPrHH, KOTOpast M03BO-
JISeT pelaTh 3KONOrHYecKue NpobieMbl Mo nepepadoTke
HAKOIIEHHOTO MeTaitonoma. IlepemniaBka MeTtamnonoma
ABIISETCSA YHEPro3aTPaTHBIM MPOLIECCOM, TaK Kak TpeOyeT
Hpe/IBapUTEIbHON OUMCTKM META/IoNoMa, IepeBoaa Me-
Talla B KUJKOE COCTOSHUE, OTJIMBKH CIMTKOB M T. IL
Bmecre ¢ Tem, uCmOmb3ys KOMIUIEKCHBIE —(DH3HKO-
XUMHYECKUE MOJAXO0/bl K MepepaboTKe JOoMa, MOXHO I10-
Jy4aTh LeJIeBble XUMUYECKHE MPOIYKThI, MUHYS CTAIHIO
BbIILIaBKU. HeCOMHEHHBIM MPENMYILECTBOM TAaKOro MOJ-
X0/Ia SBIISIETCSI BO3MOKHOCTD MPOBEACHUS JTaHHOM Tepe-
paboTKK B YCIOBUSX JIe(UIMTA SHEPTOPECYPCOB, B HaCT-
HocTH, B ycnoBusax Kpaitnero cesepa, Apkruku. Hampu-
Mep, ¢ TIOMOIIBI0 HeE BO3MOKHA TTepepadoTKa amoMHHI-
€BOTr0 JIOMA, YTO I03BOJUT MOy4aTh BOJOPOA, KOTOPBIHA
MOXET ObITh MCIIONB30BAH I TPOM3BOJCTBA TEIUIa M
3IEKTPOIHEPIUM, & B KaUeCTBE TBEPJOrO OCTaTKA — pas-
JIMYHBIE COCAMHEHUs AIOMUHHS, KOTOpbIE MOXKHO HC-
T0J1b30BaTh HPU MPOU3BOACTBE CTPOUTENBHBIX MaTepua-
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TENbHOH OYHCTKH WM CIOXKHOH POOOTOATOTOBKU BBH-
JIy OTCYTCTBHS JKECTKUX TpeOOBAHMH K YHCTOTE KOHEY-
HBIX MPOJYKTOB CHHTE3A.

C xonna XIX B. B MEpe MPOU3BEIEHO OKOJNO | MIpI T
QTIOMUHES U OKoNo 75 % ot Bcero atoro obbema mc-
nonb3yercs 10 cux nop. CormacHo maHHBIM MexayHa-
poaHoro  amomuHMeBoro uHCTHTyTa  (International
Aluminium Institute), TpeTh 3TOr0 aTIOMUHUS HCTIONb3Y-
ercsl B aBTOMOOMIIECTPOCHUN U aBUALMH, TPETh — B JIEK-
TPUUYECKHX KaOeIIX H JNEKTPOOOOPYIOBAHNT U TPETh — B
PA3MMYHBIX 3IAHUSX U COOpYKeHUsX [1].

AnOMUHUN SBASETCS OJHUM M3 CaMbIX pacrpocTpa-
HEHHBIX MeTalioB Ha 3emie (o1 7,45 no 8,14 %) [1], a
TaKXkKe OJTHAM W3 CaMbIX akTUBHBIX (0= —1,67 B). Benen-
CTBUE €r0 BBICOKOM XMMHYECKOH aKTHBHOCTH B YHCTOM
BUJIE OH HE BCTPEYAETCSl, [IPU ITOM €TI0 HEJb3s BBIIEIHUTh
HENOCPEICTBEHHO BBIILIABKON, KaK 3TO IIPOUCXOUT C Ag,
Fe, Cu u apyrumu merasmiamu. JlaHHBIH mpoliece 3HAUH-
TENbHO CIOXKHEe M TpedyeT i CcBoel peanusaluu
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OonbIIMX 00BEMOB HIEKTPOIHEPIUH, UTO JIENAeT Pecyp-
CO3aTPATHOH TEPMIYECKYIO TIepepaboTKy aTFOMHHHEBOTO
JIOMa BJIANH OT KPYMHBIX SHEPrOTEHEPUPYIOMIX 00BEK-
TOB [2].

CnepctBreM IMIMPOKOTO MCMOIb30BAHUS AMIOMHHHUE-
BBIX M3JIeJIUi SIBJIsieTCs: 00pa3oBaHue OOJbIIMX 00BEMOB
ero orxozoB. CornacHo ouenkam [3], 1 kr nepepabaThl-
BAEMOT0 AFOMHHIEBOTO JIOMa TIO3BOISIET COKOHOMUTD 0
8 KT OOKCUTHOH py/bI, ~4 KT hTOPH/IOB, HCIIOIB3YEMBIX B
9IEKTPONU3e paciiaBoB, U 14 kBTt/4 anekTposHeprum.
Bmecte ¢ Tem mpu nepepaboTke aTIOMHHHEBOTO JIOMa B
o0pasiax peLupKyIupyeMbIX MaTepuaioB HaKaIlliBa-
OTCS TIPHMECH, KOTOPBIE CO3AI0T 3HAUNTENBHBIH KOMITO-
3UIIMOHHBIH Oapbep IS HCTIOTb30BaHKs TIepepaboTaHHO-
T0 QJTIOMHHHUS B DJIEKTPOHHUKE MM APYTHX OTPACISX, Tpe-
OYIOIIMX NPUMEHEHHS aJIOMUHHUS BHICOKOW YUCTOTHI [2].
AmoMIHAEBAS CTPYXKKA, B OTJIMYNE OT JAPYTUX THIIOB
QTIOMUHHEBBIX OTXOJIOB, COEPKHUT B ceOe aNFOMHHHUM,
OKCHJ alIIOMHUHUS, a Takxke okoso 40 % pas3nudHbIX IpuU-
Meceil MeTaIUTypriuuecKux MPOU3BOACTB [4], B TOM YucIe
M CclieJbl MAIIMHHOTO Maclia, 4T0 He Mo3BoIseT dddek-
THBHO TiepepadoTath €€ KIaCCHUYECKHM CIocoOOM — Ie-
pemnaBkoil. B ciryuae, ecinu Takoi 3arps3HeHHbIH NpuMe-
CSMH JIOM HCIIOJNb30BATH JUIsl TPOM3BOJICTBA BOJIOPOJIA,
Kak TOTLIHBA, & TAKKE COCIMHEHUH aMOMUHHUA-CHIPhS IS
CTPOUTEIILHBIX MAaTEPUANIOB, YKA3aHHBIE BBIIIE MPOOIEMBI
TpUMecei He SBISIOTCS CYIIECTBEHHBIMA.

ATFOMUHAN SBJIACTCSA OJHUM W3 aKTUBHEHIINX METaj-
JIOB, XUMUYECKHE PEAKIMU C KOTOPBIM 3a4acTylo SBISAIOT-
cs1 9K30TepMudecKkuMu. OIHOM U3 IK30TEPMUYECKHX PEaK-
Ui ¢ y4acTHeM IIOMUHMS SBIAETCS €ro XUMHYECKOoe
B3aHMOJICHCTBIE C KHCIOTHBIMI PACTBOPAMH, HAIIPUMEp C
pacTBOpPOM COJISIHOM KHCJIOTBL. B pesynbrate jaHHON Xu-
MUYECKOH pEaKIMi M3 OJHOTO KHJIOTpamMMa alFOMUHHMS
Btemsercst ~1,2 M’ ra3000pa3HOro BOJOPOIA, a TAKKe
~15 M/l Terna [4]. [TomydeHHY0 3HEPrHI0 MOXKHO HC-
TIONE30BAaTh KaK BHYTPH IIPOU3BOJICTBA IO TiepepadoTke
QIIOMHUHIS, TaK M JUI1 00€CTICUeHHS TEIUIOM APYTUX IO-
TpeOuTeNnel, uTo 0COOEHHO AKTyalibHO TPH peaH3alin
npolecca B yCIOBUSX Je(HIUTA SHEPTOPECYPCOB.

[IpoxyKTaMu peakiuy SBISIOTCS XJIOPHA ATIOMUAHHS
M BOJOPOJ, KOTOPBIN SIBJIAETCS SOUHCTBEHHBIM T'a3000-
Pa3HBIM MPOTYKTOM PEAKIIMH, YTO TO3BOJISET HCIIONB30-
BATh €T0 IS HYK] BOJOPOTHOM HEPIeTUKU 0€3 UCTIONb-
30BaHUS JOTOJHUTEILHOTO 000PYIOBaHUS Ul OUHCTKH
TUTH €T BBIICTICHNUS U3 Ia30BBIX cMeceil. PactBop xmopu-
Jla TIOMUHHS MOKHO HCTIONB30BATh P OYHCTKE CTOU-
HBIX BOJl, 00pabOTKe IPEBECHHBI, POM3BOJICTBE AHTH-
nepcrupanToB. K coxaneHuto, mepeBo3ka pPacTBOPOB
XJIOpHAA aTIOMUHUS KpaiHe 3aTpaTHasi, Mo3TOMy Liese-
cooOpa3Hee BBIEIUTH ANIOMHHUN W3 PacTBOpa B BHJC
JIPYTOTO MOJIE3HOTO COCMHEHHS B TBEPIOH hopme.

[Ipyn mpoTekaHnH B pacTBOpE PEAKIUH MEKIY XJIOPH-
J0M anfoMuHuS U pocdaTamu HaTpus (kamus) odpasyer-
csa doctar amomunus B Buje renst AIPO, nH,0, a camn
peaKIuy SBISIOTCS AK30TepPMIUCCKUMU. [lomydaeMbrit
reb He TOKCHYCH M 0Ee3BpE/CH: HCIONB3YETCs B Kade-
CTBE OCHOBBI JUISl IOTyYeHHSI MEIUIIMHCKUX TPENaparoB.
Optodocdar amromunus 00pasyercsi ¢ BHICOKAM BBIXO-
1oM (85-90 mac. %) ¥ HaXOAUT NPUMEHEHHE B KAYeCTBE
KaTauu3aTopa JETHAPATALME CIHUPTOB B OPTaHMIECKOM

CHHTE3€, [l BECOBOTO OMPE/IEICHHS allOMUHHUS B HEOP-
TaHWYECKOH XMMHUH U T. I. BEICOKas TemmepaTypa IuIaB-
aenust oprodocdara amomuaus (2000 °C) mo3Bonser
UCIIONIb30BATh €T0 MPHU TIPOU3BOJICTBE CTPOUTENBHBIX Ma-
TEPUANOB: TEPMOCTOMKUX CBSI3YIOIIUX, CTEKOT U T. I. [5].

Jlis MHTEHCH(UKAIMK TPOTEKAHUS XUMHUYECKHX pe-
aKIWH mpy nepepaboTKe ATIOMAHHEBOTO JIOMa BO3MOYKHO
HICTIONB30BAHME PA3TNIHBIX (DH3UKO-XUMHYECKHX METO-
JIOB: BBEJICHHUC KATalu3aTopa, HArpeB, MOBBIIICHHOE J1aB-
JeHue, yabTpaduoNeToBoe, MUKPOBOIHOBOE U YIBTpa-
3ByKOBO€ Bo3zeiicTBue [6]. B wacTHOCTH, YIBbTpa3ByK
BCJIEJICTBHE €0 KOMIUIEKCHOTO BO3JCHCTBUS MPUMEHSIOT
Il MHOKECTBA TEXHOJNOTHYECKHX MPOIECCOB, HAUMHAS
OT OYHMCTKH MCTANIMYECCKUX HOBCpXHOCTeﬁ, CHHTE3a I10-
JUMEPOB, PA3IOKECHUS Pa3IUYHBIX 3arpA3HUTENeH U u3-
TOTOBICHHS HAHOYACTHI[ 10 OMOMETHUIMHCKOTO MpHME-
HCHHS W TIPIMCHEHHS B IHIIEBOH INPOMBIILICHHOCTH
BCJIE/ICTBUE BIMSIHUS HA XUMAUeCKue peakmuu [7-21].

Takum 00pa3om, XuMHUecKas mepepadoTKa amoMHu-
HHUEBBIX OTXOJI0B, HHTCHCH(UIIMPOBAHHBIX YIBTPA3BYKO-
BBIM H3IyYCHHEM, SBISCTCS albTEPHATUBOH NEHCTBYIO-
UM QU3HYIECKHM CIioco0aM MepepaboTKh, MOCKOJIBKY
OHMU MCHEEC 3aTPATHBIC, YEM IMCPCIIABKAa AJIIOMUHUA, TIPHU
Temneparypax HaunHas ¢ 933 K [2]. Panee Obuta pazpa-
0oTaHa METOANKA MO MIEIOYHON MepepaboTKe aTlOMUHU-
eBBIX OTXOJIOB B IOJIE YIbTpa3ByKa. COIJIACHO TONyYEH-
HBIM pe3yJbTaTaM, YJIbTPa3ByK YCKOPSI TpoIecc Ha
2544 % [4], uto menmaeT MEPCIEKTUBHBIM HCHOIb30Ba-
HUE YIbTpa3ByKa MPH pa3padOTKe UHBIX METOJMK XUMH-
4ecKoii mepepaboTKH AMOMUHIEBOTO JIOMA.

Llens maHHOW pabOTHI 3aKIOYANACh B TOM, YTOOBI
M3YYHUTh (DU3UKO-XUMHUYECKHE 3aKOHOMEPHOCTH TPOIIEC-
ca KHCIOTHOH TepepabOTKH ATIOMHHIEBBIX OTXOIOB B
none yIbTPasByKa, NMPELIOKUTh MEXaHHW3M 3TOTO Mpo-
ecca ¥ Ha OCHOBAHWH BBIABJICHHBIX 3aKOHOMEPHOCTEH
pa3paboTaTth METOAMKY KHCIOTHOM TepepaboTKu ajo-
MIHHEBBIX OTXOIOB C NATBHEHIIMM BBINEICHHEM MpO-
JYKTOB PEaKIiy B Bujie opTodochara aTFOMUHHUSL.

MeToauku, o6opyaoBaHue U 06LEKTbI UCCTieAoBaHus

AnroMuHui, ABIAACH KpallHE aKTUBHBIM METAJUIOM
(p=1,67 B), criocobeH BHITECHSTH BOJOPO] M3 PacTBO-
POB COJISIHOW KHCJIOTHI B XOJ€ XUMHYECKOH pEaKIlHH,
TPOJYKTAMH KOTOPOW SBIAOTCS Ta3000pasHbIN XJIOPH/
ATIOMHUHUS ¥ BOJIOPOJI:

AL3HCI=AICL+1,5H, 1. (1)

[Tomumo 3TOTO, M3-32 BHICOKOW aKTHBHOCTH Ha BO3-
Jyxe OH OBICTPO MOKPBIBAETCS OKCHAHOM TUIeHKOW. B
CBAI3U C 9TUM I OCYLUECTBICHUSA XUMUYECKOH peakuun
(1) HEOOXOMMO YUHTHIBATH JIOTIONHUTEIBHYIO CTaUI0 —
XHUMHYECKOE PACTBOPEHHE OKCH/IA ANMOMUHHS C BHELIHEH
HOBEPXHOCTH 00pa3lia pacTBOPOM HEOPTaHUYECKOH KHC-
70Thl [22]. XuMuueckas peakuus Ha MpUMepe B3auMo-
JICUCTBHS C COJAHOW KUCIOTOM BBINISIUT CICAYIOIIUM
obpazom (2):

ALO;+6HCI=2AICL+3H,0. (2)

B kadectBe 00BEKTOB HCCIEIOBAHHS HCIIONb30BAIH
OTXOJIbl ATIOMUHHUS B BHJE CTPYXKHU. MccnenoBanHsie B
paboTe 00pasIbl ATOMHHHEBBIX OTXOJ0B METAJLTyPrH
IPENICTABIIAIOT COOOM CTPYKKY JUIMHHON He Ooiee 1 cM n
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TonmumHOi He Gonee 2 MM. Maccosoe copepixanue Al B
o0pasmax, a Takke KMHEeTHKy peakuuu (1) m3ydanu Bo-
JIIOMOMETPUYECKUM METOIOM, C IOMOIIbIO YCTaHOBKH,
npezcraBiaeHHod Ha puc. 1 [22]. Ilponykrsl peaxiuu
ONpEaeIsIM MO Pe3y/lbTaTaM KaudeCTBEHHBIX PEaKIUiA.
Hownsr amomunus — peaxius ¢ 0,1 % pactBopom anu3za-
puHa u 5 % pacTBOPOM THAPOKCHA aMMOHHUS, JAroIIast
SIPKO-KPACHBIN 0caIokK (3):
A1C13+3NH4OH+C14H602(OH)2:
Al(OH),C,4H¢05(0OH)|+3NH,CI+H,0. (3)

XJ0pu] MOH omnpesessiii peakuuei ¢ 5 % pacTBopoM
HUTpara cepedpa Mo BeIIaBieMy OesoMmy ocanky (4):

AICL+3AgNO;=3AgCl+AINOs);. )

CofepkaHue YUCTOTO ANIOMUHHS B 00pasiax Io
JIAHHBIM ~ BOJFOMOMETPHYECKOTO aHAIM3a COCTaBIISET
60...71 (mac. %), ocraBmieecss MPUXOIUTCS HA OKCHUJ|

AIIFOMUHUS U TIPUMECH.
J/ |
]

Puc. 1. Cxema sonomomempuueckoli ycmanosku. 1 — Kpye-
JI0OOHHAsE KOMOA C AHATUSUPYEMBIM  00PA3YOM;
2 — yIompasz8yko8as 6aMHA; 3 — NPOSpaoyuposanHas
bropemxa; 4 — 6oponka

Fig. 1. Scheme of the volumetric installation: 1 — round-
bottom flask with the analyzed sample; 2 — ultraso-
nic bath; 3 — graduated burette; 4 — funnel

1

Hagecky amtomuHneBbIx oTxofoB Maccoir 30 +2 mr
nomentanu B koaody (1) co 100 v’ 10 % pacTBopa cousi-
HOW KMCJIOTBI, 3aKPEIUICHHYI0 C MOMOLIBIO IITATHBA B
yibTpasBykoBoii BanHe «[1Ch-T"anc 8035-05» (2). Konba
OblTa MPUCOCNIMHEHA K TPaJyHpOBaHHOW OropeTke (4),
3aMOJTHEHHONH BOJHBIM PACTBOPOM HATPHS XJOPHCTOTO.
W3meHenust temmepatypbl periCTPUPOBAIM C MOMOIIBIO
MOHHTOpA Ha yJIbTPa3ByKOBOi BaHHE (3).

JlaHHBIC OSKCTEPHMEHTHI TIPOBOAMIM B JHANa30HE
temnepatyp 303-323 K. Brauane Oblia paccunTana K-
HETHKAa XUMHYECKOH peakiuu, 0e3 aKyCTHYECKOTOo BO3-
JeHCTBUS, 3aTeM, TI0CIe BBECHUS B CUCTEMY YJIbTpas3By-
Ka ¢ yactotoit 35 k'L, OblIa paccunTaHa KMHETHKA Liese-
BOT'O COHOXMMHYECKOT0 IIpoLecca.

B xoze XxuMu4eckol peaxkiiuy 4epe3 paBHbIC BPEMEH-
HbIE TIPOMEKYTKU C TIOMOLIBIO TIPOTPayupoBaHHOM O10-
petku (4) guxcupoBaincs BbleNUBIIEHCS 00BEM BOIOPO-
ma. Ilepen HawamoM KakIOro OMBITa (QHKCHPOBAIACH
TEMIIEpaTypa 1 JaBICHUE B IOMEILEHNH.

ITocne OKOHYaHMS XUMHMYECKOW pEAKLMM pPacTBOP
(GunbTpoBaNM OT TPUMECEH, KOTOpbIe HE YYaCTBOBAJIM B
peakuuu, a 3areM K IOJYYEeHHOMY pPacTBOpY XJIOpuja
amomuans nodasmsu 10 % pactop murmapodocdara
KaJIus ¢ ENbI0 MOTyYeHHs ocaka (pocdara amoMuHHS:
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AICI+KH,PO,=AIPO, | +2HCIHKCI. (5)

Tak xax ¢ochar amOMHUHHS PacTBOPHM M B MHUHE-
PaJBHBIX KUCIOTAX, U B I[EI0YaX, KOHTposb pH sBisercs
BO)XHBIM (JaKTOPOM YCIIEIIHOTO CHHTe3a. YacTh consHOM
KHCIIOTBI, HE BCTyNUBIIEH B peakimio (1), a Takxke obpa-
30BaHHAs B XO0J¢ MpoTekaHus peakimu (5), TpeOyer
HCUTpANH3aLIH, TTOCKONBKY (pochaT amoMUHHS PacTBO-
puM B kucioil cpege. s npusunenus pH k 3HaueHuAM
6,5-7,5 no xamrsaM go6asnsics 10 % pacTBop rHApOKCH-
J1a KaJus, B X0JIe Yero nporekasia peakius (6):

HCI+KOH=H,0+KCl. (6)

B pesysbrate Obi TONyUeH TeNb, COCPKANIMN B cebe
cMmech (ocdara amFOMUHUS W XJIOpHaa Kamus. PactBop
npornyckanu yepe3 punbTp «CHHSA TEHTa», TeNb BBICYIIIH-
BanM B TeueHue cytok. [lockonbky docdar amomunus 06-
JaJaeT BBICOKOH COPOIMOHHOW aKTHBHOCTBIO, BMECTE C
HAM OCXIAIOTCS M MOOOYHBIE MPOMYKTHI peakuuii [5].
[losToMy BBICYIICHHBIH OCAOK MPOMBIBATM Ha (HIIBTpE
ropsiueil UCTHIUTMPOBAHHON BOJIOM C LIEIbI0 BBIMBIBAHUS
XJIOpUJIa Kalus 0 TeX T0p, 0Ka KaueCTBEHHAs peaKius
OT(HUIBTPOBAHHOTO PAcTBOpa Ha XJIOPHBI (4) He JaBana
OTPUIIATENBHOTO pe3ynbTara. CocTaB MOTYYEHHOTO 0CAKa
AHATI3UPOBANIY C IOMOIIBI0 PEHTICHO(A30BOTO AHANH3A.

PesynbTathl U 06cykaeHne

I'panuna pasuena a3 TBepIOE TENO — KUAKOCTh — 00-
JIacTh MPOTEKAHMS XMMIYECKON PeaKIiy MKy altOMUHH-
€BbIM JIOMOM M KHCJOTHOW cpemod. JIokanbHas KaBUTALUS
Ha IOBEPXHOCTH TBEPAOH (hasbl (YaCTHI] ATIOMHHHEBOTO
JIOMa) TIPH CXJIOTBIBAHWH TTY3bIPHKOB MPUBOAUT K (hOpMHU-
POBAHHMIO THAPOYAAPOB TIO OBEPXHOCTH, YTO BBI3BIBAET TO-
YEYHYI0 JPO3HI0 TOBEPXHOCTH M YCKOpSIET paspylueHHe
TIACCHBHPYIOMIEH 000J0YKH Ha MOBEPXHOCTH. JlaHHBIE (u-
3UKO-XUMIYECKHE I((HEKTHI TAkKe MPHBOIAT K MOSBICHUIO
JIOTIOJTHUTENLHBIX PEAKIMOHHBIX YYaCTKOB, YTO B CBOIO
ouepe/Ib YBeIMYMBAET CKOPOCTh XUMUUECKOH PEaKIiu.

Ha puc. 2 npencrapieHbl KWHETHYECKUE KPUBBIE TIPH
Pa3IIYHBIX TEMIIEpaTypax.

CornacHo TOMYyYCHHBIM 3aBUCHMOCTSAM KHCIOTHYIO
nepepaboTKy aTIOMHHUEBOTO JIOMa MOXKHO MpPEICTaBHTh
B BUJIE TPEX CTAIMI:

1) xumunueckoe pactBopenue 10 % KUCIOTHBIM pacTBO-
POM OKCH/IHOM TIIEHKH C aKTUBHOM MOBEPXHOCTH 00-
pasia — MHIYKIHOHHBIN MEepUoJi OCHOBHOM XHUMITYe-
ckoit peaxim (1);

2) xumuyeckas peakuus (1), mporekaromas 10 CTEHEHH
npeBpatienus antoMunns 80 % — KuHeTHuecKas Kpu-
Bas nporiecca O1M3Ka K TMHEHHOM (hopme;

3) 3aBepIcHHE XMMHYECKOro Iporecca — IO Mepe
YMEHBIIEHHS! aKTHBHOW IIOWIAIM B3aUMOJEHCTBUSA
oOpasia HabiogaeTcs MIaBHOE CHUKEHHE CKOPOCTH
mporecca.

['padraecknm crmocoboM OBUT OTpPERETeH TMOPSIOK
XUMUueckol peaxiuu (1) — yncieHHbIe 3HAYCHUS 00be-
MOB BBIISTICHHOTO BOJIOPOJa B Pa3IHYHbIC BPEMEHHBIC
IPOMEKYTKM TOJICTABISUICE B ypaBHEHHS HYIEBOTO,
TIEPBOTO U BTOPOTO MOPSIKOB PEAKIUH, B X0JI€ Yero Obl-
JI0 BBISIBIICHO, YTO JAHHBIH XUMIIECKUN MPOIECC MOIIH-
HACTCS YPaBHEHHIO HYJICBOTO TOPAIKA, TAaK KAK 3aBUCH-
MOCTb TIPUHMMAJIA JUHEHHbIH BU, C KBAJAPATUYHBIM OT-
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KJIOHEHHeM, OMM3KUM K |, IMEHHO TP UCTIONb30BAHUH
ypasHenus (7) [23]:

K, ™

rae v — cKkopocTh peakuu; C, — KOHIEHTpaLusi UCXO/-
HOTO peareHTa; ¢ — BpeMsl XMMHYEeCKOil peakimu; K —
KOHCTaHTa CKOPOCTH XMMMYECKOH peaKiuu IpH 3aiaH-
HOM TemrepaType.

[lo ypasuenuto Bant—Todda (8) paccunrsiBanu Tem-
TepaTypHbll  KO3(QQUIMEHT g JIAHHOTO JMara3oHa
TeMIeparyp:

LT,

K, =K, '77, ®)

rae Kp Kry — KOHCTaHTBI CKOPOCTEH IIPH COOTBETCTBY-
IOIHX TEMIIEPaTypax; y — TeMIEPATyPHBIH K0d(QUIHEeHT
XUMHYECKON PEaKInH.

0 20 40 60 80 100 120
T,s

140 160 180 20

Puc. 2. Kunemuueckue xpusvie npu memnepamypax 303, 313 u 323 K. Cunue nunuu — kunemuueckue kpusevie 6e3 Y3 603-

Oeticmesus, opandicegvle — ¢ Y3 6osoeticmauem

Fig. 2. Kinetic curves at 303, 313 and 323 K. Blue lines are kinetic curves without US exposure, orange lines are with US

exposure

[IpeobpazoBanHoe ypaBHeHHe (9) MO3BONSET paccy-

TaTh TEMIEPATYPHBIH K0IQOHIMEHT XUMUIECKOH PEaKIIHIL:

_(&\%
=)

TemmepaTypHblif K03QQHUIMEHT B JAHHOM JMaNa3oHe
TeMIepaTyp coctaBui 2,25.

O dexTrBHAS SHEPTUS AKTUBALIMH TIPOLIECCa, PACCUH-
TaHHas 110 ypaBHeHuto Appennyca (10):

RIT ks
Tz_z kl

cocraBuna 66,11 kJ[/MoJb.

JlaHHOE 3HAYCHWE DHEPTUH aKTHBAIMH, a TaKKe
JpoOHOE 3HAYCHHE TEMIIEPATYPHOrO KO3 (PHUIIHCHTA,
HaXOJISIIETOCS MEK/y TPaHUI] 3HAYCHHH T(Qy3HOHHOH
1 KuHEeTHYecKon obmactu: 1,2<2,25<3-4, moKa3bIBaIoOT,
YTO peaKiys MPOTEKAET B MEPEXOAHON BHeNIHE P DY3H-
OHHO-KMHeTHYecKoH 00macTi. CornmacHo 0COOEHHOCTSIM
JIAHHOM KMHETHYECKOW 00JacTH, CKOPOCTh XMUMHUECKOH
PEaKIUu ¥ CKOpPOCTh TU(QPY3UH COM3BMEPHMBI, COOTBET-
CTBCHHO, M MHTCHCH(UIMPYIOMUE BO3ACHCTBUS IS
1 y3UOHHON Cpelbl (AKYCTHISCKOE IEPEMENIHBAHUE U
KaBUTAINS) U JUI1 KUHETHUECKOH (TOBBINICHHE TEMITepa-

©)

E, = (10)

>

Typsl) OYIyT NPaKTUYECKH B PABHOW CTEHIEHH YCKOPATH
npoTekanue peakimu [23].

[Mony4eHHble KMHETHYECKHE XaPaKTEPUCTHKH B HH-
tepBane Temneparyp 303...323 K npuBenens! B Tabnue.

Tabnuuya. OxcnepumeHmanvHbie pe3yabmamol
Table. Experimental results
T Be3 V3 | C V3 | U3menenus,
C%algcf;isTt]idé( Without | With %
UsS US Changes, %
Koncranra ckopoctu mpu 303 K, ¢!
Rate constant at 303 K, s' 0,0677 10,1285 89,8
Koncranra ckopoctu npu 313 K, ¢!
Rate constant at 333 K, s' 0,1707 10,1792 >
Koncranra ckopoctu ipn 323 K, ¢!
Rate constant at 323 K, s 0,3414 10,3431 0
HHAyKUHOHKELH IPHOZ, C 20...40 [10...20 100
Induction period, s

Bo3sneiicTBre Ha cucTeMy yIbTPa3BYKOM CIOCOOCTBO-
BAJIO YBENMYCHMIO CKOPOCTH XHMITIECKOTO Tporecca Ha
89,8 % mpu 303 K; Ha 5 % mpu 313 K. [Ipu panpueiimem
yBennyeHnn temmneparypsl (1o 323 K) pocra 3HaueHwmi
cKkopocTeil 00HapyKeHO He ObLI0, AIUTENbHOCTh UHIYK-
IIMOHHOTO TIeproja cHu3miack B 2 pasa — ¢ 20...40 o
10...20 c.
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VBeNM4YeHHe CKOPOCTH XUMHYECKOro Mporecca MpH
00paboTKe PEeaKMOHHON CMECH YIbTPa3ByKOM OTYACTH
MOXHO OOBSCHHTH YIBTPa3BYKOBBIM IE€PEMCIIHBAHHEM
PEAareHTOB W KABUTAIIMOHHBIM PAa3pyIICHHEM MaCCHBH-
pyloLeii anoMuHIEBbIH oM 000m0uku. Takxke ycTaHOB-
JIEHO, YTO TIPH YJbTPa3BYKOBOM BO3JCHCTBHH MPOHUCXO-
JUJI HE3HAYUTEIBHBIA Pa3orpeB: B X0/€ HKCIEPUMEHTOB
TeMIiepaTypa A0TOIHUTENRHO yBenmanBanach Ha 3 K mpu
HayalbHOH TeMmmepaTtype 00pabOTKH — yIbTPa3BYKOM
303K, a Taxke Ha 1 K mpu HavanpHOH Temmepatype
313 K, mpu 323 K panbHeifiero pocta TeMnepaTypsl He
Habmozanoch. Koncranta ckopoctu peakiuu npu 303 K
1 O0Iy9IeHHH YIbTPa3BYKOM OOJBINE KOHCTAHTHI CKOPO-
cru ipu 303 K Oe3 ymbrpasByka Ha ~90 %, mpu Ipyrux
TEeMIIepaTypax CyIIECTBEHHOTO U3MEHEHHS CKOPOCTH pe-
aKIUK He 0OHApYKeHO.

Bo3MOXHBIH (H3UKO-XUMUYECKHH MEXaHU3M IIPOTe-
KaHUs TPOIECCOB TIPEACTABIAET COOOH MOCIeI0BaTENb-
HOCTb CJIEIYIOIINX CTaIni:

1. Tlocne mosiBieHus B cuCTEME YIbTPa3ByKOBOTO U3IY-
YeHHS BO3HUKAIOT MeXaHU4YecKhe dQQeKTbl, ycKops-
IolMe XUMHUYECKH MpoLecc: mnepemenBaiue (co-
IPSUKEHHOE € TYPOYJICHTHOCTBIO U MAaCCOTIEPEHOCOM),
COyZapeHne YacTHIl JIoMa MeXAy coboit u T. .,
BCJIEJICTBHE YETro MPOUCXOAUT TOCTETICHHBIH HArpeB
PEaKLHOHHOM CMeCH.

2. Tlocne mobaBneHus B pacTBOp 00pa3na aTFOMHHHEBOI
CTPY/KKM HAYMHACTCS XMMUYECKOE pacTBOPEHME
BHEIIHET0 CJ08 0o0pasua (OKCHIHOW IUIEHKH) — XH-
Muyeckas peakuus (2).

3. OpmHOBpPEMEHHO C ATAloM 2, NPU HANMYUU YIbTpa-
3BYKa, Ha IPaHULE KMAKOCTb — TBEPAOE TEJIO HAuH-
HAaeTCsl MPOLECC JOKAJIbHOH COHOXMMHYECKON KaBH-
TAllMM HA OKCHJHOW MOBEPXHOCTU: CHAYaja MpOHUC-
XOJUT 3apOK/ICHHE My3bIPHKOB, UX POCT, a 3aTeM, T10-
cIe JOCTHKEHHS IMy3bIpbKaMH KPHTUYECKHX pa3Me-
POB, UX MUKPOB3pbIBEL. M3BecTHO [19], uTO 3TO TeHe-
PUPYET MOTOKH KUIKOCTH, YIApAIOIINE MO MOBEPX-
HOCTH 00pasia, 4To0 MPUBOAUT K TOYEYHOW IPO3UH
MACCUBUPYIOLIEH JIOM OKCHAHON 00010YKH, MOCKOIb-
Ky TeMIepaTypa 3TUX IIOTOKOB MOXET JOCTHUraTh
5000 K, a naBnerune — 1000 atm, 3T0 IPUBOINT K TIO-
SBJIECHHUIO HOBBIX PEAKLMOHHBIX Y4aCTKOB Ha IOBEPX-
HOCTH AFOMHHHEBOTO JIOMa C PAcTBOPOM COJISTHOH
KUCIIOTBl paHblile, 4eM 0e3 Haluyus YIbTpa3ByKa
(yMeHbIIAeTCS HHKYOAIIMOHHBIN EPHOJT).

4. 3a KOpOTKOE BpeMs OKCHAHAS IICHKA TIOJHOCTBIO pa3-
pyLIaeTcs BCIeICTBUE B3aUMOJCHCTBHS C KUCIOTOM.

5. 3areM, B mpoliecce aKyCTHYECKOTo MepeMelInBaHus,
oOpasen mocteneHHo pacTBopsiercs B pactBope HCI,
KOJIMYECTBO ~ aKTHBHOM  MOBEPXHOCTH  oOpasla
YMEHBLIAETCS, YTO NPUBOJUT K CHIKEHUIO CKOPOCTH
BbI/ICJIEHUS BOZOPOJA.

Koneunslit mpoaykT — opTodochaT atoMuHus, MOITY-
YEHHBIH COITTaCHO METOAMKE, NPUBEICHHON BbIIIE, aHa-
JM3UPOBAA € TOMOIIBI0 PEHTTEHO(A30BOr0 aHaM3a
(puc. 3). CornacHo JaHHBIM PEHTTCHO(A30BOTO aHATN3A
HauOonee MHTEHCHBHBIE AU(DPAKIMOHHBIE MAKCHMYyMBbI
COOTBETCTBYIOT KpucTaHueckoii pemerke AIPO,.
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Puc. 3. Penmeenocpamma AIPO,
Fig. 3. AIPO, radiograph

OtcytcrBue au¢ppaximonnsix MakcumymoB KCl Ha
PEHTTEHOTpaMMe y TIOMYYEHHOTO MO ONHCAHHOM BBIINIE
MeToauke (ocdara amOMUHUS MOATBEPAKAAET €ro uu-
CTOTY M Ka4ecTBO MperaraeMoii MeToxukn. Kpome Toro,
HCTIONB30BAHIE JTAHHOH METOIMKH TO3BOJISET TONYYUTh
1 okcua amomunus. Ilocne nomydyenus pacTBopa XJIopH-
Ja amoMuHua K Hemy pobasmsm 10 % pactsop KOH,
HoJyyas TPH TOM THAPOKCH] ATIOMHHHUS, KOTOPBIH 3a-
TeM mpokaymBaincs npu temneparype 450-500 °C B Te-
JeHHe Jaca.

3akntoyeHue

B pesynprare mpoBEAEHHOTO WCCIENOBAHUS OBLIA
M3y4eHbl (PU3UKO-XUMHYECKHE OCOOCHHOCTH Mpoliecca
nepepaboTKU aTIOMUHUEBOrO JIOMa B KHUCIOTHOH cpere
TIpH BO3JCHCTBUM YIbTPa3ByKa. YCTAHOBIECHO, YTO TpPH
HebonbimoM Harpese (10 rpaaycoB OTHOCHTENBEHO KOM-
HATHOM TEMIIEpaTyphl) YIBTPa3ByK CHOCOOCH YBEIMYH-
BaTh CKOPOCTb XMMUYECKOH MepepadoTKN amlOMUHUEBBIX
0T1x0710B 710 90 %, mpu 3TOM CHYKAsI WHIYKIIMOHHBIN Tie-
puox BaBoe. [Ipeioken MeXaHn3M, COTIIACHO KOTOPOMY
MHTEHCU(DHIUpYIOLIee BO3ACHCTBHE YIbTPa3ByKa 00BsC-
HSETCS COHOXUMHMYECKON KaBUTAIMEH My3bIPbKOB BO3/IY-
Xa Ha MOBEPXHOCTU 4YaCTHUIl JIOMa, TICPEMECIIMBAHUEM pPE-
AKIMOHHOM CPE/Ibl ¥ MOBBIICHAEM TEMIICPATYPBL.

Ha ocHOBaHMH TIONYYEHHBIX PE3yIbTaTOB MPEIIOKE-
HA METOAMKA XUMHYCCKOH YTWIM3AIMH ATIOMHHHEBBIX
OTXOJIOB, KOTOpasi BKIFOYAET B €0 XMMUUYECKYIO peaK-
U0 MeXIy BoIHBIM 10 % pacTBOPOM CONSHOM KHUCIOTHI
M ATIOMHHUCBOH CTPYXKKOH B YIBTPa3ByKOBOM MOJIE.
[IpomykTamMu peakuuu SBISIOTCS BOIOPOA M PAcTBOP
XJIOpH/Ia ATIOMUHHUS, KOTOPBIA MOJKET OBITh TIEPEBEIEH B
oprodocdar uim OKCHIT ATIOMHUHHS.

Paboma evinoanena npu uacmuyHol QUHAHCOBOU NOO-
oepaicke Murnobprayrku P®, npoexm FEMN-2022-0003.
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The relevance of the study is caused by the need to develop new methods for the disposal of metal waste. This direction, with the partici-
pation of various intensifying effects, refers to resource-saving, technological, minimizing the volume of capital costs for raw materials, pro-
duction and subsequent sales.

Purpose: to study the physical and chemical laws of aluminum waste acid processing in the field of ultrasound, propose a mechanism for
this process, and, based on the established laws and the proposed mechanism, develop a method for aluminum waste acid processing to
obtain reaction products that are in demand in the industry.

Objects: samples of aluminum waste in the form of plates and shavings.

Methods: volumetry, differential thermal analysis, evaluation and analysis of the kinetic curves of the process at different temperatures.
Results. The kinetic curves were analyzed, the rate constants of the process at different temperatures were calculated, and the order of
the chemical reaction was found. Based on the calculated activation energy of the process, a characteristic was given about the kinetic re-
gion of the process. The mass content of aluminum in the samples was found. According to the data obtained, exposure of the system to
ultrasound contributed to an increase in the rate of the chemical process by 90 % at 303 K; by 5 % at 313 K. The process itself began with-
in 10...30 seconds and completed within a few minutes, which confirms the possibility of recycling aluminum waste using acid solutions at
low temperatures. The resulting hydrogen can be used in hydrogen energy, since it is the only gaseous product of the reaction, which eli-
minates the need for its purification before transportation. The aluminum chloride solution synthesized during the reaction can be used in
wastewater treatment, wood processing, production of antiperspirants, as well as precipitated aluminum phosphate and used in the cera-
mic industry.

Key words:

Sonochemistry, waste disposal, hydrogen production, aluminum chloride production, aluminum phosphate production,
volumemetry, kinetics study, X-ray phase analysis.
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layout implementing a high-power ultrasound machine. Ultrason-
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