"MMBMHHMIA nokasHuk Ky, mm/pik | 0,74 | 0,08 | 0,02 | 0,17 | 0,09 | 0,02 | 0,47 | 0,14 | 0,05

CtyniHb 3axucty Z, % - 1896|971 - |879(/905| - |695]88,7

KoediuieHT ranbmyBaHHS, Y - 196|342 - 83105 - |33 |88

BucHOBKW. BCTaHOBNEHO, WO HalKpalli 3aX1CHi BNacTUBOCTI €NeKTPOAHMX
MaKporasibBaHonap 3abe3neyye 3anpornoHoBaHa KOMMO3WLIA, KOeILIEHT 3aXMUCHOT
AiT AKoT B 3 — 5 pasiB BMLLMIA 3a BiNOBiJHNA NOKA3HNK NPOMUC/IOBOT KOMMO3WULLT
Ha ocHoBi cnonyk xpomy (VI). BiporigHo, Lo 3 YacomM KOMMNO3uLis iHri6iTopis
BUABNSAE KpalMiA 3aXUCHUIN e(eKT, WO MOXe CBig4YMTX Mpo aacopouiiHmin
MeXaHi3M [Hri6itoBaHHS, BHACNIfOK YOro 3axucHa niBKka Ha MOBEPXHI MeTany
YTBOPHETLCA Ta YLLIIbHIOETLCA BMPOLOBX MEBHOI0 NMPOMIXKKY Yacy.

Cnucok nitepatypu: 1. PoseHdgenss W. /1. NHrmouTopsl Kopposun. — M.: Xumwusa, 1977. — 350 c.
2. ®oknH M. H., XXuranosa K. A. MeToabl KOPPO3UOHHbIX UCMbITaHWUI MeTanioB. — M.: MeTannyprus,
1986. — 78 c. 3. Ky3HeuoB HO. . ®U3NKO-XMMUYECKME acMEeKTbl MHIMOMPOBaHNA KOPPO3UM METasII0B B
BOLHbIX pacTBopax. — Ycnexu xumumn Ne 73, 2004, c. 79 — 93. 4. KysHeuos HO. L. CoBpeMeHHOe CoCTOoS-
HKe TEOPUUN MHTMBNPOBAHUA KOPPO3MM MeTaNNoB. — 3awmuta MeTtannos. T. 38, 2002, ¢. 122 — 131.
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ENEKTPOXIMIUHNNA MIKPOTEHEPATOP AMOHIAKY

PaccMOTpeHbl TepMOAMHAMUYECKME NPEANOCHIIKN 3NEKTPOXMMUYECKOTO cnocoba NonyyeHms cTa-
GUNbHbIX MUKPOMOTOKOB aMMMWaKa. YCTaHOB/EH MeXaHW3M U KUHETUYECKME 3aKOHOMEPHOCTY nap-
LManbHbIX PeakLMii Npyu BOCCTAHOBNEHUW TMAPOKCUNAMUHA, ONPeAeneHbl TMMUTUPYIOLLME CTaANM.
Moka3aHo, YTO paspsf rMAPOKCMNamMmuMHa U3 BOAHbLIX PacTBOPOB COMPOBOXAAETCS MPEALIECTBYO-
Lel XMMUYeCKOW CcTaamnein n afcop6Lumeid aNeKTPOAHO-aKTUBHbIX YacTUL,. YCTaHOBNEH 3deKT yc-
KOpeHus mpoLecca Npu UCMoNb30BaHNM B KaYeCTBe 3/1EKTPOLHOr0 MaTepmana KaTalMTUYecKn ak-
TUBHbIX CMaBOB Nanniagus.

The thermodynamic aspects of electrochemical method for getting Ammonia steady micro flow
were observed. The partial reaction’s Kinetic parameters and limiting stages of Hydroxilamine
reduction are established. The Hydroxilamine reduction from aqua solutions was shown to be
accompanied by preceding chemical stage and adsorption of electrode-active particles. The
Palladium alloys as catalytic-active electrode material were shown to increase the process rate.
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Bctyn. [1na cTBOpPeHHA epeKTUBHNX 3aC06iB OMepaTMBHOr0 MOHITOPUHTY
CTaHy [OBKiNNA, nonepeXeHHa HeraTMBHUX HacNigKiB 3a/1M0OBUX BUKUAIB ra-
30M04I6HNX eMITEHTIB Ta AIarHOCTUKKN CTaHy 6i0/10rYHNX 06°EKTIB KOHYe Heob-
XiJHUM BOAYAETHCA CTBOPEHHS PO3rasly>XeHOI CUCTEMU BUCOKOYYT/IMBUX CEHCOP-
HUX NpucTpoiB [1]. Ceped ronoBHMX TEHAEHLiA CbOrOAEeHHS Y CTBOPEHHI BMPOOGIB
aHa/liITMYHOro NpwNafobynyBaHHA AOMIHYHOTb MPUHaNMI ABI, NOB’A3aHi 3 MPUH-
Lmnamn X opraHisauii, TeHAEHLIT: no-nepLue, Le MOHO6/104HWNIA BapiaHT BUKOHaH-
HA NPUCTPOIB, WO NONArae y NoeAHaHHI YyTAMBUX CEHCOPHUX eIEMEHTIB Ta MiK-
poreHepaTopiB KOHTPO/IbOBAHNX PEYOBUH, AIKI 3aCTOCOBYHOTHCS ANS KasibpyBaH-
HA; MO-A4pyre, CTBOPEHHS ABOXCEHCOPHUX MPUCTPOIB, SKi HE NOTPebyoTb 3acTOCy-
BaHHA MiKpOreHepaTopiB Ana KanibpyeaHHA YyTAnBMX eneMeHTiB. Obnasa BapiaH-
TW BUKOHAHHS MOPTAaTUBHOT razoaHaniTMYHOT anapaTypu Maidxe piBHOLIHHI 3a Me-
TPONOTIYHMMUK XapaKTepucTUKamu, ane nonpu npueabnmBeIiCTb APYroro BapiaHTa,
MepLUMin 3aMLIAETbCA Bifbll NOMYHO OOrPYHTOBAHWM, BHACMIAOK 4Oro i 6inbLu
PO3NOBCIOKEHVM. 3 OrNA4Yy Ha Takuid CTaH NPo6/eMn iCHYE akTyaslbHa HeobXxia-
HICTb Y CTBOPEHHI MOOGI/IbHNX MOPTATUBHUX MIKPOreHepaTopiB MOTOKIB ra3onogi-
OHMX PeYvYoBUH, [0 AKUX BIAHECEHO i aMOHIakK. ICTOTHO, O BUMOrK, AKi BUCYBa-
IOTbCA [0 MOPTATMBHOIO NPUCTOK, BUK/KOYAKOTL 3aCTOCYBAHHA ra306a/loHHOro
obnagHaHHA ANna CTBOPEHHS KaslibpoBaHMX rasoBuX CyMilleil Yepe3 HEMOX/NBICTb
HaAiNHOro peryntoBaHHA MexXaHIYHMMKU 3ac06amMn BUTOKY KOHTPO/IbOBaHOT peyo-
BUHW AN8 AMHAMIYHOrO CTBOPEHHS KOHLIEHTpaLiid Ha piBHi ppb — ppm. IHLWKM 06-
MEXEHHSAM MOXe CTaTW i HeobXiAHICTb MepioguyHOro abo UMKNIYHOIo CUHTE3y
AVNCKPETHOI  KifIbKOCTI amMOHIaKy, Hanpuknag, npu BipileHHI noTpe6, NoB’a3aHnX
3 BMPOOHMLTBOM pagioapmaleBTUUHKX NpenaparisB A48 No3iTPOHHOI eMiCiiHOT
Tomorpadii (MET) [2]. Ak i B 6aratbox nofdibHMX BUNaLKax, cepes nepcrnekTmB-
HUX LWMSXIiB PO3B’A3aHHA 3aBAaHb MO CTBOPEHHIO MOPTATMBHMX rasoreHepyrumnx
NMPUCTPOIB NPIOPUTETHUMM BE3YMOBHO € MepeTBOPHOBaYi PeYOBMHM, WO 6a3ytoTb-
CA Ha eNeKTPOXIMIYHUX NpUHUMMAx, TEPMOAMHAMIYHA IMOBIPHICTbL peanizauii
AKNX CYMHIBIB He BUKMKae [3].

B noTtoyHnin yac BigOMiI MOOAVHOKI pe3ynbTaTu JOCNIAXKeHb, CPAMOBaHUX
Ha Oflep>XXaHHA aMOHiaKy B efIeKTPOXIMIYHUX CMCTemMax 3a /1aboTaTOPHUX YMOB:
cuHTe3s NH; 3 iHAMBIAYa/IbHUX PeYoBUH (BOAHIO Ta as30Ty) Yy NMPOTOHMPOBIAHUX
TBepAogasoBmx cepegosuax npu 840 K ta atmocdepHomy TUCKY [4], enekTponi3
po3nnaeneHux coneit npu 570 ... 670 K [5] 3a aTMOC(hepHOro TUCKY 3 OCUTb BU-
COKUM Bmxofom 3a ctpymom (BC), a6o 3 Hu3bkum (1... 1.5 %) BC 3 BogHMX po3-
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4mHiB [6 — 8]. B TOi1 e yac BifOMOCTi WOA0 NPUHLMNIB opraHisaii Ta KOHCTPYK-
TUBHNX 0COBNMBOCTAX MIKPOreHepaTopiB aMOHiaKy, npaue3faTHuX B CTaH4apTHUX
ymoBax (aTMoC(epHUA TUCK, KiMHaTHa Temrnepatypa) B HayKOBO-TEXHIYHIN
niTepatypi BIACYTHI.

[0 MeToanuyHMX niAcTas, WO 3YMOBWAW HAaMpAMOK AOCNILKeHb, MOXHa
BIAHECTM HasABHI BIAOMOCTI MPO MNEPCrneKTUBHICTb eNeKTPOXIMIYHMX METOLIB
AeHITpUIKaLiT CTIYHMX BOA MNPOMWUC/IOBMX MigNPUEMCTB. [lepebir KaTogHuX
peakuii, WO BiA6GMBAKOTL MNOCMIAOBHICTL MEPETBOPEHb MPU  eNEKTPOXIMIYHIN
pectpykuii NO3™-i0HIB, MOXXHa HafaTtu cxemoro (puc. 1), AKa BpaxoBye HasfABHICTb
eNeKTPOAHOAKTMBHNX YaCTMHOK IOHHOI Ta MOJIEKY/IAPHOT (DOPM B PO34MHI, a Ta-
KOXX OCTaHHIiX Yy rasoBiil asi, no3Ha4yeHuX 5K (g).

NO(g)
T

NOg_ —> NOZ_ — NO —» NHon - NH3
\2

N2O(g) — N2(9)

Puc. 1. Cxema nepeTBopeHb Npv KaToAHOMY BiHOB/IEHHI HITPAT-I0OHY Y BOAHUX PO34MHAX

[Mepebir WifboBOT peakLii CrPsHKeHU 3 MePEeHOCOM 8 eNeKTPOHIB, BHAC/IA0K
4Oro BOHa yepe3 6araToCTafiHICTb | My/NIbTUENEKTPOHHICTb, MO-MNEepPLLE, € EHEPrO-
BUTPATO0, a MO-Apyre, KepyBaHHA 1i nepebiroM B HeOOXiAHOMY HarpsiMKy —
HaaTo CKMafHMM 3aBfaHHAM. B ToW ke 4ac Ans po3B’s3aHHSA MOCTaB/IEHOMO B
po6OTI 3aBAaHHA peanisauis nocnigoBHOCTi NO3z™ — - - - — NH3 He € He06Xi4HOH
| 000B’A3KOBOIO, TOMY Li/IKOM ICTOTHO BUrNS4ae ifes onTumisauil eneKTpogHol
peakuil 3a paxyHOK CKOPOYEeHHS faHutora nepeTBopeHb | BUKOPUCTAHHA K
BUXILHOT PeYyoBMHU NS CUMHTE3y amoHiaky rigpokcunamiHy NH,OH. lNepesipka
L€l rinoTe3n i 3ymoBuia MeTY AOC/IIPKEHHS.

MeToamkKa nNpoBefeHHS AoCNiMKeHb. onspusauiiHi AOCNiIPKEHHA Mpo-
BOAM/IN Y eNEKTPOXIMIYHMX KOMIpKaX, K CTaHAapTHIN ACE-2, Tak | BUTOTOB/IEHIN
cnewjiasibHO, fiKa MiCTWUNA BIAAIIEHHS 418 eNIEKTPONI3Y 3 efleKTpo4amK, BiALIEHHS
[N1A 3aMOBHEHHA Ta BUAAIEHHA PO34MHY, a TaKOXX TEXHOJOriYHi OTBOpU LA
MIAKMOYEHHS 40 MaricTpasi rasy-Hocis — aproHy BMCOKOT YicToTU. Martepian po-
6o4yoro enekTpofa — niaTuHa, SKy 414 Ofep>KaHHA BifTBOPHOBAHHUX Pe3y/bTaTiB
nonepeaHLO nonspusysanm 20 ... 30 XBUANH CTPYMOM rycTuHo 10 ... 20 MA/cMm?
y 0,5 Monb/n po3ynHI CynbMaTHOI KUCNOTKM A0 MOTeHUianiB BUAINIEHHA KUCHIO Ta
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BOAHIO, a TaKOXX raslbBaHiYHO OCapkeHi cnnaeu Nanagii-Hikenb [9] Ta kobanbT-
Bonbgpam [10], fAKi BUSABMAM BUCOKI KaTaniTUYHI BNACTUBOCTI B OKWUCHO-
BIAHOBHMX peakuisx. lMonspusauito 3giicHioBanM noteHuioctatom MA-50.1 3
NporpaMaTopoM pexumiB enektponisy [MP-8 npu LWBUAKOCTAX CKaHYyBaHHSA
noTeHuiany s=0,002 ... 0,100 B/c. Monspu3sauiiHi 3a1eXHOCTi peecTpyBa/iu
BIAHOCHO M/IATUHOBOrO AONOMIXKHOIO enekTpoda npunagom JIKA-004, enektpos
MOPIBHAHHA —  TiApapripyMxnopuaHuiA.  PO3YMHW  TOTYBa/IM 3 PeaKTUBIB
KBanipikauil "x4” Ha [AUCTUAATI 3 BUKOPUCTAHHAM $K BUXIAHOT PEYOBUHU
rigpokcunamid cynbaty (FAC) i hoHy — HaTpito cynbdary.

PesynbTaTn  eKcnepMMeHTy Ta 1X adHani3. AHani3  KaTogHuX
nonapu3aLinHnX 3aneXxxHocTein BigHoBMeHHA TAC CBIAYMTbL NPO HasBHICTb ABOX
XBW/b BIHOB/IEHHS, 3 AKUX MepLUa BUPOLKYETbCA 13 3pOCTAHHAM KOHLeHTpauii
PO34MHY, a KifbKiCHI XapaKTepuUCTUKKN CTafiil — noTeHuian niky E, Ta HaniBniky
En/2 3SMIHIOKOTLCA 3a/1€XKHO Bif, LWBWAKOCTI PO3ropTaHHs NoTeHuiany.

XapaKTep KOHLEHTpaUiiHMX 3aneXHOoCTei MnoTeHUiany nika i HaniBnika,
CTpymy nika (puc. 2) CBiguMTb MPO rasibMyBaHHA CTagii  po3pady, OfHaK npu
36inbLUeHHI KoHUeHTpauii TAC (0co6/MBO NPY HW3bKIN LWBMAKOCTI CKaHYBaHHS
NOTeHLialy) crocTepirarTbCs afcopobuiitHi yCKNagHeHHs nepebiry nepeTBopeHb —
MPO LLO CBIAYMTL CniBBiAHOLWEHHSA j./c (puc. 3). 3a BigOMUM PiBHAHHAM Mauyau-
Asbe [11]:

RT
E,.-E.,=-1.85—— 1
n n/2 azF ( )

ge R — yHiBepcasibHa rasoea CTtasia, T — TepMOAMHaMiyHa Temrepartypa,
O — KoedhiLieHT nepexoay, Z — KiNbKICTb NepeHeceHnX 3apsaais, F — ctana dapages.

Byno pospaxoBaHO A0OYTOK oz ANA Pi3HUX KOHLEHTpauil peareHTa. BceTa-
HOB/eHo, wo az(0,01) = 0,41; az(0,05) = 0,24; az(0,1) = 0,275, TO6TO 3 POCTOM
KoHUeHTpauiii TAC 3pocTatoTb | YCKNafHEHHs CTafli nepeHocy 3apsajaa.

Buxogaun i3 3a1e)XHOCTei noTeHuiany Miky Bif LUBWAKOCTI CKaHyBaHA B
AocnigkysaHomy fiana3oHi KoHUeHTpauuin TAC B po3unHi 1 M HaTtpis cynbgaTa
3a CNiBBIAHOLLEHHAM:

di :i2.303ﬂ’ (2)
digs p+1 zZF
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[ie p — NOpPAAOK peakuii, po3paxoBaHO 3HaYeHHA MOPAAKIB peakuii 3a OKpe-
MUMU KOMNOHeHTamu, 30kpema NH,OH.

100 10
80 | & ™™ S
' v gt
= 60 ! =
< | o}
=40} 5
< OF 1
20t = .
[ A
” A I " i i 4 L i " 1 M
000 0.04 {3.(1:'-‘. 0.12 0.00 0.04 0.08 0.12
e mole/dm’ . mole/dm”
Puc. 2. KOHUEHTpaLiViHi 3a1eXHOCTI Puc. 3. 3an1eXXHOCTI KIHETUYHNX
CTPYMIB MiKiB MpY LLIBUAKOCTI CKAHYBaHHSA napameTpiB Npu LUBUAKOCTI CKaHYBaHHSA
noteHyiana 0,002 (1) 10,01 (2) B/c noteHyiana 0,002 (1) 1 0.01 (2) B/c

BcraHoBneHo, wo gna FAC npu BCIX KOHUeHTpauisax p = 1, OCKiNbKM

dE _ _ _ _
digs ~0,03. Mpo ue » cBiAUUTL i 3HAUEHHS KiIHETUUHOTO KpuTepis Xc — 1 [11],
BM3HAYEHOr0 3 KOHLEHTpaLiinHUX 3anexHocTeil. CyKynHICTb OfepXXaHnX [aHuX,
AK 1 po3paxoBaHux Kputepiie CemepaHo (puc. 4) A03BONSE BBAXKATH, O MeXaHi3M
BIHOB/IEHHA TiApPOKCuUIaMiHa Cy/nbgata MOXXHa HagaTn CXeMOHO, SiKa BK/KOYaE Mo-

nepeaHio XiMiYHY peakuito gucouiauii:
(NH,0H),-H,S0; « 2 NH,OH + H,SO,
Ta HacTynHe [ABOXCTajiiiHe OAHOENEKTPOHHE BiJHOBNEHHS:
NH,OH +e — NH," + OH"
NH, + H,O +e - NH3; + OH™,

B AKOMY [pyra CTafia € YrnoBi/ibHeHOI. Takuii CTaH BUMMBAE, 30KPeMa, 3 aHasizy
XapakTepa nonspusauiiHmx sanexHocten B 0,01 i 0,05 M posunHax TAC, a
came — B Oi/ibLL PO3BeAeHUX PO3UMHAX Ha 3a/IEXXHOCTAX CNOCTepiratoTbes 2 Mika, a
B KOHLEHTPOBaHMX — Ti/IbKW OAWH, SIKWiIA BIAMNOBIAAE OiNbLL HEraTUBHOMY iKY .
[Mpwn BapitoBaHHI MaTtepiasly enekTpoja BMABUIOCH, WO 3aMiHa NiaTvHU Ha
cnjas nanafito MNpu3BOAUTL [0 CYTTEBOIO KaTa/liTUMHOIO e(eKTY 3POCTaHHS
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LUBMAKOCTI peakuii. O3HayYeHMn (haKT BUSIBUBCS AOCTaTHbO O4YiKyBaHMM B MeXax
rinoTesn Mpo CUHEPreTUYHWIA BMJIMB CM/I1aBOYTBOPHOKOUMX KOMIMOHEHTIB MpU
(hopMyBaHHI (DYHKLiOHaNIbHMUX BMacTUBOCTEN MaTepiasiB y reTeporeHHNX OKUCHO-
BiJHOBHMX peakuisx. 36i/bLUeHHS WBMAKOCTI CKaHYBaHHA MOTeHLiany pobuTb Ta-
KW B3a’€MO3BA30K Lle Oinbll HaouyHMM (puc. 5) i A03BONSIE MPOMOHYBATU
CUHepreTMYHi cnnasBn AN IHTEHCUdikauii Ta eHepro3aoLllafpkeHHa npu CUHTEsI

aMOHIaKy B eNeKTPOXIMIYHMX peakLisX.

] > ¢ i 2 1 i 1 i
~L6 |a¢ «]:2

-1.0
08k
oo 0.6} 2 |
5 i
=04}
B2}
[‘;r{] e A i 'l
0.0 0.4 0.8 -1.2

EV

Puc. 4. KiHeTUYHI 3a1eXHOCTI 4511 BU3Ha-
yeHHs KpuTepis CemepaHo npu
KoHueHTpauii FAC y po3unHi 1 M Na,SO,,
monb/n: 1-0,05,2-0,1

Puc. 5. Monapu3sauiiiHi 3anexHocTi Ha Pt (1)
i cninasi Pd-Ni (2) B po3unHi 1 M Na,SO,,
0,05 M rigpokcunamiHy, WBNAKICTb
ckaHyBaHHA noteHuiany 0,05 B/c.

HacTynHum eTanoMm CTBOPEHHS

MIKpOreHepaTopa BUSABWMNACL CTajis

BUAIJIEHHS CMHTE30BaHOroO 3a CXeMOoK (puc. 1) aMOHiaKy 3 BOAHWX PO3YMHIB.
IMoBipHa piBHOBara, 3rigHo [12], mMoxe OyTM HajaHa cxemor (puc. 6) fka
BPaxoBY€E HaABHICTb acoLiaTMBHOI B3aEMOZIT B PO34MHI, piBHOBary 3 rasosoto (pa-
3010 Ta po3unMHeHHss NH3 3 yTBOPEHHAM aMOHI-I10HY.

NH;(g)

1/2(NH3)2 <~ (NHg)aq <> NH4++OH-

Puc. 6. Cxema po3nofiny amoHiaKy MiXK po34MHOM i ra3o0Bot0 (pa3oro

P03B’A3aHHS L|bOr0 3aBAaHHS 3yMOBW/I0 HACTYMHUIA eTan poboTw.

BucHoBKK. Ha niactasi aHanisy KaToAHMX peakuii 3a y4acTi HITpaT-ioHIB
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Ta [OCTIKEHHS KIHETUYHMX 3aKOHOMIpHOCTEM y cuctemi
Pt| (NH,OH)-H,SO,4, H,O oaepxaHux 3a pe3ynbTaTamy TaibBaHO- i MOTEHLIO-
ANHAMIYHUX  JOCHIMKEHb,  UMKNIYHMX  BOSIbTaMOrpam Ta  CTauiOHapHOro
e/IeKTPONi3y [0BEfeHO MOX/IUBICTb CUHTE3y amaoHiaky 3 BOAHUX PO3YMHIB
rigpokcmnamiHy cynbary. BCTaHOBMEHO, WO peakuis CUHTe3y LibOBOro Mnpo-
AYKTY nepebirae 3 rafibMyBaHHAM CTafil NepeHocy 3apsaay, Ha Ky npu BapitoBaHHi
KOHLEHTpaLiT BWUXIAHOT PEYOBMHW MOXE  HallapoByBaTucsi  afcopbuiriHa
B3aEMOZIA, L0 A03BOMIAE THYYKO KepyBaTW MepeHanpyrok KaTtogHOro npouecy.
OfepxaHi  pe3ynbTat¥  CKNann  NIATPYHTA AN CUHTE3y  KaslibpoBaHMX
MIKPOMOTOKIB aMOHiaKy LUIAXOM KepoBaHOro efieKTposisy BOAHMX PO3UMHIB
rigpokcmnaminy. LLIBUAKICTb CUHTE3Y MOXKHa peryntoBaty BapitoBaHHAM Npupoau
eNeKTPOAHMX  MmaTtepianiB, OCKINbKA  [AOBEAEHO  HasfABHICTb |  BMNAVB
eNIeKTPOKaTaNliTUYHOIO  eqekTy  MpU  EeNeKTPoNi3i i3 3aCTOCYBaHHAM
eIeKTPONITUYHNX CMNaBiB Nanafiv-Hikesb Ta KobabT-BoNbgpam.

Po60Ty BMKOHaHO 3a NigTpumkn YHTL], npoekT Ne 3268.
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