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CIIOCOB IOJNYUYEHMA BOPTUMIPUIA METAJUJIA M MOJNEKYJIAPHOI'O BOIOPOIA

OBJIACTH TEXHUKM, K KOTOPOM OTHOCUTCSA M30BPETEHUE

[01] IaHHOe wm3B00peTeHMEe KacaeTcd crnocoba TIOJYUYeHUsa, IIO
MeHBIIEM Mepe, OOHOTO M3 OopruopuIa MeTaljlsla M Hz. M300peTeHMe
OOIOJIHUTEJIEHO KacaeTcsd YCTpOMCTEA nJisa BHIIIOJIHEHU A OaHHOT'O
criocoba.

YPOBEHE TEXHWKHM MN3OEPETEHNMA

[02] SHaAuUUTeJIbLHEE pPacxonH, BOBJIEUEHHEIE B [IoJIydeHue,
XpaHeHMe U TPaHCHOPTUPOBKY Hz (ynoMMHaeTCcsa KakK BOIOPOI, aToM
BOIOpona OyOoeT yIOMMHATLCS KakK aTOMapHEM BONOPOL), IIPeldOoTBpamalnT
ero OHCTPOEe U MMPOKOe BHeOpeHMe. IIPOPHEB OXMIOAeTCS TOJBKO Torna,
KOoT'Da CTOMMOCTL  BOIOOpOHa TIOHUBUTCA OO YPOBHS  COBPEMEeHHOM
CTOMMOCTHM BJIEKTPUUYECTBa, OeH3MHa, IOU3eJIbHOTO TOILJIMBa, NOIPUPOIHOTO
Taz’a ¥ T.IO. Ha eIVMHUIY [OIPOMBBOIOMMOM DHEPTMM, HaIPpUMMEpP CTOMMOCTD

Ha MeTramxoyJib (€/MIx) .

[03] B HacTodlee BpeMsa M3BECTHO TPU TUIIa criocoboB
[IPOU3BOLCTBA, B KOTOPHIX noJiyyaeTcs BOIOPOL (razoobpa3HuEM
BOLOOPOL) :

- B KauecTBe IIOBOOUHOTO IpoOyKTa OpyToro XVMMUUECKOTO
crocoba, IOJg KOTOpOI'o 5SHepIrud, TpebyeMas Ha BHIOEJIeHMe BoOIOopona,
VMeeT BTOPMUHOE 3HaueHUEe;

- TexHOJIOTMA IHapoBOTO pedopMMHTA, OJA KOTOPOTO DHEepIud,
TpebyeMas Ha I[IOJIydeHMe BOoIOopoIa, CocCTaBJdeT Opubiam3mTesibHO 140
MIx/xr H2 (141,1 xIx/MOJIb); U

- TexXHOJIOTUSA BJEeKTPpOoJIM3a, IJA KOTOpoM sHepTrusa, Tpebyemasd Ha
IoJIydyeHre BoOopoIa, cocTabjgeT 204,5 MIx/xr H2 (206.1 xIx/MOJIb) .

[04] Korma NOpMHMMaKRT BO BHMMaHME CJIell oOkKpyxawomero COz mopu
IIOJIYyUYeHVM BoIopoma, HyJeBoM cien CO2 MoxeT OBTH IIOJYYEeH TOJbLKO
IpM MCIOJIE30BaHUM 3JIEKTPUUECTRBa, I[IOJIYYeHHOTO C I[IOMOmMBI TakKuUx
VCTOUHMKOB, Kak BeTep, BOIa, TI'e€0TepMalJibHEE MCTOUHMKM WM COJIHIIE.

ATOMHAa4a SHepIrm4d MOXeT IIPVMMEHATECA B KadecCTBe aJIbTepPHaTMBH, B

KOTOpOﬁ MCIIOJIE 3OBaHMe TOpMA B KauecTBe TOIJIVIBa CHWMJIBHO
IIpenliouyTrnTeJIEHO I10 COO@anGHMHM 0e30I1acHOCTH, XPaHeHNn4A u
SKOJIOTHUNM . VICcIIOJIb30BaHUE OroMaCCH B TEXHOJIOT N I1apoBOIO

pebopMMHIa paccMaTpuBaeTcsa Kak COz-HeMTpaJlbHOe.



[05] Bomoporn IpMMeHIeTCHd B razoo0pas3HoOM BUIE. Ero
IpeBpalleHre B TeIlJIo OOEUHO BHIIIOJIHAKT, VCIIOJIbE3Y 4 TOpeHNne
KaTajgMsaTopa, a ero IIpeBpalleHMe B SJIEKTPUUECKYD SHEePpIMD OOBYHO
BLIIIOJIHAT, MCIIOJIb3Y 4 TOILJIMBHEIN BJIEMEHT . MoxHO HabmonaTe
clenyomye HeOOCTaTKMU:

[06] Huzkasga yIoeJjibHasa Macca BOIopona O3HauaeT, yTo
razoobpasHoe EBONOPOIHOE TOILUIMBO TpebyeT MHOI'O I[IPpOCTPaHCTBa Ha
KMJIOTpaMM, uTo oeJjaer Ha3eMHHM W BOIHHM TPaHCIIoOPT
OOPOTOCTOAMMM. IlleHTpaJIbHOM [IpofJieMOM TIpMMeHeHMS BoJopona IJd
TeHepalM DHePIUM SABJISETCH [IOTepsd SDHepI'MM B COBPEMEeHHHX cllocofax
[IOJIYYEHVA; W DHepI'UA TepdeTCcsa [OIpUM XpaHeHUM BoOOopoHa, Kkorna
BOOOPOL OXJIaXIOalnT WM CXUMaKT.

[07] IlpoBiieMy TpaHCIOpTa Ha OJMHHEHE PacCTOSHWSA [IHTAaJIMCh
PEWNTEL IIyTeM CXWXKeHUS BoIopona. Ha IIpakTuKe, Takad TexXHOJIOIUMA
[IoKaszajla MHOI'O HeOOCTaTKOB B  BUIOE pPacxoOOB U CJIOXHOCTM.
TpebByeTcsa MHOI'O DHepIMM, UYTOOE COXpPaHATh BOLOPOL IOCTaATOUYHO
XOJIOOHEIM IJISI eI'0 COXPaHeHMsa B XUIOKOM COCTOAHUM. lVcrIapeHMe OOBHUHO
HauyHaeTCda I[ocJe OpubamM3uTedbHO 14 1OHeM, KOoT'Za BOOOPOL XPaHUTCH
B cocyme [Jpopa, ¥ HaAUYHETCHA HeMeIJIeHHO B OOHUHOM M30JIMPOBaHHOM
KOHTeMHepe. JConapuBlM¥ BOHOPON MOXHO MCIOJIBE30BaThE B KadecTBe
TOIJIUBA, HalpuMmep, 0Jid INTaHUAg Kopabiug I aBTOMOOWMIIA,
MCIIOJIb3YEeMOT O  IJiA TPaHCIOPTUPOBKM . Ha ocHOBaHMM  OIHTA, B
OpaKTUUYECKUX IIPUIIOXEHMAX HOaBJIEHME CXaTOI'0 BOOOPOIa IMIOOHMMAKT OT
300 Bap @mo 700 ©Gap, uYTOOH ¥METb IOOCTATOUHHM TPaHCIOPTHHMN
orarnasoH, YTO BKJIWUaeT IIOTepl IpUbIM3MTEeJIEHO 6% BOoIOopola Ha €ero
XpaHeHVe BO BpeMs TPaHCIOPTUPOBKM.

[08] Bomopol TakXe MOXET COXPaHATHECH B OopruIpuIe MeTallla,
M3 KOTOpPOI'O ero 3aTeM MOXHO WM3BJIeKaTh, I[oJjiydas Hz. Peakuud
BHIOIEJIEHVS BOOOpoHa UuMeeT OopI'MOpuI MeTajula, HamnpuMmep, NaBHs, B
KayeCTBe HauvaJlbHOM TOUKM. BEJIO M3YyUeHO HEeCKOJIBKO IIyTeM IIOJIyUYeHUS
0y NaBHsz. Bo Richter m Torben Rene Jensen 3 yHUBepcuTeTa Opxyca
B Jlaumuu, HanpmMmep, packpeBaboT B WO 2013/182208 crnocod, B KOTOPOM
HaTpuUM IIpeBpallaeTCcsa B IMUIPUI HaTPpMA, KOTOPHM 3aTeM HU3MeJlbUuaeTCHd
1 coemmHgeTcsa C BHiz, wmcnosb3yd paszfaBUTeslb [IPM HU3KOM HOaBJIEHUUM U
TeMllepaType, ¢ nojydeHueM NaBHs. Takxe uM3BeCcTeH CHHTe3 NaBHs B

criocoBe Tuna InesuHTepa. MccjeOoBaHMa MUMHUCTEPCTBA DSHEPTEeTUKU



CIIA (US DoE) nokazajgm, 4YTO He TpebyeTcsd CJIeOoBaTh IIOJIHOMY IIYyTH
criocoba Ines3uHTepa, M UuTO Oo0Jjlee KOPOTKMM NOYTh MOXEeT IOIPMBOOUTHL K
cuHTesy NaBHis.

[09] Ying Wu onyoimkoBayl B 2005 cnoco® »JeKTPOJIUTHUUECKOTO
tuna (https://www.hydrogen.energy.gov/pdfs/review05/stl2 wu.pdf:
CrnocoB  pereHepauum 0OopaTa HaTpua B OOpIMIpMI  HaTpud  OJ4
MCIIOJIL30BAHMSA B KaueCTBe MCTOUHMKA COXPaHeHMS BOIOopoma), KOTOPHM
aBJgeTcda 0OoJiee BSKOHOMMUHHM BCJeICTBME TOIo (pakTa, UYTO HaUMHAETCH
He ¢ NaCl, a ¢ NaOH. Hauvajsio oT NaOH Takxe MOXeT OHBTbH BHI'OIHBEM
OJIS MCIHOJIB30BAaHMSA MUMPOBHX UM3JIMIKOEB NaOH. 3ToT cnoco® ommcaH Ying
Wu B 2006 B nybamukaluuMM MMHUCTepCTBa 5SHepreTtuku CIIA (US DoE)
(https://www.hydrogen.energy.gov/pdfs/progress06/iv b 1 wu.pdf:
IV.B.1 Process for Generation of Sodium Borate to Sodium
Borohydride for Use as a Hydrogen Storage Source; Ying Wu;
2006), ocoBeHHO B OTHOMEeHUM OUITYPH 3 IaHHOM OyOJIMKALIUM.

[10] TIpu peakuum OopTUIPHIa MeTallJla C BOOOM pPAO IIPOOYKTOB
peakuuy QOpPMMPYKRT OTpaboTaHHY® TOIUJIMBHYK CMeChb. HeKOoTOpHEe U3
DTUX T[IPOOYKTOB peaKUUMM MOT'YT IIOBTOPHO MCIOJB30BaTECA. OIOHAKO
M3BECTHEE CIOCOOH I[IOJIYUEeHUS OopIuipuOa MeTallJla UM eTl'o IIPMMEeHeHUS
B KaueCTBEe TOILJIMBa BCe elle ABJARTCA HendOeKTUMBHEMM IO TpebyeMomn
SHEPIUU U PeakKUMOHHHM IIPONYyKTaM B MCIIOJb30BaHHOM TOILJIMBE.

CYIIHOCTBb WM3OBPETEHUA

[11] eJsibo IDaHHOTO n300peTeHms aBJigeTcs obecreumTs
BJIaTONPUATHEM CIIoCco® TNoJyueHMsa Oopruiapuia MeTajljla U Hoa.

[12] HOpyro¥ wWIM aJbTepHATUBHOM leJIbld IOaHHOTO M300peTeHUd
aBJIdeTcd oOOecleuMThb CrIocob TIMoJydeHMda OopruipuIa MeTaJuia u  Ho,
KOTOPHM »HaeT NPOOYKTH peaklMM, KOTOPpHEe MOXHO JeI'KO BO3BpallaTh B
OAaHHEM CIoCo0.

[13] Eme omOHOM WMJIM aJIbTepHATHMBHOM LeJibl ITaHHOTO M300peTeHUd
aBJdeTcd oOOecleumMTh Crnocob TIoJydeHMd OopruIpuiIa MeTaJuia u  Ha,
KOTOPHM OaeT MMHMMYM OTXOIOB.

[14] Eme oOHOM WMJIM aJIbTepHATHMBHOM LeJibl ITaHHOTO M300peTeHUud
ABJISETCH COXPaHATb M IIPOM3BONMUTE Hz mpu OJIaTONPUMATHHEX KOJIMUeCTBax
TpedbyeMoy 2HepITUM.

[15] Eme omOHOM WMJM aJIbTepPHATHMBHOM LeJIbl ITaHHOTO M300peTeHUud

ABJigeTCcda of0ecHneuuTh Croocod obeclneueHMUd COXpaHeHMrA W IIOJIYYEeHNA



SHEPTUU C MMHMMYMOM IIOTEPM DHEPIUM M OTXOIOB.

[16] Eme omOHOM WMJM aJIbTepHaATHMBHOM LeJiblo ITaHHOTO M300peTeHUud
ABJIIETCH OBeCIeunThb crioco® XpaHeHWs, TPaHCIIOPTUPOBKU u
paclrnpenesjieHUsa SHepI'uMM IIPM HU3KOM YPOBHE pPHCKA.

[17] Eme onmHOM MJIM aJIbTePHATUMBHOM LeJIb OaHHOTO M300peTeHUd
ABJIAEeTCH OBeClIeunThb crioco® XpaHeHUsd, TPaHCIOPTUPOBKH,
pacrnpenejyieHUMs U IIOJYYEHMS DHePI'MM, KOTOPHM MOXeT OBTb JIeT'KO
MacmTadbupoBaH OO XeJlaeMHX YPOBHEMN.

[18] ITo MeHLIIen Mepe, OIIHa nus3 BHIIEeYKa3aHHBX neJjen
OOCTHUTaeTCsa C IIOMOmbI crocoBa MNoOJyYeHMs, I[I0 MeHbIleM Mepe, OIHOTO
3 fopruapuia MeTajlJla M Hz, BKJIOUAKIMETO CJeOyiolue CTaIuu:

A. mnogyueHre ©OopruIpMIa MeTallJla B IIpollecce cuHTesa (S, S1,
S2, S3), B koTopoM H2 dABJAeTCA pearleHTOM, C IIOMOILID, II0 MeHbLIen
Mepe, OIHOTO M3:

Al. obecrnieuyeHusa TIUIPOKCHMIa MeTallsla, B203 m Hz Tak, dYTOOH
[IO3BOJIATE IIPOTEKATE IIPOIECCY CHMHTe3a M HaBaThk OOpIUApKUI MeTaJlla,
BO3MOXHO Oopruipun MeTajgia M Oz CcOIJIaCHO OOIMeMy YPaBHEHMIO pPeaKlUM

4 Me (OH)n+2n B203+6n Hz — 4 Me (BH4)ntb5n O2; u

A2 . oOecrieueHud OOpOKCUIOa MeTalljla M Hz Tak, UYTOOH II0O3BOJIATH
IpoTeKaTh IIPOolLleCCy CHMHTe3a M JakBaTb OOpIMIPpUI MeTajlla, OCOOEeHHO

oprumpun MeTasia U Oz; COTJIACHO ofmeMy YpPaBHEHMD peaKLUM

Me (BO2) n+2n Hz — Me (BHa)ntn 02,

roe Me rnpencrapjdeT cobom MeTaJ, a n obo3HauvaeT
BaJIEHTHOCTL MOHa MeTajuia.

B. moJgyueHue Hz B Ipollecce XMMMUecKoM peakumm (R, R1, R2), B
KOTOPOM OOpIMIPUI MeTajljla U/UiIM OOPOKCHI MeTajljla, IIOJIYUeHHHM Ha
cramnmm A, wu HxO 4BJjAn0TCHAd peareHTaMy, puyeM KoJmMuecTBO H,
nojiyyaeMoe Ha cTamumM B, OoJiblle, UeM KOJMUECTBO Hz, TpebyeMoe B
KaueCcTBe pealeHTa Ha cramuax Al u/wiam A2 OJ8 TaKuxX Xe KOJUUeCTB
Qopruipuia MeTallyla Y OOpOoKCHMIa MeTalljla COOTBETCTBEHHO B KauecTBe
peareHTa " IIpOOYyKTa peakKUMM Ha cTanmdax B M A COOTBETCTBEHHO; U

C. obecnieueHme Hy, ODOJIYUeHHOI'O Ha cTamum C, Ha cCcTagupo A, U
nmoBTOp cCcTamuy A, B u C, IOe uYacThb, II0 MeHBIIEM Mepe, OITHOTO U3
oprumpuIa MeTajlla U/ uiau ©OopoKCcUIa MeTajyla M Hz, I[DOJYUYEeHHHX Ha

CTaIlmAax A 12 B COOTBETCTBEHHO, BEIBOIOAT, oCTaBJIAA HeKOoTOopoe



KOJIMYECTBO Soprunpmrma MeTaJlla u Ho» COOTBETCTBEHHO, YTOOH
IO3BOJIATEL IOBTOpP cCcTamuy A, B m C. MexaHM3MH peaKUuMM ITaHHOTO
crnocoba ofbecrneumMBamRT OUEHE DHepreTUUeCKM HOPeKTUBHEE CTaluu
noJjiydeHmsa OopTIuapuna MeTasula u/muiay Hz. Cnoco® MoxeT OBTH JIEeTKO
MacmTadbupoBaH OT TpeboBaHMUM HUBKOM SHepI'MM OO0 Tpe®oBaHMM OUeHb
BHICOKOM DHeprum. Craguu A ¥ B MOTYT BHIIOJHATHCA B OTIEJbHBIX
Koplycax WM BHYTPM OOHOTO KOpIyca, ¥ MOI'YT BHIIOJHATBECSA B
mocjienoBaTeJIbHOM crocobe "B oIHOM kKacTpoje'".

[19] B o©oIOHOM BapuaHTe OCYIEeCTBJIEHMA cTamgmusa A TpebyerT
SHepIM B QopMe TellJla, SDHepI'Mda B QopMe TellJla OPOM3BOOMUTCS Ha
craiuu B, u TeIlJio, IMNIPOM3BOIOMMOE Ha CcTaIuM B, I[I0 MeHbLIIeM Mepe,
JacTMUHO obecneumMBaeTCsa Ha cTaiguio A.

[20] B omHOM BapuaHTe OCYIEeCTBJIeHMS IIPOolLecCH cTaiu A u B
BHOMpPAKT TaK, YTO MNPOOYKTH peaKUMM CcTalIuM B ABJAOTCA pearleHTaMu
crTammm A,

[21] B omHOM BapMaHTe OCVYIEeCTBJeHMS IIpollecCH cTamui A u B
BHOMpPAKT TakK, UYTO [NPOOYKTH peaKLUMM CcTalIuyM B ABJIAOTCA peareHTaMu
cTaiuyM A COIJIaCHO, IO MeHbIleM Mepe, OOHOMY M3 O0mMMX YypaBHEeHUMN

XVIMIMY e CKUX peaKHMﬁ OJIA CTalI XUMUUECKOMN pPearumm:
Bl. 4 Me(BH4)n,+10n H20 — 4 Me (OH)n+2n B203+1l6n He ; m

B2. Me (BH4)nt2n H20 — Me (BO2)nt+4n H:.

[22] B OOHOM BapMaHTe OCYINECTBJIEHMS OTHOIleHMe OopruapMaa
MeTaJla M H2O BHOMpamT Tak, UYTOOH II0JYyYaTh, I[IO MEeHbIIeM Mepe, OIOHO
us3

- YBEJMUYEHMA CKOPOCTM IOoJIydyeHMsS Hz u

- TIOJIyUeHMuSI OPOOYKTOB pPeaKlMM, KOTOPHEe IOIpelcTaBJIsgioT cobol,
10 MeHbIlel Mepe, OIOHU U3

—— peareHTOB cTamuu A U

—-— peareHTOB IIpOllecCa PeUupPKYJIaluM, Janmer'o peaKLUMOHHEE
IIPOOYKTE, KOTOPHE ABJIAKNTCH peareHTaMM CcTaaum A.

[23] B omHOM BapmMaHTe OCYIECTBJIEHMA OTHOIMEHME  MOJIbHEX
KOJIMYeCTs OOpI'MOPMIOHEX TIpynn BHs B Ooprumpune MeTajuia o Hz0
cocTaBJigeT, IO MeHbmen Mepe, BHz:H:0=2:5.

[24] B omHOM BapMaHTe OCYMeCTBJIeHMHA, IO MeHbIeM Mepe, OIMH

KOMIIOHEHT M3 KaTaJlMsaTopa M KHMCIIOTH OoDarJIglT Ha cTammmM B, UTOOH



YCKOPATEL, IIO MeHbIIeM Mepe, OIOHY XMMMUECKYID peakKIMi B IIpollecce
XVMUUECKOM peaklnu, 4YToOH [IOJIyYaThb, IIO0 MeHbIley Mepe, OIOHO U3

- YBEJIMUYEHMUS CKOPOCTU IIOJIydyeHud Hz u

- TOJIydeHMSd OPOOYKTOB peaKlLMM, KOTOPpHEe IMIpelcTaBJIgiT cobol,
10 MeHblleM Mepe, OIOHU U3

—— peareHTOB cCcTamium A u

—-— peareHTOB Ipollecca PeUuMpKyJIaluM, Jamero peaKLUMOHHEEe
IPOOYKTE, KOTOPHE ABJIATCSI peareHTaMM CcTaium A.

[25] B omHOM BapmMaHTe OCYIECTBJIEHMSA THUIOPOKCUI MeTajljla
no®aBJglT Ha CcTaiuy B, UuTOOH IIOJYYaTb, II0 MeHblley Mepe, OIHO U3

- YMEHBNIEHMSA CKOPOCTM IIOJIydyeHMd Hz m

- TIOJIyUeHMSd OPOOYKTOB pPeaKlMM, KOTOpHe IOpelcTaBJigioT cobol,
10 MeHbIlel Mepe, OIOHU U3

—— peareHTOB cTamuu A U

—-— peareHTOB IIpOllecca PeUuPKYJIaluM, Janmer'o peaKLIMOHHEE
IIPOOYKTE, KOTOPHE HABJIAKNTCH peareHTaMM CcTaaum A.

[26] B OHODHOM BapMaHTe OCYIECTBJIEHMSA CTagui A BHIIOJHIOT B
IepBOM YCTPOMCTBE, CTaIMiO B BEHIIOJHAKT BO BTOPOM YCTPOMUCTBE,
HEKOTOPOE KOJMUECTBO OopruIpuia MeTalljla oDecClleuMBanT M3 IIepBOIO
YyCTpOMCTBa BO BTOpOe YCTPOMCTBO, WM HEKOTOpoe KOJMUeCcTBO H»
ofecreuMBawT U3 BTOPOTO YCTPOMCTBaA B IepBoe YCTPOMCTBO MOJIA
UUKJIMYECKOTO  BHIIOJIHEHMS cCcTaaui A UM B B TIIepBOM ¥ BTOPOM
YCTPOMCTBAX .

[27] B omHOM BapMaHTe ocymecTBJeHMsa Hx0O obecrneumMBawT B BUIE
cBepxumcTOoM Bome (CUB) .

[28] B omHOM BapMaHTe ocymecTBJeHMsa CUB yOOBJIeTBOPAeT, IIO
MeHbIeln Mepe, OIOHOMY napaMeTpy nus3 TOTO, uTo VMeeT
SJIeKTPONPOBOOHOCTE HMke 1 MKCM/cM, ocoBenHHo Huxke 0,5 wMxCMm/cMm,
ocoBenHo Hmwrke 0,1 wMrCMm/cMm, ocobenno Hmxrke 0,06 MrCM/CM U MMeEeET
rkjjacc ASTM Tun E-1 Boza IJIA DJIEKTPOHUKM U IIOJYIPOBOIOHUKOB WJIU
JIydle .

[29] B OpyroM aclleKkTe »OaHHOe U300peTeHMe obeclneunBaeT
crioco® MOJYyYeHUS SHepITUM, KOTOPHM COIEepXUT CcTalumn

- noJiyyeHusa Hz ¢ nomombrn crnocoba 1o JoboMy M3 IPeObOylnx
IIYHKTOB;, U

- obecneuenusa Hy m3 npenwsnymer cramuu u Oz, UYTOOH IIO3BOJIATH



XVMUUECKOM peakKlMM IpOoTeKaThb M OaBaTb SHEepIHU, BO3MOXHO COTJIACHO
YPaBHEHUI peaKLUM

Ho+0O2 — 2 H20.

[30] B eme OODHOM acllekKTe OaHHOe wu300peTeHue oOecClleuuBaeT
criocot ImnoJydeHud Oopruopuba MeTala, KOTOPHEM  COOEPXUT, 1o
MeHbIIeV Mepe, OOHY M3 CJelyllux CTaluy:

- obecrieyeHrsda TIUIPOKCHIa MeTaja, B203 m Hz Tak, UYTOOH
[IO3BOJIATE IPOTEKaTh IMIPOlecCy CHMHTe3a M OaBaThk OopruIpuI MeTaJlla,
BO3MOXHO Oopruipun MeTajsia M Oz, TI'Ie CHHTe3 IIpoTeKaeT COIJIacCHO
YPaBHEHUI peaKLUM

4 Me (OH),t2n B203+6n Hz — 4 Me (BHi)nt+b5n O2; m

- of0ecrieueHUsa OOpPOKCHUIA MeTaJla M Hx Tak, UYTOOH I[IO3BOJIATH
IpOoTeKaTh IMpPOLleCCy CHMHTEe3a M JaBaTb OOpIMIPUI MeTaJlJla, OCOOE&HHO
Soprunpmun MeTaJuia M Oz; COIJIACHO O0IMeMYy YPaBHEHMI peakKLnu

Me (BO2) n+2n Hz — Me (BHa)p+tn O2,

roe Me NpelCcTaBJIgEeT cobom MeTaJlI, a n oBbo3HauvaeT
BaJIEHTHOCTEL MOHa MeTaJjlla.

[31] B OZHOM BapMaHTe OCYUEeCTBJIEHMA MeTaJiyl Me OpencrTaBjideT
coboM, IO MeHbIEM Mepe, OIMH M3 JuTusa Li, HaTpua Na u kaausa K.

[32] B eme OODHOM acCIlleKTe OaHHOe WU300peTeHMe oOecClleuMBaeT
YCTPOMCTBO MOJIS BHIIOJIHEHMS JIOOOTO M3 BHIMEYKAaBaHHHX CIIOCOOOB.

KPATKOE OIIMICAHME YEPTEXEN

[33] IOIIOJIHUTJIbL HEIE NpU3HakKu " nperMymecTBa OaHHOTO
n300peTeHnsa CTaHyT BUIOHE M3 OINMCaHMA U300peTeHMSI B BHUIe He
OTpaHMUMBAKIMX ¥ He MUCKJIOUYAKMMUX BapMaHTOB OCYMeCTBJIEHUA. OTHU
BapMaHTH  OCYHMECTBJIEHMS He TIIpedHa3HadveHB OTpPaHuuUMBATE  OO0BEM
3amUTH. CIOelraJyucT B OaHHOM o8JlacTM TexHUMKM OyIeT IIOHMMAaThL, UYTO
IpyTrMe  aJIbTEPHATUMBH M  2KBMBAJIEHTHEHE  BapWMaHTH  OCYMeCTBJIEHUS
n300peTeHnusa MOTYT IPelCTaBJIATbLCA UM OOBOOMTBLCHA IJIS [IPaKTUkM 0e3
OTKJIOHEHU A oT obBeMa HaCTOAmMETO n3obpeTeHn. BapuaHTH
OCYMeCTBJIEHMSA OaHHOTO u300peTeHMsa OYyOYyT OIMCAaHB CO CCHEJIKOM Ha
CONIPOBOXIAKIMME UYepTeXu, Ha KOTOPHX aHaJIOTW4YHBE WM OJIVMHAKOBHE
0B03HauUeHMd O3HadalnT aHaJIOTUUHHE, OOUHAKOBHEE WM COOTBETCTBYKIME
JyacTu, M TOe

durypa 1 mokasHBaeT CXeMaTUUuHOe M300paxeHMe OINHOTO BapMaHTa



OCYWeCTBJIEHUA OaHHOTO M300peTeHUs;

durypa 2A  HOoKas3HBaeT opencraejieHue COOTHOUWEHUA  MeXIy
YPaBHeHMAMM peaKluy, BKJIOUEHHEX B OOMH BapMaHT OCyMeCTBJIEHUS
OaHHOTO M300peTeHud;

durypa 2B mOKasHBaeT npencraeJjieHUe COOTHOUWEHUI  MeXnoy
YPaBHEHUAMM peaKlUMy, BKJIOUEHHHX B OPYyT'OM BapMaHT OCYMeCTRBRJIEHUS
OaHHOT'O M300peTeHUusd;

durypa 2C MOKasHBaeT CXEeMaTUUHHM CIIoCOo® CHMHTes3a TOIJIMBA;

durypa 2D MOKa3HBaeT CXeMaTHUUHHY CIOoCOD IMIOJYyUYeHMS DHEepPIUN;

durypa 3 TIOKasHBaeT DHepreTHUecKre YPOBHM IOJA CTagun
CUHTe3a OopruIpuIa MeTajljyla B 2 OOHOM BapuMaHTe OCYIeCTBJIEHUMA
OaHHOTO M300peTeHud;

durypa 4 [IOKas3HBaeT cxeMaTu4dHoOe npencraBJieHNe OOHOTO
BapMaHTa OCYWeCTBJIEHUS NOaHHOI'O M300peTeHMA, MWCIOJb3YKIel'o CIOoCo0
CHMHTes3a, NpelJIOXeHHHM Ying Wu;

durypa 5 I[Ookas3HBaerT cxeMaTu4dHoOe npencrabBJieHNe OOHOTO
BapMaHTa OCYWeCTBJIEHUS NOaHHOTO M300peTeHMA, MWMCIOJb3YKIelo CIOCoO
CHMHTes3a, NPelJIOXKEeHHHM PuxTepoM UM IKeHCEHOM;

durypa 6 IIOKasHBaeT CXeMaTUdHOe IIpelcTaBJIeHMe elle OOHOTO
BapMaHTa OCYWEeCTBJIEHMA IaHHOT'O M300peTeHMud;

durypa 7 TIOKa3HBaeT CxeMaTHUUHOe IIpedcTaBJlIeHue elle OIOHOTO
BapMaHTa OCYUEeCTBJIEHMA LOaHHOTO M300peTeHUA;

durypa 8 cCxXeMaTMUHO Mu3o00paXaeT peaKUMOHHYK YCTaHOBKY IJiA
BHIIIOJIHEHM A SKCIIEPUMEHTOB ;

durype 9, 10 m 11 1[oxasuBalT U300paXeHMsa peaKlMOHHOM
YCTaHOBKM IJISl BHIIOJIHEHMSA SKCIIEPVMMEHTOR;

Ourypr 12, 13 m 14 nokaswBawT I'paduMky TeMllepaTyphl DaBJIeHUS,
3alMCaHHEE OJId TPpeX BHIIOJIHEHHEX DSKCIIEPMMEHTOB;

durypa 15 TNoKasHBaeT TBEepPOEM OCTAaTOK, IIOJYUYeHHEM B OIHOM
SKCIIePUMEHTE ;

durypa 16 mokasbBaeT TIpaduk TaszoBoM xpomaTorpadum (I'X) wus
I'X wusMepeHU4, BHIIOJIHEHHOT'O IJIA TI'asa, [IOJIYYEHHOTO B OIHOM
DKCIIEePUMEHTE; U

durypa 17 mnokas3HBaeT TIpadMK pPeHTIeHOBCKOM mOudpakumm (XRD)
n3 XRD wm3MepeHMsa, BEHIOJHEHHOTO nOJ4 OCTaTka, IIOKasaHHOTO Ha

burype 15.



[IOOPOEHOE OIIMCAHME BAPUMAHTOB OCYIUECTBIEHMA

[34] CxeMaTHMUHOE npencraBJieHUe OIOHOTO BapMaHTa
OCVYIIECTBJIEHNA Clocofa ITaHHOTO M300peTeHMA IIOoKas3laHO Ha o¢urype 1.
Boprumpun MeTaljla, B LDaHHOM BapMaHTe OCYIeCTBJIeHUA nokas3aH NaBHg,
nojyvyamT M3 Hz M HEeKOTOPHX OPpYyI'MX peareHTOB B IIpolleCcce CHMHTe3a S.
[lpouecc cHMHTe3a TpebyeT IHOOBOIA HBHepIMM. B 3aBUCUMOCTM OT
KOHKPEeTHBEX UYaCTUMUHEIX I[IPOLIeCCOB, BKJIUEHHEX B IIpPOllecC CHUHTe3a,
SHeprud MOXeT Tpeb®oBaThbCd, HalIpUMep, B BUIe IaBJIeHUMdI U/WIK Tellja
OJIA TIoOBbeMa TeMIIepPaTyPH PeareHTOBR WM MOXeT BBOOMUTHLCS B IIPOLIECC
DJIeKTpoJM3a. [pyI'Me THUIE [IPOLEeCCOB TakKXe MOTYT BORJIEKAThH IpyTHUe
TUIIH SHEPTUM .

[35] Bopruonpun  MeTalja 3aTeM IIOOaeTcH, KaK IIOKa3aHOo
crpenkor 10, B mopollecc R XMMMUeCKOM peakluy OopIUIpMIa MeTaJlia,
KOTOPHM HOOMNOJHUTEJNLHO BkJIoOUaeT HxO B BuUIe pealeHTa. bopruapun
MeTalljyla XMMHUUeCKM pearupyeT ¢ H>O M pasjaraeTcda Ha IIPOOYKTH
peakuuyu, pBriaouyadgd Hz. KojgmuecTtro Hz, HDoJiydaeMoe B IIpollecce peaKLUuun
R Soprumpuna MeTaJlJla " H20, DoJble, yeM KOJIMUEeCTBO Ho,
MCIIOJIL30BaHHOE B IIpollecce CHHTesa S, UYUTOOH CHHTEe3MpPpOBaTL Takoe
Xe KOJIMUeCTBO Ooprumpuia MeTajljla, KaKoe pasjlaraeTcsa B IIpoliecce
peakuummn R ¢ nogaydveHmeM Hz. Bopruopmn MeTaljjla ¥ HxO0 MOTYT
paccMaTpuBaTBECA B KauecTBe TOIJIMBa OJIA [HoJydeHMda Hz, a [oojiydaeMue
IPOOYKTE peakluuu, MHEe dYeM Hz, MOI'YT Ha3HBATLCSA MUCIIOJb30BaHHEM
TormmeoM UT .

[36] Hz, TIOJyYeHHBM B Ipollecce R, IojaeTcs B KauecTBe
peaTreHTa B IOpollecc S, Kak IIokasaHo cTpejgkol 30, CcHOBa IPOUBBOMOA
fopruopuao MeTaljljla, KOTOPHM CHOBAa MCIOJbL3YeTCcd IJA IIoJIyueHus Hz B
npouecce R, m Tak pajee. Kpome Hz, [DOJIyuyeHHOTO B Ipoluecce R,
INIPOOYKTE pPeakKUMM B  MCIOJBE30BAHHOM TOINIMBe MC  Takxe MOTYT
nmomaBaThbca oBpaTHO B IOpollecc CHMHTe3a S, KakK II0OKa3aHO CTpeJIKou
20. PeaKUMOHHEE MNPOOYKTH B MCIOJBE30BaHHOM ToIummBe UT M3 mnpoliecca
peakuuu R Oopruipuma MeTaja M H>0 MOTYT BO3BpamaTbECAa cHadajla B
OTHOEeJIbHHM IIPOollecC PeUMPKyIdumuy RP  MJIM MOTYT HelIoCpeICTBEeHHO
MCIIOJIL30BaATLCA B IIpollecCe CHMHTe3a S, UTO Takxke I[OoKasaHO Ha
burype 1. KpomMe TOTO, IIpolecc peakluuu R OOHUHO JIaeT SHEPIUVD B
dopMe TIIOJIYUYEeHHOT'O TeIlJla. OJOHepIMsda M3 IIpolilecca peakumm R Takxe

MOXeT TIIogaBaTBCHA O@paTHO B TIIpoLecc CHUHTES3SAa S, KakK IIOKasaHO
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cTpesikor 40. Bopruopum MeTasJla u/umiaum Hz MoOXeT OTBOIOUTLCS U3
DaHHOTO crocoba nOjud MCIOJb30BaHMA B MHOM MecTe. OOHaAKO UYacThb
Soprumgpmuia MeTajyla ©  Hzx OOJDKHEL OCTabaTbCd, UYUTOOHE IIO3BOJIATH
IPOOOJIXATbCHA CIIOCOOY IIOJIYUEHUA .

[37] Kuciora n/ Ui KaTajanu3aTop MOTYT nogaBaTbCsa B
PeaklMOHHEM Npollecc R nyg nojgyueHmusa Hz, a Takxke, UTOOH YCKOPATH,
1o MeHbIen Mepe, OOHY XUMUUECKYIO peaxkLmio B XUMUUIECKOM
peakLMroHHOM Ipollecce. KucjoTa M/MIM KaTajlru3aTop MOI'YT BHOMPATLCH
Tak, UYTOOH IIOJYyYaTh YyBeJMUeHMe CKOPOCTM MHoJIydyeHrsa Hz wu/wuim
[IOJIy4yaThk pPeaKLUMOHHEE I[IPOIOYKTE, KOTOPHEE ABJIAKTCSA peareHTaMM Ha
cramMM A U/UIM  peaTeHTaMM [Opollecca PelUUpKyJISLNnN, O A/ MA
PEeaKLUMOHHEE TIPOIOYKTEHE, KOTOPHE ABJAKTCSA pearleHTaMM Ha cTaoum A.
KpoMe TOT0O, TIUIPOKCHI MeTalJlJla MOXeT »Jo0aBJIATHCA B PeaKIMOHHBMN
npouecc R IJg9 CHMXeHMS CKOPOCTHM IOJydYeHMs Hy U/MIM  BHXOIA
PEaKLUMOHHEX IIPOOYKTOB, KOTOPHE HABJIALTCHA peareHTaMyM Ha cTaiuu A
U/ MM peareHTaMM [Opollecca PeLUPKYJIALWK, JallyMMY pPeaKIMOHHEE
IIPOOYKTE, KOTOPHE HABJAKTCH pealeHTaMM Ha CcTamum A. IpyruMm
napaMeTpoOM, KOTOPHM MOXeT BHOMpPATBCH, ABJISETCHA OTHOIIEHNE
Soprumpmuna MeTajuila M H20. JJaHHOe OTHOUIeHMe MOXHO BHOMpAaThL Tak,
YTOOH IMOJIYUMUTL YyBeJMUeHMEe CKOPOCTM IMoJydyeHMsa Hy u/MiaM [IoJIy4YaThb
PEeaKLUUMOHHEE T[IPOOYKTE, KOTOPHEE HABJAKTCSH pealeHTaMM Ha cTaiuu A
U/ peaTleHTaMM Mpollecca PeUMpKYyJISuun, OaoyM  peaKLUMOHHEE
IIPOOYKTE, KOTOPHEE HABJIAKTCS peareHTaMM Ha cTaaumM A. B omHOM
BapMaHTe OCYIEeCTBJIEHMSA OTHOMEeHVEe MOJIBHHEX KOJMUeCTB OOPTMUIPUIHEIX
rpynn  (BHi) B OGoprunpune Metajuia (Me(BH4)n) m H20 cocTarjisgeT, IO
MeHbIle Mepe, BH4:H20=2:5. ClemoBaTeJIbHO, pPa3JIMUHEE IIapaMeTpH
OOCTYIIHHE IJIS [IOIOCTPOMKM MEexXaHM3MOB XUMHMUECKOM peakluM B IIpollecce
peakuuu OopruIpuia MeTajijla M H2O g yBelIMueHUI WM YMeHBIIeHU I
CKOpOCTM TIoJiydyeHus Hz m BHOOpa OJIaTONPUMATHHX IIPOOYKTOB peaKIUM.
TakoM crocod ©OoJjiee MOOOPOOHO OIMCaH B IBYX IAaTCKMX [TaTEeHTHHX
3adBKax, 3apermMCcTPUPOBaHHEX /7 MapTa 2016 ¥ CcchHJlanmMXCd Ha
IPpUOPUTET O0aTCKOM IaTeHTHOM 3adBKU NL 2015742,
3apeTUCTPUPOBaHHOM 6 Hoabps 2015, comepXaHMe KOTOPHX BKJIUEHO
comoa IOCpPelCTBOM CCBUIKM.

[38] KauecTBO nomaBaeMo¥ BoOIH H>0 oueHb BaXHO IJIS IIOJyUeHMS

Hz, xak Owlo nokasaHo B WO 2010/087698 A2, koTopasd BKJOUeHa Ccioia
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IIOCPEenCTBOM CCHUIKUA . MexnyHapoIlHasd nyoanuKaunmsg, B obmeM,
pPackKpeEBaeT CrIoco® mnoJgiydyeHuda Hz, B KOTOPOM OopIUIpKUI MeTajljla
PacTBOPAT B BOIe, HUMeKmel IpoBoIMMOCTb <0,5 wMxCMm/cMm. KauecTBo
BOOH, MMEKmMEeN TakKyln HU3KYyD I[IPOBOAMMOCTEL, OlleHMBalT KaK BoIa
copra ASTM Tun E-1 (Boma IJigd BJIeKTPOHMKM UM IIOJIYIPOBOIHUKOB) ,
KoTopas B IaHHOM OIMCAaHMM HasHBaeTCs CBepxuuMcTolr Bomowu (CUB).
CUB B OaHHOM OIIMCaHUM OTHOCUTCH K BOIE, YIOBJIE TBOP S0IEN
BHIIeYKa3aHHOMY KadecTBY, U/WIM BoIe, HUMellell IPpOBOOMMOCTE <1
MKCM/cM, ocoBeHHO <0,5 MrCM/cM, ocofeHHO <0,1 MKCM/CM M OCOBEHHO
<0, 06MkrCM/cM. Boma, wuMenmad OIPOBOIMMOCTL <0, 06MKCM/CM, TaKxe

KOHKPEeTU3UPYEeTCsa Kak ¥Meolas CONpoTUMBIIeHMe 18,2 MOM wmiam OoJblle

npu 25°C. KpoMme ToTo, Takoe pacTBOpPeHMe U Takoe IIpMMeHeHHUe
QOPTUIPUIOHOTO TOIJNIMBA OOHUHO IIPOUCXOOUT B Cpele a30Ta, UYTOOH
nz3bexaTh JIOOHX peakuut ¢ COz2 m H2O B okpyXawmeM BoO3Iyxe.

[39] Bopruopun MeTaJljla odeHb 5»0OeKTMBHO pearupyeT c H20,
obecrieueHHOM B BOIe, VMemey HUMBKYID BeJIMUMHY OIPOBOIMMOCTH,
ONMCAaHHYI BHIMe. IMAIPOKCHUI MeTaJlJla, TaKo¥ Kak MeOH, TakXxe MOXET
pPacTBOpPATECA B CMecHu, obecHneumMeasa CTabMIIbHYKR TOIUIMBHYK CMeECh.
[lpennouTnuTeJIbHO, TUIPOKCKHI MeTaJljla IIepBHM pacTBopawnT B CUB,
nocjie 4Yero pacTBOpART OOpIMIOPKUI MeTalljia, nojiyyasd TOILJIMBHYIO
CMecCb, KOoTopas MOXeT of0ecleuMBATLCSA B PeakKUMOHHEM Opoliecc R. [IBe
DaTCKMX [IaTeHTHHX 3afiBKM, 3adBJjAnlMve nOpuopuTeT oT NL 2015739 wu
YIIOMSHYTEE paHee, PacKpHERAKT TOIJIMBHYK CMeCchk U3 Oopruipuia
MeTajsa, TUOPOKCUIOA MeTajlJla ¥ CBEepxXUMCTOM  BOMH, u  croco®
TeHepauum Hy u3 TaKOM  TOILJIMBHOM CMECHU. OnmcaHue, dbopmysia
M300peTeHNI M UepTeXM DTUX 3BagdBOK BKJIIUEHH TIOCPEeICTBOM CCHUIKM B
HaCTOAMYK 3asiBKy. UTOOH YCKOPUTHL peaKLUMi TeHepaluu Hz, BeJIMUMHAa
pH cMecru wMoxeT OBTEB CHMXeHa IO BeJIMUMHH OpUOIM3UTeJIbHO pPH=7
nyTeM noBarJIeHU A KMCJIOTEHI. Hanpuwmep, HC1 OpenrnouTUTENIEHO
VCIOJL3YIOT B KauecTBe KMCJOTH, XOTHA IOPYIOM TUI KUCIOTH TakKxe
MOXeT OBTL MCIOJIB30BaH, TakKoM Kak, HalpuMep, JMMOHHAad KUCJIOoTa.
9T0 0coB®eHHO BHETOIHO B IIOIBMXHHX I[IPUJIOXKEHMS TOIJIMBHOM CMecu. B
CTAalMOHAPHEIX  IIPUJIOKEHUSA  MOXET NIPUMEHSATEC A TOIJIMBHA A CMeCh,
VMeKa g DoJiee BEICOKYIO BEeJIMUVHY PH. KaTanmmzaTop MOXeT

MCIIOJIBE30BATECHA JOIIOJIHMTEJIBHO MJin aJlbTEPHATMBHO VMCIIOJIESOBaAHUMIO
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KMCJIOTHE IJIE YCKOPeHMA peakKumm Oopruopmunoa MerTasia ¢ HaO.

[40] Hz ©3 peaklUuu TOIJIMBHOM CMEeCHM 3aTeM MCIOJbL3YIT OJIA
[IOJIYyYEHM S DHepruu. [pyTMe peakKUMOHHEE IIPOOYyKTH MOTYT cCcobMpaTbCs
B MCIIOJIb 30BaHHOM TOIJIMBHOM cMecu UT. PasJimmuHEle CIIOCOOEL
PELUUPKYJIAUUM M3BECTHH U [IPUMMEHSAJIMCE M TeCTUpoBasiMchk nysa NaOH wu
oJig  JIoOBIX pPeaKUMOHHBEIX I[IPOOYKTOB B MCIOJIBE30BAHHOM TOILJIMBE, U3
KOTOPHX MOXHO BHOpaTh NOIOXOOAMME .

[41] Brulo mOKa3aHO, UYTOo OOoprUIpMI MeTaJlJla pearupyeT c H20,
obpaszysa Ha, OJIE KOTOPOI'O CTexXMOMeTpUMUueCKOoe  OTHOIEeHMe  JaerT

cilemyolee ypaBHeHMe 0as0BOM XUMUUESCKONM peaKLMM:

MeBH4+2 H20 — MeBO2+4 H2t (Rb)

KaTanmmzaTop

9To ypaBHeHHMe 0a30BOM peaKlUuM OpedcTaBJIgeT TOJIBKO OIMH
MapmpyT peakKuum Oopruopuoa MeTaJgila ¢ H20. Panm peaKUMOHHEIX
IPOOYKTORB MOXET IMOJydaThbCd M3 Pas3JIMUHBEIX MaplpyTOB XUMUUECKUX
peakluMy COTJIACHO pPa3JIMUHBIM PeaKIMOHHBM YypaBHEHMAM, KOTOPHE MOTYT
IpoTeKaThk Ha MecTe IIOJIOXKEeHMS IIOoJIb30BaTesigd B pPasHEX CJyJdyasax.
PeaKLMOHHEE NIPOOYKTEL B VCIIOJIE 30BAHHOM TOILIUBE, KOTOPHE
IoJIydalnTCcsad M3 TOILJIMBHOM CMeCcHu IocJie TeHepauuu Hz B u30biTke CUB

(ASTM Tumn E-1), nokaszaHBE B Tabjiuiie HIMXE.

MOJIN
Tpebyemass H20
KMCIIopona
(DoBaBra Ha 30% obbseM H20
(Ha MoJb
pacTBOp) [ MAJIJIMIIV T ORI ]
NaBH4)
[MOJIM ]
[MOJIN ]
* NaB (OH) 4 4 32 576
NaBO2 - x HoO ** 2+x 16 288
Na2B407 7/2 28 504
NazB407-10 H20 17/2 63 1224
Na2B406 (OH) 2-3 H20 11/2 44 792
Na>B4107-5 H20 12/2 48 8604
NaB40s (OH) 4-3 H20 12/2 48 864
NaB40s (OH) 4-8 H20 17/2 68 1224

* IaHHEIE peHTI‘eHOBCKOﬁ ,JII/I(]_)paKLU/H/I s YHUBEPCHUTETA mTaTa

ApusoHa InokaseBawT, 4YTo NaB(OH)s4 gBideTcd [TOOOUYHHM [IPOOYKTOM



13

peakuuy THUOpoJiM3a (Don Gervasio, Michael Xu and Evan Thomas;
Arizona State University; Tempe, AZ; 26 July 2005).

** JlojlyyaeTcd B KaTajuszarTopax IeHepauum Hz mu3 NaBHs Tomnmsa;
V.I. Simagina (4-3-36) (Hydrogen on Demand)

[42] HacTosamee omnmMcaHmMe OTHOCUTCH, TJlaBHEM oBpasoM, K
boprumpuny HaTpusa (NaBHi) B kauecTBe Oopruipuia MeTalljla. [Ipyrue
OpuMepH OopIuIpuIa MeTaJla IOIPpencTaBJsSoT cobol OopTUIPUI JIUTUS
(LiBH4) u Ooprumpun kaamusg (KBHiz). OmHako cnoco® coTrjlacHO IOaHHOMY
n300peTeHNni0 IPUMMEeHVM K JiodoMy OOopIMIOPUOY MeTalljla, KOTOPHM MOXeT
OHTL BalImcaH kak Me (BHsa)n, Tme Me ofosHauvaeT MeTaJljl, MMeIM
BaJIEHTHOCTL N U, TakKMM o0pa30M, UMCJIO h OOpPTMIAPMIHEIX TPy BHg,
IPUCOEeNMHEHHHX K HeMy. MeTaJlJl BKJIKUaeT B cebd Jmodon MaTepual,
OBBUHO Ha 3LIBaeMEM Kak MeTaJlI, BKJIOUA 4 MeJIOUHHE MeTaJLJIH,
[IEPEXONHEIE METAaJIJIE M KOMILJIEKCHEE METAaJLIIH .

[43] PazHEe MeXaHM3MEBL XUMUYECKOM pearumum MOTYT OHITH
[IPMMEHMMEL IOJIA I[Ipollecca CHMHTEes3a S UM peaKUMOHHOTO Ipolecca R. OnuH
IpMMep IpMBeleH Ha ourype 2A. durypa 2A JOONOJHUTEJIEHO IIOKa3HBaeT
YPaBHEeHUI XUMUUECKMX PeaKUMM »OJIA I[IoJydeHMsa Hz nOyTeM BJeKTpoJM3a
HO m pmjna peaxkuum Hx m Oz OJ4 IDOJYUYEHMA SHepI'MM. MexaHUM3ME
peakuMy Ha JeBOM CTOpOHe TpebynT IIoJauM DHepIuM, Tor'da Kak
MexXaHM3MbEl peaklMi Ha IIPaBO¥ CTOPOHEe IIPOMBBOOAT SHepTuio. [aHHHEe
MexXaHM3ME peaklui BMecTe obecrneuupanT oO0mMM KpyToBOM crocod, B
KOTOPOM BCe pPeaKUMOHHEEe TMNPOOYKTH MHIMBUIOYAJBHEX MEexXaHM3MOB
peakuum MOTYT OHITH VICIIOJIbL 30BAaHE] CHOBa Kak peareHTH B
VHIVBUOYAJLHEX MexXaHM3Max peaklui, Kak IIoKal3aHo Ha o¢urype 2A.
(MoJILHEIE) KOJIMYECTBA, MCIOJb3YEMEHE B YPaBHEHUMAX MWHIOMBUILYAJbHBEX
peakuuy, coueTanTCcda OpyD C OPpYIOM:

6 H20 — 6 Hxt3 02 (s2, ourypa 2A4)

4 NaOH+2 B203+6 Hz — 4 NaBH4+5 Oz (sl, ourypa 2A)

4 NaBHz+10 H20 — 4 NaOH+2 B203+16 Hz (rl, omurypa 2A)

16 Ho+8 02 — 16 H20 (r2, ourypa 2A)

AJIETEPHATHMBHO, ypaBHeHUI  peaxuum, B KOTOPHX (MOJIBLHEIE)
KOJIMUEeCTBa, MCIOJb3yeMHe B YpaBHEeHMAX MHIMBUIYAJILHHX peakluui, He
codeTapnTCd IOpyID' C IOPYyIT'OoM, MOTYT OBTHE 3alMCaHH CJeOy VM o0pas30oM

COOTBETCTBEHHO
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2 HO — 2 Ho+02
2 NaOH+B203+3 Ho — 2 NaBHi+2,5 O2
2 NaBH4+5 H2O0 — 2 NaOH+B»03+8 H»

2 Ho+02 — 2 H20

[44] Ipyroy HabGop BO3MOXHEX MexaHM3MOE peaKlUuM I[IoKas3aH Ha

brurype 2B, Ha KOTOPOM Takke (MOJIbHEE) KOJUUECTBAa, MCIIOJbL3YyEeMHE B

YPaBHEHMAX MVMHIMBHYIOYaJIbHEX peaKuMﬁ, coueTaKpnTCd IOIpyIr' C IpyI'OM:

2 HO — 2 H2+02 (s2, odurypa 2B)

NBO2+2 Hz — NaBH4+02 (sl1, ourypa 2B)

NaBHs+2 H20 — NaBO2+4 H (rl, ourypa 2B)

4 Ho+2 02 — 4 H20 (r2, ourypa 2B)

TakuM xe O@paSOM, KakK ¥V BHIIe, ST YPaBHEHUMA peaKuMﬂ MOTWYWT

OBITH TaKXxe IIepelliCaHEL B YPaBHEHMA VHIOVIBVIOY aJIbHEIX peaKuMﬁ,

KOTOPEE HE COoYeTanTCsa IPpyI C OpyITOM.

[45] BrommenpuBeOeHHHE YypPaBHEeHUSA peaKUMM 5SHepTeTUUYeCKM OUeHb

BEIT'OOHEIL n CGaHaHCMpOBaHH, Iz IIOSTOMY ABJIARTCA VMCKIIDUMTEJIEHO

ONTUMAJILHEIMM YPaBHEHUAMU peakKUui. YpaBHeHUA peakuuit s2 U r2

M3BECTHEIL. ypaBHeHMH peaKuMﬁ sl mu ril IIoOTBepPXIanTCAd HVMHCTPYMEHTOM

IOJIA BEIUVMICIJIEHM A faJjiaHca IJIA CTEeXVMOMETPUNUECKUMX ypaBHeHMﬁ C

BebOcarTa WebOC.org (http://nl.webgc.org/balance.php).

[46] BasoBHE BeJMUMHE sHepIuM Iuddca U MOJIbHEE MaCCH
MaTepraJloB B YpaBHEeHMAX peaKUuuM TaKue, KaK IIokKa3aHo B Tabjauile
HIDKE .

SHeprus I'mb6ca| MonsHast Macca |SHeprus I'm66ca
[ kIX/MOJIB ] [T/MOJIE ] [kIx/KD]
Oz * 0 32,0 0,0
Ho * 0 2,0 0,0
HxO ** - 237,1 18,0 - 13160,5
NaOH ** - 379,5 40,0 - 9488,0
NaBO; *** - 9206,5 65,08 - 13776, 6
NaBHg ** - 123,9 37,8 - 3275,9
B20s ** - 1194,3 69,06 - 17159,5

*

https://en.wikipedia.

org/wiki/List of standard Gibbs free energi
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es of formation
** Handbook of Chemistry and Physics, 76th edition
*** www.cltrination.com

[47] CHauaJla O0OCyXOalnTCcd VYPaBHEHMA peakKlUuM B OTHOIEHUU

durype 2A. Clhenywomye TabOiMUE [IOKa3HBakT 2Hepruin ImbOca Ha MOJIb U

V3MeHeHue (A) SHepruu  I'mbbca Ha  UMCJIO MOJIEeKYJ B  MOJAX

COOTBETCTBEHHO YyPaBHEHUAM peaklLul, HaIpuMep, 6 MoJier H20, 6 MoJien
H m 3 wMosigs O2 B YypaBHEeHMM S2. YpaBHeHMe peaKUuM S2 SBJISIeTCH
MB3BECTHEM Oa30BHM PeaKLUMOHHEM IIPOLEeCCOM IJIS IIOJYUYeHMS BOIOpoIa
M3 BOOH. XMMMUecKasd pPeakumsa I[IoTpebssgeT DSHEepIM Ha  Pa3pHB
MOJIeKyJIEl H20, mHpuueM HMKaKas 5SHeprua (I'mbbca) He BHOEJSETCS IIPKU

obpasoBaHumM Hz m 02, KaK IIOoKa3aHO B TabiMile HWXE.

durypa 2A, Peakusi s2: HauanpHOe nojaydenme Hz
SHepruUs A sHeprun
# MoJexyn
T'nbbca T'ntbca
[MOJIB ]
[ K]/ MOJIE ] [xIx]
H20 - 237,1 6 1422, 06
H> 0 6 0
02 0 3 0
Peakuus s2: 1422,6

[48] VYpaBHeHMe peakKUuM

NaBHs w3 Ho,

MexXaHM3My peakuum rl,

B KOHEUHOM

pacxomyeT SHepIHuo,

IIOJIYYEeHHOTO

pre3syjibTaTe

sl
COTIJIaCHO
n m3 NaOH m B20s3.

XVMMYeCKaAd

IIOKa3eBaeT

pearkumusa

Kak ToOKa3eBaeT Tabjulla HIXe.

Peakuro IIOJIYYeHMA
MeXaHM3My peaKIormn s2

NaOH mmMpoko IIpMMeHAeTCHd.

YPaBHEHVIO




le

durypa 2A, Peakiums sl: NaBH; cuHTeSs
SHeprua A sHeprum
# Mosexyn
T'nbbca T'ntbca
[MOJIB ]
[x]IDx/MOJIB ] [ k%]
NaOH - 379.5 4 1518,0
B203 - 1194,4 2 2388, 8
H> 0 © 0
NaBH4 - 123,9 4 - 495, 6
02 0 5 0
Peaxkumsa sl: 3411, 2

[49] O0OBGa mnpouecca s2 u sl coTJlacHO YypaBHEeHMAM peakKlun
DOTPEeBIART DHEPIUK. I3TU OPOLIeCCH MOTYT BHIIOJHATLCHI, HaIpuUMep, B
MecTax, I'Ie OOCTYIIHa 5SHepIuda, HoJydaeMasa ©0es3 Kucjopoma (HYJIeBOMU
YTUIepOOHBM cien), nomotHad SHepTUU BEeTpPAa, TUOPOBHEePIT N,
COJIHEUHOM DHEepTMM M aTOMHOM DSHepIMM. MexaHM3M peakKluM S2 HerT
HeOoOXOOMMOCTHM  BHIIOJIHATE, WM eT0o  BHIIOJHAKT TOJBKO B das3e
3allycka, obecrneumBas He.. B 1nocysenHelr craimm Hz T1ocTylaeT U3
PEeaKLMOHHOTO MexaHu3Ma rl. VYpaBHeHMe peakKlUuM rl TIIOKa3HBaAeT, UYTO
noJiydeHHe NaBHs4 MCHOOJNB3YIT IOJIA HOJydeHMs Hy B XMMMUECKOW peakKLUM
c H20, nOpemanouTMTeJIbHO IOoDaBaeMoM B BUIe CBepxuMcToM BOIH (CUB),
M UTOOH TeHepMpPOBaATH HHEPIM, KOoTopasd IIoKas3aHa B Talblulle HUWXe.
[TepeHoc NaBHs, ©Ooprumpuma MeTajljla, OOBUHO OT CTOPOHE CHHTe3a
NaBH4, nokaszaH cTpejiko 10. PeakUMOHHHE IMIPOOYKTH M3 YPaBHEHUS

peakuuy rl mopencTaBJgiT codot NaOH, B203 m Ha.

durypa 2A, Peakuusi rl: nonydeHme Hp
SHeprua A sHeprumn
# Morewxyn
Tutbca Tu66ca
[ MOJIB ]
[ kIX/MOJIB ] [®Ix]
NaBH4 -123,9 4 495, 6
H20 -237,1 10 2371,0
NaOH -379,5 4 - 1518,0
B203 -1194,14 2 - 2388, 8
Ho 0 16 0
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Peaxkumsa rl: - 1040,2

[50] NaOH n B203 MOXHO cobupaTh n BO3BpalaTh B
MCIIOJIE30BaHHOM ToIumBe WT 10Jid MCIOJIBE30BaHMS CHOBa B MexXaHM3Me
peakuuy sl nJjg HoBOoTO nojJdyueHumsa NaBH4, KkKak nokaszsaHo cTpeJkoum 20.
Hz, noJIydeHHBIM B IIpollecce ypaBHeHUSA rl, IO MeHblleM Mepe, YaCTHUUHO
BO3BpamamnT oO0paTHO B I[IpOLecc IO YypaBHeHU© sSl, KakK IIOKa3aHOo
crpesnkom 30. DHepIud, BHIOEJMBIASCS B IIpolecce rl, MOXeT Takxe
[IOBTOPHO TMPMMEHATHLCHA B Ipollecce peakuum sl, Tak UTO KOJIMUUECTRBO
SHEPTUM, KOTOpOoe HeOoOXOOMMO I[IOHaBaThk W3 BHENHMX MCTOUHMKOB, B
MIeallbHOM CUTyaLUn CHUXaeTCHd oo 3411,2-1040,2=2371,0 kIx.
PeaklIMOHHEIM IOpollecc sl TpebyeT BBeldeHUS SHEPIMM U3 BHEMHUX
VCTOUHMKOB.

[51] Cnoco® mnoJydeHMSa BHEPIMM COIJIACHO YPABHEHMIK peakKlIuu I2
TreHepupyeT  H20, KOoTopasd MOXeT BHIIYCKATbECH B BUIOE  UNCTOTO
PEaKLUMOHHOTO IpolyKTa. Crnocof IO ypaBHEHMK IrZ2 TeHepupyeT OOJIbIIOe

KOJIMYeCTBO OSHepI'rM, KaK IIOKasaHO B Tabnile HUWXe.

durypa A, peakxkuuss r2: IllojydyeHMe DHEPIUU
SHepruUs A sHeprun
# Mosexyn
T'nbbca T'ntbca
[ MOJIB ]
[®Jx/MOJIB ] [®]IIx]
H> 0 16 0
02 0 38 0
H20 -237,1 16 - 3793, 06
Peaxkuwus r2: - 3793, 6
[52] IuKJIMYeCKU crnoco® Ha o(urype 2 B KoOMOMHALUM C
COOTBETCTRYIOIMMA TadbaniaMmI BEHOIE [IOKa3LBanT, uTo SHepIu4,

IPEenIouUTUTEJIbHO DHEPIMI, KOoTopad IIOJIydaeTCAa C HYJIEBHM YIJIEPOIHBM
cyenoM (BesyrnieponHad), MOXeT OHTH MCIOJb30BaHa OJ4 I[IOJIydeHUd B
MexXaHM3Me CHHTesa sl OGopruapula MeTalla, HamopuMep NaBHs4, KOTOpPHM
3aTeM MCIOJIBE3YeTCsS B pPeaKUMOHHOM Ipolecce rl mJjsa nojiydeHusa Ho,
KOTOPEIM MOXeT IIpeBpamaTbcsa ofpaTHO B OopTruUIpMI MeTajllla B
CUHTETUYECKOM npolecce sl. MexaHV3MEL peaxkuum sl u rl
COOTBETCTBYIT IIPOLEecCCY CHMHTe3a S UM pPeaKLUMOHHOMY IIpoleccy R
COOTBETCTBEHHO Ha o¢urype 1.

[53] Crlenyomas Tabjmiia [IOKasHBaeT MOJIL HEIV BaJjiaHc u
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SHepreTuueckuy 0OajlaHC @OJII aTOMOB, VYUYaACTBYONMX B YPaBHEHUAX
peakuuy s2, sl, rl m r2 Ha ourype 2A, Ha MOJb Hz, NOpoM3BeIeHHHM
COIJIaCHO YpaBHEeHMK peaKUMM rZ2 B peaKTope IOJIA IIOJIyUeHUS DHepIuwu,

TakKOM KaK, HallprMep, TOIJIMBHEM DJIEeMeHT WJIN ropeJjika IOJIAd TeHepallMr

napa.
H ©) Na B SOHeprud
BXOIO M| BXOIO M| BXOI M| BXOIO U [xIx]
BHIXOI | BEIXOXI | BEIXOI | BEXOI
Peakumsa s2: HauaJibHoe| 0, 750 0,375 0,000 0,000 88,91

rioJiyueHmue Hz

Peakumsa sl: noJjyuenue| 1,000 0,625 0,250 0,250 1| 213,19
NaBH4

Peakuusa rl: nojgydyeHme Hz 2,250 0,625 0,250 0,250 | - 65,0
Peakumusa r2: noJjyuenue| 2,000 1,000 0,000 0,000 -
SHepIUU 237,10

Bcero: 0,00

[54] DSHepreTHUYecKMM U MOJBLHEM 0OajlaHCc B Tabjulile IOKa3HBAaWLT,
uTO Ipolecc nojiydeHmusa NaBHs corsacHoO peakuuu sl TpebyeT Hz m
213,19 kIIx DHepIMM Ha MOJb Hz, [nojiydaeMo¥ B peakKlUUM I[IOJIyUeHUH
SHepruMu r2. Peakumsa cuHTe3a NaBHs sl (S) Tpebyer 2 momsa NaOH, 1
MoOJIb B203 m 3 MoJsis Hz mnusa noayueHmusa 2 MoJier NaBHi. Ilpoliecc 110
ypaBHeHHUO peakumm rl (R) reHepupyeT 8 MoJe Hx m3 2 moJen NaBHs m
5 wmoJjger H20. MexaHU3MH peakuum sl (S) n rl (R) BMeCTe
npenmnojlarainT 20PeKTUMBHOCTL YBeJIMUeHMsa Bomopoma 3:8 mam 1:2,67 us
3 MoJey Hz, HUCHOOJL3YeMOT'O B peakllMM CHHTe3a OopruIpMuIa MeTajljla
sl, B 8 mMoJelV Hz, TeHepUPYEMEX IIPU PeaKLUMM pal3JIoXeHVsa OopruapuIa
M noJiydeHmsa Ho rl.

[55] OnTmMaabHEIM OyIeT peaKUMOHHHM crnocod, B KOTOPOM, IIO
MeHbme¥ Mepe, 5 wmoJsie H20 wmcnodab3yoTcsa IJsa 2 2 MoJer NaBHz B
pPeakKLUMOHHOM TIIpollecce rl. IlpennouyTmuTesibHO, OOJblIlee KOJMUUYECTBO
BOIH MCIOJIB3YIRT OJS COXpaHeHUusS IMNPOOAYKTOB peaKUuMM B XUIKOM
cocTodHMM . Hwmxe pamwTcd »OBa IIpUMEpa, B KOTOPEX MCIOJB3YETCH
KOJIMYeCTBO NaBHq4, KoTOpOE nMeerT conepxaHue BOIOpOIAa,
SKBMBaJIeHTHOe 1 KI' Hz. B I[IepBOM IIpMMEpPEe MCIIOJb3YEeTCHd TOILJIMBHAS

cMechk  (BopruMOopMOHOe TOIIMBO), MMewnmas 33,33 wMacc.% NaBHs, 5
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Macc.% NaOH m ocTajibHOe cCcBepxumcTasa Boma (CUB):
- 9,38 kr NaBHi, uTO cocTarJigeT 248,05 moJen;

- 1,41 xr NaOH, uTo cocTarBJigeT 35,19 mMmoJen;

17,36 kr CUB, uTo cocTamjasaeT 936, 69 mMmoJen.

3T0 @maeT IOJHYI Maccy 28,15 xr, m 1 xr Hz cocraBjgeT 2,6
Macc.% OT TaKoIr'o KOJMUeCTRa. OrHomeHMe H20:NaBHs 2:1, UTo
TpebyeTcss ©0a30BEIM ypaBHeHmMeM Rb, mnorpebyer 8,937 xr CUB wu,
cJenmoBaTeJIbHO, 17,36 xr CUB B cCcMeCcHM 4gBJIdeTCcd HOOCTATOUHHM.
OrHomeHre H>O:NaBH;s 5:2, uTo TpebyeTcd ypaBHeHMeM peakuum 3,
norpedbyer 11,172 xr CUB wu, ciaemopareJbHO, 17,36 xr CUB B cMecwu
TaKXe ABJIAeTCS NOCTATOUYHHM.

[56] Bo BTOpOM IIpHMMepe  MCIOJIL3YETCH TOILJIMBHAA CMeChb
(BoprMIpuUOHOE TOILIMBO), MMenmasa 66,66 macc.% NaBHi, 5 Macc.% NaOH
n ocTajibHoe CUB:

- 9,38 kI NaBHi, uTOo cocTarJigeT 248,05 moJent;

0,70 xr NaOH, uTo cocTarjgeT 17,60 MoJel;
3,98 xr CUB, uTo cocTarJdgeT 221,35 MoJen.

5To pmaeT IHOOJHYH Maccy 14,06 xr, m 1 xr Hz cocraBjasger 7,1
Macc.% OT TakoI'o KoJIMuecTBa. OrHomeHne H20:NaBHs 2:1, uTo
TpebyeTcsa ©Oa30BHM ypabBHeHuMeM Rb, norpebyer 8,937 xr CUB wu,
cJiemoBaTeJIbHO, 3,98 xr CUB B cMecH HBJISeTCd HeIOCTaTOYUHHM.
OrHomeHMre H20:NaBHs 5:2, uTo 7TpebyeTcd ypaBHeHMeM peakuum rl,
norpedbyer 11,172 xr CUB wu, cJaemoBaTeJbHO, 3,98 xr CUB B cMecwu
Takxe [ABJISEeTCAd HeOOCTAaTOUHEM. bBaszsoBoe ypaBHeHMe peakluu Rb u
ypaBHeHMe peakiuu rl TpebyoT OornoJHuTesdbHo 4,96 xr m 7,19 xr CUB
COOTBETCTBEHHO, KOTOPHE MOTYT OHITH [IOJIy4EeHH nu3 BOIHI,
IPOMBBEeOEeHHOM B TOILIMBHOM D2JIeMeHTe COIJIACHO YPaBHEeHMI peakKluu
r2, Kak I[IokKa3aHo cTpejkoM 50 Ha NpaBo¥ CTOpOHe OUTYPH 2.

[57] Odurypa 2B mnoka3HBaeT OpyI'Me pPeaKUMOHHEE MapmpyTH IJIA
iokoB sl wm rl, Torma KakK MOJIbBHHE KOJMUEeCTBa B pPeaKIMOHHHX
MexaHM3Max OJIOKOB S2 UM RZ2 NpuUcCHoCoBJIEHE COOTBETCTBOBATE MOJIbHEM
KOJIMYeCTBaM BCcex OJIOKOB Ha o¢urype 2B. CooTBeTCcTByKIMe TaOJMUIIH,
[IoKas3eBawMe 2Heprun [mbbca M KOJIMUECTBO YUYACTBYKRIMX MOJIEKYJ,

IIOKa3aHEl HUMXE.
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durypa 2B, peakuusi s2:

HavalkbHOEe IIonydeHue H:

SHeprus: I'mbbca

# Mosexyn

A sHeprum

Tué6ca
[ kIx/MOJIb ] [MOJIb ]
[xIDx ]
H2O - 237,1 2 474,72
Ho 0 2 0
O2 0 1 0
Peaxkumusa s2: 474, 2

durypa 2B, peakuusi sl:

cuHTes NaBH4

SHeprust I'mb66ca

# Morewxyn

Tu66ca
[ kIx/MOJIB ] [MOJIL ]
[xIIx]
NaBO: - 906,5 1 906, 5
H> 0 2 0
NaBH4 - 123,9 1 - 123,9
O2 0 5 0
Peaxkxumsa sl: 782, 6

durypa 2B, peakuuss rl:

rnnoJgiyuyeHnme H

SHeprust I'mbbca

# Mosexyn

A sHeprumn

Tutbca
[ k]IIx/MOJIE ] [ MOJIE ]
[xIx]
NaBH4 -123,9 1 123,9
H20 -237,1 2 474,2
NaBO2 - 906,5 1 - 906,5
Ho> 0 4 0
Peaxumsa rl: - 308,14

durypa 2B, peakuusi r2:

IIOJIyUYeHe 3SHpeI'nn

SHeprus I'mb6bca

# MoJexyn

A sHeprum

Tu66ca
[ kIx/MOJIb ] [MOJIL ]
[x]IIx]
H> 0 4 0
O2 0 2 0
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H20 -237,1 4 - 948,14

Peakumusa r2: - 948,4

[58] MexaHM3MBE peakluM s2 ¥ r2 Ha o¢urype 2B eme ©0oJee
IPeOIIOUTUTEJIbHE 10 CpaBHEHMI C MexXaHM3MaMM peakuui S2 M r2 Ha
burype 2A, TakK KakK 3HAUMTEJILHO MeHblle D2HepruM TpebyeTcd Ha MOJb
NaBHs. B203 B KauecCcTBe PeaKLMOHHOI'O ocTaTka Tpebyer 3411,2 kIx Ha
4 moJig NaBHa. 3To maeT 22,56 MIx/xr NaBHa, UTO MOXHO BHPA3UThL Kak
211,5 MIx/xr Hz. HUcnojsbszoBaHue NaBO:; B KauecTBe pPeaKIMOHHOTO
ocTaTka TpebyerT 7826 Ik Ha MoJb NaBHs. 5To pmaer 20,79 MIx/KT
NaBHi, UYTO MOXHO BHpPasmuTh kKak 194,1 MIx/xr Hz. 308,4 kX SHepIuUn
BHIOeJIsIeTCA Ha MoJib NaBHi, mnpepaTtuBmerocsa B NaBO» BmecTe ¢ 4
MoJiaMu  Hz. B pesyjabTaTe, IpyToM KwujorpamMm Hy BHOEJSeTCS B
nodaBJjieHMe K KuJoT'paMmy Hz B NaBHs BMecTe c 76,5 MIx Tera.

[59] ourypa 2C noka3z3nBaeT oOmMM BUIO crHocoba cHMHTe3a TOIJIMBA
FS1, FS2. Biiok MexaHuU3Ma peakuun FS1 comepxuT OJIOKM MexaHM3Ma
peakuun sl m rl ¢ ourype 2A wiIM OoUIypH 2B. JCHOoJIB30BaHHOE
TOILNIMBO JC MOXeT BO3BpallaTbCA B Ipollecc FS2 MM IOONOJHUTEJBHO
obecrneuMBaTbCAa. UMCTHE peal'@HTE TakXe MOI'yT oO0OeclIeurMBaTbCAa B
DaHHEM croco6. UYacTe Hz, NDOJYYeHHOTO B IIpOlLleCCe CHHTe3a, MOXeT
OBITE MCIIOJIB30BaHa NOJ4d [OoOOepXaHMd I[IpOoTekKaHMAa crnocoba CHHTesa.
AJlbTepHaTUBHO, Hz MoxeT ofecneumMBaTLCA M3BHe. Cnocod cuHTeza FS1,
FS2 npaeT ToOILIMBO M3 Oopruapuia MeTajljla, IIpelcTaBjdomee codon
NaBHs B sTOM IIpMMeEpe.

[60] TomamBOo M3 OGopIuIpuIa MeTajlJla MOXeT OBTb MCIIOJBL30BaHO
B crocobe mnoJjiydyeHmsa 5»Heprum EP1, EP2, Kak okKa3aHO Ha ¢ourype 2D.
Bilok MexaHM3Ma peakuuvt EP1 comepkxuT OJOKM MexXaHM3MOB peakuun rl
n r2 Cc ourype 2A wimn ourype 2B. UYacTes WM BCSA IIOJIydeHHas BoIa
MOXeT BO3BpallaThbCAa Ha IOJIYYeHMe BHepIuu. TolmmMBOo U3 OopIMIpMIa
MeTaJia OOBIUHO MOXeT oBecrieunBaThLCA B BUIE pPacTBOPEHUA
opruapuia MeTajJla B CBEepXUYMCTOM BOIOe BMeCTe C TUIPOKCUIOM
MeTajia, UTOOH CTabUIN3NPOBATE TOILJIMBHYI CMecChb, Tak Kak
fopImMOpun MeTalljla MMeeT TeHIOEHLUUI ILOBOJIBHO OHCTPO pealMpoBaTh CO
CBEepxXuncTOM BOIOOM.

[61] IORa »Opyrux OpHMepa OpeICTaBJIEHH B CBA3M C ourypom 3.

(DMI'ypa 3 TIIOKasHBaeT SHeplreTndueCKlMre YPOBHHN, BOBJIECUEHHEIE B IOBa
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MapmpyTa cuHTes3a NaBH;s Ha OCHOBe »JjlekTpoJiM3a. Odurypa IIOKas3HBaeT,
UTO BEIOOP NaOH B KauecCcrTne MCXOOHOTO MaTepuaJa TpedbyeT
3HAUUTEJIbHO MeHblle DHepI'MM [0 CcpaBHeHu C BeHOopoM NaCl B
KauecTBe MCXOIOHOTO MaTepuala. TpebyeMble sHeprum cocTaByggoT 500
kxk n 3200 kIX COOTBeTCTBEeHHO. Cnoco® ¢ BeHOoOpoM NaH B KauecTBe
HayvaJlbHOM ToukyM OvUl onrcaH Brown u Schlesinger B US 2534533,
BaTeM Ying Wu OpeIJIOXMJI 3aMEeHUTL OOHUHO IHIpuMeHseMul NaCl Ha NaOH
B crnocobe »JeKTpoJM3a B OyOaMKallMy, YKasaHHOM B pa3ldejle YPOBHSA
TeXHUKM U300peTeHUda. Odurypa 4 T[OpencTaBIgeT CXeMaTHUUHHM  BUI
PeakIlMOHHEX CTanaul, BKJIWOUEHHHX B CHOCO0, MNIPUMEeHSIUM BJIEKTPOJIN?3
NaOH cormjacHO cxeMe Ying Wu pnng cuHTesa NaBHs Ha JIeBOM CTOpPOHe
OUTYPH, ¥ PeaKLUMOHHHEM cnoco® R ¢ NaBHs m H20 Ha OpaBoM CTOpOHEe
OUTYPH.

[62] Eme oovH nOpuMep o0OBeOIMHEeHMS Ipollecca  CHMHTe3a S U
peakUMOHHOT'O IIpollecca R IokaszaH Ha o¢ouIiype 5, KoTopasd IIOokKas3HBaeT
crioco®6, KOTOpPHWM OBJI OpelJiokeH Richter wm Jensen © KOTOPHMU
packpuBaeTcs B WO 2013/182208 Al. Crnoco® OCHOBaH Ha aKTUBAlUU
MeTaljjla [IyTeM MapoBOT'0 M3MeJIbUeHMI M 3aTeM IIOJIYYeHMA ITUOpuIa
AKTUBMPOBAHHOTO MeTaJjljla, KOTOPHM pPacTBOPAETCS B PacTBOPUTEJIE IIpU
HM3KOM IOaBJieHMM. MMHKMHa pacKpHBaeT elle oOuH npuMep B EP 1 787
952.

[63] Brme OBJIO OIMCAHO, UYTO HECKOJBKO XUMMUECKUX IIPOLEeCCOB
MOXET IPMMEeHATbECA B paboueM LMKJIE TaHHOTO M300peTeHMd, Kak
IoKasz3aHO Ha o(urype 1. PeaklMOHHEI IIpollecc R nmaeT OoJibliee
KoJIMuecTBO Hz, uYeM mOpolecc cCcHHTe3a OopruipuIa MeTajla S 1OJI4
TakoI'O Xe KoJMYecTBa OopIuMIpMIa MeTalljla, [IoJIydaeMoI'o M3 IIpollecca
CMHTesa S, ¥ BBOIa B peaKIUMOHHHM Opoliecc R. IlosToOMy, KOJIMUECTBO
[IOJIYYEHHOT'O OopI'MOpMIa MeTajula ¥ Hx OyleT yBeJIMUMBATBECH CO
BpeMeHeM. TakuMm o0pasoM, OaHHHENM cHoco® OpeXdcTaBJfgeT cobol crnocod
noJiydeHusa Ooprunpuaa MeTaia wu/muamu  Hy. TlojJiydyeHHBle OOPTUIPUI
MeTajla M Hz MOI'yT BHBOOUTBCH W3 CclIocoBa JisA IIPMMEHEeHWS B MHOM
MecTe. He Becp OoprmMopmMI MeTajlyla WM Hz cienyeT oTOMpaThk U3
criocoba, MHade CIOCO0 3apepumuTcsda. [losToMy cCljelyeT KOHTPOJUPOBATH
WM  TapaHTMpoBaThb MHBEM 00pa30oM, UYTO MMHMMAaJIBHOE  KOJMUYECTBO
Boprumpunoa MeTajijla ¥ Hz coxpaHdeTcsa B crocobe. 3TOTO  MOXHO

JOCTHUI'aThb Pa3sHEIMA ITyT4aAMII, HallpMep, ITyTEM KOMIIBIOTEPHOT'O
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KOHTPOJIA, IIyTeM COXpaHeHMs 3alaca B OTIOeJbHHX KOHTeMHepax MOJ4g
XpaHeHud OJAa 3alycka crnocoba M OJngd OTBOOa M3 Ccrocoba. B
IocjieIHeM IIpUMepe KOHTeMVHep OJA XpaHeHMs IOJA DOoOIOepXaHMsa 3allyckKa
criocoba HNoomepXMBAKT 3allOJIHEHHEM O XeJjlaeMOoT'0 YPOBHA.

[64] OmmH BapMaHT OCYMECTBJIEHMSA ITaHHOTO M300peTeHMsa, B
KOTOpOM OOpIMIPpHKI MeTajJljla BHIIYCKakT M3 IPOU3BOLCTBEHHOTO LUKIIE,
Iokaz3aH Ha o¢urype 6. BjJok R-S mOpencTaBJIgeT IIOCJeOoBaTeJIbHEe
npollecce R pasjioxeHMsa Oopruipuna MeTaJlJla UM [DoJydeHusa Hz m S
CHMHTe3a OopruIpuIa MeTaJlJla, KaK o00CyXIOaJIoOCk B OTHONEeHUM Quryp 1-
5. TloJgyuyeHHHM OOpTUOPKUI MeTajlJla IIomalT B KOHTeMHep wmiIu ©Oak T1.
Boprumpun MeTaJljla oTOMpaklnT M3 2Toro Oaka Tl OJag cJemypmero LukKJa
peaKuuy M IIPOLIeCCOB cHMHTesa R-S. Bak Tl mMeeT 3alaHHYK EMKOCTBb,
KoTOpasd cumMTaeTcd TpebyeMon oJisa nonnepXaHu g 3anycka
IPOMBBOACTBEHHOTO ILMKJIAa R-S. Jlo6oM M3IOLITOUHHM OopTMUIpUO MeTaJslla,
KOTOPHM TIIpeBHmMaeT eMKOCTL Oaka T1, neperTekaerT B Oak T2.
Bopruipun MeTaJljla, KOTOPHM OTBOIMTCSA M3 IIPOM3BOIOCTBEHHOTO LMKJIA,
oTbupaeTcsa m3 »Toro Oaka T2. IlokazaHo, uTo NaBHs oTBupakT M3 Oaka
T2 u obecneuuBamwT Ha Ipollecc (peakTop) R paszjioxeHuUs OopruIpuia
MeTajla ¥ IODoJiydeHrsa Hz B KOMOMHaALUMM C TOIUJIMBHEM 3SJieMeHTOM T3
norpedburend. H20, TDOJNYUeHHYK B TOIUIMBHOM BJeMeHTe T3, DozawT
oBpaTHO B peakTop R noTpeburensa, a peakKUMOHHEE IIPOOYKTH U3
peakTopa R norpeburens nogawnT 0BpaTHO B LUKJII [IOJIyYEeHU A
Sopruigpmuia MeTajjla R-S.

[65] Odurypa 7 IOKas3HBaeT OpyT'oM BapMaHT OCYIeCTBJIEHUA
OaHHOTO M300peTeHUdg. durypa ToKasHBaeT OBa IIPOUSBOINCTBEHHEBIX
umkJa R1-S1 m R2-S2. NaBHs cmemmBanwT ¢ H2O0 B cMecuTesie M M nojawoT
B peakKLUMOHHEEe mpolieccel R1 m R2. Iloka3aH TOJBKO OIOMH CMeCUTeJb M,
HO KaXIOBM M[OIPOM3BONCTBEHHHEM ILIMKJI Takxke MOXeT OBThL obopyIdoBaH
CBOMM COOCTBEHHHM CMecUuTeJieM. JONOJHUTEJBEHO, WM KucjoTa, u NaOH
MOTYT nomaeaThbCHd B CMeChb oJisa pPeryImupoBaHmusa PEaKIMOHHOTO
mpoliecca. PelyaMpoBaHMe pPeaKUMOHHOTO I[Ipolilecca OyTeM nobaBJIeHUSA
KMUCJIOTH U/uau  OopTruUIpuUia MeTajla OBLIIO OmMcaHO B  IOaTCKOMU
IaTEeHTHOM 3a4BKe, TpebyKmen [IPUOPUTET oT NL 2015742 u
YIIOMMHaeMOM paHee, COIOepXaHMsS KOTOPHX BKJIOUEHH clIa IIOCPedCTBOM
CCBUIKM . I[IpOOYKTH peaKUMM B MUCIOJB30BaAHHOM Toluivee WMT ¥ UYacThb

[IOJIYYeHHOTO Hz rnomamnT Ha IIPOLIeCCE CHMHTesa S1, S2 BMecCcTe C TeIUJIOM,
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[IOJIYYEeHHEIM B peakKUMOHHOM Ipoliecce R1, R2. JcCHOJB30BaHHOE TOILJIMUBO
nT MOXeT BO3BpallaTbCd I[IePBEM, ecmn TpebyeTc4d. YacTb Ho,
[IOJIYUEHHOTO B IMIPOMBBOACTBEHHOM LMKJIe R2-S2, NomalT B TOILJIVMBHHMA
sjeMeHT TS OJa I[OOJYyUYeHMS  DJIEKTPUUECKOM  SHEepIUH. TOIIJIVBHEM
BJIEMEHT MOXEeT IIPOM3BOIUTL MNPUOIM3UTESbHO 83 MIx/KT Hz sHepruu. Ho
TakXe MOXeT MCIOJb30BaTLCS B VYIOJBHOM BJIEeKTPOCTaHLUUM, KOoTopas
OpJla IIpeobpasoBaHa OJIS MCIOJB30BaHMA Hz B KauvuecTBe TOILJIMBaA, M B
2TOM ciydae KOJIMUECTBO [IOJIYUEeHHOM DHepIUun COCTaBJISAET
OpUbIM3nuTeJLHO 85 MIx/xr  Hz. JKCIJIyaTalMOHHEE pPacxXOoOe MMEKT
TeHIOeHIV© OBTE BHIIE OJA TOIJIMBHOTO BJIEMeHTa I[IO0 CpPpaBHEeHUI C
npeobpas30BaHHOM YTOJLHOM 2JIeKTpocTaHlMel. YacTb Hz, DOJYUYEHHOTO B
IIPOM3BOLCTBEHHOM LMKJIe R1-S2, mnomawT B IIpOoLlecC CHMHTe3a S3 1Js4a
nojiyuyenmsa NaBHs 1OJIg8 MCIOJIBL30BaHMSA B MHOM MecTe. IlosiydyeHHBDM NaBH4
coxXpaHAaT B Oake T. BopruipuI MeTalljla MOXeT pacTBOPATLCS B BOIe,
OpednouTUTeJIbHO CBEepXUMCTOM BoIe (CUB), KoTOpYy®L MOIMOUIMPYIOT
TUOPOKCHUIOM MeTajljla, UYTOOB IMIOJYUMTH CTabUIbHYK TOIUJIMBHYK CMeCh,
Kak OBJIO ONMCAaHO B HOATCKOM I[IaTeHTHOM 3adBKe, Tpedyolel IPpUOPUTET
or NL 2015742 wu ymnoMAHYTOM paHee, cCcoIepXaHMe KOTOPHX BKJIOUEHO
crona [IOCpPenCcTBOM CCBUIKM . Vcrnoss30BaHHOE TOILJIMBO nur,
BO3BpalleHHOE, ecymn TpebyeTcd, ns3 OOHOTO W HEeCKOJIbKUX
PEeakUMOHHEIX IIPOLeCcCCOB pasjioxeHrus NaBHs w© nogydeHmda Hz B MHOM
MecTe, MOXeT BO3BpamaThbCs B IIpOolLecc CcuHTe3a S3 WiIM B IOpyIou
nIpoliecc CHUMHTEe3a.

SKCIIePMMEHTEH

[66] HuxernpreelleHHEIE DK CIIEPVYMEH TH " DKCIIEPUMEHTAJIbHEE
pe3yJbTaTh O00CYXIalnTCSa B OTHOWEHMM NIPUTOTOBRJIEHMS TOIJIMBHOM CMeCH
IOJIsS ToJiydeHmsa He M nojydeHus Hz M3 TOIJIMBHOM cMecHu. I[IpUBOOATCSA
IIOOPOBOHOCTHU o0 VCIIOJIbE 30BaHHEX MaTepuaiax, PEaKLUMOHHOM
ODOpPYNOBAHUM, DKCIEPUMMEeHTaxX UM UX pesyabTaTax.

MaTepuaJjisl

[67] Bce  XuMMMKATE 3aKa3HBaJIM OT Sigma-Aldrich  xpowme
cBepxumcToM BOIH (CUB), KOTOpyl IHoJydyalu u3 Pure Water Group.
Clenywimre XMMMKATHE MCIOJL30BaJIM IOJIA I[IPUTOTOBRJIEHMSA PaCcCTBOPOB

TOIJIMBa M aKTMBaTOpa.
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[NopsTOKOBEI
XMmkaT CoprT UmcroTa N mapTunm.
Ne
Sopruopun TPaHyJIMPOBaHHLI, MKBR3579V
98% 452874
HaTpuAa 10-40 mMem
TUOPOKCUL PeakTHBHEM COPT,
>98% S5881 SZBFO550V
HaTpuA TpaHyJIE
Ha 1 x
KOHLeHTPUPOBaHH
CTaHOaApPTHOTI'O
ag cojifHad 38285 SZBF0O560V
pacTeopa 0,5 M
KMCJIOTa
HC1 (0,5 H)
CBepxXuncTad
ASTM Tun E-1
Boma (CUB)

[68] IejlouHOM pacTBOP TOTOBMIM, oTdupas 30,837 rpamm CUB B
crakaH u pobtamjagas 2,505 rpamm NaOH, ¥ mepeMemMBasg I[IOJYUYEHHYD
CMeChb OO IIOJIHOT'O pacTBOpeHMd BcexX I'paHyJ NaOH.

[69] PacTrOpP axkTUuBaTOpa TOTOBWUIIN nyTeM CMelleH g
KOHIIEeHTPUPOBaHHOM COJISHOM KMCJIOTEL C TakKMM  Xe KOJIMUEeCTBOM
CBEpPXUMCTOM BOHOH. 75,637 I'paMM KOHLEHTPUPOBAHHOWM COJISHOM KMCJIOTH
B3BellMBaJIM B CTakaHe. 75,637 rpamM CUB B3BellMBaJM B OPYI'OM
CTakKaHe, U COJIAHYID KHUCJIOTY »nobamjisiim B CUB. OBa cTakKaHa OMHEBAaJU
OaHHBEIM pPacTBOpPOM, ofecHneurBasg T'OMOT€HHHM PacTBOP.

[70] 5 rpamMMOB TOILIMBa (TakXxe HAaBHBBaeTCsa TOIJIMBHOM CMEeCh
WY TOILJIMBHEIM pPacCTBOPOM) TOTOBMJIM IIyTeM cMemeHuda 3,331 TpaMmMm
MeJIOUHOT'O pacTBopa C 1,666 Trpamum OGopIruopuna HaTpusda. CMechb
[IepeMenmMBaM, IIokKa B pPacTBOPE He OCTaBaJIOCh TBepPOEX BeMeCcTB.
KopoTkuii HarpeB CMeCcHu (HeCKOJILKO CeKyHIO Ha HarpeBaTeJIbHOMU
JINTKE) IoMoTajJl PacTBOPEeHMK TBepOOT'O BemecTBa. BeanumHy pH
TOIIJIMBHOTO pacTBoOpa oIpenelidajan kak pH=13,5. OkoHUaATeJILHHM COCTAaB
TOILJIMBa IJIA TeHepaluM Hz, MCHOJIB30BAHHOT'O B DKCIEpPMMEHTAax, IOaeTCHd

HIIXe.
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CoenunHeHMNE KonmnuecTBo Macc.%
(rpar)
NaBH4 1,666 33,34
NaOH 0,250 5,00
UPW 3,081 61,66
Becero: 4,997 100,00
PeakIimMoHHasi yCTaHOBKA
[71] PeakliMoHHass yCTaHOBKA rIokaszaHa Ha ourypax 8-11.
PeaklMOHHA A YyCTaHOBKa COOEPXUT peakUMOHHEM cocyn 1 us
HepxaBenome cTaau (uMmeommit obbem 182,4+1,5 ™) ¢ TedJIOHOBOM
BCcTaBkoM 2. TedyioHOBadg BCTaBKa 2 OpelcTaBjgeT coboM peaJbHBEM
KOHTeMVHep IOJ4 peakKUMOHHOM CMecuM M 3aMeHaJlack HOBOM B KaxXIou

peakuur. CBepxy PpPeaKLUMOHHOTO cocyla oOecledeHH aTuMK OaBJIeHUA
3, IaTuuMku TeMmrepaType 4, 5 (TepMmomnaph) IOJI4 Ta30BOY U XUIKOU
da3H COOTBETCTBEHHO, Ieperoponka © M BeHTUJb /. Jatumkm 3, 4 m b5
IIPUCOENVHANNM K KOMIBITEPY IJsA cOopa ITaHHEBIX.
[72] [TapaMeTpH  OJIS  MCIIOJIb30BaHHEIX ODaTuMka OaBJIeHUSA u
OaTUMKORB TeMIIepaTypH HOalTCsa HMXEe.
Kannbporauueni| TOYHOCTH
HasHaueHUue Tun nmaTyuka JInurnasoH
OMarasoH
AE maTumkm ATM 0,0125
IDaBJjieHNE 0-2,5 6ap 0-2,4 6ap
2,5 bap abc tap
TeMmmepaTypa Omega
PeaKIMOHHOMT engineering |-250-350°C 0-100°C 1.4°C
Ccpens Type T
Omega
TemMmIiepaTypa . .
} engineering | -250-350°C 0-100°C 1.4°C
Ta30BOM CpenH
Type T

[73]

TadbJIMilax HIWXeEe.

HaTumMKm KaJ’IM@pOBaHM n  TIPOTOKOJIE

KalMOpPOBKM OAaHH
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JaTunuk OaBJISHUSA

PesyJibTaTE TIIOJIMHOMHOM aliripoKCrMa i Haéopa BXOIOHEIX IaHHEX.

AnnpoxkcuMaluusa QyHKUMeMr: Y=a+b X

a=-3,33977748360518E+0001 CC=0,999%93998801983

b= 2,51274942241271E+0004 JIMHEMHOCTEL +0,169% ; -
0,185%
CTATHUCTHKA
BBOL 10 Touek BEBOI : 10 Touek
MMHMMaJIbHa g 7,69999E-01 MakcuMalJlbHa4d 0,44010720

BeJIMUMHa X:

ommbra LSO:

3

MakcrMaJibHa4d 9,5990000 cCpenHAasa ommMbkKa 0,16192703
BeJIMuMHa X: LSO: %
MMHMMaJIbHa g 1,92600E+04 MakcuMaJlbHa4d 0,18505821

BeJIMUMHA Y

ommbra FSO:

3

MakcrMaJilbHa4d 2,40960E+05 cpenHasa ommMbKa 0,07577616
BeJIMUYMHa Y F3S0: %
CTaHDapTHOE 261,389619
OTKJIOHEHME : 04

CurHajyl yCcuInTelsa TePMOIIAPE TeMIIePaTyYPR )K]'/.[,]IKOIZ[ peaKLH/.[OHHOﬁ

cpensl (Tiiq)

PesyJsbTaTH TIOJIMHOMHOM aliripoKCcmMalmm 1—1a60pa BXOOHEIX IAaHHEX.

AnnpoxrcuMaluma QyHKIMEN:

Y=a+b ‘X

a= 2,73696307682517E+0002

CC=0,999978525273946

b= 1,50113170585922E+0001 JIMHeVMHOCThL +0,047% ; -
0,146%
CTATHUCTHKA
BBOL 11 Touek BHBOL : 11 Touek
MMHMMaJIEHa g 0,00000E+00 MakcuMalJlbHa4d 0,19960360

BeJIMUMHa X

ommbra LSO:

3

MakcrMaJilbHa4d 6,6420000 cpenHasa ommMobKa 0,04954811
BeJIMuMHa X: LSO: 3
MMHMMaJIbHa g 273,1500000 MakcuMaJlbHa4d 0,14630571

BeJIMUMHA Y

ommbra FSO:

3
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MakcrMaJibHa4d 373,1500000 cpenHasa ommMobKa 0,04024681
BeJIMUMHa Y FSO: %
CTaHIDapTHOE 0,22911342
OTKJIOHEHME
CUTHAJI YCUIIMTEJNISI TePMOIIAPH TeMIIePaTypH I'aSOBOM PeaKLMOHHOM
cpensl (Tgas)
Pe3yJIbTaTH IIOJMHOMHOM allpoKCUMaluM Hadopa BXOMOHHBX MOaHHBX .
AnnpokcumMmaluusa oyHKIMeMN: Y=a+b X
a= 2,72150413620245E+0002 CC=0,999999761705112
b= 1,50265967609884E+0001 JlmHenHocTs : +0,012% ; -
0,006%
CTATUCTVKA
BBOLI : 11 Touek BEHBOL : 11 Touek
MMHMMaJIbHa g 6,55000E-02 MakcuMalJlbHa4g 0,01282300
BeJIMuMHa X: ommbra LSO: %
MakcuMaJibHa4d 6, 7220000 cpenHasa ommMbkKa 0,00551510
BeJIMuMHa X: LsSO: %
MMHMMaJIbHAa g 273,1500000 MakKcuMaJlbHa4d 0,01179027
BeJIMUMHa Y ommbra FSO: %
MaKCHMaJlbHa4g 373,1500000 cpenHsad ommbka 0,00469818
BeJIMUMHa Y: FSO: %
CTaHIapTHOE 0,02412944
OTKJIOHEHNE :

[74] BeHTHMJIb 7 OPUCOEIVMHANIM K UYeTBEPHOMY COEIMHUTEJ 8.
IIBe raszoxpoMaTorpadmuueckux (I'X) amnysel 2, 10, kaxmas no 50 wi,
IIPUCOENVHANIM K UeTBEPHOMY COEeOIMHUTEJH 8 C COOTBEeTCTBYKIVMU
BEeHTUJIAMM MexIy aMIyJioM U coeIuHMTeJleM. IOIOJIHUTEJILHO, IpyTou
BeHTWJIE 11 TIpHMCOeIVMHSAJIM K UYeTBEPHOMY COeIVMHUTEJK 8, TIO3BOJISAL
nobamBJieHMe Tas0B B pPeaKUMOHHHM cocyl 1 M BakyyMMPOBaHME M3 HeTo.

[75] Tlepen HadvaJIOM BKCIEPUMMEHTOR TPYOH M I'X aMyJiel ObUIM IO
BakyyMoM. Kak TOJILKO BCTaBKY C TOILJIMBOM IIOMeNaJM B PeaKIMOHHBMN
cocyn 1, Tpy®H ¥ pPeaKIMOHHEM COCYO 3alloJIHAJIM a30ToM (KJacc
yycToTH N50, Air Liquid) §nOpM aTMOChepHOM IOaBJieHMM. Bo3Oyx

YyIOaJjiaay I[IOIlepeMeHHEM noOaBJieHMeM aso0Ta (5 0ap) ¥ [IpMMeHeHMeM
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BakyyMa TpM pasa IIocJedoBaTeJIbHO, 3aTeM BBOOMJIM a30T (5 6Gap) wu,
B KOHIIe, OTKpPHBaJM BEeHTWJIL BaKyyMMPOBAaHMA Tasza, Ioka IaBJIeHHue
BHYTPM COCyIa He YypaBHMBAJOCE C OKpyXalmyM IaBJieHueM. Korzma
peakuMOHHAsA YCTaHOBKa cColepxXalJla TOILJIMBO M OBJIa 3aloJiHeHa a30ToM,
yCTaHOBKa ObJla T'OTOBa MOJIA BIPHCKMBAHMA aKTMBaATOpa C IIOMOMBIO
mnpuia 12, OpoXOonAmero CKBO3b I[IepelOpOoIKYy 6, BO BCTaBKY 2 BHYTPU
peakuMOHHOTO cocynma 1.

IIpoBeneHMe SKCIEPUMEHTOR

[76] OKCHepMMeHTEH II0 TeHepalumr Hz BHIOJHAIM TpM paz3a 29
okTabpsa 2015, cllenysa OpoOToOKoJy  15EM/0678 wmHCcTHMTYyTa TNO B
HumepJsaHnoax. TOIJIMBO BBOIMJIM BO BCTaBKY 2, UM peakKTop 1 3aloJIHAIMU
a30ToOM, KaK OIMcaHO Bomme. UToOH »oOaBUTL pPacTBOP akKTHMBaToOpa,
BHIIIOJIHAJIM CJelylmye cTaiuu. CHadajla UYMCTHEM OOHOPA30BHM mOpuil 12
(MMemM obneM 2 MJI) obopyInoBaJu OoHOPAa30BOM UTJION ns3
HepXaBelme cCcTalu (MMenmel BHYTpeHHUN auamMeTp 0,9 wMMm). Ionpuig
IPOMHBAJIM PACTBOPOM aKTMBaTOPpa, HEe OCTaBJAS BO3OyXa B MIOpHUIE WINU
urje. OnpelejyisJyM MaCCH TI[IPOMBTOTO mNpula. CKMIOHBaJM ©OaJlaHC Cco
NIPUIIOM, ¥ [OOPKMI, 3aloJIHAJIM TpedyeMbM KOJMUEeCTBOM aKTHUBaTOpa
(Takkxe Ha3HBaeTCd PAaCTBOPOM aKTHMBATOpa WMIM aKTUBUPYKIENW CMechblo) .
OmpenesdaamM Maccy MmoOpulla ILJIC aKTUMBATOop. 3aTeM IINIpMll MeOJIeHHO
omycTomaJau (Ha nporsaxeHur 20-40 cexyHO) B TedJIOHOBYI BCTAaBKY 2
IyTeM BIPHCKMBAHUA UYepes I[eperoponaky 6, He TII0O3BOJIAA Tasy
IPOHMKATL B  MOPUL WMIM  UIJIY. Kormpa pofaBJjieHMe  aKTHBaToOpa
3aBepmanu, MOpul,  YOaJdaaIuM ¥ B3BeNUBaJIN. TouHOe  KOJUUECTRBO
no®aBJIEHHOTO axKTHUBaTOpPAa onpeneanm nyTeMm BHUMTAHUSI MacCCH
OIIyCTOMEeHHOTO MmIpHuila M3 O0O0beAMHEeHHOM MAacCCH MIpHuila M aKTuBaTopa.
TouHBIe KOJIMUeCTBAa TOIJIMBA u akTuBaTOPa, noBaBJIeHHEX B

OKCIIEPVMIMEHTAaX, IaHEl HIIXE.

Haspauue AXKTHUBATOP
TomnmBoO [I'paMM]

DKCIIepMEeHTa [TpaMM]
YPEVGI11O 00,2008 0,3352
YPEvG120 00,1993 0,3331
YPEvVG121 00,2001 0,3554

[77] TX aMmOyJe 3BaloJIHAJIM Ta30BOM CMEeCb M3 pPeaKIMOHHOTO

cocyna OpubImM3nTesIbHO uYepes 30 MMHYT I[OCJe TOT'O, Kak IaBJIeHMe B
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cocyne CcuMTaJM CTabMJIbHBEM (OOBUHO MNPUOJIM3UTEJIEHO 15 MMHYT I[IOCJHe
3aBeplleHVsa no0aBJIeHMA aKTHUBaTopa) . OJOKcIepuMeHT YPEvVGL19  Owul
3aKOHUEeH paHblle M3—-3a HeUCHPpaBHOTO cpabaTHBaHMA OpoTpaMMH cbopa
OAaHHBIX . IlonHOoe BpeMsa cbopa OaHHHX OT MOMeHTa nobaBJeHUA
akTupaTopa Ovuio 1610 cexkyHn (26,7 MMHYT). O3SKCIEepPMMEHT IIOKasall
cTabuJIbHOE IaBJIeHMe B pPeakUMOHHOM Ccocyme |, CJIeDOoBaTEJILHO,
SKCIIEPUMEHT TIIOCUMTAJIM YCIemHsM. I'X  aMIIyJel BaloJIHAJIM, OTKPHBASL
BEeHTWJIN, IIOOCOEeOMHALINME  aMIIyJEl K  UeTBepPHOMY COeIVMHUTEJIo U
peakuMOHHOMY cocyny. BciencTBUe Bakyyma, coxpaHAgnmerocsd B
aMIlyJlax, OHM OHCTPO BaloJHAJIMCE T'al’oBoM (aszol, KoT'Da OTKPHBAaJIU
ux COOTBETCTBYIIME BEeHTUIIN . BarnoJIHEeHHEIM  aMIIyJlaM  IIO3BOJISAJIM
YpaBHOBEMMBATLCSA B TeueHMe 5 MMHYT, B3aTeM M¥X COOTBeTCTBYWINME
BEeHTUJIM 3aKpPHBaJM, M aMIlyJsl I[IOCHJaJM Ha aHaJlM3 C IIOMOMbI T'al30BOMU
xpoMaTorpadum (I'X) .

[78] IlocJsie 23amnojiHeHMsa I'X awMmnoyJj Jmwodoe MI3OBHITOUHOE HOaBJIeHMe B
peakuMOHHOM cocyne BHITY CKaJIn u cocyn OTKPHBAJIMN . Yoanaam

TedJIOHOBYID BCTaBKY. TBepOHlM OCTATOK BO BCTaBKe 2 CyIMJIM B

BaKyyMHOM meumu mnpu 30°C.

IIpoduin TeMrepaTypsl UM OaBJICHUSA

[79] Tlpoduim TeMIlepaTypH M IOaBJIEHUSA BKCIepuMeHTOB YPEvVG119,
YPEvVG120 wm YPEvG1l21l @manHel Ha oourypax 12-14 COOTBETCTBEHHO.
Peakuua HaumMHaJachk, Kor'na nobaBialM aKTUBATOP, UYWTO IIOKas3aHOo
ByKOBOM S BMeCTe CO BpeMeHeM B CeKyHIax IIoCJie Hauajla NpOoBeleHUS
SKCIIEPUMEHTOB Ha oourypax 12-14. 3a 2TuM CJenoBall OHCTPHM POCT
TeMIIepaTypH XuakocTu (Tiiq), KOTOpasd mocTuraja nuka npu 75-77°C.
OOHOBPEMeHHO, IaBJIeHMe Tasa [NOoKa3HBaJiO OHCTPHNM pPOCT, yKas3hBasd Ha
[IOJIy4deHre TI'a3a. IlloJlydeHHOe CTabWJIBHOE HOaBJIEHME M COOTBeTCTBYIIAS

TeMIlepaTypa, a TaKXe HadaJIEHOE IIaBJIEeHMEe UM TeMIlepaTypa IHOaHE HMXe.

HasBaHMe
Pstart [ 6ap ] Tstartl [OC 1 Pena [ 6ap ] Tend [OC]
SKCIIepMMeHTa
YPEVG119 1,03 25,3 1,92 24,8
YPEVG120 1,03 26,2 1,96 25,0
YPEVG121 1,04 25,8 1,97 25,1

1Tstart OBUJIA BHIIE WM3-3a IIPedBAPUTENILHOM I[IPOMHBKMY a30TOM U

I[IPMMEHEHNMA BaKyyMa
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[80] VBenmueHMe TeMilepaTyph I'aza (Tgas) IPOOOJIXAJIOCH IT'Opa3mo
MeHbIle M3-3a OHCTPOTO OXJIaXIeHMHA I[IOCPeICTBOM B3aMMOIEMCTBUS CO
CTeHKaMM PeakKUMOHHOTO cocyla.

PesyneTaTe razoBor xpoMmaTorpaduu (I'X)

[81] Kpupad rasoxpoMaTorpadmMuecKoro aHaJlmza (I'X) OJId
sKCIepuMeHTa YPEVG121l npubemeHa Ha Qurype 16 B KaueCTBe IIpuUMepa.
AHaJM3 IpuBeneH B oTueTe 15EM/0712 uuctuTyTa TNO B HuIepJjaHIax.
Crnenywomas TadiMlla HoKa3HBaeT pPesyJbTaTH aHaJM3a KPUMBOM Ha oOurype

le.

Bpemsz | Tun [Inowans Komnu/Mnowan | KonmnuecTs HasBaHue
B8an. [25 MkB B o [0D.%]
[MMH ] c]
- OMOKCHI yTJlepona
2,932
(CO2)
4,527 - amMmak (NHs)
BB | 1319,3592 3,44871e-2 45,50090 Bomopon (Hz)
22,217
5
BB | 652, 65613 8,44455e-4 5,5113%e- kucyopon (02)
23,572
1
26,146| BB | 6,81704e4 7,76071e-4 52,90504 azoT (N2)
28,397 N MeTaH (NHg)
- MOHOKCHI
31,683
yoJjiepoma (CO)
Becero: 98,95708

[82] KoHueHTpauum Bomopoma (Hz) m asora (N2), ODOJYUYEHHHEe U3

PaSOXpOMaTOPpa®quCKMX MSMepeHMﬁ, IIPMBEIOEHE B TabJiMile HIWXE.

HasBaHUue H, ras N2 ras Ipyrue
BKCIIepUMeHTa [06.%] [06.%] [06.%]
YPEVG119 45,3 53,2 1,5
YPEVG120 45,2 52,9 1,9
YPEvVG121 45,5 52,8 1,7
[83] Tak Kak YCTAaHOBKY [IPOMBBAJIM a30TOM Iepell KaXIbM

TeCToM, I»OpyITre T'a3Bl B aHaJIM3aX IIPpOoMCXoIonJjiv, IT'JIaBHEBEIM O@paBOM, oT

pPearumm BHYTPU cocylha. Kak MOXHO BMIOETH ns BHmerMBeHeHHOﬁ
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TaOJINIIE, I'X VM3MepeHre OeTeKTHUPOBAJIO nouTu VCKJIIOUNTEJILHO
razoobpasHEl BOOOPOO M Tasoobpal3HeM asoT. HeboJabmMe KoOJUUEeCTBA
BOOBl M KMUCJIOPOLa TakKXe OeTeKTHpoBau. Kucioponl ¥, B IOTEeHUMAaJILHO
MeHblle CTelleHH, BOOa VYXe JIIpPUCYTCTBOBaJM Iepel OO0BLeOIMHEeHUEM
TOILJIMBaA M pacTBopa akTuBaTopa M, CJeOoBaTeJIbHO, BKJIIOUEHH B
HavaJIbHOe IOaBJIeHUEe.

PesynbeTaTe PEHTI'€HOBCKOM Ouparxiimu (XRD)

[84] OcTaTok OT peaKUMM Iepen CYIIKOM OpedcTaBJasl cobom
cepoe BEeMecTBO. Illocjie CYIIKM B BaKyyMe I[oJiydalu ©OeJloe BelleCTBO.
TBepmoe BeMeCcTBO, I[IOJIYUYEHHOE M3 DBKcIepuMeHTa YPEvVG119, nokaszsaHO
Ha o¢urype 15. OSrToT ©OeJyiBIM O0CTaTOK U3 BKCIepuMMeHTa YPEvVG119
aHaAJIM3UPOBAaJIM, WMCIIOJNB3ySa PEHTIeHOBCKYyK Iudpakiumio (XRD).

[85] TmBepnrle OCTATKM DKCIEPMMEHTOR KaudeCTBEHHO OIleHMBAJM C
nomomeid XRD. XRD OTpaHMUMBAJIOCH MIOeHTUOMKALIMEN KPUCTAJIJIMUeCKUX
coemmMHeHMM. Hu omHa M3 OudpakTorpaMM He TIokKa3nhBaja OOoJIBINUX
KOJIMUEeCTB aMOpO®HHEIX coenuHeHuM. XRD mudppakToTpaMMbl IOaHE Ha oourype
17. Bruio  oOHapyXeHO, UToO  TpM  OUMOJIMOTEUHEX  CIeKTpa  XOpPOolo
[IEPEeKPHBAlTCI C M3MEPEHHEM CIeKTpoM. KpucTallliMueCcKMe BelleCTBa,
COOTBETCTBYKIME STUM MUIOSHTUOUUIMPOBAHHEIM TabOJIMUHBEIM CIIeKTpaM, OaHE

B TabJjimlie HMXe.

HaseBaHUue XuMmueckasi
Ms BellecTBa
BKCIepUMEeHTa bopmyia
PDF 00-007-0277 Na2B407 -5 H20 TMHKAJIKOHMUT, CHUH
PDF 00-005-0628 NaCl rajiuT, CHUH
PDF 01-075-2259 Na2C1lB (OH) 4 TUILJIENT, CHUH

[lejjoe UYMCJO B TIepBOM CToJBlle TabOJMIE BHIIE MCIIOJb30BaJM,
UTOOH MIOESHTUOUIIMPOBATH IIMKM COOTBETCTBYKIETO CIeKTpa Ha ourype
17. TakuMm oBOpasoM, IIMKMK, oBo3HaueHHEe 27, COOTBETCTBYIT CIEKTPY
PDF 00-005-0628, coorBeTcTByIeMy NaCl. AHaJIUTHUUeCKMM oTueT XRD
aHaJlM3a TakXe IMOIpelcTaBJieH B oTueTe 15EM/0712 wuHcTUTyTa TNO B
HupepJjiaHmax.

Ob6CcyxmneHue

[86] TX pesyJabTaTH IIO0Ka3HBAKT, UYTO IMOJYUYEHHEM Tas II0UTHU
IIOJIHOCTBIO IpencTaBJgeT cobo¥ Ta3000pa3HEM BOIOOPOA BO  BCeXx

OKCIIEPVIMEHTAaAX . CilepoBaTeJIbHO, yBeJIMdYeHMe JaBJIEHMA MOXeT OBITH
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UCIIOJIL30BAHO IJIA OlIpeneJieHrsa afOCOJIOTHOWM BeJIMUMHEL IIOJIYUYEHHOTO
T7az’000pa3HOTO BOHOPOIAa (NPMMeHAd BaKOH MIealJIbHOTO Tasza, KOTOPHM
IPUMMEHMM WM3—-3a HUS3KUX JaBJIeHUN) . BHUMCIAIM MOJIBHEE KOJMUeCTBa
Taz’o000pa3HOTO BOIOpPOHa, & TakKke HauvaJlbHEle MOJIBHEIE KOJMUECTBA
Taz’oo0bpa3HOTO aszoTa. O00e BeJIMUMHBE IIePeBOOMJIM B COOTBETCTBYIWIIME
o®beMHBe ~ OPOLEeHTH ¥  CcpaBHMBaM ¢ IX  pesyjabTaTamu. 31U
BLEIUMCJIEHHEE MOJIbHEHE KOJMUecTBa M OOBeMHEEe I[IPOLeHTH BOOOpoma U

asoTa OaHHE B Tabjiuile HUXe.

HasBaHMNe Ha ocHoOBaHMUMU Ha ocHoBaHMMU PesyneTaTH I'X
BDKCIepMuMe | OaBJIeHUS [MOJIb | DaBJeHnsT [006.%] [06.%]

HTa N> H> N2 Ho N2 Ho
YPEVG119 0,0076 0,0066 53 47 53 45
YPEVG120 0,0075 0,0069 52 48 53 45
YPEvVG121 0,0076 0,0069 53 47 53 46

[87] BruMcJIIeHHEIE oBBeMHHEE IPOLIeHTH corJjlacymorcsd c

MsMepPeHHEMI OO BEMHEIMU IIpouneHTaMIM I'X SKCIIEPVIMEHTOB. X Pe3yIJIETAaTE

10 BoOIOoOpOmy IIOKRa3EBanT MEHBIYIO KOHLEHTPpaluuo Pa3006pa3Horo

Bomopona. CJjemoBaTeJIbHO, KOJMUECTBa BOOOPOIAa, BHUMCJIEHHHE U3
BeJIMUVMH OTaBJIeHM A, cijleoyeT praccMaTpMBaThb Kak MaKCHMaJIbHEIE
SHa4YeHMA.

[88] B Tabjmie HIMXE BEIUMCJIEHHEIE KoJIMuecTBa BOImopona
CpaBHMBAKLTCSA c TeopeTHudeCKUMA MaKCUMaJIb HEIMM KOJIMUeCcTBaMM

BOIOOpPOLa, KOTOPHEe MOIT'YT OHTH I[IOJIyYeHH U3 OopIMIOpMIa HaTpuUd
CcoTJIaCHO YPaBHEHUIO peaxkuuu, UCIIOJIE3Y 4 Maccy NaBHy4,
MCIIOJIb30BAHHOT'O B TOIUIMEBE (OaHHOEe OTHOUIeHMe Ha3EBaeTCS BHXOIOM) :

NaBH;+2 H>O — NaB0O:+4 H»

3TO MIOeaJIbHOEe  ypaBHEHMEe peakKUMM  pasJIioXeHMd  OopruIpuna
HaTpuUA. PeajsibHagd peakUuMd MOXeT OTJIMUaATLCH (TakXxe IIOKas3aHo
pesyJibTarTaMm XRD) . OnmHako oJsa CpaBHeHUA C TeOpeTUUeCKUM
MaKCUMyMOM 5STO YpPaBHEeHME peaKUuM ApJdeTcd nonxomdammum. Tadiuila
HIXe  TakXe OaeT OTHOIMEeHMEe MaCCH IIOJIYUEHHOTO  I'a3000pasHOoTo
BOOOpPOIoa ¥ IIOJIHOM MacCCH TOIJIMBa ¥ MCIOJIB30OBAHHOTO pacTBoOpa

akTMBaTOpa (HaszswBaeTCcsa 20OeKTMBHOCTLIO) :
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HasBaHMe TeopeTude | Brxon AxTMBaTO | DddbexTHUR
Hz TonnmmMBO
BKCIIepuMe CKUM [MmoJT. P HOCTBL
[MOJIB ] [TpamMm]

HTa Ho [MOJIE ] %] [TpamMm] [Macc. %]
YPEvVG119 | 0,0066 0,0071 93 0,2008 0,3352 2,5
YPEvVG120 | 0,0069 0,0070 98 0,1993 0,3331 2,6
YPEvVG121 | 0,0069 0,0071 98 0,2001 0,3554 2,5
CpegnHee: : - - 96 - - 2,5

[89] IloslyuyeHHBEIE BEXOINE OJM3KM K TeOopeTUMUeCKOMYy MaKCHUMyMy
100%. OSxcnepuMeHT YPEvVG119 wmMes MeHBIIMIM BHEXOH, YeM OBa IPYTUX
SKCHepuMeHTa. He ©OwJI0 0OHaApPYXKeHO HUMKAKOM MOPAMOM IMIPUUMHE, HO
KaxeTCsd BepOATHOM YyTeduka dYacTu Hz. Bpsan JM 3TO CBA3aHO C 0HoJlee
KOPOTKMM  BpPEMEHEeM  WM3MEPEeHUH, TakK KakK oaBJIeHNE OBLIIO yXe
[IOCTOSAHHEM (M peaKLuusa 3aBeplmiiach) B TeUeHMe 3BHAUMTEJIbBHOTO
KOJIMUeCTBa BPEeMeHM, KakK MOXHO BUIEThH TaKXxe Ha ourype 12.

BEIBOIIEI

[90] eJvsn IO aHHEBIX DKCIIEPUMEHTOB OBLIIO INOOTBEPIUTE,
IPOMBBOOUT JIM OaHHad TOILJIMBHAasg CMeCch I'a3000pa3HEM BOOOPOI, KoTIIa
IIPUMBOIMUTCSA B KOHTAKT C aKTUBUPYKRIMM pPacTBOPOM.

[91] TX aHadM3 IIOKa3EBAET, UYTO IOJydaeTCsd IIperMylleCTBEHHO
Ta3000pas3HEl BOIOPOH. [eTeKTHPOBasJM I'a3000pas3HHM a30T M BOIOPOX
C HeOOJIBIIMMM KOJIMUeCTBaMM KUCJIOpoOoa ¥ BOIOH. YBeJMUeHMe OaBJIeHUA
MOXHO OBUIO NpUIMCATL I[IOJIydeHM®o Hz, ¥ eI'0 MCIHOJIb30BajM IOJiA
omnpeleJieHMS  KOJMUECTBa  IOJIYUeHHOTO Ho. [ToJIyUyeHHHE BEJIMUMHEL
cljlenyeT pacCMaTpMBAaTh KaK MaKCHMMaJIbHHE BeJIMUMHEH.

[92] TommMBO B pPeaKUMM C aKTUBUPYKIMM pPacCTBOPOM IIPOM3BOIUT

Tazoobpas3HbEM BOOOPOI co CpelHVM BEIXOIOM 96 MOJI. S oT
TEOPETUUECKOTO MaKCHUMyMa, IprdeMm IpakTUdeCcKUm MaKCUMYyM

cocTarJjgeT 98 MOJI.% M3-3a 0oCOoBeHHOCTeM MCIOJIb30BaHHOTO NaBHi, u
20PeKTUBHOCTE 2,5 MacC.?% OTHOCUTEJILHO IIOJIHOM MACCH OOBeIMHEeHHOI'O
TOINIMBa ¥ aKTUBMPYKIETO pacTBopa. B 5»ToM cClydae ob0ecneunBamnT
IepelOo3UPOBKY KMCJIOTH UM  BOXH, YyTOOR HOJYUMUTE MaKCUMAJIbEHYIO
KOHBEPCHIL BOIOpPOIa 3a CaMbBM KOPOTKMM BOBMOXHEM I[IeprOoll BPEMeHU
II0CJIE BIIPHICKMBAaHMUA.

[93] XRD aHaimM3 I[IoKa3HBaeT, UTO HMKAKOTO OopIuOpuia HaTpUA

Jinm OIPYITHUX KpMCTallJIMde CKUX GOpI‘M,HpM,HOB He oCTaBaJIOChb I1ocljie
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peaKLun. OBHapyXeHHBIE  MMHEepaJkl [OPeOlIOUTUTEJIBHO  [IpelcTaBJIAIU
coboM TIOBapeHHy COJIb U 0OopaTH HaTpusa. O9TO IIOKas3HEBaeT, UTOo

PeakrlMAad IOOCTHIJIa 3aBEepPIeHNMA.
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$OPMYJIA MBOEPETEHNA

1. Cnoco® mnojgyueHusa OopruIpMIa MeTalljla, BKJUAIMM CTaguo,
roe

- ofecneumMpanT IMUIPOKCKUI MeTajua, B203 m Hz Tak, UTOOH
[IO3BOJIATE IIPOTEeKaTh IIPOLlecCy CHMHTe3a M OaBaThk OopIuIOpuI MeTallla,
Toe CHMHTe3s IIpOoTeKaeT COIVIACHO YPaBHEHMI peaKLUKn

Me (BO2)n + 2n Hz — Me(BHs4)n + n Oz,

roe Me npencTaBJIsgeT cobom MeTaJlI, a n obo3HauvaeT
BaAJIEHTHOCTE MOHa MeTaJla.

2. Crnoco® mo m.l, IOOIOJIHMTEeJNILHO BKJIOUAIMM CcTaIuio, I'Ie

- ofecrneumBawnT OOPOKCHUI MeTaJla M Hx Tak, UYTOOH I[IO3BOJIATH
IpoTeKaThk IIPOLeCCy CHMHTe3a UM OaBaTbk OOpTMIOPHUI MeTajljla COTJIaCHO
ofmeMy YpPaBHEHMI peaKLUn

4 Me(OH)n + 2n B203 + 6n H» —» 4 Me(BH4)n + 5n O,

e Me npencTaBisgeT cobom MeTaJsi, a n obo3HauaeT
BaJIEHTHOCTE MOHa MeTaJla.

3. Cnoco® nojydyeHUsd, IO MeHBIIEM Mepe, OINHOTO M3 Oopruapuia
MeTaJlJla U Hz, BRJIOUAKMMUM Clelyimye CTaluu:

A. noJgydawonT OOpIHUIPHUI MeTajljla CcoIJlaCHO JIoOOMYy M3 CIOCOOOB
no n.n. 1 m 2;

B. mnoayuanoT Hz B IOpollecce XMMUUECKOM peakluM, B KOTOPOM
fopruopmun MeTajljla, IIOJIYUEHHHM Ha cTagum A, nm HxO gBJgmoTCH
peareHTamMmn, OpPMUEeM KOJIMUeCTBO Hz, MnojJlydaeMoe Ha cTaium B, OoJble,
UyeM KOJMUeCcTBO Hz, TpebyeMoe B KaueCcTBe pealeHTa Ha cTaIuM A IJi4
TaKMxX Xe KOJMUYecTB OopruIpuIa MeTaJlJla B KadeCTBe pealeHTa U
IpoOyKTa peaKUMM Ha CcTaIuMaxXx B M A COOTBETCTBEHHO; U

C. obBecneumpaioT Hz, I[OJYUeHHHM Ha CcTaiuM B, Ha cTaiuio A, U
noprop4gaT cramuu A, B u C,

oOpM STOM UYacTb, IO MeHbIleM Mepe, OIHOTO M3 OopruapuIa
MeTaJlla ¥ Hz, T@OJy4d4eHHEX Ha cCcTaguMax A U B COOTBeTCTBEHHO,
BHBOISAT, OCTAaBJSAA HEKOTOPOe KOJIMUeCTBO Oopruiapuia MeTalJlla u Ho
COOTBETCTBEHHO, UTOOH IIO3BOJIATL I[IOBTOP cCcTamut A, B u C.

4, Cnooco6 mo mn.3, B KOTOPOM cCTamusa A TpedbyeT DHSHEPIUD B
bopmMe TerJla, IIPU D2TOM BDHEPIUMK B QopMe Telljla IIoJIydYalT Ha CTaluu
B, u Temo, OPOM3BOIMMOE Ha CTaIuMM B, IIO0 MeHbIleM Mepe, YaCTUUHO

ofecreurBaKnT Ha CcTanguio A.
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5. Cnoco6 no JgoboMy M3 NOYHKTOB 3 M 4, B KOTOPOM IIPOLIECCH
crazuy A m B BHOMpaoT Tak, UTO OPOOYKTH peakKlUuu cTaouu B
ABJIATCA peareHTaMM CcTanum A.

6. Crnoco® no JjgoboMy M3 IIYHKTOB 3-5, B KOTOPOM IIPOLECCEH
cramu A ¥ B BHOMpaT Tak, UTO NPOOYKTH peakUuy cCcTaiumu B
ABJIAITCA pearleHTaMM CTaouM A CoIJlaCcHO, II0 MeHbIleM Mepe, OIHOMY
3 ofmMxX YPaBHEHUN XUMMUECKUX peaKuuyi OoJjag cTaduM XUMUUeCKOM
peaKLun ;

Bl. 4 Me (BH4)n+10n H2O — 4 Me (OH)a+2n B203+1l6on Hy ; u

B2. Me (BH4)nt+2n H20 — Me (BO2)n+4n Ho.

7. Crnoco6 mo JgoboMy M3 IOYHKTOB 3-6, B KOTOPOM OTHOIEHNE
Boprumpunoa MeTaJyla M HoO BHOMpawonT Tak, UTOOH IIOJYYaTh, IO MeHbLIen
Mepe, OIHO U3

- YBEJIMYEHMSA CKOPOCTM IIOJIYyUeHus Ho m

- TIOJIyUueHMSd IIPOOYKTOB peaKlLuM, KOTOpHe IOIpelcTaBJIgioT cobol,
10 MeHbIlel Mepe, OIOMH U3

—— peaTreHTOBR cCcTamuu A U

—— peareHTOB IIpollecca PeUMpPKyJIaLUuM, Janlel'o peaKLUMOHHHE
IIPOOYKTE, KOTOPHE HABJAKNTCSH peareHTaMM CTaauu A.

8. Crnoco6 rno JwoboMy U3 IIPpeOHOyllMX I[IYHKTOB, B KOTOPOM
OTHOIIEHVE MOJIBHEIX KOJMUECTB OOpIMIOPUIOHEX TI'pylnll BHs B Ooprumpune
MeTaJJla 1 H20 cocTaBygeT, IO MeHblel Mepe, BHz:H20=2:5.

9. Crioco® 10 JIodoMy ns3 IIYHKTOB 3-8, OOIIOJIHUTEJILHO
BRJIOUAMMIM CTaOguio, Ha KOTOopoM mnofaBJjgloT, 10 MeHbIlel Mepe, OIOUH
KOMIIOHEHT M3 KaTaJlM3aTopa M KUCJIOTH Ha cTaguM B, UTOOH YCKOPATH,
10 MeHbIleM Mepe, OIHY XMMMUECKVYID peakKlMio B IIpoleccCe XUMNUeCKOM
peakuuy, UYTOOH [IOJIyUaTh, IO MeHbllel Mepe, OIHO U3

- YBEJIMYEHMSA CKOPOCTM IIOJIYyUeHus Ho u

- TIOJIyUueHMSd IIPOOYKTOB peaKluM, KOTOpHe IOpelcTaBJigioT cobol,
10 MeHbIlel Mepe, OIOMH U3

—— peareHTOBR CcTamuu A U

—— peareHTOB IIpOllecca PeUupPKYJIaluM, Janmer'o peaKUMOHHEE
IIPOOYKTE, KOTOPHE ABJAKTCH peareHTaMM CTaIuu A.

10. Cnoco® no JjwboMy M3 IIYHKTOB 3-9, B KOTOPOM IUIPOKCUI

MeTa/Jla nofaBJIAlT Ha cTaiuyM B, uYToOH IIOJYyYaTh, IIO MeHblleM Mepe,
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OIOHO U3

— YMEHBIIEHVSA CKOPOCTM IIOJIyUeHusa Hz u

- TOJIydeHMSd IIPOOYKTOB peaKlUuM, KOTOpPHEe IMOIpelcTaBJIgiT cobon,
10 MeHbIIEN Mepe, OOMH U3

—— peareHTOB CcTamum A u

—— peareHTOB Ipollecca PeUUupPKYyJIALuM, Janlel'd0 peaKUMOHHEE
IPOOYKTE, KOTOPHE ABJIATCS peareHTaMM CcTaIuy A.

11. Cnoco6 mno JjgoboMy M3 OyHKTOB 3-10, B KOTOPOM cCTamuion A
BHIIIOJIHAIT B IIePBOM YCTPOMCTBE, CTaIuio B BHIOJHST BO BTOPOM
YCTPOMCTBE, HEeKOTOoPpOoe KOJMUeCTBO OopruIpMIa MeTajJla obecleuMrBaioT
13 TIIepBOTO YCTpOMCTBa BO BTOpOE  YCTPOWMCTBO, M  HEeKOoTOopoe
KoJMuecTBO Hz ofecneumBanT M3 BTOPOTO YCTPOMCTBa B IIepBOe
YCTPOMCTBO IJIS LUUKJIMUYECKOTO BHIIOJHEeHUS cCcTaau A M B B IIepBOM U
BTOPOM YCTPOMCTBAX.

12. Cnoco® mno JgmwobomMy M3 IOyHKTOB 3-11, B kKoTopoM H20
ofecreurBaKT B BUIe CBEpPXUMCTOM BOOH CUB.

13. Cnocoft mno JwoboMy M3 NPeIHOyIMX I[IYHKTOB, B koTopoM CUB
YIOBJIETBOPAET, IO MeHbIleM Mepe, OOHOMY Mu3 CcJedylnlero: M’MeeT
SJIeKTPONPOBOOHOCTE HMXke 1 MKCM/cM, ocoBenHo Huxe 0,5 wMmxCMm/cM,
ocoBenHo Hmxe 0,1 MxCM/cM, ocoBeHHO Hmxe 0,06 MxCM/CM; U UMeeT
kjjacc ASTM Tun E-1 (Boma OJiA BJEKTPOHUKM UM IIOJYIPOBOIOHUKOB) WJIM
Jydiie .

14. Crioco® IMOJIYUeHUS DHEepIMM, BKJOUAKIMUNM CTaIuM Ha KOTOPHX :

- noJiydaioT Hz ¢ noMmombio crnocoba o JimwboMy M3 IYHKTOB 3-13; u

- oBecneumBaT Hy u3 Openwpnymey craiuv M 02, UTOOH IIO3BBOJIATH
XVMUUECKOM peaklUM IIPpOTeKaTh M OaBaTb DSHEePIMI0 COIJIaCHO YPaBHEHU
peaxkuum

2 Hx+02 — 2 H20.

15. Cnocof6 mno JoboMy M3 IOIPedbdylMX IOIYHKTOB, B KOTOPOM
MeTaJlJl Me mOpencTaBjgeT coboy, IO MeHbIeM Mepe, OIOIMH MeTaJlJl U3
autua Li, HaTpusa Na u kaausa K.

I[Io DOBepeHHOCTHU
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