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MOJEJIOBAHHA CTABLJIBHOT'O PEXKMUMY POBOTH CHCTEMH BOJTHEBOI
EHEPIT'ETHKHA HA OCHOBI IOPUCTOI'O KPEMHIIO

A.l. ManinoB, kaaauiar ¢izuko-maremaruunux Hayk, O.I1. Cedano, crynentka OKP.
[HCTHTYT BHCOKHX TexHOJOTIH, KniBchkuii HamioHasHAI yHIBepcuTeT iMeHi Tapaca IlleBuenka
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Jlocniooceno cucmemy 600He80I eHepeemuKu, KA CKIA0AEMbCs 3 0dHcepend G0OHIO, WO NPAYIOE 3a PAXYHOK pearyii 2ioponizy nopu-
CMO20 KpeMHil0, ma HUZLKOMEMNePamypHo20 NAaIueHo20 eiemenmy. Ompumano anaiimudi 3a1elcHoCmi, SKKi ONUCYIOMb KIHEMUKY
BUOINEHHA 800HIO NPU PI3HUX cnocobax 3Mmiuysanus peazenmis. Po3paxosano pexcum nooaui nopucmozo KpemHito y peakyitihy Ka-
Mepy, o 00360/18€ OMPUMAMuU CMAOLIbHULL PeXCUM 2eHepayii eleKmpuyHol enepeii Ha euxo0i docniocysanoi cucmemu. bion. 11,
puc. 5.
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SIMULATION OF STABLE OPERATION MODE FOR HYDROGEN ENERGY SYSTEM
BASED ON POROUS SILICON

A. Manilov, candidate of physical and mathematical sciences, O. Sebalo, MSc student.

Institute of High Technologies, Taras Shevchenko National University of Kyiv
01033, 64 Volodymyrska Street, Kyiv, Ukraine.

The hydrogen energy system is studied, which consists of a hydrogen source that works by the hydrolysis reaction of porous silicon
and a low-temperature fuel cell. Analytical dependencies describing the kinetics of hydrogen production are obtained for various
methods of mixing reagents. The method of supplying porous silicon to the reaction chamber is calculated, which makes possible to
obtain a stable mode of generating electric energy at the output of the explored system. References 11, figures 5.
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O.I1. Cebaio
O. Sebalo

Beryn. Konrnenmis BomHeBOi eHepreTuku 0a-
3y€ThCS Ha 3acTocyBaHHI Hz sk mpomixkHOTO eHep-
roHOCis. BiAMmoBiAHO, MOCTIIKYHOTHCS METOIU BU-
poOHUIITBa, 30€pEXKEHHS, TPAHCIIOPTYBAaHHS BOJHIO 1
HOro MEepeTBOPEHHA Y TEIUIOBY a00 ENEKTPUYHY
eHeprito [1].

Cucrema BOJHEBOI EHEPreTUKH 3a3BHYAil €
noeaHaHHsIM Jukepena Hz Ta reneparopa eHeprii, 110
MPALIOE 32 paXyHOK OKHCICHHSA BOAHIO. J[kepenom
Moke OyTH Hakonmu4uyBay (OaJloH 31 CTUCHEHUM a0o
3pIDKCHUM Ta30M, TiAPUA MeTally, afcopOIiiHuit
HaKOMU4YyBad TOMIO) a00 MPOIYKT XiMidHOI peakiii
(xoHBepcii OpraHiYHOTO TANWBa, AWCOMIaIii BOAH i
T. 1.). EHeprist Moxxe BUPOOJISTHCS 32 paxyHOK Mpsi-
Moro (y TypOiHax, ABHTYHax) abo KaTamiTH4HOTO (Y
BOJIHEBUX IUIUTAX, CUCTEMax OOITpiBy) CIANIOBaHHS
rasy, a TakoX €JIEKTPOJITUYHOTO OKHCJICHHS Y Ia-
JUBHUX ejieMeHTax. OCTaHHIM MeTOoJ € HaHOUIbII
MEPCHEKTHBHAM Ui 3aCTOCYBaHb Y BOJIHEBOMY
TPaHCHOPTi Ta MOOYTOBUX Mpuiagax [2].

OpHUM 3 KJaciB JpKepen BOJHIO € CHCTEMH, L0
MPAIIOIOTh 32 PaXYHOK peakiii rigpomizy. s muporo
3aCTOCOBYIOThCS HEOPTaHIYHI PEYOBUHHM, MMOTEHITial
BITHOBJICHHS SIKMX NpH NeBHOMY pH MeHIe, Hix
cuctemu H'/H,. Ilix gac B3aemognii marepiany 3 Bo-
010 (hopMy€eThest OKCHJT (T1IPOKCH]T) Ta MOJIEKYJISP-
Huit BogeHb [3]. IloenHanHs Takoro mpkepena 3 ma-
JUBHUM €JIEMEHTOM Jla€ 3MOTy C(OpPMYBATH CHCTE-
My JKUBJIEHHS aBTOHOMHOI EJIEKTPUYHOI CHCTEMH,
IO MPAIIO€ Ha 3acafax BOJHEBOI eHepreTHKu [4].

[epcriekTHBHUM MaTepialioM Ui TiApONiTHY-
HOTO JiKepena BOaHIo € mopuctuii kpemuii (ITK) [5—
7]. Ha BinMiHy BiZ TaKuX KOHKYPEHTIB SIK aTIOMiHi}
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g kpuctaniuauii Si, [IK MicTUTE BOAeHb y CBOEMY
ximiuHoMy ckinaai. [Tix gac B3aemonii ITIK 3 Bomoro
YTBOPIO€ThCsl MoieKyisipHuil Hp. Ile mosicHroeThes
JUCOLIIAINEI0 BOAW 1 pylHYBaHHAM 3B's3KiB SiHy Ha
moBepxHi Marepiany. [luToMuit BUXiq BOIHIO i 4ac
peakuii anomnoro IIK moxe B 1,5 pa3u mnepeBu-
LIyBaTH BHUXIJI MpPU 3aCTOCYBaHHI MOPOIIKY KpH-
cranmigyHoro kpemHito. Kpim Toro, peakmist 11K inTen-
CHUBHO MPOXOJUTH BXKE MPH KIMHATHIN TeMIiepatypi i
He noTpedye HarpiBaHHs 4u nepemimryBaHHs [7—8].

IIpocTi cucremu, MO MPAIIOIOTH 3 JHKEpEIaMH
BogHIO Ha ocHOBi [IK, MaiTh cyTTeBUii HEmOIIK.
XiMiuyHa peakiis MPOXOIWUTh HENiHIWHO, 11 IIBHI-
KICTh 3MEHIIYETHCS 31 3MEHIIEHHSIM KiJTBKOCTI peak-
TUBY. BiamoinHo, eHepris y MaJlMBHOMY €IEMEHTI
TeHEPYEThCS HEpiBHOMIpHO. Bupobnena y Ttakuit
CIoCi0 MOTYXHICTh HE MOXE Oe3rmocepesiHhO BHUKO-
PHUCTOBYBaTHCS Uil KHUBJICHHS E€JIEKTPOHHHUX INpH-
crpois [9-10].

Omxe, HEOOXIZIHO BHU3HAYUTU PEKUM POOOTH
CUCTEMH, SIKHUI 3a0e3Me4nuTh CTadlIbHE JKUBJICHHS
MIPUCTPOIO KOPUCTYBaya Ha BUXOJI MAJIMBHOIO €Jie-
MeHTy. PaHinie Oyino 3ampomOHOBAaHO BUPILICHHS
MpoOJeMH HUISXOM 3aCTOCYBaHHS KT €IeKTPHUYHOT
crabimizanii [10]. Ane 1e IPU3BOIUTH O TOAATKO-
BHUX EHEPreTMYHUX BTpaT. Bijbl mepcrneKTUBHUM
BOAYA€ETHCS «XIMIUHE» PIIIEHHS, IO 3aCTOCOBYETh-
Cs y BOJIHEBUX CHCTEMax Ha OCHOBI CIANIOBAHHS
opraniunoro nanuBa (fuel processors) [11]. B miit
cTaTTi OyAyTh BU3HAUEHI MapaMeTpH pKepelia BOJ-
Hio Ha ocHOBI [1K, sKi 103BOJIATH 3a0€3Me4nuTH PiB-
HoMipHe BumineHHs Hp 1, BiAmoBigHO, CTaOLIbHY
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CICKTPUYHY TMOTYXKHICTh Ha BHXOMAlI MAJUBHOTO

eJIeMEeHTY.
MeTtoau

HyBaBcs y nBa eranu. CroyaTky OyJi0 3aIipONOHOBa-

po3paxyHKy. Po3paxyHOK BHKO-
HO PIBHAHHS KPHUBOI, 110 ONMUCYE KIHETUKY BUAIJICH-
Ha H, mpm peakrii dikcoBanoi mopitii MoprCTOro
kpemuiro (IIK) 3 Bogoro. Lle mocsramoch HMIITXOM
ampoKcHMallii eKClepUMEeHTAIbHUX AaHuX. I[licis
LIBOTO MOZEIIOBABCA MPOLIEC MoJadi peareHTy 4epe3
pi3HI TpoMixkku dacy. IlomepemHbo oOTpHMaHe
ampoKCHUMAIliifHe PIBHAHHS N1aj0 3MOTY BH3HAYHTH
(dbopMyny po3paxyHKy IIBUIKOCTI BUAIIEHHS BOJHIO
npu nopuiiHiil mogadi nopomky I1K.

XimigHa peakmist Boau 3 [IK moxe Oytu mpen-
CTaBJICHA CXEMOIO:

SiH, +(2+Yy)H,0 =

1
=Si0, - yH,O + 2+§ H,. @

ExcrniepyMeHTanbHI KpUBI KIHETUKU BUAUICHHS
BOAHIO Oyno orpumano i opomkis I1K, Buroros-
JIEHUX METOJIOM XiMIiYHOTO 200 aHOTHOTO TPaBIIEHHS
KPUCTATIYHOTO KpeMHito p-tury [6]. Buninenus
BOJAHIO 31 3paskiB  IHiI[ilOBaJach
H>0:C>HsOH:NH3 (10%) y ciiBBigHOmIEeHH] 5:1:1 3a
00'eMoM. OcCKiIBKM MOJIbHA KUIBKICTH aMiaky Oyia

PO3YHHOM

3HAYHO MEHIIIA 32 MOJIbHY KiJIBKICTh KPEMHII0, TO BiH
BUCTYIIaB KaTaji3aTopoM, a He peareHToM. ETmio-
BHU CIIMPT CIIPUSIB Kpallliid 3MOYyBaHOCTI 3pa3KiB.
Haiikpami mokasauku BuaiieHHs Ho npoaemMoH-
ctpyBas [IK, BuUTOTOBICHWI 3a aHOJHOIO TEXHO-
norieto. ToMy 3a OCHOBY i TOAAJBIIOTO pO-
3paxyHKy OyJio B3STO OTPUMaHi Ha HhOMY E€KCIIepH-
MEHTaJIbHI JaHi. B To# e uac, 3aKOHOMipHOCTI
BUJIIJICHHS BOJHIO TIPW peakilii iHIIWX THIIB IIO-
POLIKIB OMUCYIOTHCS AHAJIOTIYHUMHU PiIBHAHHSIMH,
BiJJPI3HAIOYNCH JIMIIE KUIbKICHUMH ITOKa3HUKaMH.
Tobto dopmynu, BuBeneni st anognoro IIK, tak
caMo ONKCYIOTh PE3yJIbTaTH AJIsl IHIIMX 3pa3KiB.
ExcniepiMeHTanbHi  TOYKM Ta  Pe3yJIbTaTH
anpokcuMariii 300paxxeno Ha puc. 1. OyHkiis, 3a-
MPOIIOHOBAHA ISl OTIHCY KiHETHKH BUIICHHS BOJI-

HIO, Ma€ Takui BUTJIAI:

t

V t e,
® a+b-t+c-ft

(2)
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ne V — 00’eM BHIIICHOTO i Yac peakiiii BOJHIO, t —
gac, a,b,C — koedillieHTH piBHAHHS, AKi 3aJI€KaTh Bill
tuny nopowky ITK.

Takuii BHUIIIAA anpoKCUMalidHOI KpUBOi Haii-
OUTBIII TOYHO ONKCYE EKCIICPUMEHTAIBHY 3alleXk-
HICTh. XapakTepHi ISl ONMKCY MIBUIKOCTI XIMIYHHAX
peaxuiii creneHeBi GpopMynH gaBay MOMITHI BiIXH-
JICHHsI MOOJU3y HYJS Ta NPU BEIUKHX 3HAYCHHSIX
yacy, TOMy He 3acTtocoByBaimcs. Lli BigxuneHHs
MOXHA TOSCHUTH TereporenHicTio peakmii 1K 3 Bo-
JIOF0, B TOW Yac SIK KJIACHYHI XiMivHI (OpMyITH ONH-

CYIOTh TOMOTEHHI peaKii.

=
1.6 R L
:
§ 4
21,21 ;
S .
08{ &
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Puc. 1. ExcnnepuMeHTAIbHi 3HAYeHHS KiHeTUKH BUALIEHHS
BOAHIO 1J1s aHogHoro IIK (Toukm) i anpoxkcumaniiina kpuBa
(MyHKTHPHA JIiHif).

Fig. 1. Experimental values of hydrogen production kinetics

for porous Si prepared by anodic etching (points) and ap-
proximation curve (dashed line).

Hactymaum kpokom Oysio BH3Ha4YeHHS (PyHKIIIT,
sIKa OIMUCYE KIHETHKY BUJIUICHHS BOIHIO MPH IT0Javi
[IK y peak1ifiny kamMmepy 3 IEBHUM iHTEPBAIIOM.

Hexait nopuis [IK i3 ¢ikcoBanor macorw Jo-
JIAETBCS Y BOJHHUI PO3YMH Yepe3 OJHAKOBI MPOMIXK-
ku Jacy At. Peakilis moYnHAETHCS Y CUCTEMI BIIUTIKY
K (puc. 2). Buninennss BomHIO omucyeTbes (popmy-
7o (2). MoMeHT mojiadi HOBOI TOPIIiT TMOPOIIKY
MOJKHA BBKATH ITOYATKOBOIO TOYKOKO HOBOI CHCTE-
mu Bigmiky K'. Toxmi y cucremi koopaunat K' mu
OTPUMAEMO TaKy X 3aJIeKHICTh V(1) K 1 B cuctemi
K, ane 3 mouatkoM Bimiky y Toumi (At, V(At))
BigHocHO K-TOi crcreMu. AHAJIOTIYHUM CIIOCOOOM
BBOJMMO cHcTeMy KoopauHaT K” ta HactymnHi (amBs.

puc. 2).

18
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K K
v(t) s V() ieh)
V'=V(t")
t'=t-2At

V'=V(t)
t'=t-At

V=v(t)

0 At 24t t

Puc. 2. MopaesnloBaHHS KiHeTHKH BUALIEHHS] BOJAHIO IPH 1O~

naui [IK y peakniiiny kamepy 3 inTepanom At.

Fig. 2. Simulation of hydrogen production kinetics, when
porous Si is added into the reaction chamber at interval of
At.

Posnuiemo piBHSHHS GYHKIIT AT TPOMIXKKIB:

V,=V(t) te[0,00], 3)

V=V +V(t-At)  te[Atoo], (4)
V, =V(t)+V (t—At)+V (t—2At) te[2At,],(5)

V,=V(@{)+V([{A-At)+V (t-2At) +...+

+V (t—nAt) te[nAt,oo]. ©

ToOto, 3aranbpHy (QYHKIO, SKa ONMUIIE 00’€M
BUJILIGHOTO BOJIHIO Yepe3 MPOMIKOK 4acy t 3a yMOBH
k momau ITK, MO>KHa TIPEACTaBUTH CYMOIO:

V, = Zk:v (t—nAt). ©)
n=0

st Toro, mo6 Bci MPOMIXKKH TOYHHAIHCH 3 HY-
7151, BUpa3 0yJio MOMHOXKEHO Ha QyHKIIito XeBicaiija:

V, = Zk:V (t—nAt)-8(t—nAt). (8)

[Ipote dynkuis Xepicaliza Mae po3puB y TOYII
t=nAt, Tomy ii Oyno AOBH3HAYEHO y LK TOYIII,
BUKOPHUCTABIIH PO3rayKEeHHS:

V, =nz:;|f [t =nAt],V (t—nAt), ©

else V (t —nAt) - 9(t — nAt),
ne Vi — 00’eM BUAUICHOTO BOIHIO Y€pe3 MPOMIXKOK
yacy t, K — KUIBKICTh 1oJja4 IOPUCTOr0 KPEMHIIO de-
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pes npomikok At, V (t —NAt) — dyukiis, Bu3Hauena
piBHSHHSM (2).

s Toro, mo6 nobyaysatu rpadik 3aj1e:KHOCTI
IIBUAKOCTI BUJICHHS BOJHIO Bijl 4acy NMpH PeaKIlii
1K 3 Bozoto, Bi3bMeMO MOXiHY BiJl GyHKIII (2):

d_V_( t j_
dt a+bt+c\/t_

c (10)
b+— |t
(+2ﬁj 1
(a+C\/E+bt)2 a-+ct+bt

Tomi MUTTEBY MIBUAKICTH BUIIJICHHS BOJAHIO IIPH
nopiitiniii mogaui IIK MoxxHa ommcatu Takorw ¢op-
MYJIOIO:

av, &av
—~£ =% —(t—nAt)-6(t —nAt). 11
i ;dt( )-6( ). (11

®Dopmymu (9) 1 (11) mo3BONSAIOTE po3paxyBaTH
mmapaMeTpH IoJavi MOPOIIKY y PeakiliifHy Kamepy,
1110 BU3HAYAIOTh CTATY IIBUAKICTh BUJIIICHHS BOJIHIO.
Pe3yabTaTu MoaeaioBanHs. Po3paxyHok Oyio
MIPOBEJIEHO ISl TAKUX PeXUMIB mmogadi mopommky [TK
y peakiiiiHy Kamepy:
- nmonava (ikcoBaHOI MacH MOPOIIKY 4Yepe3 Of-
HaKOBI IHTEpBaJIK Yacy;
- nojada GikcoOBaHOI MacH MOPOIIKY Yepe3 pi3Hi
IHTEpBaJIK Yacy;
- rmojiaya IMOPOIIKY Yepe3 OJHAKOBI IHTEPBAIM
Yacy 3 IepioANYHOI0 3MiHOK MacH IMOPIIii.
Hatikpami pe3yipTatd OTpEMaHO ISl PiBHOMIp-
HOi Tmojayi 1 Mr MOPOIIKY 3 IHTEPBAIOM MOPSIKY
1 xB (puc. 3a), Ta mpu mozayi i€l X mopii 3i 3poc-
Tal4UM KpOKOM Yy uaci (puc. 30). 3a3HaueHi BUNaI-
KU BIJPI3HIIOTHCS MOYATKOBOIO IHTEHCHBHICTIO Te-
Hepailii BOAHIO, [0 € 3MEHIIECHO NP PiIBHOMIPHIi
Ta MiJBUIIEHOIO MPH HEPIBHOMIPHIN 1MO/a4i MOPOLI-
Ky. AJle KiHETHKa BHJIUICHHS BOJHIO IPOTATOM
3HayHOro nepiony vacy (60 xB) € miHiHHOW0. 3011b-
meHHs Macu nopuii [TK nmpu3BoauTh 10 BiAMOBIAHO-
ro 3pocTaHHs 00’emy BuuineHoro Hi, npudomy
KIHETHKA peaKIlii 3aUIIaeThCs JIIHIIHOI 332 YMOBH,
IO KUTBKICTh BOJM 3HAYHO TEPEBULIYE KiNBbKICTh
pearyrouoro KpeMHilo, a TaKoX 3a0e3MevyeThes Tie-
peminnryBaHHsl peareHtiB. ToOTO 3a3Ha4YeHI PEKUMHU
peaxiii BiJINIOBI/Ial0Th

SIKHaKparie yMOBam

CTaOUILHOIO KUBJIEHHS BOAHEBOI CUCTEMHU.
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Puc. 3. Kinernka BujijieHHs1 BOAHIO npu nopuiiiniii moaayi IIK: (a) 1 Mr nopomky 3 inteppajom 1 xB; (6) 1 Mr nopomky

yepe3 eKCIOHeHUiHHO 3pOCcTaioyi MPOMiKKH Yacy.

Fig. 3. Kinetics of hydrogen release during the batch feed of porous Si: (a) 1 mg of powder at interval of 1 min; (b) 1 mg of
powder through exponentially increasing intervals of time.
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Puc. 4. KineTuka BuijieHHs1 BOAHIO NPU nopuiiiHiii moxaui I[IK: (a) 3 inTepBanom 2 XB i 4yepryBanHsiM Macu MOPOUIKY y MOp-
nii 1 mr /0.5 mr; (6) 1 Mr mopomky 3 intepBasiom 10 xB.
Fig. 4. Kinetics of hydrogen release during batch feed of porous Si: (a) at interval of 2 min and alternating mass of powder in
a portion of 1 mg / 0.5 mg; (b) 1 mg of powder at interval of 10 min.

B Ttolf xe wac, KiHETMKAa BHIUICHHS BOIHIO Y
BUMAJIKy TEPIOJMYHOI 3MIHM Macd MOPLil MOPOIIKY
CTa€ HeNMHIMHO 3pocTatoyoro (puc. 4a). JlomaBanHs
TIOPOIIIKY 3 IHTEPBAIOM Oibilie 1 XB MPHU3BOIUTH 0
BUHUKHEHHS «CXOAMHOK» Ha KpHBIM KiHETHKH
(puc. 40). ToMy ocTaHHI PEXUMH T0/Ia4i TOPOIIKY He
€ ONTUMAILHUMHU JUIS 3aCTOCYBaHHSI Y BOJHEBHX CH-
cTeMax.

Po3paxyHok reHepauii enexTpuuHoi eHeprii Oy-
JIO TIPOBEAEHO IJI1 TUIIOBOI BOJIHEBOI CHUCTEMH, IO
CKJIQIa€ThCSl 3 KaMmepH, Je BiAOyBaeThCcs XiMIUHA
peakuis [IK 3 Bomoro, Ta MaqMBHOTO €NEMEHTY 3

noxiMepHuM enekrpoititom [10].

BimHoBmroBaHa eHepreTrka. 2018. No 2

ITotyxHicTs, 5Ky 3a0e3meuyBaTUME TaKka BOJHE-
Ba CHCTEMa, MOJKHA pO3paxyBaTH 3a (opMyJIolo:

P=KK/[-v-q,

ne KKJ[ — xoediuieHT kKopucHOI Oil mojiiMepHOro

(12)

MAJMBHOTO eneMeHTy (Mae Benmuuuny nopsaky 50%),
L — HIBHIKICTH BUIUIEHHS BOJHIO, (| — IUTOMA Tel-
nota okucnenns Hz (117 M/Tx /xr).

[IBunkicTe piBHOMIpHOrO BUIiNeHHs H», po-
3paxoBana npu nonayi 1 mr [1K 3 intepBanom y 1 xB,
cranoBuTh 1,6 Mt /XB. 3a Takux yMOB, B OIHCaHii
BOJIHEBiM cucTteMi Oyle TeHepyBaTHCS eJeKTPUYHA
notyxkHicts 0,144 Br. 36insmenns macu I1IK y mop-
mii OyJae MPU3BOAMTH JIO BIAMOBIIHOTO 3POCTAHHS
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BUXITHOI TOTY)XHOCTi. PiBHOMIpHiCTh TeHepauil
eHeprii mpu oMy 30epiraetbes. ToOTO, Taka cH-
CTeMa MO)KE 3aCTOCOBYBATHUCS UIsl )KUBJIEHHS Majo-
MOTYKHHUX €JIEKTPOHHUX MPHUCTPOIB.

BucHoBku. BunineHHs BOJHIO 3a paxyHOK
XiMIYHOI B3a€EMOJIIi TOPUCTOTO KPEMHIIO 3 BOJOIO
CTa€ PIBHOMIPHHM TIPH TOPIIHHOMY JOJaBaHHI IIO-
pouiky I1K y peakuiiiny kamepy 3 iHTepBajioM y 1 XB
abo 3i 3pocrarounM KpokoMm y uaci. LlIBumkicts
BuainenHs Hp gocsrae 1,6 M /XB mpu 3acTOCyBaHHI
1 mr anomgaoro me3o-IIK y mopmii. Lle 3a0e3meuye
cTabinbHui piBeHb notyxHocti 0,144 Bt Ha BuxO#i
HU3BKOTEMIIEPATYPHOTO NaJTHMBHOTO €JIEMEHTY.

IlIBuakicTe BHIOUIEHHA BOIHIO 3pOCTa€e  3i
30impmrenassM Macu mopmii 11K, Kinetnka peakiii
MpU LBOMY 3aJHMIIAETHCS JIIHIHHOIO 32 YMOBH, HIO
KUIBKICTh BOJIM 3HAYHO TEPEBUIINYE KIJIBKICTh pe-
aryr4oro KpeMHilo, a TakoX 3a0e3ledyeThcs Iie-
peMinryBaHHS peareHTiB. 3a TaKHX YMOB 30€piraers-
csl cTabibHUH piBEHb MOTYKHOCTI Ha BHXOJi Ma-
JUBHOTO eneMeHTy. lle nae MOXIMBICTH 3acTocy-
BaHHsI BiAIOBITHOT BOAHEBOI CUCTEMH JUIS JKUBJICHHS
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MOJEJIHUPOBAHUE CTABUJIBHOI'O PEXKUMA PA-
BOTHI CACTEMBI BOJOPOTHOM SHEPTETHKH HA
OCHOBE INIOPUCTOI'O KPEMHUA

A.M. Manunos, O.I1. Cebdauo.

MHCTUTYT BBICOKMX TeXHOJOTMM, KueBckuii HallmoHalIbHbIN
yHuBepcuteT um. T. IlleBuenko
01033 r. Kues, yn. Bnagumupckas, 64.

Hccnedosana cucmema 6000poOHOl dHepeemuKu, KOMopas co-
cmoum u3 UCMOYHUKA 86000p00ad, pabomaiowezo 3a cuem peax-
yuu 2uOpPoOAU3A NOPUCHIO20 KPEMHUSL, U HUZKOMEMNEPAmypHO2O
monaueno2o anemenma. Ilonyuenvl ananumuieckue 3a6UCUMO-
cmu, onucvléarowue KUHemuKy GvloeieHusi 6000pooa npu pas-
JIUYHBIX CROCOOAX CMewusanus peazenmos. Paccuuman pescum
n00auu NOPUCMO20 KPEeMHUsI 8 PEAKYUOHHYIO KAMEDPY, NO360IISI0-
WUl NOYYUMb CMAOUILHBILL PENCUM 2eHepayull dNIeKMpPUYecKkoll
9Hepeuu Ha evixooe ucciedyemoti cucmemul. bubn. 11, puc. 5.

KitioueBble c10Ba: BOJJOPOJIHAS SHEPTeTHKA, TOPUCTHIA KpeM-
HUH, ICTOYHHUK BOJOPOJA.
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SYNOPSES

A lot of methods of sustainable hydrogen production are
based on water dissociation specified with photo, thermal or
chemical influence. The produced hydrogen can be used for
generation of electrical energy with help of fuel cell. Similar
system was created on the basis of porous silicon (PS). The sur-
face of PS is fully hydrogenated. During the interaction of PS
with water, molecular H is produced. It is explained with water
dissociation and destruction of SiHx bonds on PS surface. Kinet-
ics of the chemical reaction is nonlinear. The corresponding
energy generation in the fuel cell is also irregular. The produced
power cannot be directly used for supply of electronic devices.
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In this article the method is proposed that will provide stable
hydrogen production in the described system.

First, the formula was derived that described the chemical
reaction kinetics of PS fixed mass portion with water. It was
based on fit of the previously obtained experimental curves of
hydrogen release kinetics for PS powders in H20:C2HsOH:NH3
(10%) solution. Ethanol supported better wettability of the pow-
ders. Ammonia was used as catalyst.

The next step was to define the function that described the
kinetics of hydrogen release when feeding PS to the reaction
chamber at a certain time interval. The calculation was made for
the following modes of feeding the powder into the reaction
chamber:

- feeding a fixed mass of the powder through the same
time intervals;

- feeding a fixed mass of the powder at different time in-
tervals;

- feeding the powder through the same time intervals with
a periodic change in the mass of the portion.

The batch feed of PS powder into the reaction chamber
makes possible to receive linear kinetics of the hydrogen produc-
tion, when the time interval is about 1 min or it is growing in
time. Connection of the reaction chamber to polymer electrolyte
fuel cell will ensure the stable mode of power generation. The
produced power reaches 0.15 W for 1 mg in the one portion of
PS. Periodic change in the mass of the portion as well as long
time intervals result in nonlinear behavior of the kinetics.

The rate of hydrogen production grows with an increase in
mass of the portion. The kinetics of the reaction remains linear,
providing the amount of water significantly exceeds the amount
of reacting silicon and the reagents are well mixed. Under these
conditions, a stable level of power at the output of the fuel cell is
maintained. It makes possible to use the described hydrogen
system for supplying low-power electronic devices.
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